A STUDY OF
INPUT-OUTPUT FUNCTION OF DPOAE
IN SUBJECTS WITH
SENSORI-NEURAL HEARING LOSS

Reg. No. M9709

Independent Project submitted as a part of fulfillment
for the first year M.Sc, (Speech and Hearing)
to the University of Mysore

ALL INDIA INSTITUTE OF SPEECH AND HEARING
MYSORE - 5/0 006
198



A
Dy, SHhompr Diattir
%

who introduced me
to the world of
research . .



CERTIFICATE

This is to certify that this Independent Project entitlted A STUDY
OF INPUT-OUTPUT FUNCTION OF DPOAE IN SUBJECTS WITH
SENSORI-NEURAL HEARING LOSS is the bonafide work in part
fulfillment for the degree of Master of Science (Speech and Hearing) of

the student with Register No. M97009.

Dr.(Miss) S. NIKAM

Director
ALL INDIA INSTITUTE OF SPEECH
AND HEARING
MY SORE - 570 006
Mysore
May, 1998



CERTIFICATE

This is to certify that this Independent Project entitted A STUDY
OF INPUT-OUTPUT FUNCTION OF DPOAE IN SUBJECTS WITH

SENSORI-NEURAL HEARING LOSS has been prepared under my

supervison and guidance.

(Guide)

Lecturer, Depatment of Audiology
ALL INDIA INSTITUTE OF
SPEECH AND HEARING
MY SORE - 570 006

Mysore
May 1998



DECLARATION

This independent project entitted A STUDY OF INPUT-OUTPUT
FUNCTION OF DPOAE IN SUBJECTS WITH SENSORI-NEURAL

HEARING LOSS is the result of my own study under the guidance of
Mrs. C.S. Vanaja, Lecturer, Department of Audiology, All India Institute of
Speech and Hearing, Mysore and has not been submitted earlier at any

University for any other diploma or degree.

Mysore
May, 1998 Reg. No. M9709



ACKNOWLEDGEMENTS

To Vanagja Ma'am, my guide, thank you ever so much Maam, for your infinite
patience, efficient guidance and unconditional help, I'd consider myself lucky if | could

ever become one-hundredth of the guide you are !

| am graeful to Dr. Nikam, Director, All India Institute of Speech and Hearing,

for granting me permission to take up this project.
To my very,very patient subjects who sat dtill through the lengthy testing procedure.

To my teachers, You are the foundation of anything and everything | know in my

profession as of today, this project would be incomplete if you were not acknowledged.

Ma & Baba, Your confidence in me is amazing, especialy when | fal to have it

in myself. | hope | can live up to your expectations.
Dida, Dadu, Maam and Dadda, Your blessings are always a source of strength.

My Mishtimoni, 'Guess it wouldn't be fair if | asked for a better sister’, cause
they don't make 'em better than you. Hoping to see my name in your research project

someday.

Mashi, Mesho, Gautamdada, Joydada, Rontydidi, Chinmoyda and little Samr at,
Thanks wouldn't express even a fraction of what | feel . . . for letting me be a part of the

family ... you're a home away from home.

My dearest Niru, | wouldn't believe in everlasting friendships if it weren't for you

. in a world where friends are a rare species, friends like you must be amost extinct.

My Guardian Angel, You're an inspiration to me, 'wish | had even an ounce of

your charisma ... feels good to be your chultari.

Harry ,Priti, Arpita, Kannu, Deepa, Roopa, Poonami and Sonia, I'll miss having

seniors next year, especially ones like you whom | can turn to a any odd hour.



My darling B, Don't worry, I'm not thanking you for anything, you are in this list
is just to let the world know friends like you exist ... | don't think 1'd have pulled through

this year if it weren't for you.

Dear Ruchi, Shormi and Sanyu,

The specid moments we shared

May have become rare ....

But your memories help me pull on in life

And those will always be there

My ‘little’ roomi, Your patience with my labile moods and belief in my non-
existing capabilities pulled me out of some of the darkest pits of my life .. you're a friend

like no other.

Dear JCP, Its amazing how well we click both professionaly and other wise! The

times | spend with you are aways bindas ! Need | mention, you're a friend ?

Dear Aunty and Sony, Thanks for not only home food but a home environment

- I've never fdt the need to be homesick !

Vandana and Virgo 3, Weve shared some very special moments of hope,

achievements and sentiments. Thanks for sticking by me.

Der Chandan, You've made me a stronger person in more ways than you'll ever

realise ... you mean a lot to me and aways will.

Der Gokul, Suman & Chamu, | don't think | can ever think of you as ex-

classmates. Thanks for being such great pals.

Dear Anju, Thanks for confiding in me and letting me do the same; your enthusiasm

for life leaves me awestruck.

To my B.Sc. batch ('94), The memories of you have kept me ticking at some of
the most difficult times at AlISH.

To my dear classmates, We've seen each other through bad times and good times

... that's the reason we are the class that we are - | guess!



Dear Prarthana, You were always there for me whenever | needed you, but what
made me fed specia was that you let me be there for you, when you needed a friend ..
FM, | guess !

Dear Blessy, Glad | got to know you .. thanks for letting me count on you!

Dear Vini, & Binu, | guess just 'specia' wouldn't suffice what you are to me ...

thanks for making me fed a part of your world.

Dear Sapna, Amri, Sari, Mili, Krithika, Your "B.R.C.s" kept my spirits high.
Thanks for al the morale boosting !

Dear Kavita, and Neha, You are like a breath of fresh air | Thanks for painting

silver linings on my dark clouds.

Dear Kiruthika, Krupa, Shivakami and Aditi, Thanks for being such dependable

souls !

Radhika, You're the kind of classmate I'll always aspire to be. Thanks ever so

much for running around for this project as if it were your own !

Softouch Computers, This project is indebted to you for your committed, patient
and superfast typing! Thanks a lot!.



TABLE OF CONTENTS

INTRODUCTION

REVIEW OF LITERATURE

METHODOLOGY

RESULTS AND DISCUSSION

SUMMARY AND CONCLUSION

REFERENCES

Page No.

1-6
7-25
26-30
31-45
46-48

49-57



INTRODUCTION

Hearing is one of the most important sensory functions of the body.
It is one of the window through which we communicate with the environment,
the interaction through which one moves from the level of existence to higher
living. Thus it is quite important that this sensory function be preserved with
care. But, like any other biological functions, it too is prone to damage. Thus
one must consult a medical or audiological personnel for its betterment, and
irrespective of the type of intervention, assessment and diagnosis are the

initial steps towards it.

Zeroing in on audiological assessment, it can be classified into two
types, behavioural and objective, (Carhart, 1946). Behavioural assessment is
one in which the subjects behavioural output to a given auditory cue is
considered for diagnosis whereas in an objective evaluation, the
subjectsresponse is tapped at the celular or neural level, bypassing the
behavioural output. Due to the several disadvantages of subjective assessment
like tester bias, and intentional response manipulation, there has been a growing

need to supplement these tests with as many objective techniques as possible.

Objective evauation includes immittance measurement introduced by
Metz (1946), which opened an avenue of advantages which made the
audiologists realize what was it that lacked in behvioural testing. Immittance
measurements gave a clear insight of the middle ear functioning without the
subject's active participation. Objective assessment probably made its debut
with electrocochleography in 1930.Another important landmark in the history

of diagnostic audiology was the measurement of auditory evoked potential by



Davis (1939). The most recent development amongst the objective techniques

used in auditory evaluation is perhaps the measurement of otoacoustic emission

(OAE)'by David Kemp (1978).

Otoacoustic emission, first hinted at by Gold (1948), are known to be
microvibrations of the outer hair cells in the cochlea which propogates towards
the foot plate of the stapes and is transmitted to the external auditory meatus
by the ossicles where in it may be picked up by a high sensitivity microphone
(Kemp, 1978; Kemp, Bray, Alexander and Brown, 1986). Otoacoustic
emissions may be broadly classified into two types (Norton and Stover, 1994)

(1) Spontaneous or
(2) Evoked OAES

(1) Spontaneous OAEs (SOAEYS)
These are continuous narrow band signal seens in approximately 50%

of the normal human ears even in the absence of externa auditory stimulation.

(2) Evoked OAES (EOAEs)
EOAEs are those emissions which are produced by acoustic stimulation
of the cochlear. They are of three types :
(& Transient evoked OAEs
(b) Distortion product OAEs and
(o) Stimulus frequency OAEs

(a) Transient Evoked OAEs (TEOAES)
TEOAEs ae frequency dispersive responses to a transient acoustic
stimulation such as a click or a tone burst which provide information about

cochlear integrity over wide frequency regions (Norton and Stover, 1994).



(b) Distortion Product OAEs (DPOAEYS)

DPOAEs result from the interaction of two simultaneously presented
pure tones which are closely separated in frequency by a prescribed difference,
(Davis, 1983).

(o Stimulus Frequency OAEs (SFOAEYS)
SFOAEsS reflect the response of outer hair cells to a pure tone input
occurring simultaneously with,and at the same frequency of the eliciting

stimulus.

Of these, DPOAEs are being delved into, to investigate the possibility
of them being included as a part of diagnostic procedure in audiological

assessment.

Auditory Brainstem Response (ABR) has aready established itself as
a proficient diagnostic tool amongst auditory assessment procedures. Thus
the question which remains is, how lucrative are the investigations of DPOAE
and its clinical application, with already efficient objective measures like
auditory evoked potential in hand? This may be answered by the severa
advantages of DPOAE over ABR. ABR is not specific to cochlear physiology
whereas DPOAEs give information solely on the sensory elements of cochlea,
and hence to the site of pathologies such as Meniere's disease, sudden sensori-
neural hearing loss, noise induced hearing loss etc. ABR does not tap outer
hair cell physiology in detail which is one of the maor advantages of OAEs
and it can detect noise exposure through reduced emission amplitude with
frequency specificity which is not possible for ABR (Smurzynski et al. 1990;
Kemp et al. 1986; Leonard, et al. 1990). It takes a long time to carryout
ABR testing as compared to DPOAE testing procedure. DPOAE is aso more



stable in comparison to ABR waveforms which may change at the dightest
movement. Preparing the patient for ABR testing takes a long time, whereas
it is minimal in DPOAE testing. The clause of high impedance is not there
for DPOAE testing. Lastly, wave interpretation is highly subjective with
respective to the tester with a high value of intra-subject variability, whereas
DPOAE interpretation is much less subjective within individual ears over

time and across-testers (Rhode, et a. 1993).

With the given advantages of DPOAE as a clinical tool, their application
should be wide ranged in diagnostic audiometry, but the lack of a sensitive
testing level is a mgor disadvantage in its use as it tends to enhance testing
time. DPOAEs are elicited at various intensity inputs across different
frequencies if used for clinical purpose. It thus becomes a long procedure,
unless there is concrete data which supplies the clinical cut off value for
input intensities correlated with behavioura thresholds. Probst, Harris and
Hauser (1993) commented on the relatively higher utility and frequency
gpecificity of DPOAEs compare to TEOAES. They suggested that DPOAEs
can be reliably recorded in the frequency region of 6 to 8 kHz which make
it an ideal means to monitor frequency specific cochlear damages such as

that induced by cochlear over stimulation.

Several studies have been carried out to correlate DPOAE amplitudes
and DPOAE thresholds with pure tone thresholds to find out the presence or
absence of DPOAE. Bonfils et a. (1992) reported DPOAE input output
functions to be present at two separate portions with change in F2/F1 ratio

from 18 to 1.26.



(1) Below 60 dB SPL input which shows a saturation with a DPOAE
detection threshold at 36 dB SPL. and
(2) Above 66 dB SPL which shows a steep liner portion.

Hauser and Probst (1990a) studied normals and hearing-impaired
subjects in terms of DP-NF amplitudes obtained. The findings showed :
(1) 0-37 dB above the noise floor in normals.

(2) 0-23 dB above the noise floor for sensori-neural hearing loss subjects.

Brown et al. (1989) reported that DPOAES generated at intensities
below 60 dB SPL probably have their origin in the outer hair cells but those
generated above 60 dB SPL may be an outcome of passive properties of
cochlea which implies DPOAEs will not be generated in cochlear pathology
cases unless the evolving stimuli is 60 dB SPL or above. In another study
Bonfils and Avans (1992) varied stimulus levels from 42 dB SPL to 72 dB
SPL in steps of 10 dB from 1 to 8 kHz to record DP emissions. It was
found that 72 dB SPL was not very sensitive for audiometric thresholds
either below or above 30 dB hearing loss. Though 42 dB SPL was found to
be a sensitive value, due to its poor specificity, it too was not the most
suitable for differentiating hearing impaired from normals. Thus 52 dB SPL
and 62 dB SPL were found to be the most sensitive values for the test and
the best results were obtained for 52 dB SPL, stimulus intensity with both
high sensitivity and specificity. DPOAEs were absent for hearing loss above
45 dB HL to 50 dB HL. Avans and Bonfils (1993) studied the frequency
specificity of human DPOAEs using varying stimulus levels from 42 dB SPL
to 72 dB SPL and found frequency specificely to decrease with high intensity
primaries. Harris (1990) reported DPOAES to be absent in ears with greater



than 50 dB HL and Suckfull et al. (1996) said that they were absent in ears
which had greater than 70 dB HL loss.

Recently, Rakhee (1997) did a study to compare TEOAEs and DPOAEs
in sensorineural hearing loss subjects and found that DPOAES were present

in a few ears with severe hearing loss a an eliciting stimulus of 70 dB SPL.

Thus it is to be redlized if frequency specificity of the DPOAE testing
Is to be exercised clinicaly, sensitive intendity levels for DPOAE input stimulus

should be established, which is precisely what the present study is amed at.

AIMS OF THE STUDY

(1) to find out the stimulus intensity sensitive enough to differentiate the
clinical population from normals.

(2) the relationship between DPOAE output and behavioural thresholds at

different input intensities.



REVIEW OF LITERATURE

Over 30 years ago Gold (1948) proposed a hypothesis regarding the
sharp frequency response of the cochlea which suggested a reverse transduction
in the cochlea implying presence of sound waves in the ear canal. This was
followed by empirical evidence by Kemp (1978) which turned out to be the

first landmark in the history of otoacoustic emissions.

The discovery of otoacoustic emissions (OAESs) turned out to be a
scientific breakthrough for both theoretical and practical reasons. The potential
clinica importance of OAES lies in their ability to obtain a non-invasive and

focussed examination of the mechanical working of the cochlea.

Using OAE methods, objective information concerning micromechanical
activity specific to preneural or sensory elements of the cochlea can be
obtained. Mgority of the other objective methods available do not measure
the responses of the sensory elements independently. Probst, Lonsbury-Martin
and Martin (1991) predicted: "It is very likely that, in near future, OAEs will
supplement the more standard clinical methods by contributing a new
dimension to the audeometric measures of the status of the peripheral auditory

system”.

Indeed over the past few years innumerable research activities have
been carried out to tap the potentials of otoacoustic emissions as an emerging
clinica tool. Of the varieties of OAEs that are available, transient evoked
OAEs and distortion product OAEs lead the clinical picture due to practica
and clinical shortages in the other two. Since evoked OAEs are frequency

dispersive responses, it is not possible to correlate them to the frequency



gpecific behavioral thresholds of the ear, so as to improve the clinical or
diagnostic value of OAEs. This correlation, on the other hand may be
attempted using DPOAEs as they present more frequency specific responses
(Probst, Lonsbury - Martin and Martin, 1991).

By definition acoustic distortion products (Kemp, 1979) represent
evoked non linear responses because they consist of new frequencies which
are absent in the exciting stimuli. They result from the interaction of two

simultaneously presented pure tones to produce a range of distortion products.

The presence of distortion in the ear has been known since long
(Helmhotz, 1870 ; Bekesy, 1934). According to Helmohotz (1870), distortion
was generated from the middle ear. Bekesy (1934) and Wever et a. (1940)
explained these distortions as the products of overdriving the mechanical
conduction system at excessively high levels. But Zwicker (1955), Plomp
(1965), Goldstein (1967) and Wenner (1968) demonstrated the presence of
distortions even at moderate levels which posed a serious doubt on the earlier
hypothesis by Bekesy (1934) and finally Goldstein (1967) provided the first
clear evidence of the inner ear as the source of distortions, Kemp (1979)

confermed the presence of DPOAEs in human ears.

Eliation of DPOAEs is a conveniently easy procedure. The stilulies
feequencies called Primaries (fl & f2 where fl < f2) are generated from 2
separate signal generator. The signals are electricaly isolated before being
acoustically mixed in the ear canal. These signals (primaries) evoke distortion
products or emmissions at certain frequencies which may be picked up by a

microphone from the ear canal. The ear cana sound pressure is averaged to



reduce the noise floor and spectrally analysed for the levels of the primaries

and distortion products.

Of al the distortion products emitted the most prominent one is that
a the frequency of 2fl-f2 (Norton and Stover, 1994) The amplitude of
DPOAES is depended on the levels of the primaries, LI and L2. When LI
Is kept equilevel to L2, rodents emit DPOAEs 40dB less than the €liciting
stimuli, (Brownand Kemp, 1984; Brown 1987) whereas, this difference is
found to be around 60dB in humans(Lonsbury-Martin, Harris, Stagner, Hawkins

and Martin, 1990).

Clinically the primaries are manipulated in one of the two available

methods:

1 The intensity (LI and L2) is kept constant while the frequencies are

changed.

This is called a distortion product-gram or simply DP gram, but it is to
be realised that it does not have the provision to determine auditory

thresholds like the conventional audiograms.

2. The second method is to keep the frequency constant and change the
intensity level L1 and L2 at that frequency. This is called any input-
output function and it is useful in determining distortion product threshold.

There hasn't been any conclusive studies on the choice best of
parameters for clinical evaluations. Various studies have yielded various
optimum values. But f 2/rfl is conventionally believed to work optimally at
a ratio of 122 (Harris, Lonsbury-Martin, Stagner, Coats and Martin, 1989)



for high levels of stimulation. But when using lower levels of stimulation the

f'2/fl ratio works best at or close to 115 (Brown and Norton, 1990).

The relation between L1 and L2 also affects emission level and it is
said to be better L1-L2 = 10 dB HL to 15 dB HL (Sun et a. 1996).

Distortion products have been measured most extensively at the 2fl
f2 frequency. This particular emisson has some specific properties as put
forth by Zwicker (1979, 1980, 1981), Goldstein (1967), Hall (1972),
Smoorenberg (1972), Weber and Méllert, (1975), Zurek and Leshowitz (1976)

and Homes (1983). These properties can be summarised as follows :

la. The amplitude of DPOAE has a variability of 10 dB HL to 20 dB HL
depending on the relative levels of L1 and L2 and the frequencies fl

and f2 of the primaries.

b. Small frequency ratio f2/fl dicit combination tones louder than those

from a higher frequency ratio.

c. The emission strengths are larger if L1 is 5 dB SPL to 10 dB SPL
greater than L2.

2. If using an equilevel stimuli (L1=L2), the DP emmission, stimuli/ growth
function is linear with a slope near about to a stimulus level of 60 dB

SPL to 70 dB SPL, after which saturation may be observed.

3. If f2/fl ratio is greater 1.25 non monotonous individual loudness growth
may be observed.

4. Combination tones in normal hearing subjects are detected mostly in the
frequency range of 500 Hz. to 5000 Hz. with heightened incidence
between 1000 and 2000 Hz.



Detection thresholds for DPOAES depends almost entirely on the noise
floor and the sengitivity of the measuring equipment (Probst, Lonsbuby-Martin
and Martin, 1991). According to Lonsbury-Martin and Martin (1990),
detection thresholds that were 3 dB SPL above the mouse floor were found
a input levels of 35 dB SPL to 45 dB SPL for emissions between 1000 Hz.
to 8000 Hz. Whereas much lower thresholds around 5dB SPL have been
detected when measuring at near or at strong fixed place emmission
frequencies. (Wilson, 1980; Schloth, 1982, Burns et al, 1984, Wier et d
1988). Probst, Martin and Lonsbury-Martin (1991) concluded that techniques
which make use of temporal averaging to lower the noise floor before spectrd

analysis is ingtituted, also result in thresholds closure to the behavioural values.

FINDINGS IN NORMALS

The lowest DPOAE thresholds of 5 dB SPL, obtained in normals was
given by Wilson (1980), Schloth (1982) Burns et a. (1984) and Wier et al.
(1988) Wilson (1980) and Scloth (1982) each measured input-output functions
for three ears. Wilson (1980) obtained a widely varied function for severd
f2/fl ratios but Scloth (1982) measured a slope of 1 with equilevel primaries.
No clear differences could be made between otoacoustic and psycho - acoustic

findings.

Lonsbury-Martin et al. (1990) averaged DPOAE input output growth
functions of 44 norma ears. The functions were generally less stegp for
lower geometric mean frequencies (1 kHz to 2 kHz) with a slope of less
than 0.8 whereas higher geometric mean frequencies showed a steegper input-

output function around 0.8 to 0.95. But a linear function could not be obtained



under the above conditions. This study put forth normal threshold to be 35-
45dB SPL for emiissions between 1 to 8kHz.

Bonfils, Avan, Londeko, Trotoux & Narcy (1991) conducted a study to
measure distortion products in a clinical setting. 51 normal ears were included
in the study, an input-output function was obtained using equilevel primaries
which were decreased from 84 to 30dB SPL steps of 6dB-at a 2fl-f2 of
7075 Hz (which was constant through out th experiment). The f2/fl ratio
was varied from 108 to 138 in steps of .02. Two separate portions of the
input-ouput function was obtained, for the portion of f2/fl ranging from 18
to 1.26:

1. Below 60 dB sound pressure level a saturated portion of with a DPOAE
detection threshold at 36dB SPL and
2. A linear portion above 66dB SPL input, was found. More linear behaviour

was obtained at other f2/fl ratios.

FINDINGSin PATHOLOGICAL POPULATION

Abnormal findings of DPOAES in subjects with sensory-neural hearing
loss has been reported since the late 1980's. Kemp (1986) reported DPOAE
measurements in three subjects with high frequency hearing loss. He found
the emission amplitudes to be significantly smaller than the normal values at
frequencies where hearing thresholds were better than 50 dB HL. However,
emissions were present in most cases inspite of a mild hearing loss, and that
the relationship between hearing loss and frequencies and DPOAE were not

aways straight forward.



From the beginning of this decade, there has been a surge of studies
in this area, trying to find the following:

1. The pattern of DPOAE emissions in the subject with sensori neural hearing
loss.

2. The sensitive primary levels at which these patterns can be tapped

3. The correlation between DPOAEs and auditory thresholds in sesori neural

hearing loss.

Severa investigations have been carried out from then onwards studying
either distortion product grams or input/output (or growth) functions of

DPOAEs.

A. Distortion Product-grams
DP-grams can be obtained using different levels of primaries. Attempts
have been made to check the efficiency of DP grams at different levels in

differentiating by impaired subjects from normal subjects.

Gaskil and Brown (1990) reported a close reversal correspondence
between distortion products and auditory sensitivity in normals and subjects
with hearing loss. 34 subjects out of which 9 had pure tone thresholds
above 20 dB HL were considered for the study. They were screened at 1/3
octave intervals from 500 Hz. to 8000 Hz. to give . DP-grams. The f2ffl
ratio was kept around 1.225 with stimulus levels of 40 and 65dB SPL. Results
showed that when moderate levels of stimulation were used (i.e not exceeding
60 dBSPL) andL1was 15dB higher than L2, the 2fl/f2 was 35 dB below
L2 with the highest levels 20 dB below L2. This indicated low levels of
distortion products with high levels of f2 stimulation. Thus with appropriate



stimulus parameters, haf of the subjects showed a statistically significant

correlation across frequency between DPOAE and auditory sensitively at

corresponding fl frequency.

Gorga, Neely, Bergman, Kaminski, ., Peters and Jesteadt (1993a)
studied distortion product responses from normal hearing and hearing impaired
subjects and ROC curves were constructed to estimate the extent to which
norma and impaired ears would be correctly identified using these measures.
80 normal hearing subjects with thresholds within 20 dB HL and 100 subjects
with sensori neural hearing loss upto 100 dB HL, were involved in the
experiment. Three points were measured per octave from 500 to 8000 Hz
with a f2/fl rates of 1.2. L1 was 65dB SPL and L2 was 50 dB SPL, DPOAE
amplitudes and DPOAE/noise measurements were able to distinguish normal
and nearly impaired subjects, at 4000 Hz. and 8000 Hz. and to a lesser
extent 2000 Hz. The ability of these measurements to distinguish between
groups decreased with frequency and the audiometric criteria used to separate
the norma and hearing improved ears. At 500 Hz, the performance was
poor, regardless of the audiometric criteria used. The results of this study
indicated that under clinical conditions DPOAE measurements can distinguish
normals from hearing impaired subjects for higher frequencies once the hearing

loss exceeds 20 dB HL.

Gorga et al. (1993b) further compared TEOAEs and DPOAES in normal
hearing and sensori-neural hearing loss subjects which duplicated the earlier
findings, in that DPOAEs were able to distinguish the two groups in higher
frequencies more successfully than in the lower frequencies. A comparison

between TEOAEs and DPOAEs vyielded that the efficiency of ether, as a

14



clinical tool in separating normals and hearing impaired varied across

frequencies.

Ricci et al. (1996) assessed distortion product otoacoustic emissions in
cochlear hearing loss where 19 patients (30 ears) with sensori - neural hearing
loss (diagnosed through audiometric tonal threshold testing) was selected for
study. DPOAESs for seven discrete geometric mean frequencies of 750, 1000,
15000, 2000, 3000, 4000 and 6000 Hz. were examined. The resulting DP-
gram indicated the following.

a. At certain frequencies, the overlap between the hearing loss and the
reduction in DPOAE amplitude was virtually total.

b. There was a modest correlation between the degree of hearing loss and
the decrease in or absence of DPOAES, adthough there was a spectrum
of inter mediate hearing losses where DPOAES varied widely from one
individual to another.

c. The absence of DPOAE g at 750 Hz restricted them to predict hearing
loss for this frequency, as at this frequency there many have been a lack

of DP em ission even at norma audiometric threshold.

A recently a study was done by Suckfull, Schneeweis, Dreker and
Schorn (1996) correlating auditory thresholds with DP emmissions both
TEOAE and DPOAE were measured in 53 subjects (86 ears) with sensori
ne-irat hearing loss and 8 subjects (16 ears) with normal hearing. DPOAE
measurements were carried out using DP-grams with primaries of intensity
level 70dBSPL where L1=L2 and f2/fl = 1.22 from 0.46 to 4kHz. The DP
amplitudies generated were correlated with the patients audiometric threshods
a 500, 1000, 2000, 3000, 4000 and 6000 Hz. Results of the Pearson's

15



correlation shown a range of r = 0.5 to 0.89 through out the frequencies,
which was higher than what was obtained for TEOAES. The authors concluded
that both TEOAE and DPOAE could be used for detecting frequencies with

smaller hearing loss when other methods are not applicable.

Kim, Paparello, Jung, Smurzynski and Sun (1996) carried out a study
similar to that done by Stover et a., (1996). They took 71 normal ears
and 71 ears with sensori-neural hearing loss (auditory thresholds equal to or
above 23 dB HL) for this study. The DPOAES were measured with stimulus
levels of two tones equal to 65 dB SPL and a constant f2/fl ratio of 12
across geometric mean frequencies ranging from 500 Hz. to 8000 Hz. The
main findings from the DP-grams obtained showed that the test of sensori-
neural hearing loss by DPOAE at stimulus level L1=L2=65 dB SPL yielded
relatively high measures of test performances i.e sensitivity, specificity and
predictive efficiencies al were greater than 85% for 4000 and 6000 Hz and
72% and 82% for 1000 and 2000 Hz respectively. The correlation coefficient
between pure tone thresholds with DP amplitude ranged from 0.55 to 0.83
across the test programme. The ROC area was 0.90 to 0.94 which indicated
a good performance of DPOAE test. They concluded that the conditions of
DPOAE test were strongly dependent upon frequency, not only regarding the

test performance but also an optimum DPOAE amplitude used for

differentiating hearing impaired from normals.

A study comparing the effects of equal and unequal primary levels on
DP emissions of sensori-neural hearing loss was carried out by Sun, Kim,
Jung and Randolph (1996). They studied the DPOAESs of 44 ears with normal

nearly and 45 ears with sensori neural hearing loss on a DP level versus



frequency paradigm DP emmissions for input levels L1=L2 = 65 dB SPL and
LI=65/L2=50 dB SPL, was €licited across frequencies ranging from 500 Hz
to 8000 Hz with an approximately f2/fl ratio of 1.2. The DP amplitudies
obtained correlated with pure tone thresholds revealed coefficients of r=0.49
and 0.87 and r = 0.43 to 0.80 for LI=65/L2=50 dB SPL and L1=L2=65 dB
SPL input levels respectively. The results thus indicated a better correlation

with unequal levels of prumaries.

Kim, Jong & Leonard (1997) attempted to increase the speed of DPOAE
testing of cochlear function by employing a new multiple tone pair method.
A total of 192 normals and hearing impaired (sensori-neural hearing 10ss)
subjects were included in the study DPOAEs, were measured using a multiple
pair method. They compared the 2fl-f2 DPOAE obtained using a three pair
method with the conventional one pair, in these ears fl and f2 represented
two frequencies of each tone pair, where fl was less than f2 and f2/fl was
12. Two sets of three pair stimuli was used, fl a 15 kHz., 3 kHz. and
6 KHz and f2 at 2 kHz., 4 kHz. and 8kHz.

The one pair stimuli had f2 at each of the six frequencies. The primary
tone levels were unequal L1 = 65 dB SPL and L2 - 50 dB SPL. The three
pair method correlated strongly with one pair method and were successfully

able to distinguish hearing impaired from the normal ears.

A study of both DP-grams and input-output functions was done by
Ohlms, Franklin, Harris and Lonsbury-Martin (1990). They studied the
influence of sensori neural hearing loss on distortion product otoacoustic
emissions. Subjects with sensori-neural hearing loss from various cochlear

pathologies were considered for this study. DPOAES were elicited from 1 to
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8kHz at 100 Hz intervals in the form of DP grams where, L1 was kept equal
to L2. In addition an input-ouput function was also obtained in 5dB steps at
11 discrete frequencies at one-fourth octave intervals from 1 kHz. to 8 kHz.
High correlation coefficients (r=0.52 to 0.87 and r = 0.46 to 0.89 for DP
gram and input-ouput function respectively) were obtained for 15 noise induced
hearing loss patients. The results thus indicated DPOAEs to be a senstiive
tool for the detection of sensori-neural hearing loss. The investigators
concluded.

1. DPOAEs could detect mild hearing loss

2. They were sendtive to dynamic changes in the cochlea

3. They could monitor progressive impairment

4. They could be related systematically to the magnitude of sensori-neural

hearing loss.

Another study using both the paradigms was done by Speckter, Leonard,
Kim, Jung and Smurzynski (1991), who compared the DPOAE and TEOAES
of between normal and hearing impaired children and normal adults. 13 normal
children, 11 children with sensori-neural hearing loss and 7 normal adults
were included in the study. The f2/fl ratio was approximately 1.2. The primary
level was kept . constant,. 65dB SPL for the DP-gram, whereas it was varied
from 80dB SPL to 35 dB SPL in 5dB steps for the input output paradigm.
Testing was carried out from frequencies 500 Hz. to 8000 Hz. Results showed
a close correlation between DPOAEs and pure tone audiograms of the children,
especialy in the high frequency region. Minima frequency hearing loss was
successfully detected in 7 out of the 11 hearing impaired children. 4 of the
which showed normal DPOAE at high frequency region may have had retro-
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cochlear pathology. The normal DP emissions from input-output functions of
the adult ears were 5 dB SPL less than the childrens DP emission across

al stimulation levels.

B. Input-output / growth functions.
Investigations have compared the amplitude of DPOAE, slope of input
output functions and DPOAE detection threshold in subject with sensori-

neural hearing loss and normal hearing.

Kimberly and Nelson (1989) correlated DPOAE emission with auditory
thresholds. They took 21 subjects. 11 with thresholds below 25 dB SPL and
the remaining 2 with pure sensori-neural hearing loss, in seven frequency
regions from 700 Hz. to 6000 Hz. They carried out an input-output function
of DPOAE over a stimulus range of 30 dB SPL to dB SPL in 6 dB steps
for al seven frequency regions (at geometric means of 707, 1000, 1414,
2000, 2828, 40000 and 5656 Hz respectively). The results showed a correlation
coefficient of 0.86 from a linear relation between auditory sensitivity and
distortion product emission which suggested that distortion product emission
measurement can predict frequency specific auditory thresholds within 10 dB
over a range of sensory thresholds from O to 60 dB SPL. This study has
been clamed to be a pi oneer in such precise correlation of auditory sensitivity

and distortion product emissions.

This was followed by another study by Lonsbury - Martin and Martin
(1990) and Ohms et a (1990) who tested several patients with SN hearing
loss having various pathological conditions like noise induced hearing loss,

sudden hearing loss, Meniere's disease etc. and found out their input-output



functions. They showed that acoustic distortion products objectively detected
a 20 dB noise induced hearing loss in an individua and a 10 dB improvement
in the hearing of another subject with Meniere's disease who had undergone
a glycerol testing. The usefulnes of DPOAEs in tracking the boundary between
normal and abnormal hearing in more severe cases of noise induced hearing
loss and those of hereditary hearing loss were aso investigated by (Lonsbury-
Martin and Martin, 1990 and Ohims et a. 1990).

Similar results were reported by Harris (1990) in 20 subjects with
high frequency hearing loss. The results of the input-output functions carried
out showed reduced emissions in frequencies which had hearing loss. DPOAEs
were stimulated with two pure tones whose geometric means approximated
the frequencies tested for the behavioral thresholds from 750 Hz. to 8000
Hz. -f 2/f 1 was constant at 1.21.

Amongst other studies in the same year, Smurzynski et a. (1990)
studied a possible correlation between DPOAE characteristics and hearing
impairment. Both normal and sensori-neural loss subjects were considered
and the input-output functions obtained showed that al normal ears produced
detectable emissions with primary tones, whereas hearing impaired ears
produced substantially reduced DPOAEs as compared with normals. These
regions of low emissions corresponded to the frequency regions of hearing

loss.

A study similar to Gorga et al. (1993b) was done by Harris and Probst
(1991) who compared TEOAE and DPOAE with pure tone audiograms.

Normative data was established in 40 norma ears. 31 ears with Meniere's
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disease were taken up for this study. L1 was 6 dB higher than L2. The
primaries ranged from 750 Hz. to 6000 Hz. a seven geometric mean
frequencies. An input-output function was generated for each frequency
wherein the stimuli level of L1 was decreased from 70 dB SPL to 25 dB
SPL or until the 2fl-f2 was less than 3 dB SPL above the noise floor. (The
result showed consistent correspondence with audiometric contour. For
example, in one subjectwho had a 6 kHz dip, showed a corresponding
reduction in 6 kHz. emission.They concluded that the threshold of DPOAE
may be more useful diagnostically in predicting hearing levels by frequency

than absolute amplitude of responses at specific levels of stimulations.

Bonfils and Avan (1992) made an attempt to establish clinically useful
values of stimulus levels in DPOAE testing. They took 2 groups, 25 normal
subjects in the age range of 7 years to 42 years and 50 subjects with sensori-
neural hearing loss between the ages of 23 years to 70 years. Equilevel
stimuli were used from 707 Hz. to 5575 Hz. with a fixed f2/fl ratio of 1.23.
An input-output function was obtained by decreasing the stimuli level from
72 dB SPL to 42 dB SPL in steps of 10 dB SPL across al the geometric
mean frequencies. Results showed, 72 dB SPL stimulus levels did not prove
to be a sensitive value to separate subjects with hearing level above and
below 30 dB HL. 42 dB SPL served as a sensitive value but the specificity
of the test decreased on using this as the clinical value. Thus, 52 dB SPL
and 62 dB SPL were the optimum values of stimuli levels in differentiating
normal and subject with hearing loss (with threshold above 30 dB HL) with
a sensitivity of 93-100% and a specificity of 63-95%.
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Avan and Bonfils (1993) did another study on the same lines to find
out the frequency specificity of human DPOAES. 25 norma ears and 50 ears
with cochlear damage were taken up in the experiment. Equilevel stimulus
intensities were used at geometric means of 1, 15 2, 4, 6 and 8kHz with
a fixed f2/fl ratio of 1.22. The stimuli levels were decreased from 72 dB
SPL to 42 dB SPL in steps of 10 dB SPL. Results showed partial correlation
between DPOAE amplitude and auditory thresholds (which were assessed
from 0.25 kHz. to 8 kHz. in mid octaves). The amplitude of DPOAES evoked
by low intensity primary tones less than equal to 62 dB SPL were strongly
correlated with auditory threshold at their mean frequencies and DPOAEs
disappeared for local hearing losses larger than than 30 dB HL. When €licited
by higher intensities of primary tones, (72 dB SPL) DPOAEs exhibited a
more complex behaviour and their senditivity to detect hearing loss was

decreased.

Nelson and Kimberly (1992) who related DPOAE with auditory
sengitivity in both normal hearing and cochlear hearing loss subjects 32
norma ears and 21 ears with cochlear hearing loss were considered for this
study seven frequency regions from 707 to 5656 Hz were tested, results
showed single segment monotonic input-output functions with low and
moderate level stumuli. There was a moderate positive correlation (i.e r = 0.5
to 0.81) between DP growth functions and auditory thresholds. (DPOAE
thresholds proved to have 79% sensitivity in predicting auditory sensitivity

Probst and Harris (1993) carried out another study where they compared
TEOAEs and DPOAEs obtained from norma and hearing impaired human

ears. They took 21 normals and 62 subjects with sensori-neural hearing loss.
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The DPOAEs were tested at seven discrete frequencies (geometric means of
0.75, 1, 15, 2, 3, 4 and 6 kHz respectively) with L1 = 6 dBs greater than
L1. The f2/fl ratio was fixed at 1.22. The input-output functions were plotted
varying L1 from 70 dB SPL to 20 dB SPL for each of the seven frequencies
tested. DPOAE emissions (amplitudes) showed a high correlation with
audiometric thresholds (Spearman's r = -0.84) and were found to be present
more often than TEOAEs when hearing loss across frequencies were greater

than 30 dB HL, but only with stimulus levels above 60 dB SPL.

A similar study was carried out by Kimberly, Hernardi, Lee and Brown
(1994) who assessed the predictaility of pure tone thresholds using DPOAEs.
181 subjects with normal hearing and 133 subjects with sensori-neural hearing
loss in the age range of 15 years to 89 years were taken up for the study.
Half of the data set (115 ears) was used by a discriminant analysis routine
to classify DPOAE into either the normal or hearing impaired (above 30 dB
HL auditory threshold) group. Frequency specific accuracy valued from 71%
(correct classification of hearing impaired) to 92% (correct classification of
normals) at 705 Hz. The DPOAE amplitude obtained from the input-output
function associated with for primary of moderate level (50 dB 5PL) and a

geometric mean frequency of 1025 Hz. was most predictive.

Stover, Gorga, Neely and Montoya (1996) attempted optimizing the
clinical utility of distrotion product otoacoustic emission measurement. |t
examined the effect of primary stimulus level on the ability of distortion
product emission measurement. A total of 210 subjects were included in the
age range of 7 years to 86 years where 103 were norma and 107 were

suffering from sensori-neural hearing loss. Nine f2 frequencies were listed in
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haf octave steps from 500 Hz. to 8000 Hz. with f2/fl ratio of 12 L1 was
10 dB greater than L2, wherein, L1 was varied from 65 dB SPL to 10 dB
SPL in steps of 5 dB SPL to obtain an input-output function. The results
confirmed that high level stimulation might underpredict hearing loss. The
moderate level stimuli L2 = 60 dB SPL or L2 = 50 dB SPL were

recommended to be optimal in sengtivity of detecting hearing loss.

A study specifically on ototoxic hearing loss was done by Mochekan
& Dellg (1997) who compared distortion product emission generation between
a patient group receiving frequent gentamycin therapy and control subjects.
15 young cystic fibrosis patients (9 years to 18 years) had their audiometric
thresholds and distortion product emissions measured along with 36 age
matched normals. Distortion product OAEs were obtained for f2 = 2, 4 and
6kHz, f2/fl was kept constant, at 122 while the stimulates range increased
from 35-70 dB SPL in 1.5dB increaments. The resulting input-output function
showed that though 4 out of 15 patients showed norma (< 10 dB HL) a
significantly elevated stimuli level was required to generate their DP emission
at 4 kHz. This indicated the sengtivity of DPOAE over pure tone audiometry

as a clinical tool in predicting the earliest form of cochlear damage.

On the basis of all the studies reported above, it may be inferred that
distortion product emissions are sensitive in distinguishing normals from the
sensori-neural hearing impaired. The following conclusions may be drawn

from the results of the above studies:

1. DPOAE testing is more senstive in higher frequencies (i.e 2000 Hz.,
4000 Hz., 6000 Hz., 8000 Hz)
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2. DPOAE testing is more reliable for moderate stumulus levels (i.e 50 dB
SPL to 60 dB SPL)
3. DPOAE amplitudes correlate moderately well with behavioural thresholds

especialy in higher geometric mean frequencies.

The present study was carried out to compare the efficiency of DPOAE
amplitude and DP-NF amplitude at various intensities and DP detection

threshold in predicting hearing loss.
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METHODOLOGY

This study was aimed at comparing the Distortion Product Otoacoustic
Emissions in subjects with normal hearing and those with sensori-neural
hearing loss. The emission strengths were taken as a function of decreasing
intensities of input stimuli. Finaly, an attempt was made to correlate the
obtained emissions of subjects with sensori-neural hearing loss to their

behavioural output.

A. SUBJECTS
Two groups of subjects were taken up -
1. Norma hearing

2. Sensori-neural hearing loss

Criteria considered for each group were as follows :

1. Normal hearing
Subjects in the age range of eighteen years to fifty years were taken

up for the study. The total number of ears tested was 20.

All the subjects were required to have
(1) Auditory thresholds within 15 dB HL at all octave frequencies (Goodman,
1965) from 250 to 8000 Hz.

(2) No history of neurological or otological problems.

2. Sensori-neural hearing loss
Subjects in the age range of eighteen years to fifty years considered

for the study. Number of subjects taken was 7 and number of ears tested was

11.
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All the subjects were required to have -
(1) a sensori-neural hearing loss with a pure tone average of 16 dB HL to
55 dB HL at octave frequencies of 500 Hz., 1000 Hz. and 2000 Hz.

(2) No history of neurological problems

B. INSTRUMENTATION

(@) Pure tone audiometer

A double channeled diagnostic audiometer OB-822 with a TDH-39
earphone housed in MX-41/AR cushions and radio ear B-71 bone vibrator
was used to carry out all the pure tone testing required for differential
diagnosis. The instruments were calibrated prior to this study.

(b) I'mmittance Meter
A calibrated middle ear analyser GSI-33 version-2 was used to test the

middle ear condition of al the subjects.

(c) Otoacoustic Emission Analyser
An Otoacoustic Emission Analyser, Biologic Scoutplus Otoacoustic
Averager, Vearsion 121 was used to measure the DPOAEs obtained. The

various parameters used were as follows:

Intensity Level (L1 and L2)
A decreasing sweep starting from 70 dB SPL was used, wherein the
intensity dropped in steps of 10 dB SPL till no emission could be obtained

for 2 consecutive intensities. L1 was kept equal to L2.



Frequency (FI and F2)

Testing was carried out using tones of 4 sets of frequencies, FI and
F2 such that the ratio between FI and F2 remained constant at 1.22. The
geometric means of the frequencies were around 1000 Hz., 2000 Hz., 4000
Hz., and 8000 Hz.

The frequencies chosen for testing were as shown in the table llla :

TABLE Illa : TEST FREQUENCIES

FI (H) F2 (Hz) Fo (Hz) Geo- 2F1-F2 (H2)
Primary Primary metrical mean DP frequency
6665 8008 7306 5322
3345 4004 3660 2686
1660 2002 1823 1318
830 1001 659 912

Signal-to-Noise-Ratio
A SN ratio >/+3 dB was chosen to be the criteria for an emission. |If

the SN ratio fell below +3 dB for two consecutive levels, the averaging was

stopped at that intensity.

Acceptance Sweep
The limit for acceptance sweep was 64 stimuli. If the SN ratio was

not fulfilled, the testing continued till 64 stimuli were accepted.

C. TEST ENVIRONMENT
All testing was carried out in a sound treated room with optimum
lighting and temperature. The ambient noise level was kept low. The subjects

were made comfortable in a chair during the testing session.
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D. TEST PROCEDURE

(a) Case History

A case history was obtained for every subject. It was made sure that
no subject with history revealing neurological problems were accepted under
either group and none with the history of otological problem was accepted

in the group with normal hearing.

(b) Pure Tone Testing

This was done for every subject and thresholds were obtained at al
the octave frequencies from 250 Hz. to 8000 Hz. for both air-conduction and
bone-conduction, using modified Hughson-Westlake procedure (Carhart and

Jerger, 1959).

() Immittance Testing
Tympanometry and acoustic reflexometry was carried out for subjects

with hearing loss to assess middle ear condition.

(d) Special Testing

This was carried out when required to differentially diagnose between
cochlear and retrocochlear pathology. Tests such as Suprathreshold Adaptation
Test. Tone Decay Test, Reflex Decay Tests and/or Brainstem Response were

done as and when necessary.

(e) Distortion Product Otoacoustic Emission M easurement

1. Preparation of the Subject
A suitable probe tip was selected and fitted on to the probe. This was
inserted into the subjects ear canal of the test ear. He was instructed to st

back and relax and minimize his body movements as much as possible.
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2. Check fit

This is a procedure to check adequate fitting of the probe into the ear
canal. This was carried out, automaticaly by the instrument. A transient
stimulus was presented whereupon successive waveforms appeared on the

screen.  If the waveforms overlapped, it ensured a good probe fit.

3. Stimulus Calibration

On obtaining a good probe fit, the primaries were calibrated. Two
transient stimuli were presented consecutively and if then the corresponding
waveforms (red and blue respectively) overlapped adequately, the stimuli were
considered calibrated.

4. Emission Measurement
The subject was presented with two pure tone stimuli a 70 dB SPL

at the outset. Their intensities L1 and L2 respectively were swept from 70

dB SPL in steps of 10 dB till the intensity where no emission was obtained.

The instrument plotted an input-output function for each set of primaries
(FI and F2). The test was aborted at each intensity if -
(1) the SN ratio met/exceeded +3 dB SPL during average, or

(2) 64 stimuli were accepted.

If the SN ratio for an input level fell below + 3 dB SPL; the test was
terminated at that frequency.
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RESULTS AND DISCUSSION

This study was taken up to investigate the following:
1. The input intensity level which would separate the norma from the
clinical population.
2. The correlation between behavioural audiometry and distortion product

otoacoustic measurements.

The values obtained from the input output functions of norma and
sensori-neural hearing loss subjects (Fig. 1Va and 1Vb) were anaysed using

various statistical procedures.

A. Distortion product detection thresholds

1. Normals
The DPOAE detection thresholds for 20 norma ears were €licited for

geometric mean frequencies of approximately 1000 Hz., 2000 Hz., 4000 Hz.
and 8000 Hz. The mean values, standard deviations and ranges for the

detection thresholds obtained were as given in Table IVa

TABLE IVa: DP DETECTION THRESHOLDS IN NORMALS :

FREQENCY(Hz) MEAN(dBSPL)  SD(dBSPL) RANGE(dBSPL)

1000 23.00 11.74 10-50
2000 20.50 11.46 10-50
4000 22.50 14.46 10-50
8000 30.00 13.76 10-50

31



W WAON N

“® Al'914
IVUT 30 NOUINE Jalina -Lod NY
_ 145 dNo dlo Z1o T'Ir daans [ona] 2]
T ap ag az a9 85 ab Ag az et
P L - S s ey L BE ! iz -k
TR DD B B U - mvl.
D (TP« ST PPTDRPP o RUOUUUUUUPRI mNI
R T T = A U _n&
WN u&-um\\w.ﬂaasw T T P DRSSO - ~o o mN
(b68/b82) ¥z |}
PSIBF PORABIIY || ot B ettt oF
09s (96 :8wIl 3}SaL
le-29q-cp [
1vd'Z1a58126 | i
aweuarrgy TRV TV VPPV TOTIT TUTUUTTI L: L4
__ -v ._ __.q_ -_ __ LI LR A AR KRR ARLIRESERRYANARIN) ::_:l
IST TINANI :9[1§ [o2030xg

19021058146

uotrjeaqited -
fiouanhaay dpjg

Hdl :sjusuwo)

Zd-1a»Z

BZ 404 ‘TIN 41

1 Jeq

ooy Lalily

Lequgy )

LLLLLLLLL Ll bbb bbbt dLltild

uepueyy ‘eyeg :auep|sSdIgpeE ;oadg S zdoans w138
— — - —
IRIRg noog ar1boy-o1g QzhYeuy j}sal!l suorjdg 0 mzﬂg

32



- STYNION N

HAUQ 40 ol N Jadna Ll Ny G AL

U dNo dda 2T¢ TTu daans [ana] Z7
it dad 4 gP 98 @2 B9 @S @k BE @z __ @&F
3Ie J1 3449
............................................................................... - ﬂfl
................................................................................................................................................ l”“le
o ettt s et ra b et e s e eae 1R abe st e earsnan e besseseases s st eoeseesenes 40
WN .....-.UW\.H&Q@Q—WI ................................................................................................................................. @N
(8¥2/8%2) 7807 -
18388 PAYABIOYL e ab
98 Z)Z aui] 3sag
g86-uer-gz i i
193eq ysaLp -89
LU’ LBdazZv86 R 4
Chitalibed £.1- | NNUUOVON s i it bt VIUTUTTTTR W gp
.._I— m «_ _~ I _ 1 _-__:.-:_--..-::_::::"ﬂ q_::l
IST TLNANI  :911§ [000304g i
TV 20002UB6 : worjeaqrjie)
Zi-Tdwz :fouanbaxjy dpj ]
SSO0T "UOW "'TI9 HdI :sjuawwo) Cequace s
ZHHT 22 :40Q ‘9T28@8T 9NS :GI ‘7T :weq IR i ivicrre PVTIRTOIITR, VAT
‘epnofaung :auweN|sdlgpIy ;oadg S[ I yzdaans :wils
IUIRg Inoog orboj--o1g - azfifeuy 3sa]l| suorjdg na:!

WS

33



Extensive studies on the measurement of 2fl-f2 distortion product
OAE of normals have been carried out over the past two decades and a
magority of them report that DP detection thersholds which were 3 dB SPL
above the noise floor corresponded to 35 dB SPL to 45 dB SPL input
stimulus levels between 1000 Hz. to 8000 Hz. (Lonsbury-Martin et al. 1990;
Bonfils, Avan, Londeko, Trotoux, & Narcy, 1991) The lowest "DP thresholds"
(ie. the input stimulus levels at which DP detection thresholds were elicited)
were reported by Wilson (1980), Schloth (1982), Burns et al. 1984; Wier et
a. (1988) as 5 dB SPL.

Thus according to these investigations, the sensitive input levels to
separate normals from the clinical population would be anywhere between
the range of 5 dB SPL to 35 dB to 45 dB SPL. These results may be
supported by the findings of the present study which show mean DP detection
threshold of normal to be 20 dB SPL to 30 dB SPL and their range as 10
dB SPL to 50 dB SPL. Thus 20 dB to 30 dB SPL could be taken as the
sensitive values to distinguish normals from subjects with hearing loss but
specificity of the test would be reduced as 21.25% of the normas were
found to have thresholds as high as 40 dB SPL to 50 dB SPL.

2. Sensori - Neural Hearing Loss.

The distortion product detection threshold of 11 pathological ears were
obtained for the same geometric means of 1000, 2000, 4000 and 8000 Hz
respectively. The mean values, standard deviations and ranges for the group

may be summarized as shown in Table IVb.
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TABLE IVb : PURE TONE THRESHOLDS AND DP DETECTION
THRESHOLDS IN SENSORI-NEURAL HEARING LOSS

FREQUENCY  MEAN PURE MEAN DP D RANGE
(Hz) TONE DETECTION (B SPL) (B SPL)
THRESHOLDS ~ THRESHOLDS
(@B HL) (B SPL)
1000 44.9 52.73 19.02 10-70
2000 42.7 37.27 18.49 10-70
4000 42.7 39.09 19.21 10-70
8000 54.5 49.09 13.75 30-70

The mean values of the normal and pathological groups were tested
for significant difference at 0.01 levels wherein significant differences were
present a al geometric frequencies. This implies that pathological ears as
a group has a dgignificantly higher threshold than the norma ears and al

frequencies tested.

The sensitivity and specificity of the DPOAE test using thresholds
obtained from the normal and pathological data were tested, the result of
which is given in table IVc and 1Vd respectively.
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TABLE I1Vc : SENSTIVITY AND SPECIFICITY OF DPOAE TEST
USING DP DETECTION THRESHOLDS FROM NORMALS

F(H2) % sensitivity % gpeicificity
1000 90.9 65
2000 818 70
4000 72.7 70
8000 63.6 60

TABLE IVvd : SENSITIVITY AND SPECIFICITY OF DPOAE TEST
USING DP DETECTION THRESHOLDS FROM SENSORI-NEURAL

HEARING LOSS

F(H2) % sengitivity % speicificity
1000 63.6 100
2000 72.7 93

4000 63.6 75

8000 54.5 85

It was seen that is the specificity increased sensitivity of the vaue
decreased and viceversa. Values from normative data tended to have high
sengitivity and low specificity while values obtained from pathologcal data
had high specificity but low sensitivity. This could probably be explained by
the large standard deviations obtained in the data comparing the values

obtained from the 2 groups of data, the values from the normative data has

36



a more balanced distribution of sensitivity and specificity than those from the
clinica population, andhence would be comparatively more successful in

clinical practice.

3. Correlation between DP detection threshold and behavourial

audiometry:

TABLE IV e : CORRELATION OF DP THRESHOLD Vs PURE TONE
THRESHOLD

Frequency Correlation Significance
(H2) co-efficient
8000 0.01407 0.9673
4000 0.18640 0.7274
2000 0.48210 0.1332
1000 0.44530 0.3114

None of the frequencies tested showed a high correlation between
distortion product detection thresholds and pure tone thresholds. The highest
correlation amongst the four octave frequencies was obtained for 2000 Hz.

(r=0.48210), whereas others showed a poorer correlation.

Most of the investigations carried out to relate behavioural threshold
and DP emissions were limited to correlating DP amplitudes to audiometric
thresholds rather than DP detection thresholds due to the added advantages
of less measurements and reduced test time in the former. Though good

correlations between DP detection thresholds and pure tone thresholds, r =
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0.61 (Nelson and Kimberly, 1992) r = 052 to 0.87 (Ohlms, Martin and
Harris, Franklin, Lonsbury-Martin, 1990) ; r = 0.52 to 0.85 (Lonsbury-Martin
and Martin, 1990), has been reported extensively in literature, according to
Stover, Gorga and Neely (1996), inspite of its slightly improved test
performance over DP amplitudes, the difficulty in threshold determination
againg the noise floor reduces efficiency of the DPOAE threshold as a clinica
tool in identifying hearing loss. This difficulty in threshold detection from
the variable noise floor may be contributing majorly to the poor correlations
obtained in this study. According to Nelson and Kimberly (1992), high
correlation coefficients may be attributed to homogeneity of the cochlear
pathologies amongst the subjects of their study. The same reasons could hold

good for the study as well.

B. DISTORTION PRODUCT AMPLITUDE :
The amplitudes of DP and DP-NF obtained for both the normal and

the pathological group were subjected under statistical analysis.

1. Normals :

The mean values, standard deviations and ranges calculated for the
amplitudes of DP and DP-NF for geometric mean frequencies of approximately
1000 Hz., 2000 Hz., 4000 Hz. and 8000 Hz respectively at their detection
thresholds are as tabulated in Table IVf and 1Vg.
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TABLE IVf : DP AMPLITUDES IN NORMALS
FREQUENCY  MEAN STANDARD RANGE
(Hz.) (dB SPL) DEVIATION (dB SPL)  (dB SPL)
1000 -19.12 8.88 -414 to - 01
2000 -21.48 4.10 -26.9 to - 9.9
4000 -21.13 4.92 -27.7 to -115
8000 -23.03 5.03 -306 to - 99

TABLE IVg : DP-NF AMPLITUDES IN NORMALS

FREQUENCY  MEAN STANDARD RANGE
(Hz) (dB SPL) DEVIATION (dB SPL)  (dB SPL)
1000 12.68 8.10 33 to 297
2000 10.36 5.45 19 to 265
4000 12.03 6.63 30 to 277
8000 10.87 5.20 33 to 214

2. Sensori Neural Hearing Loss :

The same statistical procedure had been carried out for the pathological
group as well. Thus the mean values, standard deviations and ranges of this

group, for the same geometric mean frequencies, 1000 Hz, 2000 Hz, 4000

Hz and 8000 Hz was obtained as shown in table 1Vh and 1Vi.
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TABLE IVh : DP AMPLITUDES IN SENSORI-NEURAL HEARING
LOSS

FREQUENCY  MEAN STANDARD RANGE
(Hz.) (dB SPL) DEVIATION (dB SPL)  (dB SPL)
1000 -11.36 5.00 -18.8 to - 38
2000 -20.15 6.01 293 t0 - 7.2
4000 -19.27 9.07 -33.86 t0 - 86
8000 -22.48 3.80 285 to -17.1

TABLE Vi : DP-NF AMPLITUDE IN SENSORI-NEURAL HEARING
LOSS

FREQUENCY MEAN STANDARD RANGE
(Hz) (@B sPL) DEVIATION (dB SPL) (dB SPL)
1000 16.55 8.62 50 to 158
2000 11.96 8.30 42 to 32.2
4000 12.24 8.10 31 to 25.2
8000 10.12 3.87 30 to 28.3

I Iso to be noted that the standard deviations for emission amplitudes are not
DP-NF) is seen at 1000 Hz. in both normal and pathological groups. It is
also to be noted that the standard deviations for emission amplitudes are not
as high as for their detection theresholds. This may be attributed to the
dightly better correlation obtained between emissin amplitudes and pure tone

audiometric results as discussed in the following paragraphs.
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3. CORRELATION BETWEEN EMISSION AMPLITUDE (DP and DP-
NF) AND BEHAVIOURAL AUDIOMETRY :

Karl Pearson's product moment correlation coefficient was calculated
for behavioral thresholds and DP and DP-NF amplitudes for each of the test

frequencies, the results of which has been summarized in table IVj and IVk.

The negative values of the correlation coefficient imply reduced DP or
DP-NF amplitudes for corresponding high pure tone thresholds is similar to
the finding of Smurzynski et. al., (1990) and Harris and Probst (1991).

In general, the correlation coefficients ranged from poor to moderate.

Correlation between the pure tone thresholds and DP and DP-NF
amplitudes at 8000 Hz. was poor overal for al the intensities (Refer to
tables 1Vj and I1Vk). Among the r values obtained 70 dB SPL and 50 dB
SPL had comparitively higher correlation coefficients (r=-0.41167 and r=-
0.4070 respectively) for DP amplitude, as compared rest of the stimulus
intensity levels. Thus on the whole, 8000 Hz. did not show a good correlation

betweent he behavioural thresholds and emission amplitudes.

The correlation at 4000 Hz. was dightly better at 70 dB SPL and 60
dB SPL, the rest of the intensities having poorer values. Therefore, an overview
of the results obtained at 4000 Hz. show a poor to moderate correlations at

this frequency.

The correlation results obtained for 2000 Hz. at various intensities
were the best, as compared to the other frequencies. Moderate correlation
coefficients were obtained for 70 dB SPL, 60 dB SPL and 50 dB SPL
respectively. 50 dB SPL and 60 dB SPL having higher r values (-0.65631
and -0.61608) than 70 dB SPL (r = -0.54517) for DP amplitudes.
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The results of correlations carried out at 1000 Hz. showed poor values
for dl the intensities, the highest being r = -0.37182 for DP amplitude at 60
dB SPL.

Input-output studies correlating behavioura thresholds to DP-amplitudes
over the past few years have agreed on a moderate to high correlation between
the two entities (Kimberly and Nelson, 1989 ; Harris and Probst, 1991 ;
Bonfils and Avan, 1993 ; Probst and Hauser, 1993; Kimberly, Hernardi, Lee
and Brown, 1994 ; Gaskil and Brown, 1990 ; Ricci et a. 1997). Kimberly
and Nelson (1989) reported a high correlation coefficient of -0.86 on an
average throughout the frequencies tested. Hauser and Probst (1990b) obtained
a moderate coefficient of 0.52, supported by Probst and Harris (1993) who
reported a Spearman's correlation coefficient of -0.84 Kim et. a., (1996)
caried out a study on similar lines and found r to be ranging from -0.55 to
-0.83. Sun et al. (1996) conducted a study to find out the effect of equivalence
of primary levels (L1 and L2) on distortion product emission in sensori
neural hearing loss results showed a higher correlation between auditory
thresholds and DP amplitudes (r=0.78 to 0.87) for unequal levels of primaries
(L1 =65/ L2 = 50) as compared to (r = 0.66 to 0.79). equal level primaries
(L1 = L2 = 65).

Higher co-relations may have been obtained in this study as well, if
unequal stimulus levels were used. Anocther reason for the poor correlation
between auditory threshold and DP amplitude in the present study may be
the variations in instrumentation, since at present there are no standards for

otoacoustic emission analyzers.
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The general trend in the studies done on correlation of auditory
thresholds and DP emissions (whether detection thresholds or amplitudes)
have shown better correlation in the higher frequencies than the lower
frequencies (Martin et a. 1994; Probst and Hauser, 1990; Gorga et a. (1993b),
Kim et a. (1993) reported the following correlations between auditory
thresholds and DP amplitudes : 0.55 for 1000 Hz, 0.76 for 2000 Hz, 0.77 for
4000 Hz, and 0.83 for 6000 Hz. According to Martin et a (1990), correlation
coefficients were found to be 0.76, 0.84, 0.89 for DP amplitudes at 4000
Hz., 6000 Hz., 8000 Hz. respectively, and 0.52, 0.84, 0.84, 0.87 for DP
detection threshods at 1000 Hz., 2000 Hz., 4000 Hz., 8000 Hz., respectively,
detecter threshold. The above studies were supported by Sun et al. (1996)
who found correlation coefficients to be as follows: 0.43 for 1000 Hz., 0.66
for 2000 Hz., 0.79 for 4000 Hz. and 0.8 for 6000 Hz. as well as Nelson and
Kimberly (1992) who reported r = 0.68 for 1000 Hz and 0.77 for 2000 Hz
respectively.

Gorga et a (1993a) has reported poorer correlation for 8000 Hz. (r =
0.71) as compared to 4000 Hz. (r = 0.85) ; as well as, Lonsbury - Martin
and Martin (1990) who reported 0.85, 0.70, 0.69 and 0.77 for 3000 Hz.,
4000 Hz., 6000 Hz. and 80000 Hz. respectively. A mgority of the studies
carried out on the lines of comparing DP emission and pure tone thresholds
generally have had homogeneous population. For example'. Ohimset a (1990)

took 15 ears with noise induced hearing loss for their study whereas Gorga

et a (1993a) had a heterogenous population. The present study did not control
the etiology of cochlear hearing loss amongst the subjects which may have
been a factor in contributing to the discrepancy between this study and mgority
of that in literature.
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Comparing the correlations for various input levels across frequencies,
it was found that though the overall correlation coefficients were poor. The
best correlation were obtained at 70 dB SPL, 60 dB SPL and 50 dB SPL as
reported in literature. But since 70 dB SPL would have low senstivity, 50
dB SPL and 60 dB SPL may be taken as more appropiate values for clinical
testing. Scanning through the frequencies individually DP amplitudes at 50
dB SPL and 60 dB SPL correlated best with the pure tone thresholds at 2000
Hz., which was also the frequency with highest overall correlation values.
The other frequencies did not show this trend very consistently though scattered

results on the same lines were present.

These results thus support the findings of studies conducted by Avan
and Bonfils, (1992, 1993) Nelson and Kimberly (1992); Kimberly, Hernard,
Brown and Lee (1994), Stover, Gorga, Neely and Montoya (1996) Kim et a
(1996) and Stova Gorga and Nedly (1996). According to Avans and Bonfils
(1992), 1993), 52 dB SPL and 62 dB SPL were the most sensitive and
gpecific stimulus levels. This was supported by Kimberly et a (1994) who
found 50 dB SPL input level corresponding best with auditory threshold.
Stover, Gorga, Neely and Montoya (1996) suggested 50 dB SPL or 60 dB

SPL stimulus levels to be optimal for detecting hearing loss.
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SUMMARY AND CONCLUSON

Otoacoustic emissions have been a developing clinical tool in the recent
past amongst which the distortion product otoacoustic emissions look promising

as a diagnostic test.

Several attempts at correlating DPOAEs with behavioural audiometry

in the last decade has met with positive results.

The present study was taken up on similar lines to (1) Find a sensitive
input level for DPOAE which could seggragate the normals from the clinical
population and

(2) Correlate the DP detection threshold, DP amplitude and DP-NF
amplitude with the pure tone threshold.

20 normal ears from 20 subjects and 11 ears with sensori-neural hearing
loss from 7 subjects were included in the study. Behavioural audiometry and

DPOAE testing were carried out for both the groups.

DPOAE testing was done using Biologic Scoutplus Otoacoustic Analyser
verson 121 using an input-output paradigm. Geometric mean frequencies of
approximately 1000 Hz., 2000 Hz., 4000 Hz. and 8000 Hz. were tested
across intensities from 70 dB SPL to 10 dB SPL reduced in steps of 10 dB
SPL.
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The results showed the following

1) Normals

Normals had mean DP detection thresholds of 23 dB SPL, 20.5 dB
SPL, 225 dB SPL and 30 dB SPL for geometric mean frequencies of
approximately 1000 Hz., 2000 Hz., 4000 Hz. and 8000 Hz. respectively.

2) Sensori-Neural Hearing Loss

The mean DP detection thresholds for this group of subjects were
52.73 dB SPL 37.27 dB SPL, 39.09 dB SPL and 49.09 dB SPL for frequencies
|IOOOHz, 2000HZz, 4000Hz and 8000Hz respectively.

There was significant differences between the mean detection thresholds
of the normal and pathological group indicating an elevated DP detection
threshold for the pathological group. The mean detection threshold of normals
a various frequencies may be taken as the cutoff values to differentiate

hearing impaired from subjects with normd hearing.

The correlation between DP detection thresholds and audiometric
thresholds were poor, indicating the requirement for a better control in the
etiology of the cochlear pathologies of the subjects included in the study, as

well as a larger group before drawing any inferences.

The DP and DP-NF amplitudes showed a low to moderate correlation
with behavioural thresholds; the value of coefficient correlation r=-0.0312 to
-0.65631 and r = -0.04776 to -0.65155 respectively, again the best correlation
obtained at 2000 Hz. for intensities 50 dB SPL and 60 dB SPL.
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Though 1000 Hz. had poor correlation as per literature, 8000 Hz. too

showed poor correlation which was deviant from previous findings.

The moderate correlation observed between DP amplitude and pure
tone thresholds for 50 dB SPL and 60 dB SP1 a 2000 Hz. was aso in
agreement with the most sensitive values which is recommended for testing

in literature.

Thus it could be concluded that distortion product otoacoustic emissions
are in the direction of being established as a diagnostic tool, but it requires
extensive experimentation and investigations on its correlation with behavioural
testing in all groups of cochlear pathologies to determine clinical values of

high sensitivity and specificity.

LIMITATIONS :

(1) This study had a very smal group subjects for both normative and
pathological investigations.

(2) The study had not controlled the etiologies of the cochlear pathologies
included in it.

(3) It did not deal with the various degrees and configurations of the cochlear

hearing loss.
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