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INTRODUCTION

Ear has been recognized as the organ of hearing from past
several centuries which receives the sounds and enables the
individuals to have an effective communication and deal with externd
environment. But the concept of cochlea as a passive organ that
converts the mechanical vibrations into neural discharges has been

altered or disregarded with the discovery of OAEs.

OAEs are sounds generated within the normal cochles,
either spontaneously or in response to acoustic stimulation. These
were first measured by Kemp in 1978 from the Institute of
Laryngology and Otology (ILO). Although these sounds are of very
low intensity, they areloud enough and can be detected at the eardrum

by aminiaturized sensitive microphone.

OAEs are thought to reflect the activity of active biological
mechanisms within the cochlea. The results of a considerable number
of experiments and theoretical studies of OAE carried out since their
discovery indicate that emissions are produced asanormal by product
of micro mechanical actions of the cochlear amplifier whichissituated

in the outer hair célls.

OAEs can be of two types:

(i) Spontaneous Otoacoustic Emission (SOAE's) : Emissions which
aremoreor less continuous narrow band signasemitted in the absence

of external acoustic stimulation. These occur in about 50% of dl



ears with normal hearing and generally concentrated in the region of
1-3 kHz. Recorded by obtaining a satisfactory seal of sensitive

miniature microphone into ear canal.

(ii) Evoked Otoacoustic Emissions (EOAE'S) : Emissionsinresponse
to the presentation of acoustic stimulation to the ear. A sound
generating source must also be sealed into the ear cana aong with

microphone.

Evoked OAE's may be of following types :

(@ Transient Evoked Otoacoustic Emission (TEOAE) : Elicited
by transient acoustic stimulus such as click or tone burst. This

IS seen in about 98% of ears with normal hearing.

b) Stimulus Frequency Otoacoustic Emission (SFOAE) : Elicited
by a single continuous sweep frequency puretone. The emission
resembl es the puretone in terms of frequency. Because of
complexity in generation and lack of temporal and spectra

separation it is not used frequently.

c) Distortion Product Otoacoustic Emission (DPOAE) - Elicited
by two continuous puretones (f1 and f2) called as primaries,

separated in frequency by aprescribed difference. In humans

the most prominent distortion is found to be at 2f1-f2 and

required cochlear region can be explored by selecting f1 and f2.

Thisis seen in 100% of ears with normal hearing.



Acoustic distortion products (ADP) are technologically the
easiest types of emissions to measure, being relatively artifact free.
Thethreshold (thelowest level of the primariesat which ADP can be
distinguished from the noise floor) as the magnitude of ADP depends
on the frequency ratio (f1/f2) and relative levels (L1/L2) of two

puretones.

Acoustic distortion products can be measured commonly

using two methods :

(1) DPOAE Audiogram (DP Gram) :

Frequency pattern of a ear's ability to generate acoustic
distortion product is established by measuring emission amplitude

as afunction of geometric mean of two primary frequencies.

(2) Input-Output Function :

Input-output function is determined at geometric mean
frequencies (that are usually related to the conventional audiogram)
by varying primary tone level in 5 or 10 dB steps for a range of dB
SPL and DP threshold is obtained (The minimum intensity level of
the primary frequencies at which the amplitude of emission is above

certain level of noise floor).

Thisinput/output function measures several other featuresas
maximum amplitude, dynamic range, slope which relates therate at
which the emission grows as a function of increased primary tone



level. DPOAE has awide dynamic range of 40 dB SPL whichisone
of the mgjor advantage. Hence from clinical perspective, DPOAE
audiogram, appears to reflect the frequency configuration of the
standard audiogram (Martin et a. 1990).

Acoustic distortion products are generaly found in an ear
with the behavioura threshold up to 50-55 dB HL (Harris, 1990).

Advantages of DPOAE M easurement:

Test is objective in nature, and does not require patient co-
operation for it to be administered.

It does not require cumbersome procedures such as electrode
placement and measurement of impedance at the electrodes.

It does not require air tight sedl.

Requires lesstime when compared to BSERA testing but longer
than that required for tympanometric measurements.

It is highly frequency specific.

Compared to other evoked emissions reasonably wide dynamic
range of DPOAE in terms of growth response amplitude as a
function of stimulus level isfound and permits a complete
evaluation of cochlear function a both threshold and
suprathreshold level.

Clinical Application of DPOAEs :

Asthe origin of OAE is believed to be the outer hair cells
(Davis, 1983; Zwicker, 1984) they provide an indirect evidence of

thehair cell physiology, permitting fineanalysis of inner ear properties.



Various studies have been carried out which ascertains the
applicability of DPOAEs clinically in screening the hearing
impairment as well asto estimate the hearing acuity. DPOAESs have
been used in infant screening for sensori-neural hearing impaired
ears (Brass and Kemp, 1994; Lafreniere, et a. 1991). DPOAEs are
used to detect the cochlear status which is damaged due to various
conditions as ototoxicity, noise induced hearing loss, meniere's disease
and other various cochlear pathol ogies (Lonsbury-Martin and Martin,
1990; Martin, 1990; Kimberley, et al. 1994a; Kimberley, et d. 1994b).
Hearing acuity is aso estimated through DPOAE's in sensorineural
loss individual (Kimberley and Nelson, 1989; Harris, 1990;
Smurzynski, et a. 1990; Gorgaet a. 1993a). It is used in monitoring
the cochlear status regularly (Probst and Harris, 1997; Zorowka, et
al. 1993). It gives information solely on the sensory elements of the
cochlea which cannot be tapped by any other testing as ABR
(Smurzynski et al. 1990; Kemp et a. 1986; Leonard et al. 1990).
They may indicate hearing difficulties which may go undetected by
conventional audiometry (Gaskil and Brown, 1990). Itis used for
differentia diagnosis of the retrocochlear disorders (Durrant, 1992;
Telischi, et al. 1995; Caneeta., 1994).

As the DPOAEs are recorded in the ear canal, effective
reverse transmission is needed to transmit the OAEs from the inner
ear to the ear cana (Margolis and Trine, 1997). Hence, middle ear
conditions directly influence OAE measurements. Although the
middle ear can transmit sound bidirectionally, the forward
transmission characteristics and backward transmission characteristics
are different. Various middle ear disorders affect the transmission

differently.



Hence DPOAES are found to be significantly affected in
conductive hearing loss individuals, depending upon the pathology
such asmiddleear negative pressure (Owens, et a. 1992), Otitismedia
(Owens,et al. 1992; Margolis and Trine, 1997), middle ear effuson
(Chang et al. 1993; Amedee, 1995; Bray, 1989), Eardrum
abnormalities (Weiderhold, 1990; Kemp, 1980; Margolis and Trine,
1997) and Otosclerosis (Rossi, et al. 1988; and Ralli, et al. 1996).

Only few studies have been conducted to eva uate the effect
of middle ear pathologies on OAEs which are inconclusive when
compared to studies done to examine the DPOAE findings in
sensorineural hearing loss individuals. This may be because the
DPOAESs are more senditive to the micromechanical activity of outer
hair cells and hence more effective in determining sensorineural 1oss.
Few studies have been done to find out the DP emission in various
conductive pathologies where they report of reduced emissions. But
no quantitative result has been reported in the literature. No study
have been done to find relationship between the DP thresholds and
the behavioral thresholds to check the affect of various middle ear
pathology on DPOAE's. Hence the aim of the present study is:

1) To find the DPOAES in various degrees of conductive loss.

2) To estimate the hearing acuity with the DP thresholds obtained
in conductive hearing loss cases.

3) To compare the relation of DP thresholds with behavioura
thresholds in conductive loss population when compared to

normal population.



REVIEW

Otoacoustic emissions are defined as "sound generated
within the cochlea, by the outer hair cells, which can be detected at
the tympanic membrane" (Norton and Stover, 1994).

Discovery of OAE is attributed to Kemp, at the Institute of
Laryngology and Otology, London in 1978 and observed that on
presenting brief broad spectrum sound stimuli to the ear, the ear
emitted another sound of similar spectra but of very small intensity.
Initially these were thought to be echoes of the stimulus and were
labelled as Kemp's echoes. However, over the years, it has been
confirmed that these sounds are not echoes, but emitted from the
ear. These were cdled otoacoustic emissions. They reflect some
aspect of active processesinvolved in the transduction of the auditory

stimulus.

As DPOAE's are dlicited by f1 and f2 stimulus, forward
transmission of the stimulus and fl and f2 should be effective. The
stimulus will be converted to mechanical energy at tympanic
membrane and transmitted through the ossicles to the cochlea.
Cochlea by its nonlinear processes produces OAEs. Hence the
DPOAE's depend upon the stimulus reaching the cochleawhich by
its active nonlinear process generates OAE's.

In transmitting the emissions from the cochleato the outer
ear, the ear drum act like cone of aloudspeaker by transducing the
mechanical energy of the ossicles to airborne acoustic energy.
Backward transmission seems to be less efficient than forward
transmission by 12-16 dB (Kemp, 1980).



The presence of DP was first postulated by Hall (1972).

However for a number of years, it was not realized that these

distortions could be picked up at the tympanic membrane (Kemp,

1984). Such distortion product emissions obtained in the ear cana

consisted of acoustic energy at specific frequencies that were

detectable above the noise floor in power spectrum of the signal.

Parameters Affecting Distortion Product Otoacoustic Emissions

a) f2 f1 Ratio : There have been various studies regarding the

b)

optimal ratio of f2 andf1to yield maximum distortion product.
Harris (1989), Lonsbury-Martin et a. (1990a, 1990b) have
reported that aratio of 1.22 of primaries yield the maximum
distortion product. But aratio of 1.15, according to Brown and
Norton (1994) gives the most sensitive distortion product
threshold. Beyond an optimal ratio, the intensity of the DPOAE
fals at avery rapid rate (Gaskil et al. 1990).

Intensity of Primaries (L1 and L2) : Various studies indicate
the effect of intensity level of the primaries on DPOAES. Lower
levels of the primaries elicit alocal response and thus gives a
frequency specific information. At higher levels, the response
Is more complex, non-local (Avans and Bonftls, 1993). The
DPOAEs dlicited from low stimulus levels are dominated by
active cochlear mechanical processes, whereasthe high stimulus
level DPOAEsmay be dominated by passive cochlear mechanics
(Whitehead, et al. 1992a, 1992b). Hence the saturation occurs
at highlevels, Humes (1983); Weber and Millert (1975). Avans



and Bonfils (1993) aso reported that DPOAES dlicited from
high stimuluslevels(72dB SPL) are not assensitiveto adecrease
in hearing threshold, possibly owing to a broadening of the

cochlear tuning.

The Difference Between L1 and L2 : A few studiesreport that
maximum DP amplitude occurs when L1> L2 (Gaskil et dl.
1990). The emission level is said to be better whenL1-L.2 =10
dB HL or 15dB HL (Sunetal. 1996). Othersreport that the
differences in the intensity of primaries has different roles at
different frequencies (Hauser, 1991). The amplitude of DPOAE
has avariability of 10 dB HL to 20 dB HL depending on the
relative levels of L1 and L2 and the frequencies f1 and f2 of the
primaries. If using, an equal level stimuli (L1 = L2) the DP
emission, stimuli/growth functions is linear with a dope near
about to a stimulus level of 60 dB SPL to 70 dB SPL, after
which saturation may be observed. DPOAEs amplitude is found
to be highest when equi-level primaries are used (Kemp, 1978).

Irrespective of the controversies regarding the best

parametersfor obtaining DPOAE, itiswell established that it promises

to be an excellent clinical tool for audiological evaluations, as eevated

behavioural threshold corresponds to a reduced DP amplitude if the

stimulus parameters are kept constant (Harris, et al.  1989). It can

thus differentiate between normal hearing and hearing loss patients

(Martin, 1990; Smurzynski, 1990).



DPOAEs in Normal Population

As the common application of DPOAE's is for detecting
an abnormal reduction of DPOAE amplitude; normative of DP
amplitude and DP threshold is needed. Several studies have been
conducted. The lowest DPOAE thresholds of 5 dB SPL, obtained in
normals was given by Wilson (1980), Scholth (1982), Burns et al.
(1984) and Wier et al. (1988). Lonsbury-Martin et a. (1990b)
averaged DPOAE input output growth function of 44 normal ears.
The function were generally less steep 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 steeper input output
function around 0.8 to 0.95. This study putforth normal threshold to
be 35-45 dB SPL for emissions between 1 to 8 kHz.

DPOAE in Sensorineural Hearing L oss

DPOAE is found to be more resistant to cochlear damage,
and may be seen in the ears with behavioral thresholds up to 50 dB
HL (Harris, 1990). It may thus be more useful in monitoring cochlear
changes clinically than the other OAEs. Research suggest that the
effect of ototoxicity on the cochlea can be monitored as it leads to a
reduction in DPOAE amplitude.

Harris (1990) concluded that if hearing at predetermined
frequency was better than 15 dB HL, DPOAE were always detected.
However emission were absent/attentuated if behavioral threshold
exceeded 50 dB HL in study of both normal and patients with



unspecified SN hearing loss. According to Martin et a. (1990) ability
of DPOAE to assess sensory component of sensorineural disorder
may contribute to eventual understanding of the complicated
pathogenesis of many cochlear disorders. Gorga, et a. 1993 a, b;
Ricci eta. 1996; Suckfull, et al. 1996; Lonsbury-Martin and Martin,
1990; Smurzynsky et al. 1990 also reported similar findings.

DPOAEs in Conductive Hearing L oss Cases

As the otoacoustic emissions are transmitted from the
cochleato the ear canal viathe middle ear the transmission properties
of the middle ear directly influence OAE characteristics. Even the
emission eliciting stimulus has been affected by middle ear
transmission characteristics. Hence changes in OAE characteristics
due to middle ear dysfunction result from changes in both forward

and backward transmission variably (Margolis and Trine, 1997).

As the ear canal volume effects the intensity and other
characteristics of the response, deep insertion is desirable to maximize
the amplitude of the response. A loss in the backward transmission
due to middle ear dysfunction would reduce the emission level
measured in the ear canal, various middle ear disorders have found
to effect the forward and backward transmission of sound energy

variably, depending upon the pathology.

Because OAEs are d so sensitiveto the external and middle

ear factors it can be potentially used as aclinica tool in -



R

(i) screening for middle ear dysfunction in newborns, infants and
schoolage children,
(i1) to evauate the middle ear dysfunction and estimating the hearing

acuity.

TEOAEshave been used for screening programs frequently.
Chang et d. (1993) used OAEs for screening neonates and reported
that debrisin the external auditory canal can attenuate the OAE signal
in spite of norma middle ear and cochlear status. Nozza, et
al. (1997) included otoscopy, immittance measurement and puretone
hearing screening together with TEOAES for screening the hearing-
impairment and middle ear disorders in schoolage children. The
screening criterias adopted produced good results with increased
sengitivity and specificity (Parker & Banford, 1996).

OAESs can be used to evaluate the various middle ear
disorders and estimate the hearing acuity. Qui, et al. (1997) used
impedance audiometry, DPOAE and ABR in evaluating the effect of
glomus tumour on the auditory system as well as their pathologic
extent. Hunter and Margolis (1997) together with the multifrequency
tympanometry, otoreflectance and the video otoscopy, used OAEsto
detect cholesteotoma, chronic otitis mediawith effuson and illustrated
the use of OAEs as a diagnostic tool when combined with other

instruments.

Many studies have been conducted to evauate the various

middle ear pathological conditions using OAE's alone.
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Variationsintheair pressureinthe middle ear and external
ear affectsthe otoacoustic emission amplitude aswell asthe recording
inthe externa auditory canal. Osterhamrnel, et al. (1993), reported
that at 1 kHz, the effect of positive and negative pressure in the external
ear symmetrically reduced DPOAE amplitude by about 8 dB for 100
dapaand 11 dB for 200 dapa. The effect was smallest at 2 kHz, and
at higher frequencies, negative pressure decreases DPOAE amplitude
and positive pressure causes dight increase in amplitude. Robinson
and Haughton (1991) said that positive pressure has more affect than
negative pressure and the response was reduced in both across the
frequency range. A positive pressure applied to the ear canal influence
the middle ear transmission in the same way as a negative pressure

of equal magnitude applied to the middle ear.

Trine, et a. (1993) reported that in the patients with
negative tympanometric peak pressures ranging from -100 to -310
dapa, TEOAEs amplitude aswell as reproducibility was better with
the ear canal pressure adjusted to compensate for the negative middle
ear pressure when compared to its amplitude measured at ambient

ear canal pressure.

Kemp et a. (1990) reported that middie ear negative
pressure or middle ear fluid has a definite attenuation of energy below
2 kHz and enhancement above 3 kHz for DPOAEs.

Zhang and Abbas (1997) reported that positive pressure
affected low frequency stimuli, but had little effect for high frequency
stimuli. But negative pressure affected transmission across all

frequencies tested.
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Schmuziger, et a. (1996) showed that TEOAE and

DPOAE levels increased when air-borne gap was reduced by an
average of 8 dB after negative middle ear pressures returned from

-400 dapato anorma state. Negative middle ear pressure affected

DPOAE's more in the 1 kHz than in the higher frequencies. But

TEOAE's and air borne gap were more uniformly affected across the

entire frequency range.

Plinkert and Plot (1994) conducted a study on
hypoventilation of the middle ear. Results showed that negative
middle ear pressure significantly attenuated the amplitude of low
frequency OAE (less than 2 kHz), but for high frequencies the
emissions were stable. This contradicts the results obtained for high
frequencies by Kemp et al. (1990) and Zhang and Abbas (1997).

Owen et a. (1992) recorded TEOAE's and DPOAE's in
patients with various amounts of middle ear effuson. They were
unable to record TEOAE's in any case where there was effusion.
DPOAE'swere observed only inthe low frequencies. DPOAE'swere
not observed in patients with large volumes of middle ear fluid. Chang
et a. (1993) supports the study telling that in serous middle ear
effuson with absent tympanic membrane movement, OAE
responses were consistent with the low frequency attenuating effect
of middle ear fluid. Amedee (1995) says that type of effusion in the
middle ear does affect the presence or absence of TEOAE. Although
otitis media often eliminates OAE responses, it is possible to record
emissions in some patients with middlie ear effuson (Margolis and
Trine, 1997). Bray (1989) after examining the effect of fluid loading



onthetympanic membranethrough theintroduction of threedroplets

of water, said that emission was almost completely absent in al cases.

Vanstenis, et al. (1995) used TEOAE's in the evauation of
hearing acuity in children with otitis media with effusion before and
after the ventilation tube insertion in the operation theatre itself under
genera anasthesia. None of the ears showed any increase in OAE's.
It may be dueto -

1) Some effusion present inthe middle ear after surgical procedure
which diminished theinability of the oscicular chain and caused

the hearing loss.

2) Effect of anasthetic gas on middle ear dysfunction owing to
increased middle ear pressure due to diffuson of anasthetic gas

into the middle ear.

3) Temporary threshold shift due to high noise levels caused by

suctioning.

4) Mechanical effects on the middle ear processes that govern

reverse transmission from the cochlea to the outer ear candl.

But at follow-up visits, they recorded OAE's in 65% of the
ears. Richardson, et a. (1996) aso supports the above study, where
they were able to record OAE's in 50% of ears immediately after
grommet insertion, but reduced in amplitude. Hence they conclude
that OAE's can be used in outpatient setting effectively to check

hearing acuity.
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Wiederhold (1990) measured DPOAE'sin anasthesized cats
before and after ear abnormalities were created, i.e. mass loading of
the tympanic membrane and ear drum perforation. DPOAE's in the
mid frequency region (3 kHz) were reduced. This mainly affected
the transmission of the emission from the inner ear to the ear canal
more than the forward transmission. The difference in forward and
backward transmission, estimated by Kemp (1980) to be 12 to 16 dB
was increased by the ear drum abnormality,. Widerhold suggested

that a scarred tympanic membrane could have similar effect.

Margolis and Trine (1997) observed that small ear drum
perforation affected DPOAE's differently than mass loading. The
change in DPOAE amplitude was identical to that predicted by the
change in the forward transmission. Thus, the change appeared to
be due entirely to a change in the effective stimulus reaching the
inner ear and not to a change in the transmission of the emission
from the inner ear to the ear cand. In their study effects of perforations
of different sizes and different locations were not explored. Hence
they say one should be careful in generalizing the results to patients

with ear drum perforation.

Rossi, et a. (1988) recorded tone burst evoked OAE'sfrom
8 patients with unilateral otosclerosis for air conduction and bone
conduction 1 kHz tone bursts. Air conducted stimuli presented at 30
dB HL did not evoke measurable emissions. Bone conducted stimuli,

did elicit measurable responses.

Ralli, et a. (1996) tested DPOAES in 45 patients with

otosclerosis and 18 subj e::ts who had otosclerosis but had undergone
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stapedectomy. In 53% of cases DP emissions were clearly evident,
but differed greatly and average amplitude was lower than in normals.
Therewasno signd at all, at thelower and middle frequencies. 58%
who had undergone stapedectomy showed valid DP emissions. Lower

and mid frequency amplitudes were significantly found to be better.

The review shows that DP emissions were reduced in
middle ear pathology. They were reduced with negative as well as
positive pressure in the middle ear with contradictory results in
different studies. They were reduced in tympanic membrane
abnormalities and otosclerotic patients and were completely absent
in few ears with middle ear effuson. Hence the present study was
carried out to determine the effect of middle ear pathology on
DPOAE's and their relation with their behavioural thresholds.



VETHODOLOGY

This study was to find out the effect on distortion product
otoacoustic emissions in different degrees of conductive hearing loss

cases in comparison with the normal hearing individuals.

M ethodology used was as follows :

|.SUBJECTS
a) No. of subjects

(i) Control group :- 30 ears of age ranging from 18-25 years with
normal hearing,

(ii) Experimental group :- 30 ears of age ranging from 15-50 years
with conductive hearing loss of varying degrees (mild, moderate

and moderately severe).
b) Subject selection criteria

(i) Control group : Puretone thresholds of lesser than 25 dB HL
(ANSI, 1969) in 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz were
taken. They had normal tympanometric findings with normal

reflexes and with no history of neurologica symptoms,
ototoxicity, exposure to noise and otologica history.

(i) Experimental group : Individuals with abnormal
tympanometric findings and reflexes and who has been
confirmed to have middle ear pathology by ENT specidist were
taken. They were categorized into three groups depending

upon the degree of hearing loss.
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Mild - 26-40 dB HL
Moderate - 41-55 dB HL
Moderately severe 56-70 dB HL

The subjects with no history of sensorineural symptoms

like giddiness, tolerance problem and nauseaet. were taken.
NINSTRUMENTATION

a) Puretone audiometer - A calibrated double channelled
diagnostic audiometer was used to do air conduction, bone

conduction and speech audiometry to arrive at the diagnosis.

b) Immittance meter - A calibrated immittance meter GSI-33,

verson-2 was used to assess the middle ear function.

c) Otoacoustic emission analyzer - Madsen Celesta 503 cochlear
emissions analyzer was used to obtain DP emission. Thisisa

computer based OAE measuring system.

The system alows for the user specification to be used in
testing for anumber of parameters. Following parameters were taken

for DPOAE measurement:

1) Intensity Level (L1and L2) : Thisrefersto the intensities of
the stimulus frequencies. The starting intensity level was 70 dB
SPLie LlandL2=70dB SPL. Vey high levels of stimulus
giveriseto non-local responsei.e. distortion product does not
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correspond to a specific area on the basilar membrane (Avans

and Bonfils, 1993) and saturation also occurs when higher levels

of intensity is used (Humes, 1983; Weber and Mellert, 1975).
Hence 70 dB SPL was considered as starting level.

(i) Frequencies(fland f2) : Testing was carried out at 4 sets of
frequencies from 500 Hz to 4000 Hz.

f1( Hz) f2 (Hz) f o( He) 2f1- F2( Hz)
452 553 500 351

910 1112 1006 708

1819 2223 2011 1415

3651 4462 4036 2840

(iii) DP frequency - It refers to the frequency of emission. It would
be set to 2f1-f2. Because the inter-modulation distortion product
at 2f1-f2 ismost prominent (Kemp, 1979).

(iv) f2f1 ratio : f2/f1 ratio was 1.22 as DPOAEs had maximum
amplitude for this ratio in a study by Harris et al. (1989).
Celesta 503 aso has a default ratio of 1.22.

(v) Points per octave': It refers to the number of points tested per

octave. Thetest was carried out at one point per octave.

(vi) Display type - The display type controls the pattern of
measurement. Since DP threshold wasto be established, display
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was set to "Input/Output display” to obtain ainput output
function curve of DPOAE. This setting plots growth of distortion
product responses at a single frequency for different input levels

of two primary tones.

(vii) SN ratio: SN ratio refersto the criteriato determine a particular
emission or to determine when to stop averaging a frequency.
SN ratio of +3 dB was taken as acriteriato stop averaging at
that intensity.

(viii)Accepted sweeps - The instrument plotted the average DP
emissions level and noise floor after the completion of 250
sweeps at a particular intensity. If the instrument was able to
detect the emission before 250 sweeps it stopped averaging and

gave the measurement.

TEST ENVIRONMENT

Puretone testing was carried out in a sound treated room
where the ambient noise level was within the specified limits, ANSI
(1977). DP emission measurement was carried in a sound treated

room with controlled background noise levels.

The test room was comfortable enough in terms of
temperature and lighting. The subjects were made to sit on chair

comfortably during test.
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IV.TEST PROCEDURE

The subjects who satisfied the selection criteriawere taken

for the study.

a) Puretonetesting : Thresholds were obtained at octave
frequencies from 500 Hz to 4000 Hz for both air conduction
and bone conduction using modified Hughson-Westlake
Procedure in a sound treated room as recommended by ANSI
(1977).

b) Immittancetesting: Tympanometry and acoustic reflexometry
was done to assess middle ear condition in normals and

individuals with middle ear pathology.

c) Distortion product otoacoustic emisson measurement was
carried out on both the control and experimental group in asound

treated room where background noiselevelswere kept minimum.

ci) Preparation of the subject: A suitable probe tip was fitted onto
the probe and inserted into the ear cana of the test ear. Subject was
instructed to sit back and relax and reduce his body movement as

much as possible.

cii) Probe fit - This is a procedure to check adequate fitting of the
probe into the ear canal. This was carried out, automatically by the
instrument. A transient stimulus was presented to the ear and the
measured response was displayed as a spectrum and awaveform. A
correct probe fit would give a waveform as in fig-1. If such a
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waveformwas not obtained asin fig-lI the probewastaken out. With
different size of thetip it was refitted. The check fit phase was redone
to obtain correct fit. Once the probe was fitted, it was not removed

till the completion of the test.

Procedures involved in emission measurement were as follows :

Two puretone stimuli, both a 70 dB SPL were presented initially.

The intensities were attenuated from 70 dB SPL jn steps of
5 dB SPL till the intensity, where no emission was obtained
keeping L1 and L2 equal at every step.

The instrument plotted an input output function curve with each
set of primary frequenciesfl and f2.

The testing was stopped at each intensity level if,

* SN ratio exceeds or equal to +/- 3 dB during average.

* 250 stimuli was accepted or if the instrument detects DP
emission within certain sweeps and gives the measurement.

If the SN ratio fdl below + 3dB SPL thetesting was terminated
at that frequency.

Distortion product emission were obtained both for normal
hearing and conductive hearing |oss earsin the above mentioned
procedure.

The minimum intensity level of the primary at which the SN
ratio is +3 dB was considered as distortion product threshold.
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The study aims at assessing distortion product otoacoustic
emissions in conductive hearing loss cases. Hence the thresholds in
conductive loss ears were compared with the DP threshold in normal

ears to assess the effects of conductive pathology on DPOAE's.

DP threshold may be abetter indicator of hearing sensitivity
than of its amplitude when high level primaries are used to dicit
DPOAE's (Stover and Norton, 1993; Stover et a. 1995) as long as
the noise floor is consistent enough across subjects to allow useful
information (Nelson & Kimberley, 1992). Hence DP amplitude was
not analyzed.

Analysis

The 't' test was used to compare the mean DP thresholds
in normals and pathological population to determine if a significant
difference existed between the two groups. The Kearl Pearson's
product moment correlation was used to find out the correlation
between normals DP thresholds and abnormal DP thresholds. The
't' test was used to check the significant difference between the

correlation co-efficients.

For few statistical purposes the behavioural threshold which
showed DP emissions were taken. The percentage of ears which
showed the response as in table X5 in results and discussion were
only taken to know the direction of relation. For rest of the data
descriptive analysis Wb adopted.



RESULTS AND DISCUSSION

The DP thresholds were obtained from normal and
conductive loss cases and were analysed using various statistical

procedures as mentioned in the methodol ogy.

1. Distortion product thresholds

a) Normals : The distortion product threshods for 30 normal ears
were obtained for geometric mean frequencies of approximately 500
Hz, 1000 Hz, 2000 Hz and 4000 Hz. The mean values, standard
deviation and range of the DP detection threshold at each frequency

was obtained.
Frequency Puretone Mean SD Range
(Hz)  threshold DP threshold (dB SPL)
(dBHL) (dBSPL)
500 11.83 49.83 9.04 30-65
1000 14.5 40 1201  20-65
2000 7.3 32 9.05 10-55
4000 9.3 31 12.08 15-70

Table X1 :Mean puretone thresholds and DP thresholds and their
standard deviation, range at different frequencies in
normals.

The abovetable showsthe average DP thresholds of 49.83,
40, 32 and 31 dB SPL and standard deviation of 9.04, 12.01,9.05
and 12.08 at 500, 1000, 2000 and 4000 Hz respectively. The-range
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waswider at al frequencies. At 500 Hz it was 30-65 dB SPL, 1000
Hz 20-65 dB SPL and 2000 Hz 10-55 dB SPL and 4000 Hz 15-70
dB SPL. These are supported by the findings of Lonsbury-Martin et
al. 1990; who report athreshold of 35 dB SPL to 45 dB SPL between
1000 Hz to 8000 Hz. As the frequency increased the average DP
thresholds also decreased from 48.83 dB SPL at 500 Hz to 31 dB
SPL at 4000 Hz. The lowest DP threshold aso reduced from 30 dB
SPL at 500 Hzto 10 dB SPL at 2000 Hz and 15 dB SPL at 4000 Hz.
This might be due to the increased noise floor at low frequencies
which effects the emission detection. Lonsbury-Martin et al. (1997)
reported that both acoustic noise from the environment and
physiological noise from the subject makes the measurement of DP

emissions at DP frequencies (lesser than 1 kHZz) difficult.

b) Pathological Ears : The distortion product thresholds for 30 ears
with various kinds of middle ear pathologies were measured at all
frequencies. The mean values, standard deviations and the range for

DP threshold at respective frequencies was calcul ated.

Frequency Mean Mean SD Range
(Hz) Puretone DP threshold (dB SPL)
threshold (dB SPL)
(dBHL)
500 40 65 8017  50-70+
1000 39.61 62.3 8.32 40-70+
2000 35.9 57.75 8.02 45-70+
4000 34.75 59.75 8.18 40-70+

Table X2 :Mean puretone thresholds and DP thresholds of conductive
loss population together with standard deviation and the
range at different frequencies.
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The above table shows the average puretone threshold of
40, 39.61, 35.9 and 34.75 dB HL and the mean DP threshold of 65,
62.3, 57.75 and 59.75 dB SPL at 500, 1000, 2000 and 4000 Hz
respectively. Asthe frequency increased the DP threshol ds decreased
from 65 dB SPL at 500 Hzto 57.75 dB SPL at 2000 Hz and 59.75 dB
SPL at 4000 Hz. The range was wider with the lowest DP threshold
tobe40 dB SPL at 1000 and 4000 Hz. The highest was not estimated
in some cases and wastaken asabove 70 dB SPL. Atal frequencies
many ears did not show response even at 70 dB SPL input level and
hence the range was wide. The lowest DP threshold was 50 dB SPL,
40dB SPL, 45 dB SPL, 40dB SPL at 500, 1000,2000, 4000 Hz. It
was seen that the lowest DP threshold at different frequencies
decreased from 50 dB SPL at 500 Hz to 40 dB SPL at 1000 and
4000 Hz with 45 dB SPL at 2000 Hz.

Thismight bedueto increased noisefloor at low frequencies
which effects the DP emission detection. These findings are similar

to that obtained in normal population.

The standard deviation of approximately 8 was obtained at

al frequencies.

Frequency Mean DP Mean DP Significance
(Hz2) threshold threshold 'Z' value
normals conductive loss
(dB SPL) (dB SPL)
500 49.83 65 0.0007
1000 40 62.3 0.0000
2000 32 57.75 0.0000
4000 31 59.75 0.0000

Table X3 : Mean DP thresholds of normals and conductive loss

population with their values of significance.
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The mean DP thresholds of normals and conductive loss
population were tested for significant difference at 0.01 levels where
in the significant difference was present at al frequencies with Z
values 0.0007 at 500 Hz, 0.0000 at 1000, 2000, 4000 Hz which is
significant at 0.01 level. Thisimplies that pathological group has a
significantly higher puretone as well as DP thresholds than normal
ears at the frequencies being tested. It was seen that as the hearing
loss increased (due to ineffective forward transmission) the DP
thresholds worsened in spite of normal cochlear status. This is
attributed to affected forward transmission which affects thefl and
f2 stimuli reaching theinner ear and backward transimmision which affects
the transmission of OAESs. Dueto middle ear pathology the emission
energy reaching the earcanal was very less overcoming backward
transmission loss. Hence the primary stimulus f1 and 2 would be
moreintenseso asto dlicit aswell asrecord theemission at the earcana
overcoming the forward and backward transmission loss. These
findings support the findings obtained by Owens et a. (1992);
Osterhammel, et al. (1993); Amedee, (1995); Chang, et a. (1993);
Margolis & Trine (1997).

2. Comparison of DPthresholds of normalswith the DP thresholds
of various degree of conductive hearing loss.

Frequency Normals Mild M oderate
(Hz) | PTT DPT PTT DPT PTT DPT
dBHL dBSPL| dBHL dBSPL | dBHL dBSPL

500 11.83 49.83 31.25 60 48.75 70
1000 14.5 40.66 27.85 58.57 50 65
2000 7.33 32 27.69 51.53 49.16 62.5
4000 9.33 31.17 31.42 58.57 47 62

PTT : Puretone threshold; DPT : Distortion Product threshold

Table X4 : Mean Puretone and DP thresholds of normals, and different
degrees (mild and moderate) of conductive hearing loss at
different frequencies.



Table shows the average puretone thresholds of normals
together with the average DP thresholds at different frequencies.
Average DP thresholds were 49.83,40.66, 32 and 31.17 dB SPL for

the normal hearing sensitivity at dl frequencies.

In mild conductive loss, average DP thresholds were 60,

58.57, 51.53, 58.57 dB SPL with the average puretone threshol ds of
31.25, 27.85, 27.69 and 31.42 dB HL at 500, 1000, 2000 and 4000
Hz. respectively. In moderate category, average DP thresholds were
70, 65, 62.5 and 62 dB SPL with average puretone thresholds of
48.75, 50,49.16,47 dB HL at 500, 1000, 2000 and 4000 Hz. Itwas
seen that as the degree of loss increased from mild to moderate
correspondingly the DP thresholds a so increased which is statistically
significant at 0.01 levels. This shows that the increase in the loss
definitely showed an increase in the DP threshold. The same is
reported by Schmuziger, et a. (1996).

At moderately severe degree of loss the distortion product
emissions were completely absent. This can be attributed to the high
degree of hearing loss of greater than 55 dB HL, because of which
DP emissions could not be recorded at any frequency. Harris (1990)
as0 suggested that DP emissions are seen only in earswith behaviora
thresholds upto 55 dB HL. It can be concluded from the above findings
that the degree of behavioural thresholds has a direct effect on the
DPthresholdsi.e. DPthreshold tend to vary with behavioral thresholds
accordingly. Thus, it indicates that DP threshold can be used to
estimate the behaviora thresholds in conductive loss population.
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Table X4 indicates that as the frequency increased the DP
thresholds were better in both mild and moderate degree of loss. In
mild category the DP thresholds decreased from 60 dB SPL to 51.53
dB SPL and increased to 58.57 dB SPL at 4000 Hz. In moderate
category, from 70 dB SPL to 62 dB SPL in frequency range of 500
Hz to 4000 Hz. This may be attributed to the fact that middle ear
pathology affects the low frequency transmission more than the high
frequency because the impedance of the tympanic membrane (middle
ear) decrease with increase in the frequency. Hence increase in the
stiffness of the eardrum (usually associated with various middle ear
pathology) has its greatest affect on low frequency transmission.
Chang et a. (1993), Schmuziger, et a. (1996) Ralli, et al.(1996) adso
reported the same findings. Even in normals, the same trend was
seen when DP threshold decreased from 49.83 dB SPL to 31.66 dB
SPL in the frequency range of 500 to 4000 Hz.

Though there was variation among the DP thresholds at
various frequencies, it was not statistically significant at 0.05 levels
in both categories of conductive loss.

3. OAEs and range of DP thresholds in various degrees of
conductive hearing loss population.

Mild Moderate
Frequency % of ears Rangeof % ofears Range of
Hz which DPT which DPT
showed (dB SPL) showed (dB SPL)
response response
500 133 50-70+ 133 70+
1000 23.3 40-70+ 133 60-70+
2000 43.3 45-70+ 20.0 55-70+
4000 46.6 40-70+ 16.6 55-70+

DPT - Distortion Product Threshold
Table X5 : Percentage of responses and their range at different
frequencies in different degrees of conductive loss.
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In table X5, the percentage of earswhich showed responses
are given for both degrees of hearing loss at different frequencies.
In mild hearing loss individuals, the responses were consistent. At
500 Hz, only 13.3% ears showed emissions which were reduced in
amplitude considerably. 23.3%, 43.3% and 46.6% of ears showed
DP emissions at 1000, 2000 and 4000 Hz. In moderate degree of
loss, the percentage of ears showing response was further reduced to
13.3% at 500 Hz and 1000 Hz and 20.0%, 16.6% at 2000 and 4000
Hz. This shows that as the frequency increased the percentage of
ears which showed responses were increased because the middle
ear pathology which is associated with increased stiffness has its
more effect on low frequency transmission than on high frequency
transmission. Ingeneral at low frequencies DP thresholds are affected
more than at high frequencies. Because the high frequencies are
more stable for various middle ear pathologies, responses were seen
more and easily obtained at those frquencies. Studies by Zhang and
Abbas, 1997; Schmuzriger, et d. 1996; Ralli, et al. 1996 are on
support with the above findings that at high frequencies DP threshold
are affected less than the low frequencies.

It was seen that percentage of ears which showed response
decreased as the degree of hearing loss increased from mild to
moderate degree. At 500 Hz it remained the same. It decreased
from 23.3%to 13.3% at 1000 Hz, 43.3% to 20% at 2000 Hz and a
marked reduction at 4000 Hz from 46.67% to 16.6%. This implies
that distortion product emissions are directly related to the degree of
hearing loss. Thus as the degree of hearing loss increased DP
thresholds also increased. Hence DP threshold can be a predictor of
behavior threshold in conductive hearing loss population.
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The range of DP thresholds for mild and moderate hearing
loss was calculated. The lowest DP threshold was 50 dB SPL at 500
Hz,40 dB SPL at 1000 Hz, 45 dB SPL at 2000 Hz and 40 dB SPL at
4000 Hz, inmild hearingloss cases. The highest wasthe no response
value which was above 70 dB SPL. In moderate degree of loss the
lowest DP threshold was 70, 60, 55 and 55 dB SPL at 500 Hz, 1000
Hz, 2000 Hz and 4000 Hz respectively. In some ears which showed
No emission even at highest input level of 70 dB HL was considered

as highest level (no response).

4. Senditivity and specificity of distortion product otoacoustic

emissions.

The sengitivity and specificity of the DPOAE as a toal to

detect the conductive pathology was obtained from the data.

Frequency (Hz) Sensitivity (%) Specificity (%)
500 96.6 73
1000 ' 86.6 83.3
2000 83.3 93.3
4000 83 93.3

Table X6: Sendtivity and specificity of DPOAE as atest measure
to detect conductive pathology at different frequencies.

Sengitivity wasfound to be 96.6%, 86.6%, 83.3% and 83%
at 500, 1000, 2000 and 4000 Hz. The specificity (percentage with
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whichit ruled out the abnormality was considered) was 63.3%, 833%,
93.3% and 93.3% at 500, 1000, 2000 and 4000 Hz. It was seen that
as the sengitivity of the test increased, the specificity of the test
decreased or vice-versa At 500 Hz, the sengtivity was high with
96.6% and specificity was decreased considerably to 73.3%. At
2000 Hz the sengitivity was reduced to 83.3% and specificity increased
t0 93.3%. The more sensitive atestisthe morelikey itisto result in
fase darms. Thereverse is aso true; the more specific atest is, the
more likely it will be that some subjects who have the disorder will
be missed.

5. Corrdation between DP emission, threshold and behavioural
thresholds.

Product moment correlation was done to obtain the correlation

coefficients for normals and conductive pathology cases.

Frequency Correlation coefficients (r)
(H2) Normals Conductive loss

500 0.441 0.668

1000 0.107 0.702

2000 0.396 0.494

4000 0.218 0.513

Table X7. Correlation coefficients depicting the correlations between
DP threshlold and Behaviora threshold at different
frequencies in normals and in conductive |oss cases.
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In normal population, co-rrelation coefficient (r) was 0.441,
0.107, 0.396 and 0.218 at 500, 1000, 2000 and 4000 Hz. By taking
'r' of 0.5 and above 0.5 to be significant it was seen that none of the
frequencies showed significant correlation. At 500 Hz, average DP
threshold and behavioural thresholds were corelated better when
compared to the other frequencies with a co-efficient of 0.44, followed
by 2000 Hz and 4000 Hz. But at 1000 Hz very poor correlation was
obtained. This might be due to variation in the puretone threshold
with a standard deviation of 12.01 at 1000 Hz.

In conductive loss population correlation co-efficients of
0.668, 0.702, 0.494, 0.513 at 500, 1000, 2000 and 4000 Hz was
obtained. By taking 'r' of 0.5 and above 0.5 to be significant there
found to be a significant correlation between DP thresholds and
behavioural thresholds at al frequencies.

The good correlation was found at 1000 Hz followed by

500, 4000 and 2000 Hz. When compared to other frequencies

poor correlationwas found at 2000 Hzi.e. 0.494. Correlation between
average DP thresholds and average behavioral thresholds was found
to range from 0.49 to 0.7 at different frequencies. The findings
obtained by Nelson and Kimberley (1992) are aso in support of this
study who got a correlation of 0.41 to 0.85 in hearing-impaired ears.

There was found to be no significant difference between
correlation coefficient obtained from normal and pathological
population at 0.05 levels at different frequencies. This suggest that
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in conductive loss, DPthresholds are correlated to puretonethresholds
asinnormal population. Asthe correlation suggests, the DP thresholds
increased with behavioural thresholds. Thisleads to the fact that DP
thresholds can be used to estimate the hearing sensitivity in conductive

loss population asthere is significant correlation obtained in the study.



SUMMARY AND CONCLUSION

Distortion product otoacoustic emissions have been
developed as aclinical tool inthe recent past which looks promising.
Several studies have been conducted to find out DP emission in
conductive hearing loss population. Few attempts have been made
at correlating DP threshol dswith behavioural thresholdsin conductive

hearing lossindividuals. Hence the present study aimed to investigate,

(i) The distortion product emissions in different degrees of

conductive hearing loss.

(ii) Correlation of DP thresholds with the behavioural thresholds in

comparison with the normals.

30 normal ears (age range 18-25 years) and 30 ears with
conductive pathology (age range 15-35 years) were taken for the study.
Ears with cochlear symptoms as tolerance problems, giddiness
ototoxicity, noise exposure etc. were excluded from the study.
Behavioural audiometry and DPOA E testing were carriedout for both

groups.

DPOAE testing was done using Madsen Celesta 503,
Cochlear Emissions Analyzer. Geometric mean frequencies of
approximately 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz were tested
starting from intensity level of 70 dB SPL reduced in steps of 5 dB
SPL.
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The results showed the following

a) Normals - Normals had mean DP thresholds of 49.83 dB SPL,

b)

40dB SPL, 32 dB SPL and 31 dB SPL at 500 Hz, 1000 Hz,
2000 Hz and 4000 Hz.

Conductive hearing loss

The mean DP thresholds for this group of subjects were 65 dB
SPL, 62.3dB SPL, 57.75dB SPL at 500 Hz, 1000 Hz, 2000 Hz
and 4000 Hz.

There was a significant difference between mean DP thresholds
of normal and pathologica population at 0.01 level i.e. DP
thresholds were significantly higher in pathlogical population
when compared to normals.

Within the group of conductive loss individuals, DP thresholds
were increased as the degree of loss increased from mild to
moderate.

High frequencies showed better DP thresholds than the low
frequencies.

More number of ears showed response at high frequencies rather
than the low frequencies with in different categories of hearing

loss.

DP thresholds ranged from 43.75 dB SPL (Mean dB SPL) to
highest threshold considered as no response (No response
obtained at highest input level (70 dB HL) of the present study).
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Correlation Study Results

Poor correlation between DP thresholds and behavioural

threshold was obtained at different frequencies in normals.

Significant correlation between DP thresholds and behavioral
thresholds was obtained at different frequencies for pathological
population.

There was no significant difference between the correlation co-

efficients of normal and pathological population at 0.05 levels.

Thus it could be concluded that DP thresholds can be used
to estimate the hearing sensitivity in conductive pathology ears
because of the significant correlation obtained in the study. DP
thresholds are found to be increased as the behvioural thresholds
increased accordingly overcoming the pathological state and the

hearing | oss.
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