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| NTRODUCT! ON

One of the npst exciting advances in our understandi ng
of hearing during recent years has concerned the discovery of
ot o-acoustic em ssions (OAEs). QAEs describe the responses
that the cochlea emts in the form of acoustic energy. The
recognition that the cochlea not only receives sound, but
al so produces acoustic energy has been a mpjor factor in

nodi fying recent thinking concerning cochlear function.

Over 50 years age, CGold (1948) proposed the hypothesis
that the sharp frequency selectivity exhibited by the cochl ea
has resulted from a f eedback system consisting of a
mechani cal to electrical transduction process coupled to an
el ectrical -nechani cal transduction process. Gold' s postulate
of a reverse transduction process in the form of an electro-
mechani cal conversion nmechani sm suggested the sensibility of
detecting this process in the formof sound in the ear canal.
However ol d's hypothesis was never taken seriously until
Kenp (1978) denonstrated that energy was indeed emtted by
the cochlea and that it was recordable as vibrations in the

ear canal using specialized nethods and equi prnent.

The discovery of OAEs was inportant for both theoretica

and practical reasons. The presence of evoked sound pressure



oscillation in the ear canal provided direct evidence of the
exi stence of active nechanical nechanisns in the cochlea.
Awar eness of OAE al so suggested a role for the OHCs in the
stinmulus - transduction process given the know edge that
these receptors don't process a promnent afferent nerve
fibre innervation (Spoendlin, 1979). Finally, the discovery
of OAEs permitted the proposition of testable hypothesis to
account for several psychoacoustical phenonenon including the
m crostructures of behavioural sensitivity and | oudness
enhancenment which were i nconmpr ehensi bl e in termnms of

conventional nodels of the auditory system (Kenp, 1979 b).

OAEs can be broadly classified into two types (1)
Spont aneous OAEs which occur in the absence of any external
stinmulation (2) Evoked QOAEs which occur during or after
ext ernal acoustic stinulation. There are several subcl asses
of EOAEs based primarily on the stinmuli used to evoke them

They i ncl ude

(i) TEOAEs - These are frequency dispersive em ssi ons
occurring in response to a transient acoustic stimuli

such as click or a tone burst.
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(ii) DPOAEs - t hese are generated in response to two
conti nuous puretones closely separated in frequency by a
prescribed difference (in Hz) and pr esent ed

si mul taneously to the ear.

(iii) SFOAEs - These occur as a synchronous response to a
continuous tonal stinmulus and are at the sane frequency

as the stinmulus.

The OAE, as a clinical t ool , provi des severa
advant ages, hitherto not possible wusing other contenporary
tools for the purpose (Martinet al., 1990). First this test
is objective in nature, doesn't require patient co-operation
for it to be adm nistered. Thus it nay be conveniently used
for measuringtheheari ngacuityof youngchildrenincl udi ng
neonates. Wiile the tine taken to test a patient using DPOAE
varies with the exact procedure used for measurenent; but
longer than that required for tynpanonmetric measurenents.
Maj or advantage of DPOAE is it gives highly precise frequency
specific information (Anova et al., 1993). Since DPOAE are
emtted at a known frequency, related to stimuli, it helps in
determ ning the exact place on the basilar nmenbrane which
responds to 2 known stinmuli. It is difficult to obtain

frequency specific information using BSERA.



Smlar to DPOAE, TEQAE is also present in 98%of the
ears of normal hearing individual (Bonfils et al., 1990). 1In
addi tion, they have highly individual and repeatabl e spectra,
suggesting their applicability in long termnonitoring of an

i ndi vi dual s cochl ear st at us.
In short clinical inplenentation of EQAE are -

1. Screening for peripheral auditory system dysfunction in

newbor n babi es and i nf ants.

2. Separating the cochlea and neural conponents  of

sensorineural hearing | oss.

3. Mnitoring the effects of noxious agents such as ototoxic

drugs and intense sound on cochl ea.

4. Assessing fluctuating hearing loss wth or W t hout

t herapeutic regi nent.

Need for the study

The origin of the QAE is believed to be the hair cells,
specifically the outer hair cells (CHO (Davis, 1983;
Zw ckes, 1984). Many pat hol ogi es causing hearing |oss, such
as NTHL, ototoxicity etc. are known to selectively danmage the

OHC. Hence, in the these cases a neasure of DPQAE and TEQAE



may indicate the severity of damage of OHC directly (Wer et
al ., 1988; Probst, et al., 1993). This has opened up
possibilities of using the OAEs to neasure the place and
extent of damage of OHC on the basilar nenbrane, such as in

patients exposed to noi se.

One of the clinical application of EOAES s screening
for peripheral auditory dysfunction. It has been reported in
literature that TEOAEs cannot be recorded if the hearing |oss
is nore than 30 dB HL (Robinette, 1992). Initially Kenp
reported that TEOAEs were absent when the hearing |oss was
greater than 30 dB HL. However, later Norton and Stoves
(1994) observed the TEOAEs could be present in patient wth
hearing loss up to 50 dB HL. Harris (1990) reported that
DPCAEs were absent in ears with hearing |loss greater than 50
dB HL. In some cases DPOAE could be detected w th hearing
loss up 70 dB HL (Suckfull, et al., 1996). However a very
few studies have conpared DPOAE and TEOAE in the sane
subjects. So this study was deviced with the aimto conpare
the DPOAE and TEOAE results in subjects with sensorineura

heari ngl oss.

The present study also ained at checking the efficiency

of DPOAE/ TEQAE in differentiating heari ng-i npai red
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individuals from those with normal hearing when different DP-

NF criteria were used for detection of presence of em ssion.

Areview of |literature shows that «criteria wused to
determ ne the presence/ absence of DPOAE is not sanme in al
the studies. Lonsbury-Martin et al. (1990); Harris (1990)
have reported that anplitude of distortion product should be
at lest 3 dB above noise floor for detection of DPOAE.
However Probst et al. (1993) used 4 dB criteria for detecting
t he presence of DPOAE. Gorga et al. (1992) observed DP/ NF
difference of 8-12 dB differentiates between subjects wth

normal hearing and hearing | oss.

Thus the following null hypothesis were tested in this

study ;

1. There is no «correlation between puretone threshold and
anplitude of DPOAE in subjects with sensorineural hearing

| 0ss.

2. There is no correlation between puretone threshold and
anplitude of TEOAE in subjects with sensorineural hearing

| 0ss.

3. There is no change in incidence of DPOAE in subjects with
sensorineural hearing loss when different DP-NF criterion

were used for detecting the presence of DPOAE.



There is no change in incidence of TEOAE in subjects wth
sensori neural hearing | oss when di fferent TEOAE- NF

criterion were used for detecting the presence of TEOAE.

There is no correlation between anplitude of TEOAE and

DPOAE in subjects wth sensorineural hearing | oss.
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REVI EW OG- LI TERATURE

Ever since QAEs were first defined by Kenp (1978, 1979),
there has been growing interest in their clinical application
to the problem of identifying the presence of hearing | oss.
There are increasing nunber of papers describing D stortion
Product C( oacoustic Em ssions ( DPQAES) and TEQAE from
inpaired ears (eg.Bonfils and Uziel, 1989; Kenp, et al.,
Probst et al., 1987; Bray and Kenp, 1987; Collect, 1991;
Harris, 1990; Martin et al., 1990a; Martin et al., 1990b;
Lonsbury-Martin and Marti n, 1990; Nel son and Kinberl ey,
1992). In general, the results of these investigators show
that EQAE are present in the vast najority of normal hearing
subjects and are absent in subjects with hearing |oss once it
Is exceeds 30 to 50 dB HL. It has been argued that within an
individual ear, QAEs are present from region of nornal
hearing but absent fromregions of hearing |loss (Kenp, et al,

1990; Martinet al., 1994; Martin, et al., 1990b).

Both TEQAE and DPQAE represent an objective neasurenent
of the active mcronechanical function of outer hair cells of
the inner ear. QAE can appear spontaneously. For clinica
purposes they are evoked either by transient stinmulus (TEQAE)

or are neasured during bitonal stimulation as the so called



i nternmodul ati on products (DPOAE). Bot h TEOAE and DPOAE

measurenments are now becomi ng part of clinical routine.

A. TEOAE AND DPOAE | N NORMAL HEARI NG SUBJECTS

1. PREVALENCE/ OCCURRENCE

TECAE

TEQAEs are neasurable in essentially all individuals
with normal mddle ears and normal cochlea (Kenp, 1978;
Johnson and El berling, 1982; Gauderi, 1985; Alexander and
Brown, 1986; Probst, 1986). The existence of emssions in
all normal ears makes it a sensitive tool to detect even
m nor changes in the hearing status (Norton and Nedy, 1987;

Bonfils and Piron, 1988).

Though 100% occurence has been found in adults, it is
slightly lower in neonates and infants Bonfils et al., (1990)
nmeasured TEOAEs in neonate ranging from2 hours to 4 days,
98% of the tested ears had em ssions. There was no
significant difference in the occurence between one and four
days postpartum but the occurence increased wthin the first

24 hours. Kok, Van Zanten and Brocars (1992) and Vohr, et
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al ., (1993) observed a 100% increase in ears with en ssions
when the ears were first tested 3 to 51 hours after birth and
repeated at |east 24 hours |ater. Engdahl et al., (1994)
observed TEOAEs in 96% of the tested ears of 3 to 4 days old
infants. Delaying testing until after the first postnatal

day resulted in a 13% hi gher pass rate.

Gender difference has not been found in the occurence of

TEOAEs (Kok, et al., 1982).

Johnsen and El berling (1982) and Coren and Habestain
(1990) reported that the interear variability of TEOAE was
the sanme as intersubject variability. Ther ef ore TEOAEs of

each ear are statistically relatively independent.

DPOAE

There is growi ng evidence that DPOAEs are a property of
all normally hearing human ears, Kenp et al., (1986) reported
DPOAEs in all 14 normal ears they exam ned. Wth appropriate
stimulus paraneters, DPOAEs can be neasured in nearly all
normal |y hearing ears (eg. 98% of 113 ears, Hauser and
Probst, 1989, 100%of 44 ears; Lonsbury-Martin, et al., 1990;
100% of 10 ears Zw cker and Harris, 1990). These findings

indicate that DPOAEs can be recorded in well over 90% of
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normal ears. The frequency range wthin which acoustic
di stortion products are reliably detected is between 1 and 8
KHz with respect to the geonetric mean of fl and f2 stinuli

(Lonsbury-Martin, 1990).

2. AMPLI TUDE

TEOCAE

The anplitudes of TEOAEs depend on stinulus |evel as
well as on the nunber and frequencies of innate dom nant
em ssions. Mreover, emssion anplitudes are al so dependent
upon the frequency response of both the mddle ear and the

recordi ng system

A straight forward peak-to-peak anplitude of a TEOAE is
useful only in the cases in which TEOAE are dom nated by a
single frequency. Anplitudes are usual l'y expressed in
techni cal jargonas sound pressure |level (Kenp, 1978; Zw cker

1983a) or power spectra (Probst, et al., 1990).

DPOAE

The anplitude of DPOAE is dependent on several factors

like Ievel of primaries, frequencies of primaries, ratio of
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F2/F1 and innate properties of each ear. Smlar to other
OQAEs, DPQAEs anplitudes increase if coinciding with SQAES
(Wlson, 1980c; Wt et al., 1981; Schlotlz, 1982; Furst, et
al ., 1988; Wer et al., 1988. Harris (1990) denonstrated
that largest anplitudes occurred with F2/F1 ratios between
1.18-1. 2. F2/F1 ratio of 1.22 is recommended for eliciting
best DPs between 1-4 KHz.

3. LATENCY

TEQAE

TEQAES appear in human ear canal with a specific |atency
that depends on the frequency of the em ssion. For exanple,
high frequency stimulation elicits TEQAES wth shorter
| atenci es than those evoked by Ilow frequencies (Lonsbury-

Martin, 1990).

Measurenment of TEQAE |atencies in absolute terns is
difficult due to contamnation of the beginning of the TEQAE
by the "stimulus tail" and it 1is to be understood that
determning the beginning of a response in multi frequency
event such as TEQAE is nethodol ogically difficult (Anderson,
1980; Norton and Neely, 1987).
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One of the wdely used nethod is the 'group del ay’
(Johnsen and El berling, 1982). This ‘'group delay' measures
the point in time when the energy of the TEOAE reaches a
maxi mum rel ative to specific frequenci es, t he act ual

begi nning of a frequency conponent is undetectable.

The TEOAE-| atency values reported in literature (Kenp,
1978; Rutter, 1980; W Ison, 1980; Schoth, 1982; Norton and
Neely, 1987) range from 10-16 ns for frequencies around 1

KHz.

DPOAE

The latency of DPOAEs can be defi ned by phase
nmeasurements. A systematic relationship between phase and
Distortion Product F2/F1 ratios were noted by WIlson (1980c)
and Kenp and Brown (1983) in that Ilatency was nuch shorter
with high rather than wth Jlow ratios. W | son (1980)
reported a latency of about 1/2 a cycle or <2ns for f2/fl
ratios of 1.3 and 2 1/2 cycle or around 3 ns for ratios of
1.1 Kemp (1986) found that phase are nearly constant wth
sl ow frequency sweeps of the prinmaries at a fixed F2/F1 ratio
of about 1.3, thus indicating a very short group |atency.

Group latencies increased upto 8 ns wth decreasing F2/F1
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ratios. |In addition frequency appeared to decrease slightly

wth increasing stimulus |evel.

4. DETECTI ON THRESHOLD

TEQAE

Detection thresholds of TEQAEs are often |ower than
their correspondi ng psychoacoustic thresholds (Kenp, 1978;
Wt and R tsna, 1979; Zwi cker, 1981 a, b; Johnsen and
El berling, 1982 a, b; Probst et al., 1986; Bonfils et al.,
1988 a). These observations are consistent with the notion

of a nmechanical, preneural origin of TEQAES (Kenp, 1978).

The visual detection threshold, however is influenced
by the frequency content of the TEQAEs. The presence of
hi ghly tuned em ssion generators, such as synchroni sed SQAEs,
i nply longer duration. TEQAES and purer wavef or ns,
presumably leading to lower detection threshold (Lonsbury-
Martin, 1990). Additionally, less energy is needed to phase-
| ock SOAEs than to evoke emssions not already present (Wt

and R ksnma, 1983 a) .
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In a study examning TEQAEs in ol der individuals, age
was shown to influence TEQAE-detection thresholds (Bonfils et
al ., 1988 a). They observed that, when related to the
subjective click threshold, the detection thresholds, when
associated with normal hearing levels had simlar val ues of
around 0 dB HL, upto the age of 40 years, and around -5 dB SL
upto 30 years of age. For older individuals TEQAE threshol ds
increased linearly at a rate of about 8 dB HL/decade. A
significant reduction in promnent emssion frequencies was
neasured only in individuals above 50 years of age. These
concl uded that factors other than a broader tuning of
responses may contribute to the observed age-rel ated increase

i n TEQAE t hreshol d.

DPQAE

Detection '"thresholds' for DPOAEs depend alnost entirely
on the noise floor and the sensitivity of the neasurenent
equi prent . Lonsbury-Martin, et al ., (1990 a) reported
detection thresholds that were 3 dB above the noise floor at
about 35-45 dB SPL, for DPQAEs between 1-8 KHz. However much
|ower 'thresholds' down to 5 dB SPL, have been determ ned
when neasuring near or at strong fixed places of em ssion
frequencies (WIson, 1980c, Schloth, 1982; Burns et al.,
1984; Wer et al., 1988).
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5. RESPONSE/ GROMH RELATI ONSHI P

TEOAE

Because of nmethodological difficulties, the details of
the response/growth or input/output functions reported in the
literature differ considerably. As the first 1/0 function
for TEOAE was reported by Kemp (1978), who related the
anplitude to the square root of the stinmulus |evel. A
constant growh of TEOAE is seen between 10-20 dB HL stinul us
| evel and a pronounced saturation above this |level was |ater
observed by other investigators (Wt and Ritzma, 19791 Kenp
and Chum 1980b; WIson, 1980 a); Schloth, 1982; Zw cker,
1983 a). WMjor difference between i ndi vidual ears were
enphasi zed in many of these studies (WIlson, 1980 b; Wt et
al . 1981; Zw cker, 1983 a) .

| ndeed, Zwi cher (1983 a) discovered that 1/0 functions,
with the above nentioned characteristics concerning |inear

growt h and pronounce saturation, were mainly exhibited by

ears w thout SOAEs. Thus it 1is possible that at stinulus
| evel s, spontaneous emn ssions interfere nonlinearly wth
TEOAEs so that liner growh for exanple, would be unconmon in

ears W th SOAEs.
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There is however, general agreenent that non-Ilinear
grom h of TEOAE occurs for stinmulus levels >20-30 dB SL. The
linear growh 'function' for TEOAEs is maxim zed by equi pnent
t hat nmake use of "linear cancellation' t echni que for

recordi ng TEOCAE (Kenp et al., 1990).

DPOAE

Wlson (1980c) and Schloth (1982) each neasured 1/0
functions for 3 ears. Both investigators exam ned DPOAEs at
strong em ssion frequencies and made conpari sons to
psychoacoustic neasurenents. \Wereas WIson (1980c) obtai ned
widely differing functions for several F2/Fl1, ratios, Schloth
(1982) measured a slope of one when both primaries were at
the sanme | evel. No clear differences between psychoacoustic
and otoacoustic findings were noted by these workers. Later,
averaged 1/0O functions from 44 normally hearing ears were
reported by Lonsbury-Martin et al., (1990 a). Wth respect
to geonetric nmean frequency of the primaries, the functions
were generally steep, at the Ilower frequency of 1 to 2 Hz
(slope <0.8) than at the higher frequency of 3-8 KHz (slope =
0.8 - 0.95) where the 1/O slope didn't quite reach to unity

one.
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6. EXTERNAL | NFLUENCES

TEOAE

The expression of TEOAE may be influenced by nmany
factors which has been studied since the past decade. This
is because the TEOAE was recognized as a potentially usefu
clinical tool and the search was on for the optinmm testing

condi ti ons.

Sonme recent studies have concentrated on instrunentation
related factors which effect the TEOAE response (Zw cker
1990; Lutrman et al. 1994; Thonton, et al., 1994). W cke
(1990) described how the acoustical inpedance of the probe
could influence both the anplitude and waveform of the
em ssion. Lutman et al., (1994) coroborated the above study
and denonstrated that the acoustic characteristics of the
probe could nodify the neasured response. Furt her, if the
probe acted as a reactive load, oscillation at a particular
frequency was seen. This could be confused wth a TEOAE
response even though no significant oscillatory behaviour

woul d occur without the reactive |oad provided by the probe.

Thornton, Kimm Kennedy and Cafarelli-Dees (1994)

identified the instrunentation related factors which affect
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t he TEOAE response. O these, the form of stinulus, the
characteristics of the m crophone, anplifiers and filter were
identified as the major ones. Data were collected from 64
neonates (3 days post partum) on ILB8 (Qtodynamcs Ltd.,
UK) and on POEOMS system (Institute of Hearing Research,
Not hi ngham U. K). The ILO88 TEQAES consistently had |arger
hi gh frequency conponents and higher correlations between

repeat recordings.

The influence of various stimulies paraneters and their
efficacy in evoking emssion has also been studied (Wt et
al ., 1979; Zw cker, 1983; Elberling, et al., 1985; Norton and
Neely, 1987; Thornton, 1993). Wt et al ., (1979)
investigated the influenced of tone burst frequency on the
emssion anplitude. At the sanme stimulus Ilevel stimuli of
hi gher frequency generated nuch smaller em ssions. They
found simlar results wth filtered clicks (Wt et al.,
1981). Elberling (1985) evaluated TEOQAES in response to
various tonal stirmuli in normal hearing adults (48-90 years).
They noted that changing the stimulus frequency had only a
mnor effect on the power spectra. The click was a better

stimulus than the tone burst since it gave wder frequency

i nformati on.
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Probst et al., (1986) studied the efficacy of different
stimulus types in eliciting OAE. The click (0.1 ns pul se)
and tone burst (0.5 1, 1.5 3 KHz) were used. Two patterns
were observed (i) 18% of the ears showed short broad band
click evoked QAE emssions with less than 20 ns latency (ii)
82% of the ears had emssions |asting greater than 20 ns.
They also found the click to be a better stimulus than tone

bur st.

Zwi cker (1983) studied the relationship between stinmulus

intensity and the emssion. The two were proportional upto

20 dB SL above after which the emssion |evel sat ur at ed.
Wt et al. (1979) noted that at low stimilus levels, the
relation between stimulus |evel and response level is

approxinmately linear. Norton and Neely (1987) investigated
the relation between tone burst frequency (0.5 to 2 KHz) and
intensity. The saturation curve was noted at all the
frequencies. The level at which saturation occurred was
| oner at higher frequencies. In addition, the spectra of the

TEQAE resenbl ed those of the evoking stinmuli

In an attenpt to hasten the testing procedures high
repetition rates have been experinented on (Thornton, 1993;

El berling, 1994). Thornton (1993) noted the effect of
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varying click repetition rate (338 to 840/s). A hi gher
repetition rate did not contamnate the response. It also

reduced the test tine to a few seconds in adults 4 neonates.

Stimulation of the contralateal ear also has aneffect
on the QAE em ssi on. The results of various studies on
contral ateral acoustic stinmulation has been sumred by up

Collet et al., (1994) as follows :

1. Ateration (nainly a decrease) of emssion anplitude.

2. Ateration of the response spectrum (upward shift in the
frequenci es) especially wth spontaneous em ssions.

3. Ateration of phase.

4. The effect depends on the intensity of the contral ateral
sti mul us.

5. The effect is inversely proportional to the intensity of
| psilateral stimulation.

6. The amount of suppression increases with the band w dth
of the noise, especially for noises centred around 1-2
KHz. Wde band noi se had greater suppressive effects than

narr ow band noi se.

It is of wutnost inportance to identify the patient
related variables which nmay affect the response. Sone of
the variables that have been studied and their results are

sunmari zed here :
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Changes in the posture of the head and the body influenced
the TEQAE emssion (Antonelli and Gndore, 1986; WI son,
1980). However, contradictory results were reported by

Johnsen et al., (1982).

Mean TEQAE anptitude was larger for wonen by 2.8 dB
(Robi nette, 1992)

As the age increased the response anplitudes decreased in
adults (Kenp, 1980; Collet, et al., 1990; Kenp, et al.,
1990) .

Presence of spontaneous QAE increased the anplitude of

TEQAE (Meric, et al., 1993).

Mddl e ear dynamcs influence TEQAE emssion i.e. TEQAEs
are nost distinctly detected at the mddle ear resonant

frequency in normal subjects (VWadwa, 1993).

Ear canal pressure (negative or positive) reduced the TEQAE

responses (Robinette, 1991).

Gotoxic drug acetyl salicylate induced SN hearing |oss
where the threshold got elevated and the QAE response

pattern was altered (Johnsen, et al., 1980).

Exposure to noise reduced TEQAE anplitude in frequency

range of 2 to 4 KHz (Holtz, 1993).
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- Auditory attention had no significant influence on em ssion

levels (Meric, et al., 1993).

- Ceneral anasethesia produced a reducti on in TEOCAE
anplitudes in normal hearing subjects (Hauser et al.,

1929) .

DPOAE

Simlar to TEOAE, DPOAE is also effected by many factors

related to stinulus, instrunentation and subjects.

Lonsbury and Martin et al., (1991) studied the influence
of aging on the generation of DPOAEs and reported that when
conpared to eni ssions in young ears, DPOAEs accurately
tracked the systematic deterioration of HF hearing in aging

i ndi vi dual .

Osterhammel, et al., (1993) studied the influence of M
transm ssion on DPOAEs and concluded that anplitudes of the
DPS depend on optimal transmi ssion through the ME and that
measur enent of DPOAEs shoul d al ways be preceded by

determ nati on of ME pressure.
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Gaskill, et al., (1990) investigated the dependence of
DPOAE |evel on stimulus paraneters and found that the
frequency ratio F2/F1 at which DPOAE level is nmaximl varies
only slightly across the frequencies and subjects. As the
| evel of one stinmulus is increased relative to the other,
DPOAEs grow, saturate and in nost cases show a bend over.

Maxi mum di storti on was seen when L1 exceeded L2.

Gonfrone et al., (1993) studied sone effects of tonal
fatiguing on DPOAE and reported t hat in DP; growt h
nodi fi cations takes place within a period of 5-7 mn. and

depends on frequency of fatiguing stimulus and on the

cl oseness between SOAE and DP pl ace.

The influence of aspirin on DPOAEsS was exam ned by Wer
et al., (1988). In these studies, aspirin ingestion clearly
resulted in less anplitude reduction of DPOAEs than the
increments observed in SOAES in the sanme ears. Additionally,
t he reductions in DPOAE anplitude were |ess pronounced or
even absent at higher primary tone |evels. Thus t he
di ssociation of the response to aspirin between SOAEs and
DPOAEs supports the notion of a di fferent generation

mechani sms for each em ssion type.
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Suppr essi on neasurenents were reported by Brown and Kenp
(Brown and Kenp, 1983, 1984; Kenp and Brown, 1983 a) and the
general fornms of the suppression-tuning curves were simlar
to those noted for other OAE classes. For 2F1-F2, the nmaxi num
of suppression was always in the frequency range between the
primaries and not around the dp frequency, thus, indicating
that the generation of DPOAEs occurs primarily as a frequency
pl ace between the prinmaries. However, in nost instances,
nore conplex tuning curves with several mnim were neasured.
Additionally, Brown and Kenp (1983, 1984) noted reasonably
simlar suppression tuning curves between human and ger bi

ears.

B. TEQCAE AND DPOAE FI NDI NGS I N CLI NI CAL POPULATI ON

For clinical wuse, it is particularly inportant to
establish reliable relationships between TEOAEs and hearing
di sorders in patient popul ations. They are currently under
investigation as an objective tool for evaluating hearing,
particularly in the screening of hearing and t hreshol d

estimation in difficult to test subjects.

In the presence of hearing |oss, TEOAEs has been shown
to decrease in incidence as hearing thresholds increase

(Kenp, 1978; Kenp, et al., 1986; Tanaka, 1987; Bonfils, et
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al ., 1988; Stevens, 1988; Gartner and Moutin, 1989, Tanaka,

1990).

Generally, if the hearing 1o0ss exceeds 40-50 dB, an
em ssion cannot be evoked to a transient stinulus. Kenp et
al ., (1986) reported that the upper Iimt is 30 dB HL for a

80 dB SPL, 80 /us click. At higher stinmulus levels the Iimt
appears to be 50 dB HL (Lonsbury-Martin, et al., 1990).

Stover and Norton (1992) reported good correlation

bet ween psychophysical thresholds and TEOAEs for the sane

stimuli. Responses to suprathreshold stinuli decreased as
hearing sensitivity decreased. However in mld to noderate
| osses, TEOAEs may appear to be within normal limts for high
level stinmuli. If one is interested in sensitivity, one may

need to neasure emssion at several stinmulus levels and
determ ne the em ssion threshol d. If interested only in the
cochlear reserve or integrity, one may use a single high

| evel sti nmul us.

There are exceptions to the above results and cases have
been reported with normal hearing showi ng absence of TEOAE
and with hearing |loss showing TEOAE responses. Lutman et

al ., (1989) reported a eleven year old child with profound SN
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hearing | osses show ng TEOAE. They hypot hesi sed the |esion
to be retrocochl ear pathol ogy, but did not conduct any
confirmatory tests. Prieve, et al., (1993) reported findings
of TEOAE in a 33 year old woman with severe to profound
sensorineural hearing | oss. They assuned a group of
surveying OHC in sone regi on of t he cochl ea wth
corresponding IHC being intact to be the source of the
em ssion. They also added that hearing loss may be due to
neural damage. They concl uded t hat TEOAE are a true

indicator of site of |esion.

Collet et al., (1989) reported statistically significant
correlation between TEOAE threshold and hearing loss at 1
KHz. They concluded that the presence of TEOAE i ndicates
m ddl e frequency functional integrity of the OHC of the organ
of corti. Absence of TEOQAE is hard to interpret. Stover and
Norton (1992) studied the relationship between the audi ogram
and tone burst evoked OAEs at the octave frequencies at 80 dB
SPL in a young adult with sensorineural hearing |oss. The
anpl i tude was neasur ed. It provided a good snap shot of the
audi ogram configuration. The click evoked OAE contained

energy from 1000 to 3500 Hz.

Attenpts have also been nade to correlate TEOAE wth

configuration of audiogram where audiogram shows frequency
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bands of normal hearing em ssions are usually evoked at those
frequency by a «click stinulus. Wth high frequency |oss
em ssions are usually obtained up to the frequency of first
| oss. There is strong evidence for a high degree of

frequency specificity in OAE.

Lind and Landa (1989) i nvestigated whether a sinple
technique with a sinple repeated recording at fixed stinulus
intensity could give information enabling differentiation
bet ween high frequency and | ow medi um frequency hearing
| osses. The l|atency was measured. They concluded that it
can be used to evaluate the presence of |ow nmedium frequency
hearing | oss exceeding 40 dB HL. Collet et al., (1992
reported that the TEOAE spectrum and sensorineural hearing
loss are significantly positively correlated. They added
t hat however, it is not possible to establish an audi ogram by

spectrum anal ysi s.

Johnson (1993) st udi ed t he rel ationship bet ween
audi ogram configuration, pure tone average and the recurrence
of TEOAE. Wen the audiogram was flat not a single subject
with thresholds below 40 dB HL showed absence of TEOAE, and
not a single subj ect who showed absence of TEOAE had

t hreshol ds bel ow 30 dB HL. In sloping audi ogram pattern the



29
thresholds at 1 and 2 KHz were considered inportant for

gener ati ng TEQAE.

Robi nette (1992) studied TEQAE paraneters in case of
flow and hi gh frequency cochl ear hearing | oss. In pure SN
hearing loss there was a linear relationship between the
TEQAE threshold and the nean audionmetric threshold for
frequency between 1 KHz and 4 KHz (Bonfils, et al., 1986).
Hence TEQAE t hreshol ds could give information on the auditory
threshold for md frequencies (1-4 KHz). Nevertheless, this
audionmetric interest is strongly limted by the disparity of
TEQAES when the puretone thresholds for these frequency is
greater than 30 dB HL.

It is felt by many researchers the TEQAES can be used to
detect unilateral |osses, especially in infants where
behavi oural observation audionetry (BOY does not indicate a
uni lateral |oss. Tanaka et al ., (1987) reported the
inter-aural anplitude difference in TEQAE to be a usefu
indicator in unilateral hearing loss (Cochlear pathol ogy)
rather than the threshold value itself. They also noted a
hi gh positive correlation between interaural differences in
uni lateral functional hearing | oss. Tanaka, et al., (1990)
reported the nmean inter-aural difference to be 35 dB H. in

uni l ateral profound hearing | oss. For exanple, a 10 years
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old boy who had sudden deafness in the left ear after nunps
had a mean audionetric threshold of 11.3 dB in the right ear
and 70 dB in the left ear. The OAE threshold was 10 dBn HL
in the right ear and 50 dBn HL in the left ear. Simlar
inter-aural difference were found in wunilateral cases of

Meni ere's di sease and cerebropontine angle tunours.

In cases of mddle ear pathology TEOAES nmay not be
measur abl e because they are not effectively transmtted by
the mddle ear. Cenerally, if the air-borne gap for puretone
t hreshol ds exceeds 30-35 dB TEOAEs cannot be neasured (Norton

and Stover, 1994).

In otosclerosis TEOAEs have never been observed when the
mean audionetric thresholds for 0.5 KHz and 1 KHz were
greater than 30 dB HL. Bonfils and Troloun (1989) observed
that after stapes surgery, TEOAEs appeared in cases whose

audi onetric threshods were |less than 30 dB HL.

In serous otitis nedia, TEOAES were recorded only when
auditory thresholds were Ilower than 30-35 dB HL (Bonfils,
Uzi el and Nancy, 1988). Wen TEOAEs were recordable, the

em ssion spectrum gave additional information, that is only
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hi gh frequencies (above 1.5 - 2 KHz) were present. This

frequency pattern seenmed specific to E T dysfunction.

Engdahl et al., (1994) studied the reproducibility and
short-termvariability of TEOQAE (intra-subject) in term of
anplitude and the possible effect of diurnal mddle ear
pressure variations noted. TEOCAE anplitudes were observed to
vary with naturally occurring mddle ear pressure changes.
Hence they suggested conbi ning tynpanonetry Wi th TEOAE
recording, thus making it possible to make neasurenents at
peak acoustic admttance. This is especially inportant when
nonitoring small changes in cochlear function by neans of

TEOAEs.

Ever since the cochlea was identified as the source of
OAEs, it is considered a reliable predictor of SN hearing
| oss especially cochl ear pathol ogy (Kenp, 1978; Kenp, et al.,
1980; Harris, et al., 1982; Slover, 1982; Bonfils et al.,

1989; Norton, et al., 1990).

Bonfils, et al ., (1989) studied the clinical
applicability of TEOAEs as objective indicators of cochlear
pat hology in the range of 14 to 74 years. They found it to
be a reliable technique for the objective study of nornal

m cronechani cal activity within the cochlea and for the
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detection of subtle changes in cochlear diseases. Thus
findings were supported by Norton, et al., 1990). Norton, et
al ., (1990), opined that TEQAES, can be used as a screening
tool for cochlear dysfunction across individuals and to

nonitor changes in cochlear status oval tinme within an ear.

Tanaka et al., (1990) found the sensitivity of the test
to be 96% for cochlear |osses. They reported that TEQAES
were useful in predicting susceptibility to noise induced
hearing | oss. The scatter plot shows the relationship
bet ween psychoacoustic threshold and QAE threshold in 15 ears

of noi se-induced hearing Loss.

Kenp (1982) neasured TEQAE in young adult after exposure
of 80 dB SPL broad band noise for 1 hour. The anplitude of
TEQAE response was inversely related to the degree of
tenporary threshold shift (TTS) and increase non-linearly
wth tinme post exposure. Smlar results were reported by
Norton and Mayers, (1990). The correlation was found to be
0.85. In ears with notch type hearing |oss that represented
the initial stages of NNH., OAE were detected at one or two
octave lower that of the neural dip frequency. Thus, the QAE
threshold was not a crucial paranmeter. But the duration of

QAE within 20 nsec. after stimulus onset was prolonged
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according to the increases of stinulus intensity and this
appeared nore promnent in the ears wth dip type hearing

| oss.

The findings regarding em ssion in Meniere's disease are
equi vocal. Elevated detection em ssion thresholds have |ong
been reported by Johnson and Elberling, 1982; Rossi, Solero
and Rol ando, 1989. Bonfils, et al., (1988) suggested that
TEOQAEs could be used clinically for staging nenieres disease
by recording gl ycerol i nduced changes. Norris, et al.,
(1990) reported absence of em ssions in endol ynphatic hydrops
i nduced in chinchillas. Rupture of the Reissner's nenbrane
caused the em ssions to disappear. But this nmay be due to
trauma caused to the organ of corti while inducing nenbrane
rupture. Tanaka, Suzuki and Tsueno (1990) report ed
i nprovenent in TEOAE thresholds with glycerol adm nistration.
In contrast to these studies, Harris, et al., (1992) reported
that TEOAE responses are not affected in nenieres disease.
They studied patients wth nmenieres disease in the age range
of 20-70 years. Cicks and tone bursts were used to elicit
em ssions. Wth clicks, emssion were recorded in 26 out of
31 subjects in the affected ear, and in 29/31 in the
unaffected ear. Wth tone bursts as stinuli, em ssions were
recorded in 28/ 31 subjects in the affected ear and 30/31 in

t he unaffected ear.
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Tanaka and Suzuki (1990) found interaural anplitude
differences in a case of unilateral cerebellopontine angle
tumour. Robinette (1992) eval uated 61 acoustic neur oma
patients pre-operatively and neasured TEOAES in 31 of them
For 19 of these patients, TEOAEs were expected because
hearing thresholds for nost frequencies were within the
normal range. But 12 patients who had mld to noderate
hearing | osses showed TEOAEs. He concl uded that TEOAEs were
positive suggesting in retrocochlear pathology for 20% of

t hese patients.

Johnsen and Elberling (1980) observed thresholds and
altered response patterns when a SN hearing |oss was inducted
by ingesting acetyl salicylate. The TEOAES reappeared after
the drug intake was stopped and hearing had returned to

nor mal .

However the clinical applicability of TEOAES to detect
ototoxicity seens to be limted by the frequency range of
TEOAES. In ototoxicity the inner ear damage predom nantly
affects the basal turn of the cochlea (that 1is high
frequency). As TEOAEs are optimally suited to observe md

frequency activity of the cochlea (1-4 Hz) they don't seem
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adapted to an early detection of ototoxicity, which could be

achieved with nore efficiency by high frequency audionetry.

Central auditory disorders has not been researched
extensively, mainly since QAEs are known to originate from

the cochlea and the role of the OCNS is presuned to be

negligible. Bonfils, et al., (1990) observed that evoked OAE
are always present in infants wth lesion involving the
central nervous system Lafreneir, et al., (1991) attenpted

to characterize the em ssi on from neonatal and infant
subjects at risk for hearing loss TEOAEs and DPOAEs were of
low anplitude or absent in subjects with suspected centra

hearing | oss.

The feasibility of wusing TEOAES as an inpatients check
of hearing status in children recovering from bacterial
meningitis in the age range of 3 to 16 years was studied by
Fornum et al., (1993). They found a 100% specificity. Al

those who failed the test had subsequent hearing |oss.

TEQCAEs may al so be valuable in identifying functiona
hearing | oss. Robinette, (1992) found TEOAE useful in the 12
cases that he studied. He described a 41 years old nman with
a bilateral severe SN  hearing | oss speech reception.

Threshol ds were 35 dB bilaterally and word recognition scores



36

wer e normal . H s behavioural responses to stimuli were
del ayed. @ TEOAES were present bilaterally and follow ng

careful reconstruction, nornmal behavi our al thresholds were

obt ai ned.

The popul ation i nci dence of severe and profound
congenital SN hearing |oss is between one and two per
t housand (Pecham 1980; Davi s and Wbod, 1992). The

i nportance of early detection of affected infants and their
habilitation is wdely acknow edged. The speech
intelligibility of infants fitted wth hearing aids before
the age of six nonths has been reported to be superior to the
of infants fitted after this age (Markides, 1986) and oral
| anguage production abilities are I mproved by early
i ntervention (Raun-Kahawan and Davis, 1992). There is also
evidence that a lack of experience during early infancy can
result in a permanent loss of hearing sensitivity (Fisch,
1990). Therefore there is an wurgent need to consi der
screening of all infants for auditory inpairment. Results
fromsome large clinical trials (Maxon, Norton, Wite and
Breheus, 1991; Volur, et al., 1994) indicate that TAOAEsS can
be a rapid, sensitive tool for detecting hearing loss in both

full term and at risk new borns.
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The use of OAEs for screening hearing function in
neonates and infants has been suggested by many investigators
(Wiite, et al., 1980; Kenp, et al., 1981; Tanaka, et al.,
1986, 1989; Bonfils, et al., 1991; Baldw n, 1992; Fortum et
al ., 1993, Meredith, et al., 1994; Englahl, et al., 1994).
The problens associated with behavioural tests, high risk
registers and ABR response testing give inpetus to the

research on the feasibility of OAE for infant screening.

Henmes, et al., (1994) studied the feasibility of OEA
detection followed by ABR as a universal neonatal screening
test for hearing-inpairnent. The procedure was feasible in
95% of the babies born in a hospital. It required two
testers working in 12 hours shifts to screen all babies using
both the tests. The specificity of OAE was 70% only 8.5%
of the babies (who had bilateral failures) required ABR

confirmation.

Recently the enphasis has shifted to |ongitudinal data
to determne specificity and clinical applicability. The
Rhode Island hearing assessnent showed prom sing results
(Molus et al., 1990) of the TEOAE as a screening tool after

creening over 12000 infants over 5 years. Meredit, et al.,
1994) screened high risk neonates for 5 years between 1988

and 1993. They found an overall failure rate of 27.7% The
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failure rate for low birth weight babies was higher (45.9%
than for babies in other at risk categories. Sensitivity was
100% and the specificity was 72.3% (There was a high fal se-
positive rate. This higher failure rate in prenature infants
was earlier noted by Stevens (1990) and Uziel, et al.

(1991).

To summarize, TEQAE are now wi dely used as objective,
efficient and non-invasive nethod for screening auditory

function in infants.

DPQAE

Areviewof literature shows that only a fewresults of
DPQAEs in pathological ears have been published. Kenp, et
al ., (1986) reported 3 exanples of DPOAE neasurenents in ear
with high frequency hearing | osses. In these cases, the
DPQAE anplitudes were significantly smaller than nornal
val ues at frequencies where hearing thresholds were better
than 30 dB HL. However despite mld hearing |oses, DPQAEs
were still present, in nost instances. Additionally, the
rel ati onshi ps between the DPOQAE and hearing | oss frequencies

were not always straight forward. Simlar results were also
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reported by Harris, et al., (1990), Snmurzynski, et al, 1990;
Nel son, et al., 1992).

O her exanples of DPOAEs in patients were reported by
Lonsbury-Martin and Martin and their associates (Lonsbury-
Martin and Martin, 1990; Martin, et al., 1990b). "These
wor kers showed that acoustic distortion products objectively
detected a 20 dB HL noise induced inpairnent in one
i ndividual and a 10 dB i nprovenent, followed a glycerol test,
in the hearing of anot her subject suspected of having
meni eres disese. Additional exanples of usefulness of the
frequency specific DPOAEs to track the boundary bet ween
normal and abnormal hearing in nore severe cases of noise
damage and in individuals with heriditary hearing |oss, due
to either autosomal dom nant or recessive factors, have also

been presented by these investigators (Lonsbury-Martin and

Martin, 1990; Martin, et al., 1990b; Ohlnms, et al., 1990,
1991). Moreover other exanples were presented In these
reports and illustrating the distinction between acoustic

neuromas, that cause damage to sensory cells through harnfu

pressure on either the vascular or efferent supply to the
cochl ea, and tunours t hat truly effect only retrograde
synpt ons. Further manifestations of sever al possi bl e
subtypes of MD involving either cochlear hair cells or

peri pheral elenents central to the OHCs were al so provi ded.
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Finally, the ability of DPOAEs to track the dynamc
changes in OHC condition, as is sonetinmes observed in sudden

i diopathic SN hearing loss may be illustrated as well.

In another study of DPOAEs, Harris (1990) reported
systematic results in 20 patients with high frequency | oss.
Specifically at high frequencies, DPOAE anplitudes and 1/0O
functions were significantly different when conpar ed to
DPOAEs neasured in normal subjects. He concluded that if
hearing thresholds at predeterm ned frequencies were better
than 15 dB HL DPOAEs were al ways detected. However em ssions
were absent or attenuated if behavioral thresholds exceeded
50dB HL. Additionally considerable variation was noted in

the range of between these 2 threshold val ues.

Martin et al., (1990b) neasured DPOAE in a noi se-danmaged
individual with an asymetrical high frequency hearing |oss.
They found that when the primaries were | ocat ed in a
frequency region associated wth normal hearing threshold
DPOAE coul d be neasur ed. But when hearing thresholds were

el evated above 40 dB HL no DPOAE was recorded.

In conclusion DPOAEs have significant potential for

clinical application, although their relationship to hearing
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threshold is not entirely clear, as yet, in all types of
sensorineural disease. Moreover, even when the dysfunction
is clearly limted to OHCs, as in the early stages of N HL,
sonme di screpancies between DPOAE and hearing thresholds
occurs across individual (Martin, et al., 1990 b). Al though
sonme initial works have been perforned in terms of
identifying candidate values for the nultitudes of paraneters
that need to be considered when eliciting DPOAEs, additiona
studies nust be perfornmed to establish variables that are
nost relevant to clinical testing. However t he maj or
advant age of DPQOAEs hi s in their relatively, frequency
speci fic neasurement of evoked emssions that provides an
obj ective conplenent to t he conventional , pure tone

audi ogr am
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VETHODOL OGY

This study was taken up wth an aimto conpare the
differences in the results of DPOAE and TEOAE in adult

subjects with sensorineural hearing |oss.

SUBJECTS

The subjects were adults registered at Al India
Institute of Speech and Hearing, Msore with the conplaint of
hearing problem A total of 30 patients (49 ears) presented
with pure sensorineural hearing loss of different etiologies,
were taken up for this study. These patients (21 nmale and 17

females) were in the age range of 18-35 years. Any mddle

ear pathol ogy was rul ed out by ot oscopi c immttance
eval uvations. Special test such as t one decay t est,
suprat hreshol d adaptation tes,reflex decay test,auditory
brai nstem response were adm ni stered whenever I ndi cat ed.
| nf ormed consent was obt ai ned from all t he subj ects

participating in the study.

The puretone average of subjects ranged from 16 to 90 dB
HL. Goodmann's classification nodified by Cark( 1981) was
used to categorise the subjects into different groups based

on the puretone average thresholds. The abnormal heari ng
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consisted of a variety of etiologies and pure tone audi ogram
patterns majority of it being flat hearing loss at 500 Hz,
1KHz, 2KHz frequencies (Hat = 40 ears, high frequency |oss -
4 ears, low frequency loss in 5 ears). Al the subjects were

cl assified under Goodmann's cl assification.

M ni mal MId Mboder at e Moderate Severe
- severe
No. of 6 12 8 10 13
ears
| NSTRUMVENTS

The follow ng equi pnents were used.

A. Pure tone audi oneter

A two channel clinical audionmeter (B 922) wth TDH 39
housed in MX/ 41 earphone and radio AV 71 BC vi brator was used
to assess the behavioral thresholds of all the subjects. The
audi oneter was calibrated prior to the study as per the

recomrendations of the manufacturer (Appendix-1)
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B. Immttance audi oneter

Immttance evaluation was carried out was using GSl-33
m ddl e ear anal yzer version 2. The audioneter was cali brated

as per recommendati ons of the manufacturer (Appendix I1).
C. Qoacoustic Em ssion Anal yser

The distortion  product ot oacousti c em ssi on and
transi ent evoked otoacoustic emssions were also neasured
using a Bio-logic  Scout Plus System with ER10C Probe
(Software version 1.22) in standard default operational node.
The 'Display type' controls the pattern of the neasurenent.
It was set to 'DP grami. This setting plots the DPQAE on a
frequency vs. intensity graph, simlar to an audiogram The
range of frequencies being tested was set to 500 Hz to 8 KHz.
The acoustic stimuli presented were two primary tones with a
frequency ratio f2/fl fixed at 1.20. FEqual intensity of L1
and L22 of 70 dB SPL in the external ear canal was chosen.
DPQAE was neasured at frequencies given in Table-1. The
frequencies FI and F2, the corresponding distortion product

2f1-f2 are CGeonetric nean are given in Tabl e-1.
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Table-1 Fl, F2 and Corresponding DP 2fl-f2 used for DPOAE

measurements.
f1 (KHz) £2 (KHz) 2f-£2 (KHz) GM
415 488 342 450
855 1024 864 936
1660 2002 1318 1823
3296 3955 2637 3610
6665 8008 5322 7306

Since during puretone audiometry, the test was carried out at
one point per octave, the same was done here. SN ratio was
set to +30 dB. Over all noise level was set to -30 dB.
Token buffer size was set to 2048, which is also the default
testing. Noise side bands was set to '0' which indicated
that the noise was measured only at the frequency of the
DPOAE. The measured signal was considered as significantly
different from the background noise if it was at least 3 dB

above the average noise level.

The stimulus were 100 ups. rectangular pulses with a
presentation rate of 4/second. The stimulus level wvaried
from 64-100 mpa with a mean of 70 mPa. 8 samples per buffer
and 128 sweep sets were recorded. The spectrum level range
was 40 dBpSPL. and the spectrum frequency range was 08 KHz.
The stimuli were presented in blocks of four where 3 stimuli

of one polarity were added to a 4th stimulus of opposite
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polarity 3 times the anplitude so that the stinmulus artifact

was m ni m zed.

The ER 10C probe with appropriate ear tip size was used.
Each response was band pass filtered from 5656.900 Hz (low
pass filter frequency) to 2000.000 Hz (Hgh pass filter
frequency) in order to reject artifacts. The artifact
rejection threshold was 0.977 nPa. The responses were stored

after conpletion of 256 averages.

TEST ENVI RONMVENT

Al neasurnents were nade in air conditioned sound
treated roons where the anbient noise |evel was wthin
permssible limts according to ANSI 1969. The noise |evel
was neasured with a sound | evel neter (Bruel and Kjaer 2209) .
The test room had adequate lighting and was at a confortable
tenperature. The subjects were provided with a confortable

chair to sit on during the test.

TEST PROCEDURE

Initially the subjects were screened in a verbal

interview for a history of ot ol ogi cal di sease, noi se
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exposure, ototoxic drug use, nmetabolic diseases associated
with hearing loss and a famly history of hearing-inpaired.
Pure tone test was carried out and subjects wth sensori
neural hearing loss theshold within 16 dB HL - 90dB HL were
taken for this study

They were tested for tynpanograms and reflexes in both
ears using (GSI-33) Mddle ear analyser Version 2. Only
subjects who had A-type tynpanograms were included in the

st udy.

DPOAE testing

(1) Check fit In this phase, a transient stinulus
(frequency sweep) is presented to the ears and the
measured response is displayed as a spectrum and a
waveform A correct probe fit would give a waveform as
shown in the figure-3.1. If such a waveform was not
obtai ned, the probe was taken out, checked for debris and
refitted. The ‘check fit" phase was redone untill

correct fit was obtained

(2) Calibration : After obtaining a correct fit, the stimulus
sources were calibrated. In this phase the system

response of each of the two |oudspeakers necessary to
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provide the stimulus was neasured and displ ayed. If the

response of the two overlapped, then it was calibrated.

(Figure 3.2).
(3) Measurenment : In this main phase of the test, the stinul
were presented and the Distortion Product em ssi ons

measured. The neasures were done in accordance with the
paraneters, described earlier. The neasures nmay then be
di splayed either as a DP-Gamin which the distortion
product anplitude was shown as a function of frequency
(Figure-3.3) or as a spectrum where the final spectra of
each test frequency may be viewed individually (Figure
3.4). Alternatively, the results may be studied as a
"Report' which includes a DP-gram and the values for

various stinmulus and DPOAE paraneters (Figure 3.5 ).

TEQAE testing

(i) Check fit : A transient broad frequency stimulus was
presented to the ear and the neasured response was
di splayed. The fit of +the probe in the ear canal was

adj ustedtoobtai nthefl att est possi bl espectrum (Fi g: 3. 6)

(ii) Calibration : The attenuator was automatically adjusted

toachi evethetarget output l evel . (Fig: 3.7)
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BIOLOG C OTOACOUSTIC EM SSIONS (QAE)
Bl O LOG C SYSTEMS CORP.
ONE BI O-LOd C PLAZA
MUNDELEI N, |L 60060
(800) 323- 8326

Patient: , asha Ear: Left
Bi rt hdate: 30 | D 113474
Comrent : dess
B ]
| 48} |

[ |
28f
| L
|! o S T

r i,
i-zaL p e S W ’#:.
=] ~_ -~w--——’/“"l J|
[ﬁ% o . . _ 1

I : : . |

8.5 ;| 2 4 8 k.Hzi

*DP—Gram RL1<LZ °DP ONF

FZ Frequency

REPORT

Testdat e: 25- Sep- 96 Fil ename: 961 25D01. DAT

L1(dB) L2(dB) FlI(Hz) F2(Hz) GV Hz) DP(dB) NF(dB)

70. 1 69.7 415 488 450 -8.3 -11.1 2.8
69.5 69.5 855 1025 936 -9.6 -8.6 -1.0
70.6 70.7 1660 2002 1823 -10.3 -17.4 7.1
69. 4 70.0 3296 3955 3610 -21.3 -35.1 13.8
70.1 70.1 6665 8008 7306 -13.1 -22.7 9.6

Fig:

DP- NF( dB)
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(iii) Measurenment : The stimulus was presented automatically.
The stimulus spectrum the response over time and the
response spectrum were displayed on the screen during
the test. The responses were stored after the test was
conpl et ed. Fig: 3.8

STATI STI CS

The Karl-Pearson's product nmoment nmethod was used to

calculate the correlation bet ween di fferent measur ed.
1) DPOAE vs TEOAE

2) DPOAE anmp vs. TEOAE anplitude

3) DPOAE (Df-Nf) amp. vs specific frequencies threshol ds.

4) TEOAE anp. vs. specific frequencies thresholds

5) DPOAE anp. vs. puretone threshold.
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RESULTS AND DI SCUSSI ON

Fourty-nine ears of the 38 subjects included in the
study had pure tone average thresholds of 16 dB H. or above
upto a maximum pure tone average of 90 dB HL. It was
observed that as the hearing loss increased the anplitude of
DPQAE and TEQAE decreased. The data was anal yzed to test the
nul | hypot hesi s.

Pearson's correlation coefficient of the DPOAE anplitude
(0.41- 66.65 KHz) and the auditory thresholds neasured at
0.5 1, 2, 4, 8 KHz were conputed. The results are shown in
Table 4.1

PTT * DP anplitude
500 Hz | 1000 Hz | 2000 Hz | 4000 Hz |8000 Hz

500 Hz -0. 26 -0.55 -0.49 -0. 60 -0.19
1000 Hz -0. 39 -0. 65 -0. 69 -0.70 -0.34
2000 Hz -0. 40 -0.57 -0.71 -0. 67 -0. 36
4000 Hz -0.42 -0.55 -0. 66 -0.61 -0.40
8000 Hz -0.43 -0.58 -0. 64 -0.56 -0. 46

PTA -0. 38 -0. 60 -0. 68 -0.70 -0.34

Table 4.1: Pearson's correlation coefficient of  DPQAE
anplitude and auditory threshol ds

PTT - Pure tone threshold
PTA - Pure tone average theshol d.
It may be not edt hat DPanpl i t udes and pur et one
t hr eshol ds showagood correl ati onat 1 KHz, 2 KHz, 4 KHz
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with the highest correl ation not ed at one particular
frequency. However, there was poor correlation between DP
anplitude and pure tone threshold at 500 Hz and 8 KHz.
Martin et al. (1990) have also reported poor correlation
between DP anplitude and pure tone thresholds at 500 Hz.
Gorga, et al. (1993) observed that DPOAE anplitude decrease
as hearing |loss increases in high frequencies (2K 4K, 8
KHz). This trend was not clear at Ilower frequencies (500
Hz). Investigations by Suckfull et al. (1996) showed good
correlation between DP anplitude and puretone thresholds at
hi gh frequencies. The difference for 8 KHz results obtained
in the present study could be due to variations in the

met hodol ogy.

The DP anplitude at each frequency showed strongest
correlation with pure tone thresholds of one particular
frequency. The correlation coefficient for the adjacent
frequenci es decreased gradually. DP anplitude at 1 KHz, 2
KHz and 8 KHz correlated best with the pure tone threshold of
correspondi ng frequency i.e., at these three frequencies
DPOAE gave frequency specific i nformation. However DP
anplitude at 4 KHz showed strongest correaltion wth pure
tone threshold at 1 KHz and DP anplitude at 500 Hz correl ated

best with pure tone threshold at 8 KHz. Suckfull et al.
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(1996) have also reported that for all auditory threhsold
frequency maxi mum correl ation exi st at one particul ar
frequency. But they did not specify the frequency at which

there was maxi mum correl ati on.

A mjority of earlier investigators have reported that
frequency specific information can be obtained using DPOAE at

| east at high frequencies (Harris, 1990; Gorga, et al. 1993)

In many of these stuidies DPOAE detection threshold was
correlated with pure tone threshold (Lonsbury-Martin, 1990);
Li chard, 1990). In the present study DPOAE anplitude for
high level stinulation was studied. Avan (1993) reported
that low level of primaries elicit a local response and they
gi ve frequency specific informtion. At higher level, the
response is nore conplex and non-1|ocal. It is a well known
fact that two distinct nechanism nay be involved in the
generati on of DPOAE. One mechani sm may generate DPOAE
inrsponse to low level stimuli and primaries at nearby
frequencies with simlar |atencies where as the other process
may depend upon a short |atency mechanisns, in the presence
of the higher level stinmuli and larger F2/Fl ratio (Kenp,
1986). Probably better results would have been observed if

detection thresholds were studied in the present study.
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Pearson's correlation coefficient were also conputed for
DPOAE/ noise , the auditory threshold neasured at specific

frequencies and pure tone average thresholds as shown in

Table 4.2

PTT * DP/ Noi se

500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz

500 Hz -0.08 -0. 45 -0.53 -0.52 -0.20
1000 Hz -0.22 -0.50 -0. 65 -0.62 -0.25
2000 Hz -0.18 -0. 45 -0.59 -0.62 -0.22
4000 Hz -0.20 -0.42 -0.54 -0.55 -0.27
8000 Hz -0.24 -0. 45 -0. 66 -0. 48 -0.31
PTA -0.12 -0.50 -0.65 -0.61 -0. 36

Table 4.2: Pearson's correlation coefficient of DPOAE/ noise
and auditory thresholds.

PTT - Pure tone threshold
PTA - Pure tone average threshold

Moderate correlation was seen for DP/noise at 1 KHz, 2
KHz and4 KHz and pure tone threshold and |ow correlation was
observed at 500 Hz, and 8 Khz. Overall correlation was poor
for DP/noise than that observed for DP anplitude. However
Corga et al. (1993) reported that in their study DPOAE/ noi se
provi ded better performnce t han DP anpl i tude, t he
significant difference of performance being very small. This
contradictory result nmay be accounted by the difference in
thestinmulus level of the 2 studies. [LI =65 dB SPL; L2=50
dBSPL( Gorga et al 1993) LI=L2=70dBSPL in the present study.]
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PTT TEQAE Anplitude (KHz)
Echo EN Reproduci bility
500 Hz -0.42 -0.44 -0.44
1000 Hz -0.67 -0.62 -0.64
2000 Hz -0.71 -0.67 -0.70
4000 Hz -0.70 -0.65 -0.70
8000 Hz -0. 68 -0.64 -0.69
PTA -0.67 -0.64 -0. 66n

Table 4.3: Pearson's correlation coeffient of TEQAE and
auditory threshol ds.

PTT - Pure tone threshol d
PTA - Pure tone average threshold
E-N - Echo - noise

Table 4.3 correlates TEQAE anplitude, TEQAE noi se and
reproducibility with the audi tory t hreshol d. H gher
correl ation was observed between puretone and TEQAE at 2 KHz.
In contrast to DPQAE, TEQAE did not show a sharp mnaxi num for
correlation with one particular frequency of the auditory
threshold. This indicates that TEQAEsS are not as frequency
speci fic as DPOAEs. These results are also supported by
Suckfull et al. (1996). TEQAE anplitude and TEQAE
noi se showed the strongest correlation at 2 KHz audionetric
threshold. Reproducibility of TEQAE showed hi ghest
correlation with 2 frequencies i.e. 2 KHz and 4 KHz anong
TEQAE anplitude (Echo) TEQAE/ noise and reproducibility pure
tone average threshold best correlated with TEQAE anplitude.

It may also be noted that the correlation was better with
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hi gher frequencies (1 Khz - 8KHz). This could be because
click were used as stinuli. It has been established that
with the clicks only the higher frequency range of the
cochlea tends itself to effective assessnent and probably

lies in sonewhere around 1500 Hz and above (Weber, 1976).

| dentification of hearing |oss using DPOAE and TEOAE

Several investigators have used different criterion
values of DP/noise to differentiated between the normal
hearing ears and those of hearing-inpaired ears. Lonsbury-
Martin (1990), Harris (1990); Smur zynski et al. (1990)
enployed a criteria of 3 dB for DP/noise Probst et al. (1993)
enployed 4 dB <criteria and Gorga et al. (1993) enployed 8-15
dB forDP/noise to differentiate between nornal and inpaired
ears. Since mpjority of the studies used 3 dB <criteria the
results of the present study was analysed enploying 3 dB

criteria.

Frequency

500Hz 1 KHz 2 KHz 4 KHz 8KHz
Hearing | oss

M ni mal 100% 100% 100% 100% 100%
MId 50% 75% 100% 41. 6% 100%
Moder at e 57. 2% 85. 8% 100% 100% 100%
Moder at el y- 60% 50% 90% 70% 100%
Severe

Sever e 61.5% 38% 61.5% |92.3% 92. 3%

Table 4.4: COccurrence of DP/Noise with 3 dB criteria
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From Table 4.4 it may be noted that as the degree of
hearing loss increased the occurrence of DP decreased. DP
was present in all the subjects with mninml sensorineura
hearing loss which was true for all frequencies wth |ess
hearing |l oss. A superior occurrence of DPOAE was seen at 8
Khz followed by 2 KHz, 4 KHz,| KHz and the | owest incidence
was at 500 Hz. 100% incidence was nmintained at higher
frequencies (2 KHz, 4 KHz and 8 KHz) for nopderate hearing
| oss patients. As the degree of hearing loss increased the
i nci dence of DPOAE decreased. The presence of DPOAE was nore

at hi gher frequencies.

In severe hearing loss patients a high incidence of DP
was observed at higher frequencies (4KHz and 8KHz) which was
foll onwed by the incidence at 500 Hz and 1 KHz. Thi s
contradicted the other prelimnary studies reported in
literature Harris (1990) opined absence of DPOAE inears with
hearing loss greater than 10 dB HL. Suckfull et al. (1996)
reported DPOAE in sane ears witha hearing loss of upto 70 dB
HL. Enpl oying a 3 dB criteria failed to differentiate
hearing inpaired subjects from subjects wth normal hearing.

So a nore stringent criteria of 8 dB and 12 dB were used.
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Frequency

500Hz 1 KHz 2 KHz 4 KHz 8KHz
Hearing | oss

M ni mal 66. 6% 100% 100% 100% 78. 3%
MIld 33. 3% 50% 83. 3% 91. 6% 83. 3%
Moder at e 37.5% 50% 87.5% 100% 87. 5&
Moder at el y- 60% 40% 60% 60% 80%
Sever e

Sever e 53. 8% 15. 3% 15. 3% 69. 2% 61. 5%

Table 4.5 : Occurrence of DP/ Noise with 8 dB criteria.

Frequency

500Hz 1 KHz 2 KHz 4 KHz 8KHz
Hearing | oss

M ni mal 66. 6% 100% 100% 100%% 66. 6%
MIld 25% 50% 83. 3% 91. 6% 66. 6%
Moder at e 25% 37.5% 87.5% 100% 75%
Moder at el y- 40% 30% 30% 60% 60%
Sever e

Sever e 23% 7. 7% 7. 7% 46. 1% 46. 1%

Table 4.6 : COccurrence of DP/ Noise with 12 dB criteri a.

It may be observed from Table 4.5 that the overall
occurrence reduced with 8 dB criteria, however even with this
criteria higher occurrence was noted for higher frequencies
2K, 4K, 8 KHz). Overall the maxi num occurrence was at 4 Khz
followedd by 8 Khz and 2 KHz. Mire than 50% of thesevere
hearing | oss subjects exhibitd DP in all frequencies except 1

KHz and 2 KHz.
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From Table 4.6 it was clear that at 4 KHz the occurence
was highest for all the degrees of hearing |oss. Even in

cases with severe hearing loss 46.1%the subjects (6 out of
13 subjects) exhibited DP when 12 dB criteria was used. As
di scussed earlier Gorga et al. (1993) opined that DP/ noise of
12 dB at 4 Khz correctly identified at least 90% of the
hearing-inpaired ears. Bonfils et al. (1994) found that DP
incidence varied as a function of frequency and stinmulation
| evel of primaries. The mean DP incidence for subjects with
a hearing loss below 30 dB HL varied between 82.3% and 77. 7%
When the primary stinmulation |level was varied from 72 dB SPL
to 62 dB SPL. The nean DP incidence for patients with a
hearing threshold greater than or equal to 30 dB HL dropped
from47%to 67% when the stinmulus level was varied from 72 to
62 dB SPL. The best results are obtained with primry
stinmulation level around 52dB SPL. As there is preval ence of
DPOAES in response to primary stimulation |evel below 50 dB
HL in clinical practice it cannot be recommended

Li sastover, et al. (1996) found DPOAE anplitude in response
to noderate level of primaries (L1/L2 = 60/50) had greatest

predictive value but they did not exam ne high level stinuli.

CGorga et al. (1993) enployed the «criterion values of 8

to 15 dB for DPOAE/ noise to accurately distinguish nornmal
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hearing ears fromthose of hearing-inpaired ears at the best

perfornmed frequencies (4 KHz and 8 Khz). It appeared that DP

and noi se anplitude were conparable in the |ower frequencies,
regardless of the auditory thresholds. So it followed that
DP/ noi se would increase and would show greater separation
between normals and inpaired ears as frequency increases
simlar to DP anplitude observations. They also proposed
that DP/ noise of 12 dB at 4KHz correctly identified at |east

90% of the hearing-inparied ears.

Col l eci vely, superior occurence was naintained at 4 Khz
followed by 8KHz, 2 KHz 1 KHz and the |owest occurrence being
observed at 500 Hz. These results agreed with the results of
Corga et al. (1993). Bonfils et al . (1994) that as
frequency increases, performance also inproves wth the best
performance being observed at 4 KHz and performance was only
slightly poorer at 8 KHz. Thus in the present study DP was
present in 3 subjects at 500 Hz, one subject at 1 KHz; one
subject at 2 KHz and six subjects at 4 KHz and 8 KHz out of
13 severe hearing inpaired patients even wth a stricter

criteria of 12 dB for DP/ noi se.



60

Degr ee 3 dB 8 dB 12 dB
M ni el 100% 78.3% 66. 6%
M d 58. 3% 41.6% 33%
Moder at e 37.5% 25% 0%
Moder atel y-severe 10% 10% 0%
Severe 0% 0% 0%

Table 4.7: QOccurrence of TEOAE/ noise in %wth different
criteria

Table 4.7 shows t he mean TEOAE noise occurrence
enploying the 3 different criterion. From the Table it may
be noted that when 3 dB criteria was enployed, only m ninal
degree of hearingloss secured 100% TEOE occurrence. TEOAE
kept reducing as a function of degree of hearingloss, |owest
bei ng observed with severe hearing |oss cases. None of the
subject with severe hearing |oss exhibited TEOAE. Only 1
patient wth noderately severe hearing |oss exhibited TEOAE.
It has been repoted in Iliterature that TEOAE was absent
whenever theloss was greater than 25 dB HL (Probst, et
al .1986), 35 dB HL (Bonfils et al. 1988) and45 dB HL (Coll et
et al. 1984). Collet et al. (1989) reported that TEOAE was
absent when hearing loss exceeded 40 dB HL at 1 KHz. The
occurrence of TEOAE may al so depend upon the intensity |evel.
It is also said that TEOAE gives better results than DPOAE at
hi gher stinmulus presentation |evel. Thus the results of the

present study support the findings of the earlier studies.
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Degr ee Reproduci bility
M ni mal 100%
MId 50%
Moder at e 37.5%
Moder at el y- severe 10%
Severe 0%

Table 4.8: Percentage of subjects above 50% reproducibility

From t he Tabl e 4.8, it was observed t hat a
reproducibility of 100% was maintained in mniml degree of
hearing loss. But reproducibility decreased as a function of
degree of hearing loss. Only 50% of the cases exhibited a
reproducibility of 50% and above when hearing |loss was mld.
Only one subject wth noderately severe hearing |loss had
reproduci bility of 50% CGorga et al. (1993) nmintained that
percent reproducibility resulted in the best performance
anong TEOCAE echo, TEOAE/ noise and reproducibility wth the
output anplitude at different frequencies. In the present
study with TEOAE/ noi se and producibility showed simlar

performance in identifying subjects with hearing | oss.

| sol ated exanples of em ssions bei ng measur ed in
presence of profound sensorineural hearing |oss also has been
reported (Lutman, Mason, Shepard and G bbin, 1990). Law ence
et al. (1996) observed TEOAE present in a child wth

bi | ateral profound | oss. This case as well as 3 cases
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previously reported in patients with severe hearing loss is a
rare but not an inpossible event. Such a condition m ght be

due to retrocochl ear pathology, neural danmage or inner hair

cell damage. 1In the case reported by Lutman et al. (1989)
El ect rocochl eography noted neasurabl e compound pot enti al
docunenting a good cochlear functions. |In the case by Wl zl -
Mul l er et al. (1993) the successful stinmulationo of the
cochl ear nerve ruled out neur al damage and t herefore
suggested that the inner hair «cell were damged. O her

reports of TEOAE present in subjects with severe hesring |oss
(Rossi, et al.1989), Tanaka (1987, 1988, 1989) are difficult
to assess because artifacts can also be repeatable. kenp et
al. (1986) illustrated, some hearing-inpaired persons nmay
have what appears to be low energy QAEs and found that cross
correlation of repeated wave forns from hearing inpaired
patients were typically less than 50% suggesti ng no em ssion
was actually present. Pat uzzi (1993) opi ned that any
processes associated with the inner hair cell, the primry
afferent synapse and dendrites would not affect the cochlear

mechanics directly and so wouldn't show up in OAE tests.

In the present study, TEOAE was not present when the
hearing | oss exceeded 60dB. But many isolated results were

observed in the occurrence of DPOAE
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In a correlation analysis, the Pearson's correlation
coefficient of DPOAE  anplitudes (0.41 - 66. 65 KHz) ,

DPQOAE/ noi se and TEOAE anplitude, TEOAE/ noise, reproducibility

at different distortion product frequencies were conputed.

500 Hz 1 KHz | 2 KHz 4 KHz | 8 KHz

TECAE echo 0.55 0. 69 0. 85 0. 60 0.60 |DP anp
Reproducibility | 0.58 0.71 0.85 0.70 0.63 |DP anp
TEOAE/ Noi se 0. 42 0. 65 0.70 0.55 0.41 | DP/ Noi se

Table 4.9: Pearson's correlation coefficient of DPOAE and
TEOGAE

From Table 4.9 it was observed that the strongest
correl ati on between DP anplitude and TEOAE echo was noted at
2 KHz followed by 1 KHz and the |owest correlation was found
at 500 Hz. Simlar results were conputed for reproducibility
and DP anplitude also. Wen the correlation analysis was
conput ed bet ween DPOAE/ noi se and TEOAE/ noi se, again simlar
results were obtained wth superior correlation at 2 KHz
followed by 1 KHz and mnimum correlation observed at |ow
frequency and high frequency (500Hz and 8 KHz). So overall
hi ghest correlation was found between DPOAE at 2 KHz and all
paraneters of TEOAE. TEOAE reproducibility correlation anong
TEQAE echo, reproducibility, and TEOAE/ noise with the output
anplitude at different frequencies. The results of study by

Corga et al. (1994), Snurzyuski et al. 1992; Prieve et al.
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(1993) conparing DPOAE and TEOAE are in concordance with that

of the present study.

CGorga et al. (1993) conpared TEOAE and DPOAE in his

study and summarized the results as foll ows:

(1) Neither TEOAEs and DPOAEs were able to distinguish
between normal and hearing inpaired subjects at 500Hz,

al t hough TEOAEs did perform better than DPOAEs.

(2) TEOAEs nore acuratey distinguished normal and inpaired

subjects at 1 KHz.
(3) At 2 KHz TEOAEs and DPOAEs performed conparably.

(4) DPOAEs were more successful at correctly identifying

normal and inparied ears at 4 KHz.

(5 Measures of OAE anplitude were slightly 1less accurate
than measures that took into account the level of the
background noise such as TEOAE/ noise, DPOAE/noise and
reproducibility.

The better TEOAE test performance at 1 KHz, and 2 KHz
reflects the transfer characterstics of the mddle ear. Larger
anplitude response m ght be observed because the mddle
transmts energy both in forward and reverse direction nore

efficently to these frequencies.
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SUWVARY AND CONCLUSI ON

One of the nobst excited advances in the understandi ng of
hearing, during recent years has concerened the discovery of
OAE. OAEs describe the response that the cochlea enmts in
the form of acostic energy. The recognition that the cochlea
not only receives sounds, but al so produces acoustic
energy has been a mgjor factor in nodifying recent thinking

concerni ng cochlear functions.

EQCAE are wvirtually present in al | subjects wth
normal heari ng. It has been reported in literature that
the anplitude of DPOAE and TEOAE reduces as the degree of
hearing |oss increases. These st udi es i ndi cate t hat
nmeasurement of DPOAE and TEOAE provi de valuable information

in measurenent of hearing.

The present study ained at checking the efficiency of
DPOAE and TEOAE in di fferentiating heari ng i mpaired
i ndividuals from those with normal  heari ng. Different
DP/ Noi se criteria were wused for detection of presence of
em ssion with conparison of DPOAE and TEOAE in sone subjects

was al so undert aken.
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The study was a cross sectional study of 30 young adults
(49 ears), in the age range of 18-35 years (mean age 29.6)

with sensorineural hearing loss of different etiologies.

The pure tone average ranged from 16.6 to 83.3 dB HL.
DP anplitude, DP/noise, TEOAE echo, TEOAE/ noi se, TEOAE
reproduci bility, pure tone average thresholds, pure tone
thresholds at specific frequencies wer e t he par anet ers
considered for the study. Auditory threshold, tynpanonetry,
TEOAE and DPOAE of these patients were neasured. Kar |
Pearson's correlation was enpl oyed to find out t he
correlation was enployed to find out the correlation between

TEOAE and DPOAE with auditory threshol ds.

The results of the study may be summarized as

1. DP anplitude and pure tone threshold showed a good
correlation at 1 KHz, 2 KHz and 4 KHz wth the highest

correlation at one particular frequency (2 KHz).

2. Simlar results were obtained for DP/noise but t he
correlation was poor er t han t hat observed for DP

anpl i t ude.
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Among 3 dB, 8 dB, 12 dB criteria of DPOAE a stringent
criteria of 12 dB was f ound to be better in
differentiating, normal hearing ears and hearing inpaired
ears. However DPOAE was present in 46.1% (6/13 subjects)
of the cases with severe hearing loss even wth 12 dB

criteria.

TEOAE al so showed good correlation with puretone threshold

with maxi mum correlation at 2 KHz.

Among, TEOAE echo, TEQAE/ noise and TEOAE reproducility,
TEOAE reporoducibility showed a better correlation with

audi tory threshol d.

There was no occurrence of TEOAE observed after a |oss
of 60 dB HL. with 3 dB criteria and 40 dB HL wth 12 dB

criteria.

There was a good correlation between DP anplitude and
TEOAE echo and the maximum correlation was observed at

2 KHz.

To concl ude, in the present study conparing DPOAE and

TEOAE, TEOAE is found to be nore efficient in differentiating

normal hearing and sensorineural hearing-inpaired ears.
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APPENDI X |
Standards for Calibration of Puretone Audi oneter

The follow ng standards were used for calibration of the

audi onet er.

Air conduction (Earphones) - ANSI S3-6-1989.
Bone- conduction (BC vibrator) - ANSI S3-26-1981.

The procedure used was as prescribed by the instruction
manual of the audi ometer, using a Sound Level Audionmeter with
octave Filter Set, 1 inch condenser M crophone, Artificial
Ear (for headphone calibration) and Artificial mastoid (for

bone conduction vibrator calibration).
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