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| NTRODUCTI ON

Q oacoustic emssion is the em ssion of sound energy fromthe ear, which can be
detected at the eardrumby a mniaturized sensitive mcrophone. How is it possible

for the ear to produce the sound energy, is an unbelievable fact.

The phenonenon of otoacoustic em ssion is now alnost established wth our
i ncreasing and advanced understanding of the m cromechanical properties of Mamalian
Cochl ea. Earlier cochlea was considered as a passive organ, converting the
mechani cal vibrations into neural discharges. But now the electronotile property of
the outer hair <cell is well established. This notility of the outer hair cell,
stinulated by weither d.c. or a.c. electricity was first denonstrated by Brownell
(1983). Stereocilia of outer hair cell are conmposed of actin filanents and also
contain (mnmyosine (Tilney et al. 1980; Macartney et al. 1980). An interaction of

actin and nyosin in the stereocilia may account for the hair cells being actively



notil e. This electronotility, in turn, sets oscillations in outer hair «cells at

audi bl e frequenci es and hence, otoacoustic em ssion is produced.

A second hypot hesis was suggested by Wlson (1980 c) that during activation the
hair cells or supporting cells undergo vol unme changes, perhaps as a result of solvent

following ions passing in and out of the hair cells.

Thus, according to above hypothesis cochlea can be considered to have bi-

directional transduction property of - both reception and production of acoustic

stimuli .

Model s consi dering cochlea as a passive transducer could not explain many of the
auditory phenonena and hence, as early as 1948, Gold proposed that nechanics of
basi | ar nmenbrane are influenced by netabolic processes. He reasoned that the passive

mechanics of the basilar nenbrane could not thenselves account for psychol ogica



thresholds and frequency difference Iinmen. Hence according to him sonme type of
active process which enhances the passive nmechani cal response of the basilar nenbrane

to sound has to be invol ved.

Bekesy in 1955, reported on the paradoxical wave travel along the cochlear
partition and he also could not explain all auditory phenonmena Also, tinnitus, a
per pl exi ng pat hol ogi cal auditory synptom was al so unexplained and needed proper
expl anation. Hearing scientists were trying to study this phenonenon objectively by

neasuring it with various techniques.

Rhol e (1971) reported experinental evidence for nonlinearities in the vibration
of the basilar nenbrane. This nonlinearities of the mechanical response of the
cochlea was later on described by Tilney et al. (1980) and Macartney et al. (1980).
According to them as discussed earlier hair cells are actively notile, as a result of

an interaction of actin and nyosine in the streocilia. Ca 2+, which is necessary



for the sensory transduction, enters hair cells when they are activated. CA 2+ ions
could then stinmulate the interaction, resulting in novenent of the streocilia. A
simlar activation of the interaction by sound could also cause a stiffening of the
streocilia, and this nmay possibly explain sone of the non-linearities of the

mechani cal response of the cochl ea.

Later Kenp (1978) reported a nost remarkabl e phenonenon of evoked acoustic
em ssions and this was an inportant achievenent in the understanding of a cochlear

mechanics and also in the tinnitus related research.

Since then wvarious experinents have been done to explore the properties of
various types of otoacoustic em ssions (OAEs), to develop appropriate instrunents to
record, to find the appropriate stinmulus paraneters to evoke and to explore other
facts and factors related to themalong with the clinical applicability of OAEs to
know the integrity of the cochlear mcronmechanics and the effect of conductive and

retrocochl ear pathol ogi es an OAEs.



Types of QAEss QAEs can be classified into 2 major types.

1.

Spont aneous OAEs (SQAEs) - occur in absence of any deliberate stimulation of ear.
They can be detected in about 50/. of all ears with normal hearing by sealing a

sensitive mniature mcrophone into the external auditory neatus (EAM.

Evoked OAEs (EQAEs) - occur in response to the presentation of acoustic stimuli to
the ear. They can be detected in about 100% of all ears with normal hearing by
sealing a sensitive miniature mcrophone and mniature ear speaker(s) into the
EAM  On the basis of the stinmulus used to elicit, EOAEs can be further classified

into 3 types.

Transiently evoked OAEs (TEQAEs) - are elicited by a transient acoustic stimuli

such as a click or tone burst.



b) Stinulus -frequency evoked OAEs (SFEOAEs) - are elicited by a single continuous

sweep frequency puretones.

c) Distortion product OAEs (DPOAEs) - are generated in response to two continuous
puretones, separated in frequency by a prescribed difference (in Hz).
OAEs and Tinnitus: Earlier, when OAEs was discovered, many hearing scientists

t hrough that they got the explanation of tinnitus and so started experimenting in
order to establish the link between OAEs and tinnitus. They hypot hesized that SOAEs
are generated due to mcrolesions of the outer hair cells which does not manifest as
hearing loss and tinnitus and SOAEs have same origin or may be they are one and sane.
But later, this hypothesis was rejected and SOAEs are now considered as a phenomenon
observed from normal cochlea and the individuals are npost often are not aware of them
Tinnitus, on the other hand, is a pathological annoying synmptom due to which the
i ndividuals are disturbed. Though some of the studies did find sonme evidences

i nking SOAEs and Ti nnitus.



OAE experinents and other animals: OAEs unlike nmany other auditory facts and
properties were first discovered on human beings and then scientists turned towards
experinmenting other lower animals in order to understand the phyl ogenetic devel opnent

of the cochlea in terns of cochlear nonlinearities, distortion products and OAEs.

CLINI CAL | MPORTANCE OF OAEs: TEDAEs and DPOAEs have the high potentialities to be

devel oped as a strong clinical tool in the audiological test battery. Through these
two recordings,we get frequency specific information from the cochlea especially
basilar nmenbrane and noreover 100% of normal hearing ears can be evoked to produce
TEOAEs and DPOAEs, so absence of the response indicates the pathology at the

particular frequency related place of basilar nenbrane.

Research is being carried on broadly on two I|ines:
(a) Spectral analysis and |atency of the response

(b) Finding of the OQAE threshol d.



TEOAEs are nostly experinmented and this test is now alnost ready to be included

as a hearing screening tool for neonates and infants.

DPOAEs are still in basic experinmentation stage and this has the high potential

to be devel oped as a diagnostic threshold testing.

As conpared to these two types, SOAEs and SFOAEs are |ess experinmented and have
less clinical significance because of mainly two reasons:
a) SOAEs are not found even in 5051 of the normals.
b) SFOAEs are difficult to record and analyze for want of appropriate
t echnol ogi cal devel opment and noreover SFOAEs give the same information as given

by TEOAEs.

In addition to this, EOEs are easy to use, noninvasive, rapid, cost effective

and objective tests.
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In India, little work in this area seens to be going on, for want of instrunents
required to experiment with OAEs. Till now, otodynamc |L088 hardware and software
systens are only comercially available instrument in the world. Pr ogr ammabl e

ot oacoustic em ssion nmeasurenent system (PCEMS) is al so developed for this purpose.
Cel esta 503 of Madsen and 330 OAEs test instrunments of virtual's conputer controlled
audio diagnostic system are also available. There are other mcroconputer based

systens but none of them are commercially avail able.

In India, till this day as we know very little work has been done in the area of
OQAE because of the non-availability of the instrunent and conputer program to measure

ot oacoustic em ssion. But now the scene is going to change because of the arrival of

Cel est a- 503.
As India is an exporter of compute and softwares, our conmputer engineers along
with our audiologists with the help of expected instrument will be in a position to

devel op appropriate software program so that India will also be able to join hands



with our foreign colleagues in research and devel opnment in the field of OAEs and thus
in the field of diagnosis and evaluation of hearing loss at an early stage (research

and clinical practice).

Wth this as prine abjective, a review of literature enphasizing the studies and
research work which can be done on the comi ng QAE instrunent from MADSEN ELECTRONI CS

- CELESTA 503, with specifications was felt necessary.

PURPCSE OF THE STUDY

The purpose of this study is to review and enlist those studies or research
articles on QAEs which have been done in last 17 years (1978-1994) and which can be
undertaken for further studies as independent projects, dissertations or thesis wth
the help of QAE instrument - CELESTA 503 from MADSEN ELECTRONICS in our Institute ie.
ALL INDIA INSTI TUTE OF SPEECH AND HEARI NG



Along with this, articles are also classified according to follow ng aspects-

1) Into basic experiments and clinical application.

2) Aninmal and human studi es.

3) Different

types of QAEs studi ed.

11
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METHODOLOGY

The journal articles dealing with otoacoustic em ssion* in human beings and
other lower animals which can be done with the help of expected instrument - Celesta
503 were selected for the study. The articles were collected fromvarious journals
and the only book "Mechanics of Hearing" edited by de Boer and Viergever over a
period of 17 years (1978-1994). The journals in which the articles were found were:
(Further, in the results, the followng serial nunbers are put for the respective

journals in Tabl es).

1. Journal of the Acoustical Society of Anmerica.

Heari ng Research

E
3. Scandi navi an Audi ol ogy
4. Ear and Hearing

5

Acta otol aryngol ogi ca
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6. Annal e of O ol ogy, Rhino logy and Laryngol ogy.
7. Journal of Speech and Hearing Research

8. British Journal of Audiol ogy

9. Audi ol ogy

10. Archives of O orhinol aryngol ogy

11. Laryngoscope

12. dinical GQolaryngol and Allied Sciences

13. Journal of O ol aryngol ogy.

Al the journals related to ENT, Audiology and acoustics including the above
mentioned journals were scanned and a total of articles were found to be related to
the OAE research and clinical work which can be done on Celesta 503. The
specifications given for the OAE instrunent - Celesta 503 were conpared wth the
specifications of the articles and those articles were selected whose specifications

mat ched the ones given in the catal ogue for Celesta 503.
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Finally, the articles were divided into two categories-
a) Those related to basic studies

b) Those related to clinical applications.

The articles under 'Basic Experinments' were of studies where the properties of
different types of OAEs were explored, the basic instrunmentation needed for evoking
and recording the OAEs were developed and the various factors related to and
affecting QOAEs were experinentally identified. They were further subdivided into 5
categories -

1) SOAE (Table 3.1.1)
2) TEQAE (Table 3.1.9)
3) SFOAE (Table 3.1.3)
4) DPOAE (Table 3.1.4)
5) Animal studies (TAble 3.1.5)
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The articles under 'dinical application' were experinental studies where the
various types of OAEs were clinically tested in different groups of pathologica
cases in order to justify the significance of this phenonenon as a strong tool of

hearing diagnosis. They were further divided into 3 categories.
1) TEOAE (Table 3.2.1)
2) DPOAE (Table 3.2.2)

3) Tinnitus related (Table 3.2.3)

The information from these articles were classified under various colums and were

t abul at ed chronol ogi cal | y.

The findings are discussed in a separate section.



RESULTS

The articles are summarized in the follow ng tables in which they are arranged

chronol ogically (year-w se) in al phabetical order. The colums of various tables

i ndi cate as fol | ows:

Tabl e-3. 1. 1:

Summari zes all the articles related to basic experinents in the area of

SQAE i n human subj ects, which can be done on Cel est a- 503.

Col um - 1:
2.

w

10:

11:

12:

© W N o g &

Serial nunber of the articles.

Year of publication

The nane (s) of the author(s)

Serial nunber of the journal in which the article was published,
Pur pose of the article.

Nunber of ears (e) and/or subject (s) experinented.

Age range of the subjects.

Sex distribution of the subjects

Nor mal cy/ abnor mal cy of the ears experinented.

| nstruments used by the authors in the experinent with specifications and

nodel s of instrunments used.
Resul t s/ concl usi ons - wherever the authors did not conclusively infer tut
of the results obtained in the study the results (in place of concl usions)

are stated. In the exploratory type of articles also, the findings
(results) are stated

Remar ks.



Table-3.2.1: Summarizes all articles related to Clinical applications in the area of THOAE
in humen subjects, which can be done on Celesta-503. The columns are same as described
in Table 3.1.2.
Table 3.2.2: Summaizes all the articles related to clinical applications in the area of
CROAE in humen subjects which can be done on Celesta-503. The columns are same as described
in Table-3.1.4.
Table-3.2.3: Summarizes all the articles related to tinnitus which can be done on Celesta-
503.
Cdum 1 to 10 ad 12 to 14: Sare as described in Table-3.1.2.
Cdumn 11: Gives the type pf OE studied.
Table 3.3: Summaizes the mgor area of focus of research in different types of QAE
Table 3.4: Summaizes the numba of articles (all the two - basic, and clinical) against
each author.
Table 3.5: Summarizes the year wise and journal wise break up of experimental articles
under each year:
Subcolumn:a) Meas the number of articles reporting basic experiment.
b) means the number of articles reporting clinical application

First foumn gives the journal number, which have been assigned earlier.



3.1 BASIC EXPERIMENTS

3.1.1. SOAE



to2 3 5 6 9
1981 | Zurek, P.M A survey search for 365 Bot h
OAEs and its proper-
ties.
1933 | Ruggeo, M To cite an evidence | e Pat hol ogi cal
A et al for the hypothesis

that SOAES and TEOAEs
are due to disruption
of active feedback
mechani sms of the OHCs
upon the basilar

menbr ane vi bration.
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10

11

12

Two different ear canal
insert probe assembly
(A) For Author: (1) S3
(2) Plastic tubing i.d.
1.375 (3) Miniature mic
knowles EA1842.

(B) For others-GSI Std.
Mic. B&K 4131 wave
analyzer HP3581 X-Y
Plotter.

Plastic speculum Beyer
DT-48 earphone.
Knowles EA-1842 mic.
Amplifier (Princiton
applied Research CR 4
or Ith&co 1201) 10U +
10U wave analyzer
Hewlett Packard 3581A
FrT (MSP-3X).

SOAE were most often
found between 1.0 and
2.0 KHz and the sound
pressure in the ear
canal was less than
200 /u Pa.

The contours of con-
stant suppression
exhibits frequency
selectivity 1like that
commonly associated
with cochlear fre-
guency analysis.

An external continu-
ous tone 1is able to
suppress the SOAE.

The 3-dB-Iso suppre-
ssion curve is broadly
tuned and displaced
relative to the SOAE
toward higher fre-
guencies .

An audiogram notch
exists at frequencies
just below that of the
SOAE.

Age and sex distribution
not mentioned.

Authors explain these
findings in terms of
disruption of active
feedback mechanisms of
the outer hair cells
upon basilar membrane
vibration.



2 3 5 9
1984 | Burns E. M To investigate the 5s
et al. i nteractions anong
mul ti pl es SDAEs
1994 | McFadden = To study the effect of 5s Nor nal
Det al. noder at e dooes of

aspirin on QAE
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10

11

12

Know es transducers

EA 1842 Know es trans-
ducers BR. 1888; G ason
Stadler O oadm ttance
neter earpiece. - FFT
(1.25 Hz line spacing)
Spectral averaging
Zwi sl ocki coupler in
KENVAR

QO oadm ttance earpiece
G ason Stadl er Mdel
1720B Knowl es mi ni ature
mc. XL-9073. Amplifier
H gh pass filter, 400 Hz
H gh resolution signa
anal yzer B&K 2033.

The results of this
study denonstrate the

hi ghly nonlinear and
extrenely nature of the
active cochl ear process.

SQAE gradual Iy dimni-
shed and then"dis-
appeared during the drug
regimen small SOAEs dis-
appeared within 14-20
hours of beginning the
drug regi nen whereas

| arge SOAEs to 40-70
hours to di sappear com
pletely. The initial
size of SOAE appeared
unrelated to the tine
required for it to re-
cover to full strength
once drug adm nistration
ceased.

The recovery system was
hi ghly idiosyneratic.

The study should be
repeated with nore nunber
of cases with sound
experi mental design.

Aut hors have not
controlled the effect of
any use of salicyclate
containing drugs on the
results. These drugs are
easily available in

mar ket .



2 3 5 6 7 9
1984 | Robi nowi t z To explore the basic 19e 18- Nor mal
WMet al. properties of SOAEs & | 12s 36
their interactions yrs
with single externa
t ones.
1984 W er, C.C. To determ ne the exis- |47S 19- Nor mal
et al tence and characteri - 60
stics of SOAE in a yrs.

normal | y hearing popul a,
tion.
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11

12

Two probes (a)Prob-1:con-
taining small m crophone
know es EA1842 (b) probe
2: containing above mc
and a mniature receiver
knowl es BK 1888

Acoustic resistor
know es BF 1961.

Preanplifier signatics
5532; gain 40 dB.
Butterworth high pass
filter; 400 Hz; 12 dB/oct
FFT spectrum anal yser

Hew et t - Packard 3582A,
Audi onetri c earphone
TDH. 39

Grason Stadler 1720 B
ot oadm ttance ear pi ece
knowl es m niature mc.
XL 9073. Low noi se pre-
anplifiers. H gh pass

For suppressor tones bel ow
and slightly above the
frequency of an SOAE,
suppression is quite

abr upt .

As suppressor frequency

i ncreases above the SOAE,
the rate of suppression
decr eases.

A rel ease from suppression
was denonstrated by the
interaction of an SQAE
with 2 external tones.
This finding is interpre
ted as the second tone
havi ng suppressed sone
aspect of the intracochlea
influence of the first

tone. The growth rate of
sec. suppression appears
to be near 1 dB/dB

SOAEs were found 38% of
the people and 27% of the
ears tested.

The physical neasures of
tone on tone suppression
derived from SCAE
unmasking in subjects with
an intense SOAE, can be
conpared with
psychophysi cal mneasures of
suppression from those
sane subjects such

conpari sons m ght resolve
whet her intersubject
differences in
psychophysical results
have an intracochl ear
physi cal counterpart.

The results are quiet
simlar to those reported
by Zurek (1981).




1984 |Zwicker, E | 1 |To neasure the anp, and 24- Nor nal
et al. phase of evoked synchro- 35
nous em ssions, their yrs.

freq. spacing and
| evel dependence.

' 19S5 Strickland| 1 To determine the inci-| 71s 5.7 |21b-29 Nornal
E. A et al dence of SOAEs in 12.9| g.chr
chl 86_ 139
17- i nfant
days
T

f ant
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10

11

12

filter 400 Hz, zero
gain, 8-pole Butterworth
design. (Operational
anplifiers NE5534AS.

Rel ati ve spectral

anal yser Hewl ett-Packard
3582A. X-Y plotter.

Speci ally developed elec-
tret mcrophone. Pre-

anplifier Tektronix AM
502. Tracking frequency
anal yser B&K 2020. Small

transmtter AKG CE52.
know es BT1754/ seunhei ser
KE4-211 mc. spectrum
anal yzer HP 3520A Dynam c
ear phone Beyer DT48.

M ni ature m crophone
know es EA 1842. G ason
St adl er i npedance probe
Wavet ek- Rockl and 5820 A
spectrum anal yzer digital
plotter.

SOAE, SFQOAE and TEQAE
results from the. sane
source, which is |ocated
within the cochlea +
therefore mrrors theirs
hydr onmechani ca
characteristics.

Thre is no significant
difference in the inci-
dence of SCAE with age.

There is a significant
difference in the inci-
dence of SOAEs in mal es
and feral es". Fenal es
showi ng hi gher

i nci dence.

|f these em ssion are

originated fromthe sane

sour ce,
difference in the

then why there is

i nci dence and wavef or m of

t hese em ssi ons.

So we can reject the
hypot hesi s t hat
are produced by the

m crol esi ons of outer

cells.

t he SOAEs

hai r




1 2 3 5 6 7 8 9
9 "1985 (Wt H. P. To investigate short 2s 23- | 1m-
termstability of QAE 27 | 1f
freg. indetall. o
10 -1986 G anfrone To explore the preva | Oye | 18- Both | Nornal
G et al. | ence of SQAE interns |52s 41
of rate of occurrence,
freg. spectrum& intra
and i nter, subject
variability.
11 .1986 | Probst R To know t he efficacy 280 19- |7 m Nor mal
et al. of different stimulus |14s 3x 7f
type in eliciting
emssion and to know
the effect of SQAE on
EQAE
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10

L1

12

M cr ophone, Princeton
Appl i ed Research 4512
real tinme spectra
anal yzer.

1/ 2"
preanplifier
sound |evel calibrator
B&K 4230 Dual channe
anal yzer B&K 2032.

B&K 2660,

Acoustic probe: (a)
M ni ature m crophone
know es BT1751 (b)
M ni ature ear speaker
know es BK 1985, 2cc.

m cr ophone B&K 4166,

FFT

A statistically signifi-
cant frequency decrease
during the norning hours
was observed.

SQAE has been detected in
26% of ears & 30. 8% of
subjects. B/L SOAEs have

been observed in 68. 8%

Frequenci es of the
strongest em ssions ranged
from 1-2 KHz (96.3%.

Anpl i tudes varied from 3-
20 dB SPL above the back-
ground noi se.

Spectra were always very
sharp and stable in freg-
uency but less stable in
anpl i t ude.

Two distinct patterns
TECAEs were identified (a)
18% ears showed short

br oadband CEOAEs | asting
less than 20 ns after

More nunber of cases
shoul d be taken for

further studies sex

di fference observed shoul d
al so be studied further.

These results generally
agree wth the date
available in literature.

Good expl anation of the
stimuli and instruments
used.




5 6 7 9
12 | 1988 | Bar gones To neasure the tuning | 34 s |Infant Nor ma
J.Y. et al of QAEs in the deve- 3wvks adul ts
| opi ng auditory system adul ts
by maki ng | ongi t udi nal 9
measur enment s of 45
SQAESTCs i n hunman yrs.

i nfants.
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10 11 12
coupler B&K DB 0138, 1" stinmulus onset (b) 82%
condenser m crophone ears showed CEOAEs | asting
B&K 4131. Spectral | onger than 20 ns post -
anal yzer Hew ett- stinmul us onset.
Packard 3850A, Preanpli -
fier (10U), Band pass
filter (0.25 to 6 KHz)
Krohn Hte 3343 R anpli
fier (10U), LSI-11
| aboratory m croconputer
FFT, flexible disk.
Knowl es EA 1842 micro- Cochl ear tuning charac- This |ongitudinal study
phone know es 1888 teristics in 3 weeks old shoul d be continued
driver, Grasn Stadler infants are sanme range as further tq get even nore

i npedance probe.
Functi on generat or
Hew ett Packard 3325A
Wavet ek Rockl and FFT
anal yzer 5820 A

t hose of adults.

know edge of devel opnent.

Conparison of EQAE in
children with that of the
adults is questionable
because of 2 groups are
not matched. Evidence
from 2 subjects suggested
that devel opnental changes
in the fine tuning of the
system may be occur
postnatally. So, the
experinment should be
repeated further by others
with nore objectivity.



2 3 5 6 7 8 9
13 11988 | Frick, L.R To find out the effect 31s | 21- IFenal es Nor nal
et al. of the ext.stimuli on 31
SQAES.
yrs.
14
1988 | Furst M To study the discre- 1lle 20- Nor mal
et al. pancy between the two |gs 35
Interpretations of the yrs.
source of DPQAEs in [ |
hunmans. |
1
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QO oadm ttance specul um
assenbly (G ason-Stadler)
An el ectret m crophone
know es 1842 PV517.
Plastic tube (length
13mm 1 nmmi.d), soft
pl ati c inpedandce tip.
Preanplifier signetics
5534 op-anp (40 dB).
spectrum anal yzer

(HP 3582A) FFTs-ER-10
mc and preanplifier
assenply. ER-34 tube
phone frequency

synt hesi zer HP 3325A
Attenuator H P 350D

Acoustic probe (a) two
know es BK-1888
receivers (b) know es
EA- 1842 mc. Preanpli-
fier (40 dB), Band pass
filter (400 Hz to 22
KHz, 12 dB/Cct),

spectrum anal yzer

SOQAEs were detected in
38. 7% of subjects and
25. 8% of ears screened.
The frequency of SOAEs
ranged from 1304 to 4666
Hz with 50% em ssi ons
50% above 2K. The
anpl i tude of neasured
SOQAEs ranged from 1.2
to 15.4 dB SPL (nean
6.94 dBSPL; SD 3. 35)
Bilateral em ssions were
detected in 33.3%

subj ects conpl eted
suppr essi on contours
closely resenbled the
wel | docunmented psy-
chophysi cal tuning
curves of the ear
Miultiple em ssions were
present in 66. 7% of

subj ects and 62. 5% of
ears.

Ears tended to exhibit
all or none of the

em ssion types that were
sought .

The magni t ude of SFOAE
and DPOAE showed a
sim | ar dependence on

Only fermal es were
subjected to the study.

Future research should
suppl enent exi sting daata
regardi ng the behavior of
SOQAEs and their

interaction with externa
signal across a w de range
of subjects.

The results can be
interpreted qualitatively
with a nodel in which pri.
tones produce distortion
at their interaction
region within the cochl ea
this distortion
propogates to the



2 3 5 7 8 9
i
15 |-1988 | Wer CC To explore the asso- 4s Mal e
et al ciation between SQAE 4
and DPQAE Under
aspirin use.
16 |.1988 | zizz c A To study relatively of |5s 23-  Female Normal

et al. SDAE suppr essi on 28 .

t uni ng curve measur e- yrs. !

nments.
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10 11 12
Hewl ett + package frequency. di stortion frequency place
3582A where it nedi ates
Si mul t aneous cancel | a- per cepti on. Det ai | ed
tion of perceptual and specifications of the
acoustic.distortion was stimuli used not given.

Modi fied standard ot o-
adm ttance earpiece

G ason- St adl er Mdel
17208B. Know es mi ni ature
m cr ophone.  XL-9073.

Two Know es nodel . 1869
receiver. Anmplifier,

H gh pass filter, 400 Hz
spectrum anal yzer

(N col et/ Vewet ek nodel

444a). Two Ceneral
Radi o Signal generators
(Model 11310A).

Modi fi ed G ason-Stadl er
acoustic immttance probe
assenbl y. 1720- 9640

m ni ature m crophone
know es EA-1842. Mnia-

produced rarely.

Aspirin consunption uni-
formy reduced the SQAEs
to unnmeasurabl e or
extremely low |evels.
Aspirin consunption al so

reduced the anplitude of
the DPOAEs but did not
elimnate thementirely.
The anplitude of DPOAE and
its change with aspirin
consunption were related
to both the proximty of
the DPOAE to the frequency
of the SQAE and to the
level of primaries

produci ng the DPOAEs.

No significant difference
between the SOAESTC trials
(P>0.05). The nean sl ope
of the SOAESTC | ow

frequency segnent

was 53.7

The results indicate that
periphral auditory systens
of humans + rhesus nonkeys
are alike in their
responses to aspirin.

The study nust be repeated
with large sanple.

The SOAESTC |ow and high
frequency slopes and QO
were simlar to
psychophysi cal tuning
curves data obtained in



17

1990

Van Dijk
Pead

To demonstrate the
nchronization effect
DROAE (2f1-f2 ) on
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ture earphone know es

ED 1912. 4mmteflon
tube (1D=1.35 mm
anplifier.

H gh pass filter 400 Hz
30 dB/real tine spectral
anal yzer B&K type 2033.
Gscill oscope (Hew ett
Packard (1222A). Ampli -
fier |oudspeaker system

Interstate high voltage
AM FM nodel F46.

Acoustic probe (a)
condenser m crophone (b).
two ear phones Sony SL-
C30E vi deo recorder

Sony PCM F1
Bandpass filter B&K 2020
HP 5326 a tiner. Unigon

4512 FFT anal yzer.

wher eas the nean
t he SOAESTC hi gh
was

dB/ oct.
sl ope of
frequency segnent
124.8 dB/ oct.

The nmean low to high
frequency slope ratio was
2.4 The nean Q10 val ue
was 5. 3.

VWhen primaries were suffi-
ciently loud (30 dB SPL),
phase fluctuated around a
constant value-. The

em ssion was constantly
synchroni zed.to Fs |ower-
ing primary levels (20 dB

SPL) resulted in 360U
phase junps at random
monments. The em ssion

occasionally slipped one
of synchronization, trying
to miintain its own

natural frequency Fo.

si mul t aneous mnaski ng and
physi ol ogi cal tuning
curve data.

Thi s behavi our can be
descri bed as

synchroni zation of an
oscillator, Fo to a
sinusoidal force Fs, in
the presence of noi se.
The experinment can be
replicated with nore.
nunmber of cases and with
the better design for
further evidences and

i nf er ences.



3 5 6 7 8 9
18 | 1990 | Van Dijk P To present experinental| | Qe
et al data on anplitude and
freq. fluctuations of
SQAES.
19 11991 |[devis R To investigate analy- |4e, 4s| 24 |Females Nornm
Long et al tically and nunerically 36
of a nodel of SQAEs yrs.

based on Van der Pol
oscillators: Effects
of aspirin adm nistra-
tion.
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Sensitive m crophone.

video tape (Sony SL-C30E

video recorder). Pulse
code nodul ation (Sony
PCM f1) Wavetek 178
signal synthesizer

Uni gon 4512 FFT anal yzer
Band pass filter B&K

. 1623. Heterodyne Band
Pass filter B&K 2020.

HP 5326 A ti mer.

M crophone probe
(Zurek. 1981) (Witehead
*89), Etynmotic ER-10
| ow noi se m crophone,
EAR earplug with fre-
qguency resol ution of
0.1 Hz, B&K 2010
het er odyne anal yzer,
Tektroni x 2230 digita
storage oscill oscope,
Nova- 4 conputer

Em ssion anplitude and
period both showed snal
fluctuations (a) A rns/Ao
ranged from0.7 x 10U to
6.3 x 10U for human

em ssions 1 was 24 x 10U
for both freq eni ssions.

Trinsranged from 1.4 to
6.9 x 10U for the 2
frog em ssions.

There was a positive
correlation (R=0.9)
bet ween Arns/ Ao and Trms.

Suppr essi on and synchroni -
zation of SOAE by externa
tones of different
frequencies and |evels
were obtained while the

| evel s of spontaneous

em ssions were altered by
aspirin admnistration.

Model I ing an em ssion as
a single Vander Pol
oscillator qualitatively
accounts for -

1) reduction of |evel of

Aut hors conpare these
results with that of

second oscillator and
observes that an
oscillator with |inear

stiffness driven by white
CGodssi an noi se cannot
account for all
experinental results.

Model not adequate for
describing all features of
the data. It fails to
predict (a) frequency
pushi ng seen when
frequency of suppressor is
far away from that of

em ssi on.

(b) More gradual sl opes of
the growth of suppression
curves as suppressing tone
i ncreases in frequency
above em ssion.



1 2 3 5 6
20 -/ 1991 |Davi d Brass To observe OAEs evoked 2e
& David during a continuous

Kenpt

single stimilus tone
on humans using a
nonl i near residual
time domai n techni que.
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Probe, 2 mnminiature |ou-

speakers (Know es BP

1712), mniature mcro-
phone (Knowl es EA 1843),
t ubes,
two 12-bit digital to
anal og converters (DAC
antialias filtering,
attenuators, one 12-bit
analog to digital con-
verter (ADC), 8-bit ADC,
| BM conpati bl e PC AT
conputer, CED spectrum
signal processing soft-
ware routines.

acoustic resistors

an external tone to
suppress em ssion.

2) broadeni ng of frequency
| ocki ng tuning curve of
an em ssion whose |evel

is reduced.
3) pulling of an em ssion
whose |evel is reduced.
Resi dual found at the

stimulus tone frequency

has the
saturating
growm h functions
tive of an OAE.

| atency and a
i nput - out put
i ndi ca-

Qut of the 2 methods used
in experinment continuous
time domain residual

nmet hod has advantage for

t he observation of
stimulus frequency. QOAEs
and for relating these to
any DPs simultaneously
gener at ed.

| ntroduction of noise,
nonl i near stiffness and

i ncorporation of Fander

Pol type danping in a ful
cochl ear nodel necessry if
basic interpretation of
spont aneous emi ssion is to
be further eval uation.

If it can be shown that
the anplitude transfer

function nonlinearity
givig rise to the residua
is of this formthen this
will provide further

i nci dence that the
residual is caused by an
OAE
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1991

1992

Annie M
et al

Mriain
Furst et al

To clarify the clinical
rel evance of SQAEs and
to define.the hearing

| oss | evel (& freq.)

at whi ch absence of
SQAE i s found.

To investigate the
effects of noi se expo-
sure on the threshold
m crostructure war on
SQAE & on anp. & freq.
of SQAE bei ng

nmeasur ed.

126 e
63 s

60 e
30 s

20-
30
yrs.

5f

Pat hol o-
gi cal

Nor nal
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Smal | probe (Etynotic
Research ER-10B), [|ow

noi se preanplifier
(Etynoti c Research),
resol ution signal

hi gh

anal yzer (Hew ett Packard
3561A) for FFT anal ysis.

Acoustic probe, mcro-

phone (Know es EA-18
ear phone (Know es BK

2)

1851), spectrumanal yzer
(HP-3582 A) , conputer

(PDP 11/23).

Cinical audioneter
(Si enens SD 25),
Gscillators (Wave/
Di stortion anal yzer
TM nodel  110)

PAR

An incidence of 18.25% of
the cases (23 out of 126
ears).

SOQAE were not found when
hearing loss at 1 KHz
exceeded 10 dB.

Presence of SOAEs seens
to indicate a good
cochl ear functioning,
atleast in the md
frequenci es.

1) A tenporary reduction
in the SOAE frequency
and anplitude and
alters reversibly the
t hreshold m crostruc-
ture in the vicinity
of SOAE. The diffe-

rence between m ni num
and nmaxi rum in the
threshold m crostruc-
ture is reduced and
the frequency that

yi el ds m ni num

t hreshol d decr eases.

Al t hough i nci dence of
SCAEs is marked |ower than
t hat of EOAEs, SOAEs
recording is shown to be a
good test, rapid, non

i nvasive for audiol ogical
screeni ng, the presence of
SQAE confirm ng a hearing
threshold of less than 10
dB at 1 KHz, the absence
bei ng i nconcl usive.

More extensive research
required in order to
character ize
quantitatively the origin
of nonlinear stiffness.



23

1992

Pi ere
Bonfils

et al

To study the basic
properties of SOAEs &
EOAEs as a function
of gestational age
(in preterm neonates)

134 e
67 s
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Smal | acoustic probe
i ncorporating snall
m crophone (Know es
B11751), anplifier
(Medel ec AA6 K 3),
resol ution signa
anal yzer (Hew ett
366 A).

hi gh
Packard

For EQAE recordings ->
| LO 88 ot odynam c

anal yzer neasuring
system (Stimuli clicks
with flat acoustic
spectrum for frequency
.9-5 KHz.

2)

3)

(1)
(2)
(3)

(4)

(5)

Threshol d at SQOAE
frequency is nost
sensitive to noise
exposure.

I ntense stinulation
causes relatively

snmal | i ncrease or
decrease in threshol d
at frequenci es near
SOAEs.

EQAEs recorded in 93%
of tested ears.

SQAE recorded in 61%
of tested ears.

No statistica
significant varia-
tions of EOAE anp.
with gestational age.

EQAE spectrum did not
vary with age.

2 main factors

i nfl uenci ng EOAE
anplitude were SOAE
presence and fast

Here no nodification in
SQAE or EQAE properties
recorded as a function of
age between 32-41 weeks of

gestational age.
A nunber of infants at
risk for hearing loss are

preterm babi es screening
for EOQAEs an objective,
rapi d, nontraumatic

techni que may prove useful
in evaluating peripheral
audi tory dysfunction in
preterm neonates.



5 7 8
24 1-1992 | M.J.Penner To explore the effects | Is 52 | Femade
& RRA. of aspirin on tinnitus | 2e yrs
Coles of a patient for wom
two contral ateral
SOAEs caused binaural
tinnitus.
25- 11992 |A.Moaulin To investigate the
L Collet influence of contra-
et al. |lateral auditory stimu-

lation on |
recorded in humans
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10 11 12
fourier transform
spectrum especially
lower limt of
spectrum  Thus mat u-

Sensitive mniature

m crophone (Etynotic
nodel ER-10), Ext.

PTs (Farvell signa
generators, type DSG 2),
2 independent (Etynotic

ER-3) insert earphones
Hewl ett Packard dynam c
signal analyzer (nodel
3561A) .

ration of OHCs
properties appears
to be conplete at 32
weeks of gestationa
age.

Aspirin seened to provide
an acceptable palliative
for the patient's SQAE
caused tinnitus.

There is a decrease in
DPOAEs intensity for al

at levels of contra-
|ateral BBN well bel ow
acoustic reflex threshold
and in subjects wthout
acoustic refl ex. Mor e-
over the influence of

Contral ateral acoustic
stinmul ati one ffect on
DPOAEs provi de a new neans
of functional exploration
of medial efferent systm
in humans. The effect is
nore anple at low primary
frequency | evels.



1 2 3 5 6 8 9
26- 1992 | W..Kohler To study long term 2 e
et al observation of SOAEs 15 s
27 -/ 1993 |Wendy A. To investigate whether | 11s 8F,3M |Normal
Harrison studying effects of

et al

contralateral acoustic
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Qpen system -> B&K

4145 M crophone(Fritze
85), closed system->
high sensitivity mcro-
phone (B&K 4179) (Free
Cleriksen "84), B&K 2033
Fouri er anal ysis.

Probe assenbly (Etynotic
Research ER-10-B mi cro-
phone/ preanpli f ier

transcrani al trans-

m ssion could be ruled
out since no effect was
found when contral atera
Broad band noi se applied
to the altered ear of
totally unilaterally deaf
pati ents.

hPgR"?} 8g¥ehQy 2AEaF FhE! ed
| oss, SOAEs recorded at
the |ower frequencies.

This was associated with
anot her phenonenon:
preci se frequency data
avai |l abl e for 13 SQOAEs

(7 subjects) fromthe
first exam nati on showed
SOAEs frequencies dropped
slightly in all subjects.

Systemati c changes in
frequency and anplitude
of SCOAEs observed for

Mor eover DPQOAEs are
stronger and show nore
irregular. [Input output
. functions patterns in the
vicinity of an SOAE, the
i nfluence of contral atera
audi tory stimulation
studi ed on DPQAEs rcorded
at 10 Hz, 50 Hz, and 150
Hz from an SQOAE frequency.

Could not rule out effects
of the acoustic reflex.



5 7 9
[ee]
stinulati on on SQAES
IS appropriate neans
of inferring aiivo-
functions in humans.
28 -1993 Martin L To determine if there | 20s 18- | 10F Nor al
Wi t ehead are racial differences 36 | 10M
et al. I n the preval ence of yrs

SQOAEs.
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system), rubber eartip
(G ason- Stadl er),
Spectrum anal yzer
(Wavet ek/ Rockl and 5820A)
Next conputer, A'D
(Dgital ears), synthe-
si zer/function generator
(Hew ett Package 3325A),
Wi te noi se generator
(El genco), small trans-
ducer (Etynotic Research
ER-2 tube phone).

M ni at ure m crophone

(Etynoti c Research ER

10A), |low noise mcro-

phone preanplifier

(Etynotic Research ER

10-722 + neasuring anpl i -
y

fier (B&K 2610), nam c
signal analyz'er (Hew ett
Packard, 3561A), conputer
based digital immttance
system (virtual corpora-
tion 310).

increasing |levels of
Broad band noise for all
subj ect s.

Frequency shifts were

al ways positive, whereas
anplitude shifts were
variable. No apparent
pattern of tuning was
seen, such that tones
with a particular
frequency relationship
to the SQAEs i nduced
greater changes in SOAEs.

Significant differences
in the occurrence of
SQAEs were found between
3 racial groups wth
negroes expressing nore
SQAEs than caucausi an and
Asi ans denonstrating an

i ntermedi ate nunber of

t hese em ssions. Mire
em ssions recorded from
fenmal es than mal e ears
and significant corre-
|ation of the nunber of
em ssions in the 2 ears
of an individual was al so
not ed.

Fi ndi ngs support further
efforts to performa

| arger study of racial

di fferences in SQAE
properties in order to
address nor conpltely the
notion of a genetic
conponent in the

determ nation of SOAE
character i stics.



3.1.2- TEOAE
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1978' Kenp, D ! To report the experi - 15s bot h 200 / usec.
mental investigation of rect angul ar
sone what unconventi onal pul se, r epe-
cochl ear em ssions by tition rate
speci al |y designed tech- 16/ sec.
ni que and instrunents.
1979 Wt, HP To investigate the influ-| 9s 23- Normal | 1.7, 2, 8,
et al. ence of stinulus freq. 4,2 KHz and
upon the magni tude of the bandw dt h
response. 600- 900 Hz,
repetition

rate 16/ sec,
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1 12 13 14
Lat ency | Acoustic probe; 15 cm New audi tory phenonenon | The aut hor supports coch-
| ong; lcmdi ameter (a) DAE has been identified | | ear reflection hypot he-
Mniature mc (b) Mnia-| in the acoustic inpulse | sis with these results.
ture earphone signal response of the human
aver ager, conputer. ear. Further studies with
better experinental
The sl owy decayi ng designs and al so expl ana-
response conmponent was |tory in nature are requi-
present in all nornal red to explore properties
ears tested, but was notf O TEQAE
present in ears with
cochl ear deaf ness.
Latency | Know es K 1671mniature  Stimuli of higher f req. | Sex distribution of

mc wth spectrum ana-

| yzer obi quitous UA-6B
Modi fied Princlton app-
lied research type TDHO
signal average (100
nmenory points) or data-
|l ab type DL 400 digita
aver ager (1024 nenory
poi nt s) Figh pass filter
500 Hz, 14dB/ Cct.

generate nuch snal |l er

em ssions than stinul

of lower freq. at the
same stimulus level for

| ow response | evel s the
relation between sti -

mul us | evel and response
| evel is approx,lie ear.

H gh response |evels
ri se approx. as the cube
root of stimulus |evel.

A tuning curve coul d be
derived by suppressing
em ssions with a second
st eady tone.

subj ects not reported.
The same experinent with
| ar ge sanpl e shoul d be

r epeat ed.



2 3 5 7 9 10
1981/ Wt H P To study the properties |4s | 22- nor nal 1.7, 2.8,
et al. of the freq. spectra of 30 4.2 KHz &
EQAEs recorded from yrs "bandwi dt h
human ear canal . 600- 900 Hz
198 3| Rugger o To cite an evidence for |le - Pat ho- |Clicks or
M A t he hypot hesi s that SQAEs | ogi cal | t one pi ps
et al. & TEDAEs are due to dis- (3.375 ns.
ruption of active feed- st eady?
back nechani sns of the 1.25 ns.
DHCs upon basil ar nmem rise/fall
brane vi brati on time.
1983 | Zwi cker To investigate the diffe-| - |23- Nor mal | Si nusoi dal
E rences reported in the 58 cycl e/ short
literature regarding the yrs tone bi”St/
the sl ope of the rel a- Genvel ops
tion between stimulus repetition
| evel ft emssion |evel rate 23-43/
sec.
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Latency Sensitive condenser mc.| The 2 procedures (viz. The results indicate
plastic tube 3.5 mmi.d.| real tine recording & that sharply tuned
Amplifier band pass cal culation of the spe-| enission generators
filter (0.5-4 KHz, 24 | ctrumof time averaged | are present in the
dB/oct) spectrum anal y- em ssion) give diff. human cochl ea.
ser ubl quitous UA-6B | nput - out put curves
Osci | | oscope Dat al ab or TEOAE.

.DL 400 signal average

| ow pass filter (Krohn- | he real tine spectral

Hte 334 3, 96 dB/ Cct) recordi ng procedure can
be used to nmeasure
tuning curves or to
study the distortion
product 2f 1-f 2,.

Latency Plastic speculum Beyer | An external continuous | Author explain these
DT-48 earphone, Knowles | tone Is able to findings in terms of
A-1842 mc, anplifier suppress t he SOAE. di sruption of active
(Princeton applied re- f eedback mech. of the
search CR 4 or Ithaco The 3 dB-1SO suppression OHCs upon BM vi bration.
1201)10% - 10*, wave curve is broadly tuned
anal yzer Hew ett and displaced, relative
Packard 358/ A, FFT (MSP- | to the SOAE towards
3X) hi gher frequencies.

An audi ogram not ch

exi sts at frequencies
just below that of the
SOAE.

Latency Mc, sennheiser MKH 110/ | EOAE level is directly | Third conclusion gives
Iwth- low freqs cut-off proportional to the t he evidence that
at 0.3 Hz, earphone DT stimulus level till 20 | masking is the cochlear
48s, anplifier, octave dBSL above whi ch ECAE (peri pheral Phenomenon)

band filter, transforner

saturates SOAE |ying
in the same freq. range




12 45 5 6 8 9
-1994| Zwicker To measure the amplitude 24- Normal |No specific
E. et al and phase of evoked 35 mention
synchronous emissions. yrs
their freq. spacing ad
level dependence.
-1986| Antonel li To analyse the intra- mm Normal |Click-100 /usec
Aetal. subject stability of the Burst-5 ms
TEOAE To study the 500/usec.rise
influences of the rela- fall time
tive position between 21/sec
head and body on the
TEOAE.
-1986 | Probst To kow the efficacy of | 28c |19- 7m |Normal Click 0.1 ms
R et al dlffelrentt stimulus type 14s | 35 | 7f EUISteSb 'I;Soni
urs 5.1,
0 s Hhe S aH & yrs 15 and 3 K
SOAE on EOAE. rise/fall 2
cycles.




34

11

13

14

Lat ency
and
t hreshol d

Lat ency

Lat ency

Speci ally devel oped
electret mc, preanpli-
fier Tektronix AMO2.

. Tracking freq. analyser

B&K 2020, small trans-
mtter AKG CK 52,
Knowl es BT 1754/
Senhei ser KE4-211 m c,
spectrum anal yser HP
3580A, dynam c ear-
phone Beyer DT48,

Probe manufactured in
cooperation with
Anpl ai d SPA, Band pass
filter 200-5000 Hz
Butterworth, Floppy

di sks, Anmpl ai d MK7

sof tware system

Acoustic probe (a) mn
ature m c. Know es BT
1751 (b) M niature ear
speaker know es BK
1985. 2 cc coupl er B&K
DB 0133, 1" condenser
mc, B&K 4132, spectral
anal yses Hewl et t -

as EOAE i nfl uences
above relation SSPs are
i mges of MPPs.

SOAE, SFOAE + TEOAE
result fromthe sane
source, which is | oca-
ted within the cochl ea
and therefore mrrors
t heir hydranech.
characteri stics.

TECAE waveforns are
stabl e over tine.

A decrease in anplitude
and a tinme shift of
evoked em ssions when-
ever the subjects posi-
tion was changed.

Two distinct patterns
TEDAEs were identified
a) 18%ears showed
short, broad band
CEOAEs | asting | ess
than 20 ns after
stimul us onset (hb)
82%ears showed click

If these em ssions are

originated from the

sanme source, than why

there is difference In

. incidence and waveform
of these em ssions.

No. of cases, age and
sex distribution was
not nenti oned.

Good expl anati on of

the stinuli and
i nstrunents used.




2 3 4 5 6 7 8 9 10
1937 Norton | 1 | To obtain systenatic 7s |22- [Fe- Nor nal Tone burst 0.5,
S J. data on relationship 28 nmm- g 7EH21 0- 1 5
et al. bet ween tone burst freq yrs les of
and intensity & EQAE 5.6, 4.0, 4 2
characteristics in a & 4 s respect.
group of normal ears. epetition
te 23/ sec.
-1987|Van Dyk | 3 ,
Pet al Qg deLengune, vhether fgé§’18' Normal |dicks
techni ques to define yrs.
cochl ear functioning




35

12

13

14

Lat ency

Lat ency

Packard 38507, preanpli -
fier (103), Band pass
filter (0.25 to 6 KHz),

Krohn Hite 3343 R
anmplifier.

Wavet ek rockl and 5820

A spectrum anal yzer
DPC.

Progr anmabl e digital
attenuat or, acoustic
robe, etynotic research
-2 ear phone, Know es
EA 1842 M es, anplifier
40 dB gai n, high pass
filter 400 Ha, Mcrol et
1170 signal average.

Peters AP 200, snal
probe, m c, earphone.

evoked em ssions | ast-
ing | onger than 20 ns
post - sti mul us onset.

The spectra of TEQAES
resenbl e those of the
evoking stimuli. The
| at enci es of EQAEs are
consistent with
nmeasures of forward
Pasilar nmenbr ane travel
i me.

Only a limted nunber
(85 out of 210) dis-
pl ayed TEQAE

The above fi ndi ngs
support the hypothesis
that tone pi p EQAES
are a property of

nor mal cochl eas and

are generated at pl aces
appropriate to their
frequency al ong the
cochl ear partition.

They did not test the

hearing before TEQAE
recor di ng. _Theg assuned
normal hearing because
they were tested a few
nont hs ago whil e adm -
ssion to speech and
heari ng graduate course.
No specifications of

the stimuli used provided.
This finding limts the
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1o

11

12

- 1987

-1983

Zwi cker
E et al.

Long (R
et al

To el aborate on the co-

To explore the rel ation-
shi p between OAE (both

rrelation of the 3 val ues

1s

4s

62
yrs

Tone bur st
1300 Hz >
200 ns; +
3 dB SPL.

For TEOAEs—
30/ usec pul ses
at 20 dB SL

KHz hal f
cycle at 20
dB SL for
SQAEs- PTs
range 1000
Hz. in 60 &
10 dB SL
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12
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L atency

Latency
threshold

Mic, KEY Sennheiser,
DT-48 earphone, MKH
110/1 Sennheiser mic.

Probe (Grason Stadler
Otoadmittance earpiece)
a Knowles E&—184g
transducer.

b) Knowles BT-1752
transducer.

And e
Wavetek]ll?o]gklland 75%0A
By kg et

5820 A spectirum ana-
lyzer. 2010 hetero-
yneslave filter Nova
4x computer.

The course of the SPP

IS a mirror image of
that of MPP.

SOAE gradually dimini-
shed and then disappea-
red during drug regimen.

?E {& threshold, micro-
ructure wee also

reduced b% aspirin con-
sumption but persisted
longer ad recovered

B8 He it a“f_schaqgemn_
in threshold microstruc-
ture was a trend to
increased sensitivity
with a greater increase
near threshold maxima
than at threshold
minima. Further reduc-
tion in the levels of
EOAE was accmpanied by
the eventual decrease

in sensitivity.

useful application of

this techniques as a

method to _evaluate
cochlear functioning.

Similar results were
found in animals.

The study should be

r()aJoeaIed with a better
experimental resign

on a large sample.

These findings are
similar to the findings
of Md= and
Plattsmier (1934)



172 5 6 7 g q
13 | 1988| Rossi G To study the EOAEs thro' | 10s | 18- Both | 1000 Hz tone
et al. BC ed, stinmulation. To burst, 5 ns
study the role of ossi- risel/fall
cular chain in the time Ins
transfer of EOAE to the repetition
eardrum rate 31/ sec.
14 11988 | Rossi G To ex L
plore the possibili-| 24e |10-
et al. ty of using the bone con-|24s |24 Both Nor mal %Kl-lztt_oge
ducted stinmuli evoke yrs etaT
TEOAE. time | ns.
repetition
rate 31/s.
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1 12 13 14
Latency | Anplaid MKVT system In normal hearing, sub- Results suggest that the
and anpl aid Echo probe jects TEOQAEs by BCs ossicular chain is inp.
t hreshol d| Radi o Ear B71 bone showed the same charac- but not essential in the
vi brat or. teristics as those transfer of the TEQAE to
evoked by ACs. In sub- (the eardrum Further
jects with UL CGosclero-|studies are required for
sis before surgery no nore evi dence.
EOQAE coul d be elicited
by ACs from the oto-
sclerotic ear, whereas
t hey could be recorded
by BCs.
After stapedectony.
EQAEs coul d be obt ai ned
by ACs, too.
Latency |Amplaid MKVT. Anplaid The nor phol ogy of The last finding early

Echo Probe for AC.
Radi oear B71 vi brator
for BC; Quest nod.
215-45-12 phononet er
FFT.

BCEOAE behaves in the
sane way as that of

ACEQAE

By contrast with ACEQAE
ose nean threshold is
t he sane as that of the
subj ective tonal thre-
shold for the sane
stinulus presented by
t he sane stinulation
nodal i ty.

BCECQAE t hreshol d on
average is about ID dB

HTL Hi gher.

denonstrates but not
an essential role in

the transfer of TEOAE
fromthe inner to
external ear.



1 2 3 5 6 7 8 9 10
15 11989 Rossi G To cite an experimental  11s |12- Patho- |Tone bursts 3
et al evi dence for active in- 26 | ogi cal |nse rise/fal
tracochi ear nechani sns time |ms freq
as the core of TEQAE. 0.5, 1& 2 KHz
repetition rate
31/ sec.
16 11990 | Coll et L To investigate the age 166 -
> | e -
et al factor in gelat|on tg 9 3s §§ Nor mal #Qﬁé%ég{an
EQAEs. yrs- click 100ns
rate 22.7/s.
17 | 1991 Harri s To assess the anount of 10s |31.5/5m Nornmal | 80/us rectan-
Fp et al variability in the |evel yrs. | 5f gul ar pul ses.
and spectrum of TEQAES Mean

fromnornal ears.
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13

14

Lat ency

Lat ency

Lat ency

Ampl aid MK VI system
Anpl ai d Echo probe
Know es B&K 2606 ear
phones. Know es BT
1757 m c. Quest Mod.
215-45-12 Phononet er
FPT.

Tandy WM 063T m c.

ACEDAE can not be
obtainad in otosclesotic
subj ects whereas they
appear after surgery.
BCEQAE ar e obt ai ned

bef ore surgery and

I ncrease in anplitude
post oper ati vel y.

TEQAE coul d be super -
i nposed by a passive
I ntra-cochl ear nechani sm

When age increases the

Know es K 2912 ear phone presence of EQAEs by

Band paff filter 200-
7000 Hz. N col et

age group and the freq.
peak in spectral analy-

pat hfinder 11 apparatus sis decreases & EQAE

| LO88 ot odynam c ana-
| yzes. Portable com
puter conpaq |1l foam
EAR type eartip.

t hreshol d i ncr eases.

The anplitude for
TEQAEs i s stabl e over
successi ve short-term
measurenent variability

Sex distribution not
mentioned. This find-
I ng should be used,
while interpreting the
clinical results.

This is one of the pro-
Eeru es whey TEQAES can
e considered as a
potential test for



1 2 3 5 7 9 10
19- 1991 | Byan S To cite an experinental |4s | 25- Both | Click repe—
et al evi dence for coll ect 40 tition 50/s

ef f ect

yrs
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12

13

14

Latency QGodynamc |LO acoustic

emssion anal yzer. A

probe for the NTE con-

tai ni ng | oudspeaker

A probe for TE contai n-

ing a) mc,
speaker .

(b) ear~

wi t hi n indivi dua
spectral bands was
approximately 1dB from
0.9 to 4.1 KHz and was
slightly greater for
0.7 KHZ.

Col | ect effect was de-
nonstrated in all the
normal subjects. The
anp. and phase changes,
t hough smal |, were
easily identified using
he difference response
t echni ques.

cochl ear function.

The experinent shoul d be
repeated with a large

sanpl e.

Further research is
required to investigate
t he neural significance
of the presence or
absence of the coll ect
effect in retrocochl ear
pat hol ogi es. The sane
experi nent nmay be repeated
inclinical settingwth
nor e nunber of cases with
| LO 88 which is only
comrercially avail abl e
QAE instrunent. The
hearing scientist commu-
nity is waiting for a
sinplified procedure
whi ch coul d be incl uded
i n the audi ol dgi cal and
vestibul ar test battery
to add infornati on about
the integrity of the
cochl ea and t he status
of the nedial efferent

' system
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10

19 1993 David
Br ass
et al

To observe evoked OAEs 2e
during continuous single
stimulus tone made on

humans usi ng nonl i near
residual tine domain

t echni que.

20-1992 .Hauses S 6 To study the influence 20s

R et al

21 -1993 ATtﬂgr[gt on

of General anesthesia on
TEQAES i n hunmans.

8 To study the new tech- %%?

ni ques and application
oquEOAEs. PP

18-
52
yrs.

20f , Nor nal

- nornal

80/ usec reat an-
gul ar pul ses;
Rate-20 ms; sti -
mul us | evel - 75
80 dB SPL.

Clicks presenta-
tion rate - 338

to 840/ s stimulus
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1112 13 14

- Probe, 2 mniature loud Residual found at the If it can be shown that
speakers (Know es BP stimulus tone freq, has the anp. transfer function
1712), mniature mc the latency and a non-linearity giving rise
(Know es EA 1843), tubes saturating i nput-out put o the residual is of
acoustic resistors, two growth functions indi- this formthen this wll
12 bit digital to ana- cative of an QAE. CQut provi de further incidence
| og convertors, one 12- of the 2 nethods used that the residual is
bit ADC, 8 bit ADCIBM in expt. continuous caused by an OAE.

conpati bl e PG AT com
put er, CED spectrum
signal processing soft-
war e routi nes.

Latency |LO 88 otodynam c
. anal yser in conbination
w th portabl e conputer
1gpyram d conput ers.
rei burg, Gernmany)

ti me donai n residua

met hod has adv. for the
observation of stinu-
lus freq. QAEs and for

‘relating these to any .

DPs si mul t aneousl y

gener at ed.
‘Arrpl i tude of TEQAEs Dfferential frequency
.reduced during general effects inply a ME effect

anaesthesia in 9 of 10 for greater reduction of
patients in N20 group TEQAE anp. in N20 group
and in 7 of 9 patients due to gas diffusion into

I n non N2o group and ME. Decrease in non N20
average decrease of anp. is because of presence of
after first 10 mn. addi tional factors affect-
greater in N20 group I ng response during GA.

t han non N20 group.

Latency G odynamc Ltd. [LO88
system (normally at 50
clicks/s) inbothits
| i near and non-|i near
nmodel .

There i s a significant .‘Further experinentati on

reduction in test time needed to ascertain the
whi ch in turn hel ps exact paraneter val ues

responses to be recorded.invol ved.

1

1
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level 2-65+7S
dBSPL. Bandwidth
100=-5000 Hz,

. - S
' _ Me .
22 ‘1993 'Thormmton 1 'To study high rate OAEs 16e ™ ' - Normal Clicks stimula-
- 'A.R,D, " . - % : tion rate 840/s
-~
B
R
O™ : ,
23 1993 Meric 5 To compare the influence 24s -IB- 15 £ Normal HNon-filtered
‘ 'c, et al of an auditory attention 43 m . gucyfsstégg%gs
task & of repetitive mes- . Yrs, evele
sures on peripheral audi. (+3dB), bandwidth

tory system, using EOAEs ~500=6000 Hz.

24 4993 Noman,M. 8 .To investigate.the influew 20s ‘21~ 10f 'Normal ‘Non-linear click
et al i nce of noise bandwidth ‘46 '10m: 'stimulus at 75

. -on contralateral masking yrs, X 'dB SPL, 5-20 ms,

+of CEOAESs, - ' ' ' o
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Lat ency

Lat ency

Lat ency

N col et Spirit averager
PCEMS pr obe.

Sane as above.

Know es 1712 transducer
stimulator. Know es

1843 mc. (B tyge pr obe.

ot odynam ¢ Ltd,

QG odynam ¢ |1LO 88.

G odynam c | LO 88 QAE
anal yzer, GSl-16 audi o-
nmet er

and deconvol ved to pro-
duce an uncont am nat ed
r esponse.

Use of nmaxi mum |l ength
sequences (M.SS) to
EQAEs enabl es t he test
to be performed in few
secs.

| ncrease in EQAE anp.
during 2nd, and 3rd
session with |inear
saturation around | ast
nmeasurenent. No atten-
tion effect identified.
tinme effect present.
EQAE anp. of subjects
presenting SQAEs com
pared wi th those without
SQAEs significant diff.
found show ng parti -
cularity of cochl ear
emtting SOAEs.

Anount of suppression

I ncreases wi th bandw dth
of noise, particularly

Further experinentation
needed wi th 2 groups of
subjects |ike sone
seated and others |ying
down. Al so the duration
bet ween recordi ngs can
al so be vari ed.

Suppr essi on shows no signi -

ficant correlation with
age, sex or abs. |evel of
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Medresco OL 575 ALG
1/76 insert earphones.

for noi ses centered
around 1 & 2 KHz VBN
produced greater supp-
ression than NBN | arge
i nt ersubj ect vari a-
bility.

em ssi on.

The possibility that it
may show some correl a-
tion with other effects
in which the efferent
pat hway are thought to
be involved remains to
be investigated.




3.1.3 DPOAE



3.1,3 DPOAE

1 2 3 4 5 6 7
1 1384 'Burn E. 2 'To investigate the inte- 5s - - No specific
M etal. gg%téons anag multiple mention.
S.
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Spectr -

al ana-
lysis.

Spectral
anal ysi s

Knowl es transducer EA
1842.

Knowl es transducer BR
1898.

Grason Stadler otoadm -
ttance meter earpieces.
FPT (1.25 Hz line

spaci ng) spectra
averagi ng Zw sl ock
coupler 1n a KEMAR.

Acoustic probe

a) 2 Know es BK-1999
receivers

b) Knovle's EA-1942 m c.
Preanplifier (40 dB)
Band pass filter (400
Hz. to 22 KHz, 12 dB/
oct) spectrum anal yzer
Hew ett and Packard

359 2A

H ghly nonlinear and

This study should be

extrenely conplex nature repeated with nore no.

of the active cochl ear
process.

Ears tended to exibit
all or none of the

em ssi on t¥pes t hat
wer e sought. The
magni t ude of SFOAE &
DPOAE showed a sim | ar
dependence on freq.

si mul t aneous cancel | a-
tion of perceptual and
acoustic distortion
was produced rarely.

of cases with sound expe-
ment al desi gn.

The results can be inter-
preted qualitatively with
a nmodel in which petones
produce distortion at

their interaction region

wi thin the cochlea, their
di stortion, propagates to
the distortion freq. place

where it nediates percep-
tion. Detailed specifica-
tion of the stinuli used

not given.



10

3 1988- Wer CC 1

et al . .

Gaski | |
SA et al

1

To explore the associa- - 4s - M -
tion between SOAE & DPQAE
under aspirin use.

34 s 15- 19f Nor na
50 15m

yrs

To investigate (i) the
dependence of DPOAE | eve
an stimulus paraneters &
& (ii) the relationship
bet ween DPCAE | evel and
auditory sensitivity.

At & around
SOAE freq;

within i GO
Hz, f2/fl

1, 15.

2 pri.tones,
fl &f2, 100s
conti nuous
freqg. sweep
from 500-
5500 Hz.
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14

Spectral
andal ysis

an
thresh-
old.

Spectral

analysis
and
threshold

Modified Standard oto-

admittance earpiece.
Grason-Stadler Mode
1720 B. Knowles minia-
ture mix XL-9073. Two
knowles model 1869
receiver Amplifier,
High pass filter

Hz spectrum ana-
lyzer Lll\léllcolet/wavetek
model a)

Perspex metal probe

specially designed.
@p two 1712 loudspeaker

1643 mic. Philips:
PM 5193 function'gene-
rator. Amplifier.
trum analyzer, Hewlett
Packard 1A PPT. BBC
microcomputer with

IEEE interface.

Spec-

Aspirin consumption con-

siderably reduced the

SOAEs to unmeasurable
or extremely low levels.

Aspirin consumption
also reduced the amp.
of the DROAEs But did
not eliminate them en-
tirely.

‘The amp, of DROAE and
its change with aspirin

consumption were rela-
ted to both the proxi-
mity.

The general radio signal
generators (Model 11310A)

The frequency ratio f2/

fl at which DROAE level
IS maximal varies only
slightly across freq.

Beyond- the max. the
DPOAE level declines
W|th increasing f2/fl

250 dBﬁoct. |

The results indicate that
peripheral auditory sys-
tems of humans and
rhesus monkeys are alike
in their responses to
aspirin.

The study must be repeated
with.large sample.of the
frequency of the SOAE
and to the level of pri-

maries producing the
DPOAEs.



10

5 1991 Hanser R 1
al.

et

To determine

20e
10s

22- 5m Normal
32 b5f
yrs.

2 pri.PTS f1
&f2 (f2 fl)
3M=IKHz; 2
KHz, 2 KHz &
4 KHz, f2/fl
1.25, 1.23,
1.21 res-
pectively.
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Spectr al
anal ysi s
and

t hreshol d

" Two channel freq.

syn-
t hesi zer (Hew ett - Pack-
ard 3326A). Two insert
ear phones Etynetic
Research, ER-10, Pre-
anplifier Byrnotic re-
search ER-10-72 Anpli -
fier custombuilt. H gh
pass filter, 400 Hz,
signal anal yzer Hew ett
Packard 3561A FFT.

Per sonal conputer

Maci ntosh |1 .

As the |evel of one
stinmulus is increased
relative to the other,
DPOAEs grow, saturate
and inroost cases show
a bend over.

Maxi mum di stortion is
generated when L1
exceeds L2.

The level diffs.L2-LlI
generati ng maxi nmal
OPQAE anpl i tudes deﬁen-
dent on L1 and on the
GM Freq. of FI and F2
L2-L1 evoki ng maxi nal
mean DPOAE anps, was
-10 dB For GM freqgp. of
1& KHz with L1= 65 dB

SPL and O dB w th LI =other

65 dB SPL & 0 dB with
L1= 75 dB SPL.
sl ops of the DPOAE

grow h functions in the

initial linearly

" increasing portions

wer e steeper at higher
stimul us frequencies.
increasing from0.52 at
1KHz to 0.72 at 4 KHz
for LI =65 dB SPL and
fromO0.48 at 1KHz to
0.7 at 4 KHz for L1-

75 dB SPL.

The conplexity of the
interrel ati onshi ps anong
paraneters & additiona
factors originating from
the characteristics of

i ndi vidual ears, such as
m ddl e ear nechani cs.
Possi bl e i nfl uences of
central nervous system and
types of QAEs needs
to be addressed to under-

The nmean stand the variability in

t he anp. of DPOAEs.
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6
6 1991 Lonsbury 1 To study the influence 60e 31- 15m Nor nal qU| | evel
Martin Of aging on the genera- 30s 60 15f (LI= L2)
B. L. tion of DPOAEs. yrs Pri. tones.
et al. f2/fl- 1.21
7 1991'Rickman 1 To investigate electro- 1s 36 - Patho- fl =510 and
M D. physi ol ogi cal evi dence yrs; | ogi ca] 800 Ha. f2/fl
ret al . of nonlinear DPs to 2- of 1.16,
tone stimli. 1.26, 1.36

and 1. 46
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1 12. 13 14
Spectral Grason Stadler E3262A \When conpared to eni- The instrument used is
anal ysi s attenuat or. ssions in young ears. not described in detail.

and
t hreshol d.

Spect ral
anal ysi s.

Wavet ek 116 signa

gener at or.

Tel ex 1470 audi onetric

speakers.

Artificial ears B&K

4152 acoustic probe.
Two Bytnotic research
ER- 2 Ear speakers.
Etynotic research ER-
10 m c.

Preanplifier etynotic
research 10-72.

conput er.

DPOAEs accurately
tracked the systematic
deterioration of HF
hearing in aging indi-
vi dual s.

Ti me dormain sumati on
and substraction of
separately coll ected
evoked responses to

rarefacti on & condensa-

tion signal perforned

to denonstrate el ectro-
physi ol ogi cal difference

tone (f2-fl) and cubic
diff. tone (2fl-f2)
responses reflect then
exgpected quadratic and
cubi c nature.

This rinding can be

clinically, applied
while interpreting the
ECAE findi ngs in aged
cases.

Further research is
wanted with the patho-
| ogi cal cases.

Suggestions for devel op-

ment of clinical applica-
tion of assessing auditory

nonlinearity using this

nmet hodol ogy are provided.
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8 199 3, Brown 1 To investigate: acoustic 8s - - Norma Fixed f2 of 4
,AM, distortion as a measure KHz, stimulus
et al. of freq. selectivity. Re- level 40dBSAL,

lation to psychophysical veried f# Fft 5f5

equivalent rectangular dBSPL; t2/t1l-1.2

bandwidth. bandwidth 2837
-3960 Hz.

9 1993 Kimberley 1 To measure humen cochlear’ 36e ' - 9f Norma f1 at 60 dBSPL,
B.P. travelling wave delay 18s 9m 11 DPE measures
et al; using DFE phase respon- ZOB f2=10KHz &

ses. sure
for %:rﬂgle—'lz, fSZ

at 45 dBSPL freq.
8 f2 -500 -10000
Hz f2/f1=1.1 to

1.3.
101993 ne, N.J.'1 To investigate fine 10s 24- - normal f2/f1I=1.2 pri.
e al. structure of 2fl-f2 36 level varied
acoustic DP changes yrs. between 45-65

with pri.level. dB SPL.
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1 12 13 14
Spectral, Probe-2 know es BP 1712 In 6 subjects for whom . Further study required
anal ysi s nini ature |oudspeaker, good rep eatable levels to know preci se causal
and Know es EA 1543 mi c, of distortion neasured relationship between
thresh- , Mock-in" anplifier a sig. - we correl a- tuning of distortion
ol ds. (B3-K35210). Maci ntosh tion found between peak and obj.nmeasure
Il ci using software tuning of distortion of freq. selectivity.
package "Excel ". peak and psychophysi cal .
bandw dt hs at f 2.
Spectr al . Packard-Bel | PC, pl ug, Estimates of travelling Whether the source of
anal ysis in signal processing ' wave del ay from ear reduced intra-subject
board (Ari el DSP-i6 canal to F2 place cochlear variability is
version G), 2 insert varied from about | ns on the basis of physical
ear phones (Etynotic PR-2 for 10 KHz pl ace to coch.length or on the
a | ow noise mc. 3.5 ns for the 0.78 basi s of functional coch.
(Etynmotic ER-10 B) soft KHz pl ace. attributes are not known.
war e program (CUBDI SP-1)
Dat a supporting use of
DPE phase responses as
estimates of coch.
travelling wave del ay.
Spectral 16 bit waveformsynthe- At freqgs. bel ow 4 KHz. No sig. reduction of
anal ysis. sizer (pragmatic 2211 A as prinmary level incre- sharpness in ADP fine

-3X), 2 earphones
(Etynmotic ER2), 2 tubes
| ow noi se mi c. probe
(Etyrmotic ER 10B)

Spect rum anal yzer

(Hew ett Packard 3561 A)
M5 DCS conputer.

ases, sharpness of ADP
fine structure is not
sig. reduced & pattern
gradually shifts to
ower freq. At fregs.
above 4 KHz flattening
of pattern is observed

structure at pri. freqs.
of around 4 KHz & | ower
Thi s inconsi stency
suggest fundanental diffe
in generation mechani sm
for ADP as conpared to
that of auditory threshold



2 3 4
11
1993 Avan, P. 9 To investigate freq. 25e 7- Both f2/fl-1.23 at
et al. specificity of human nor- .42 1,1.5,2.4,6,
DPOAEs mal  nor- 8 KHz stinu-
50e , nal lus int.62-72
pat h- 23- dB SPL.
- 170

pat h
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11 12

1314

Spectral Probe (Etynotic res-
analysis earch ER 10B) in m ni a-
and ture mc & 2 | oud-

t hreshol d, speaker (ER-2), artifi-

cial ear (B& 4153,
hal f inch m c. B&K 4165
home nmade coupler) 2
channel synt hesi zer
(Hewl ett Packard 890
YA), spectrumanal yzer
(Kew ett Packard 3561A
freg. span 1KHz, spec-
tral resolution 2.5 Hz)
PC- AT conmputer with a
Hew ett Packard 82321
Processi ng Board.

. Amplifier of DPOAE

at high levels. ADP
peaks can shift to
val l eys with increasing

l evel & vice. Thus
smal | shifts in pri.
fregs. can result in

sig. change in shape of
ADP [/o function.

It would remain to be
shown that f2 place was
indeed normal in this
nunber of cases and
this question needs
further work.

evoked by lowint. pri.
tones was strongly
correlated only with
aud. threshold at their
mean freq. and DPOAE

di sappeared for | ocal
heari ng | osses | arger

t han about 30 dB. DPCAE
anp. did not depend on
basal coch. state con-
founding effects of M
transm ssion and agi ng
not significant in this
set of expt. when eli-
cited by higher tones.
DPQAE exhi bited nore
conpl ex and non | ocal
behavi or and their sen-
sitivity to hearing

| oss decreased.

Resul t s suggest t hat
lowpri. intensities
when used DPOAE patterns
provide freq. specific
informati on on | oca
cochlear state.




Table - 3.1,2: Summarises all the articles related to basic experiments in the area of TEOAE

in human subjects which can be done on Celesta-503.
Cdumn - 1 to 9: Sare as described in Table-3.1.1
10: Stimuli used to elicit the TEOAE
The specifications mentioned wherever it was reported in original articles,
11: Gives whether the article measures latency of the freq. specific responses
or threshold of TEOAE
12 to 14: Sare as described in Table 3.1.1. under columns 10 to 12.
Table - 3.1.3: Summarizes all the articles related to basic experiments in the area of
DFOAE in humen subjects which can be done on Celesta-503,
Cdum 1 to 10 & 12 to 14 : Sare as in Table 3;1.2:
11: Gives whether the articles does the spectral analysis or threshold measurement
o DFOAE
Table3.1,5: Summarizes all the articles on animal studies which can be done on Celesta-503.
Cdumn 1 to 5: Sare as in Table 3.1.1,
6 : The anima subjected to experimentation.
7 to 11: Sare as in Table 3.1.2 under columns 6-10 respectively.
12: Anaesthesia used during QAE measurements.

14 to 16: Sare as in Table 3.1.2 under columns 12 to 14 respectively,



3.1.4: ANIMAL STUDIES



3.1.4: AN MAL STUDI ES

12 3 4 5 6 7 8 10 11
1 1991 Schmi edt 2 To investigate Mongolian  20s 4- No, _ TEQAE: 50/ us
RA et al the cochlear ori- Gerbil 12 mal  -200 /us
gins of the TEOAE (Meriones ms clicks or
and DPOAEs with Ungui cul a- 2 ns tone
t he aid of cochO- t us) pips with
| ear m crophonic .75 s rise
recordi ngs. fall tinme?
stimuli

rate 10/é.
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12 13 14 15 16
Intraperi- TEOAE Beyer DT-48 or TDH-49 Stimulated acoustic No mention of the
toned in- & earphonel/2 condenser emissions in the form stimuli parameters
jections DROAE. mic B&K 413&4'& or of echoes to tran- for DPOA
of urethane Knowles mic(EA-1842) sient stimuli are not _ _ _
(1.5g/kg) Single micropipette present in the ear- It is an invasive
or sodium in scala media and a canal of the anes- technique so cannot
entobar- wire electrode at thesized gerbil. be replicated with
ital the RW (for cochlear _ o . human beings.
(40 mg/kg) microphonics). Acoustic emissions in

~the form of DPs hy-

two tones are present
~in the earcanal of

the anesthesized

ebril at levels 20-

0 dB greater than
those found in a small
cavity.

The levels of acoustic
and QVIDPS are resis-
tant to death by
anoxia for atleast

i-2 hours.

Elimination of the
ADPs is also concurrent'
with the total dis-
appearance of the .
negative EP & the CM
response to fundamenta
tones.



11

1 2 3 4 5 6 7 8 , 9 10
1981 Zurek P. M 1 Search for acoustiqg Chinchill- 23s - - 11 Suppr essi on
et al. emssion in the as nor- tone near
ears of chinchillas mal t he SOAE
‘ 6 freq.
pat h
| ogi
ical
1931 zZwi cker E 2 To establish the Gui nea pigs 7s - - - si ngl e peri -
et al. presence or absen- 10e od 45/ sec.
ce of acousti cal for EQAE
responses in gui nea
pigs & to conpare
their properties to
those found in the
case of man.
4 1932 Wt H P 2 To show that Monkey oS Male - 0.2-5 KHz
et al. EOQAEs occur in driven with
nonkey ears al so. electrica
pul se of 0.1
in seg repeti -
tion rate

40/ s.
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12 13 14 15 16
D abut al SQAEs  Earpiece from Stadl er The absence of SOAE in  Hunan ears are ex-
(sodi um 1720. M niature mc. 26 ears of 17 healthy posed to noise &
pent obar bi t Know es el ectronics chinchill as. hence this findings
-0l Ket aset (EA 1842). wave | eads us the recon-
(Ket am ne anal yzer (Hew ett Two chinchillas denon- sider whether the
hydr ochl o- Packard 3581A). X-Y strated conti nuous SQAE is a nornma
ride). recorder (Hew ett narr ow band QAEs phenonenon. This

Neur ol ept a- TEOQAE

anal ysi s.

Ket al ar
20 ng/ kg.

TEQAE

Packard 7035 B)

Ear phone DT 48s
mc-2; anplifier.
octave band filter
t ransf or ner.

Mniature mc.
Know es BL 1671
Amplifier. Figh
pass filter 500 Hz.
FFT switch second
hi gh pass filter
400 Hz 24 dB/ oct.

after exposure to
noi se

Acousti cal responses
are readily neasur-
abl e in the gui nea
pig & can be esta-

bl i shed as such by
single criteria such
as nonlinearity.
hypoxi a sensitivity
and | ow frequency
suppr essi on

Li ke hunman ears and
ears of others ani -
mal s speci es t hese
nonkey ears al so eraitt,
at one or only a few |,
f requenci es.

may be because of
m crol esions in

t he organ of

corti due to noi se
exposure.

The specification
of instrunments &
their nodels are
not nenti oned.

I nstead of age they

nment i oned wei ght
range 3.5 to 10. 5Kg
They have not taken
fenal e, nonkeys Bood
description of

| nst rument s.
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1234 5 67 11
5 1982 ' ZurekP.M 1 To assess the use- Chinchi- ) - Both 3 paid of Pri
et al. fulness of mees+ lias tones.
res of ADFs for 1.f1=1150 Hz?
disclosing the f2-1250 Hz.
resence of coch- 2.f1=3680 Hz
ear disorders. f2=4010 Hz.
3.flI=3680 Hz
f2=4815 Hz.
6 1934 Brown AM. 2 To investigate the Mongdian - Ger- - nor- . 2fl-f2
et al. origin & mode of erbils bil mal
emission of the Meriones 6-8
ADP; ungrioula- mths
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12

13

14

15 16

Diabutal
60 mg/kg
intraperi-
tonically

Nembutal
Droperidol

DROAE

DROAE

Data lab DL 4000
averager. Digital

tape recorder. Com
puter-FFT algorithm.

Two knowles minia-
ture earphones. One
knowles miniature
mic. Grason Stadler
otoadmittance meter
1720. Two oscilla-
tors. Two attenua-
tors.

Programmable attenua-
tor two. Amplifier
wo wave analyser.

Hewlett-Packard

3581 A. Computer
FDP 8/1.

Knowles transducers
(2 lousspeakers and
one mic)

When fl & f2 were in This can be intro-
between 30 & 90 dBSPL  duced as a test of
2f1-f2 and 2f2-fl DPS differential diagno-
were 30 to 50 dB below sis in our clinical
pri.tone levels, ' practise.

Noise exposure that

caused tem oraIR/
permanent g Ioss
produced corresponding
temporary or permanent
reduction in DPOAE

levels.

In the absence of cond.
Impairment DPOAE
levels can be used

as a sensitive indi-
cator of hearing sensi-
tivity & the condition

~of the cochleqg.

The cubin difference No.of subjects & sex
tone 2fl-f2 responses for both anima and
from the gerbil can be human groups not



1.2 3 5 6 7 8 9 10 11
Whether the DROAE and normal
Is similarly pro- man.
duced in gerbil
and man.
7. 1984, Clark WW., 2 To bring together Chinchilla 56e - 28 Freqg.of the

et al .

salient features
of otoacoustic.
cochlear histopa-
thological and

behaviour threshold

shift observations
to aid in undeor-

‘'standing the mecha

nisms underlying
SOAE.

noi-* SOAE (I)with
se _a bandwidth
expo 30 Hz.suppre-
sed ssion experi-
ears ments (2)

28 with a band-
une- width 300 Hz.
Xpo- for recovery
sed function

ear
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13 14

15

16

12
D abut al SQAE
60 g/ kg
I.p) sodium

put obar bi ta

Second m ¢ I n neatus

via. a4 mmlong
lmMmi.d. tube.

| nsul ated silver
wire with an exposed
& chlorided tip in

t he round w ndow
regi on as el ectrode
to nonitor CM

Ear pi ece Reason

Stadler 1720 with a
knowl es el ectronics
mc EA 1842.

Sweep freq have
anal yzer (Hew ett
Packard 3580A) X-Y
recorder (Hew ett
Packard 7035B)

Gscillator (Hew ett
Packard 2394)
attenuators (Hew ett
Packard 350)

Ear phones (Know es
1716)

used as a nodel for
t he hunans 2fl-f2
response.

Thi s response can be
used to obtain infor-
mati on about cochl ear
freq. selectivity.

DPQAE i s a val uabl e
tool for non-invasive
nmoni tori ng of coch-

| ear activity over a
wi de frequency range
i n both speci es.

Two cases of SQAEs

have been found anong
28 chinchillas ears

after noi se exposure.

No cases of SQAEsS have

been found anong 28
un exposed ears.

not mentioned. Age
range (nean age) of
hurman subj ects not
nment i oned.

The auditory pat ho-
Iogy of the gerbi
subj ects not i nve-

sti gat ed.

The specification

of stimuli used not
nent i oned.
Smal | sanpl e size

so the results can
not be generali sed
Good descri ption of
| nstrunents.



1 23 4 56 8910

8 1994 _lRugge}o M. 2 ,To report very . AnAmeican, 1 5 Mae, Path No stimuli

A.etal. intense SOAE pro- Eskino Dog mths olo- ,
3uced, by both gical
ears,of a dog..

9 1935 DoianT,G. To explore the Cat Adut  Nor-. Two equi-
et al. possibility of . - mal ' level conti-
mechanjcal chan- nuous_tones
ges being associ- for DRPOAE
ated with long- tone bursts
term adaptation for AP.

bK examining
changes in the
amplitude of

E foil.sound
exposure.
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15

16

12 13 14
At ropl ne SQAE Pl astic specul um I ntense (59 dB SPL) Wth the hel p of ABR
sul phat e Beyer DT-48 earphone. SQAE are produced by results, the authors
(0. 04 ny/ kg Know es EA-1482 mi c. both ears of a dog. tries to strengthen
sodi um Amplifier, GCscillo- hi s hypot hesi s the SOAE
Thi anyl al scope. Wave anal yzer i's generated near the
(18 nﬂlkg Hew ett Packard transition between
Hal ot hane. 3581 A ABR normal and abnor na
regi ons of the cochl ea.
Sodi um pen- DPQAE Oscillators, TDH 39 Sound exposure can By renoving the anti -
t obakbi t al ear phone Gener al al ter the mechani cal resonance of the ME.
(50ny Radi o (900 wave response of the cavities and the build
body wt anal yzer) cochlea to two tone up of negative pressure
| nt aperiton-: i nput . by openi ng the bul | at
cal ly; Bot h DPQAE and acti on renvvin% the septem the
potential one reflec- study shoul d be reported.

tions of the sane
under | yi ng cochl ear
process. Adapt er
effectiveness is

strongly influenced by

the state of the
m ddl e ear.
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456

7

9 10 11

10 1985 Horner KC 1
et al.

11 1985'Koss M.
et al.

2

To evaluate the Mice 2 , 15-
relation between norl.328 ,
cochlear dysfunc- 35 .days
tion and particu- Hg.
lar features of imp
BPOAE. muta

nt

mice

To investigate the' Mustache 15
properties of EOAE Bat(Pter-

In the Mustache onotes

bat. comparison Parnelli)

of this EOAE with

human EOAE.

To investigate the
relation between
echolocation freq.
uencies and pro
perties of the

hearing system.

- both 2fl-f2 at
equa level

- - | series:.con-
tinuous tones
sweeping from
10 to 120 KHz
with a 100 or
1000 Hz/s
swveep speed.
Il.series:
phase locked

tone bursts
ad clicks.
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15

15

16

12 13
Urethane DRFOAE
(2 mg/g
Pody
Nembutal or SFOAE
Halothane TEOAE

&
SOAE

Knowles electronics
microphone (EA 1751)
B&K 2608 amplifier
spectrum analyzer.
Hewl ett-Packard
3580A), B'K 4134
mic. oscillatory
mixer,attenuator.

B&K 4135 (1/"4) mic.

Condenser |oudspeake’

HP 354A oscillator
HP 3590A wave
analyzer. Wavetek 12
freq. generator.

Bell & Ho well tape
recorder. VIcko-22-
16. PDP 11/23 micro-
computer.

Glass insulated
tungsten electrodes.

In the norma hearing
animals, primary tones
at levels of 60 to

100 dB SPL evoked
DPOAEs at 20-50 dB
bdow the primary
level.

In the hearing impaired
mutants the level was
dependent on the

particular type of
auditory dysftunctions

associated with the
mutations.

EOAE can reach an am-
plitude as large as

70 dB 1. ad occur in
the freq. range most
important for echoc—
cation. A sharp max.
of the amplitude of
cochlear microphonic
potentials at about 62
KHz could be correlated
with the anission freq.

In one bat EOAE res-
ponse changed to a SOAE

DROAE can be used as a
noninvasive monitor of
cochlear function. But
we should have norma
tive data so that this
can be put in clinical
use. Can we really
consider thi s data
applicable to the human

beings.

Thereis no mention of
auditory normalcy/abnor-
nalcy and its measure-
Bet before or at the
time of emission record-
ing EOAE converting into
SOAE is something of
important consequences
ad it should be further
experimented
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123 6 11
1.2 1995 .Martin GK. 2 Incidence of SOAES Monkeys 51 1.5- 499m Nor- n~o stimuli
et al . in non-human pri- 13.9 ,12f mal
mates( Mok ey) mths
1.3 -1987 Lenior M 2 To investigate how Wistar 82s 11- m  Two continu-
et al. acoustic emissions Rats. 40 ous pri.fregs
develop during the days

cochlear matura-
tion.
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12 13

14

15

16

Ketanlne OAE
MCL,

V etalar
20 mg/kg.

DROAE

Nambutal
intraperi-
ton eal

50 mg/kg

Knowles, 1834 mic.
probe tube 2.8 nm ID
15 mm length pedia-

tric immittance probe

tip, differential
IR N BRI oS

XY recorder B&GK -

2308.

Probe, mic.
T™wo knowles

1842.

Knowles

1850 earphones
catheter, 8 mm long

O.5rami.d.
generator.

attenuator.

2 freq.

Tektronix

Preamplifier AM 502
spectrum analyzer

Freq. and amplitude of
the EOAE responses
reversibly decreased
often exposure for

1 min. to continuous
sounds of more than 85
dB S with freqgs. of
about 2.5 to 7.5 KHz
above the BOAE freq.

25% of the ears ad
5.0% of the monkeys
were found to have

SOAES.

Adult like patterns of
the acoustic responses
were achieved by day
18 for 2fl-f2 = 3KHz
by day 20 for 2f 1-f 2-
by day 28
for 2fl-f2 = 7 KHz

5 KHz ad

The fact that the

2fl-f 2 QAEs reached

Only light anesthesia
used possibility of
anesthesia reducing
SOAE amplitude is not
ruled out, sample
comprised of 836 of

made.

The similar experiments
with the human newborn

and children should be
done.



10

11

14 1990 .Brown A M.
et al &

1

To explore the Qui neapi g 20
simlarities bet- (Pignented)
ween rodent and

human responses

u3|n? moderate to

low Tevels of

sound stimulation.

Tone pul ses
10 ns rise/

fall

.5 ms.
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12 13 14

15

16

B.K 2033. 12' B’K
mic. 4134 artifi-

cial ear.
Hypnorm . DROAE  Probe accompanying
(0.25 m/KQg)' 2 knowles, 1712 |oud
& Diazepam speakers and knowles
(25 mg/kg) 1842 mic Hewlett

Packard spectrum
analyzer (3561 A)

adult characteristics
from low to high fregs.
isS not consistent
with the devel opment
of the tuning proper-
ties of the basilar
membrane. The long
development of the
212 QS & 7 KHz
suggests that the
organ of corti under-
goes subtle changes
well after the exd of
its apparent matura-
tion.

The guinea pigs can be
used as a modd for
acoustic 2f 1f 2 distor-
tion generation in the
humen ear provided that
the response to mode-
rate to low levels
sound is compared.
Although underlying
process is the same,
humen response is more
structures ad less
predictabl e.

Numba of huren beings
in the comparison group
not mentioned. Age
range ad sex of the
guinea pig not mentioned.




1 2 3 6 7 8

4 5 9 10 1
15 1990 Vait:hj k 1 To present expe- Human Frog 8e - N
et al . rimental data (Rana human stimili
P. on anplifier and escul ants) 2€
frequency fl uctua- frog

tions of SQAE-



12

Not

Ifl’;ﬂe%‘lltl O-

13

14

SOAE

Sensitive micro-
phone videotape
(Sony SL-3OEap
Video recorder)
Pul_se code modu
ation Sony PCM-
F1).
Wavetek 178
signal synthesizer
Unigon 4512
FFT analyzer.

Band gass filter
B&K 1623
Heterodyne band

pass filter B&K
2020

HP 5 326 A timer.

15

Emisson amplifier
and period both
dowved small fluc-

tuations.

a) ArmgAo ranged-
@ from 0.7 xg10'2

t0 6.3 x 102

Egfohumen emi-

b) Trms ranged
(0) from 1.4gn

9% 107
Por_x[%_e 2 frog.
emissions.

There was a positive
correlation.

. (R= 0.9) between

ArmmmsAo and Trms.

16

| AWLgrs Lopare

with that, of
second order
oscillator ad
observe that

FuPsTHLgor

driven by white
Gaussan noise
cannot account
for all experi-
menta results.

57



1 2 3

4 5

6 7 8 19 10 11
16 1992 Chertoff 7 To describe the Pigmented 20 - - Nor- f2/flI=1.12 to
N, et al. properties of ave- guinea mal 1.52., pri.
raged auditory pigs freq. (500-
evoked potential cavia 2000 HZz).All
distortion pro- orcellus) two-tone
ducts in Guinea W1t-200-250 signals had
pigs'. gms. 20 ms. linear
rise fall
time, and
160 ms.
plateau.
17 1992 Whitehead 1 To provide indepen- Rabbits - 12 Nor 1.source of dis-
M.L. et al dent .evidence for from both wks mal tortion dominant
the existence of  pigmented & over 60-70 dBFL
more than 1 DROAE ' albino at mod.pri.freq.
source & to deter- Newzealand separations & at
mine the contribu- strains. all stimulus lvils

tin of each to the
ear canal 2f1-f2
signal.

when pri.tones

are closely spaced.
Other dominant
below 60-70dBSPL
at mod.pri.freq.

separation & sti
mulus levels wien
pri.tones widey

Spaced*"
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1 4

15

16

12 13
Ketamine DROAE
50 mg/kg) &
Xylaine

Earphones (Nova)
speculum, 3 an piece
of polyethelene

(5 mg/kg) tubing, probe mic,

(Knowles,ER 7),mic
equalizer (Knowles

equalizer (Knowles
4—72?, _measuring
amplifier B&K type.

2610, spectrum ana-
lyzer (Hewlett
Packard Dynamic
signal analyzer
3561 a) .

Measurement probe,
dual channel synth-

sizer computer, atte-possible to
-ritly study the two

nuators, 2 dynamic
ear speakers (Beyer
DT-48), probe tube,
inch condenser mic
(B'K 4166), dynamic
signal analyzer
(Hewlett-Packard 3561
A), lock in ampli-
fier (Ithaco 3961 B)

The amplitude of AEP
cubin diff. tone (AEP-
CDT) increased with
increasing f2-fl ratio
For 500 Hz f1 pri. &
remained constant for
800 Hz and 1700 Hz f1
pri. AEP diff. tone
(AERDT) weas larger &
frequently identified
than AEP-CDT). Anmmp
of ABERDT decreased

Study provided a des-
cription of ADFs in
norma animals ad
provide a baseline for
future studies deter-
mining the effects of
coch. on audi-
tory nonlinear medha
nisms measured with
AEPs

with an increase in f2- -

fl ratio. Decrease
more pronounced for
low freq. fl pris.
than high freq.

By varying stimulus
parameters it mey be
independe-

generator mechanisms.

fl pris.

It is not dear whether
high level DROAES
result from passive.
macromechanica pro-
perties of cochlear
partition or from one
energy-requiring pro-
cess. Also it is not
clear whether there
are discrete low ad
high level DrPOAE
sources in humen ears.



18 1992, Allen, J.B, 1 To measure coch. Cats- Adul - -
et al. amplifier gain as
a function of po-
sition aong the
basil at membrane

19-1992 Littman, T 1 To determine the Pigmented - Young' both -
"A. et al. influence of tonic guinea pigs sex
efferent input on wt.250-500
eoch. mechanics by g.
transecting
entireOCBIin
guinea pigs ad
Observing changes
in tuning curves
& acoustic DPA.



12 13 14 15

DPOAE Earphone, probe mic, Total gain of coch.

transducer/ micro- amplifier over the
electrode. range of positions

measured , must be |less
than 10 dB, Thus there
is no cochlear ampli-
fier. Cochlea must
achieve its freq.
selectivity by some
other means.

DPOAE Oscillators (Hewlett No con s stent ch an ges It seens unlikely
Packard 200 CD)/ in tuning curves or in that efferents are
attenuator sets growth functions of involved in esta-
(Hewlett Packard 350 DPS. Measures reflect blishing set point
D), 2 inset recei- cochlear mechanical for cochlear opera-

vers (Etymotic ER-2) non-linearities. Tonic tion.
probe mic (Etymotic QOB input is not nece.

ERIOA) ssary for grossly
Preamplifier (Etymo- .normal cochlear mecha

tic ER-1072) siagnal nical funct_ions in 'ghe
analyzer (I-?ewlgtt , 10 KHz region of guinea

Packard 3561 A). ,Pig cochlea.



1 2 3

5 6

10 .

11

20 1199 2 Whitehead

M.L. et al.

21 199 3 Khama SM
et al.

22-199 3. Rabillard
G. et al.

8 To investigate

To investimate Pigmented
physiological vul- Newzedand
nerability of strain
DROAES in each of rabbits.
the two 2f[-f2

DPOAE-reponse  re-

gion identified

on basis of diffe-

rential parameter

properties.

To measure mecha
nical vibrations
of Heusen'.s cells
with a laser hete-
radyne interfero-
meter in guinea pig
temporal bone.

Guineapigs

changes in 2fl-f2 wt.200-3
DROAEs foll.

Guineapi(%s mm
g:

2f1-f2,
stimulus
level 45-75
dB SPL.
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12 13 14 15 16

L ethal DPOAE | Head mount device. Lov and high level Mechanisms of genera-
anoxia measurement probe. 2fl-f2 DFROAE arise tion of low level
ethacrynic dual channel freq. from discrete sources.  DROAEs and role of
acid synthesizer, com- Low level DPOAE active cochlear pro-
gentamycin puter, attenuators, source is an active cess in the genera-

2 dynamic ear micromechanical pro- tion of DROAES re-

speakers (Beyer DT- | cess elimination of main obscure.

48) speculum probe both high and low

tube, 1/2" condenser level DROAEs reveal

mic B&K 4166?, presence of third.

dynamic signhal ana- | residual 2fl-f2 DROAE

ly2er (Hewlett- component, approx. 75-

Packard 3561 A) or 80 dB below stimulus

lock in amplifier tone levels, they may

(Ithaco 3961B) reflect true passive

distortion response
of the cochlea.

Plexiglass | SOAE 386 based computer Spontaneous vibrations
tank filled system coupled to a | noticed, which origi-
with tissue 16 bit D/A converter | inated at the OHGs and
culture for freq. tuning are supposed to be the
reed un curve. sources of SOAE in ear.
through
which 02
was bubbled
Urethane DPOAE | Probe containing 2 DROAE remains affected | Comparison of behavior
(1.6 ?/Kg emitters (Knowles for a certain time of DFROAEs and of other
i.p) fla- 1850) & 1 receiver after the metabolic coch. parameters give
xedial (.6 (Knowles .1757) com- | perturbations were re- | good indications on
mg/100 g puter controlled moved. the weay different
im)




1 2 3 4 5 6 7 8 9 10 11
alterations in
coch. met abol i sm
23-1993 Manl ey 1 I nvestigate the Bobt ai | 20 adults - - Pri.fl tones
G A et al general characte- Li zards : (f1=0.455.
ristics of DPOAEs (Tiliqua- 0. 705; 1.005;
in bobtail lizard rugosa) 1.4, 1.9, 2.8
& 4.0 KHz)
SPL of both
pri. tones
raised in 5
dB steps from
20-70 dB

SPL
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12 13 14 15 16
spectrum anal yzer experimental proce-
Hew ett Packard dures affect the
561 A) | EEE 488 bus functioni ng of coch-

A/ DC, glass m cro- | ea during and after
pi pette, WP 1KS- 700 their application
amplifier, oscillo-
scope, digital volt
met er.

D azepam DPOAE  Hew ett Packard 3325 DP fromhigh freq.

("Val i cum Afreq. synthesizer. segnent bore a renar-

2ny/ kg nanual attenuators, kabl e to ADP of

Initial 2 Beyer DT 770 head- nammals in nany details.

dose) and phones, 7 cmplastic inspite of substantia

phenobahbi - tubes, B& 0.5" mc structural and m cro-

tol ("Nem B&K 2660 | ow noi se mechani cal differences

butal " 25 preanplifier HP 3561 between these hearing

ng/ Kg. i.p. A signal dynamc organs, suggesting it
anal yzer (DSA) IEEE is the characteristic

Al curoni um 488-1305 System of HCs thensel ves that

chl ori de are inportant factors

"Aloferin'! for determ ning DP

+5 Nyl kg generati ons.

i.m

Al so characteristics
of ADP produced by |ow
| evel pri.tones were
determned by tuning
characteristics of
hearing organ at HC

| evel .



1 2 3 4 5 6 7 8 10 11
24 -1993 Koppl C. 1 To investigate Bobt ai | 10 21 -2 & sf 2-
ot al . suppr essi on t uni g Li zar ds fI, pri.fl
char act eri st ibcs 0 (Tiliqua E)O?lg?) (Bl ;5
DPQAEs in Bobt ai #
i zard. Rigos?) 0. 005, 1.4,
1. 9 2.8 &
4.0 KHz)
25 1993 MIls DM 1 To investigate the Gerbils 60- f1=6.8;
et al . vul nerabi | i t%/ and 90 f2=8 K
adaptation o days éf 2/ f1=1.18)
DPQAEs t o endo- | fl-2f2,
coch. potenti al 3fl - 2f 2,
(EP) variati on. f21‘22f1|‘l &
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12 13 14 15 16
Pentobar- DPOAE  Sane as above Suppr essi on tuni ng Mechani sm gener at -
bital and curves of DP generated ing DP patterns
D azapam by low level Pri,tones are based on basic
resenbl e those from HC props, and not
mammal s and field in-  on thelr acce-
formati on concerni ng ssory structures.
integrity of hearing
or gans.
Furosemde DPQAE  Thernocoupl e, ref. Emssion at 2fl-f2 and
el ectrode (world 3fl-2f2 at | ow stinu-
preci sion Instru- | us | evel s were vul -

ment, MERE2), Ety- nerabl e to changes in
notic mc/probe tube EPy

assenbl y (ER-108),

rubber tube, tra- EP decreased snoot hl y,
cheal cammul a, retrac-re achedam ni nruml 1/ 2
tors m cropi ppette. hours after i nj. then
conPut er (Maci nt osh recovered slowy over
Il Tx) digital sig- several hours.

nal processing

board (spectral inno- Recovery with inter-
vations) , 3 channels preted as an adaptive
for ADC & 2 for DAC, effect with a time
attenuators, 2 Ety- constant of about 15
notic ER- 2 trans- mn.

ducers, Etynotic ER-

10Bm c, coupler,

AC/ DC preanplifier

(Gass pl 6).



1 ;2 3 4 5 7 8 9 10 11
26 1993 Canton B. 1 To measure audi- Waltzing INS ‘2,9, .- nor-
et al. tory brainstem - guineapigs . 15 ' mal..
responses, DPOAES: ‘30
HC loss and. for- days
ward masking

tuning curves in
waltzing guinea

pigs.
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12

13

14

15 16

POAE

2-channd synthesizer
HP 8904A, Beyer DT
880 headphones.
Etymotic Research
ER-10B probe, ER-
10B mic. HP 3582

A spectrum analyzer.

ABRR threshold shift
increases as postnatal;
day increases. DROAE
anp. as function of H;
anp. increased with
postnatal day and
also with stimulus
level.

Prominent alteration
occurs in 3rd row OHC,

then 2d and then 1st
tuning curves dow

decrease in sensiti-
vity with increasing

age.



CLINICAL APPLICATIONS

3.2.1 TEOAE

a



1

2 3

5

10

1

2

1980 Johnsen
N. Jet . al

1982 Johnsen
N. J.
et al.

3

To describe instrunental
set up & nethod adopt ed
by the authors for the
signal anal ysi s.

To obtain normative data
for the CEQAES in young
adults & to investigate
t he influence of posture
on the em ssions.

42
yrs.

25 29- ﬁ{h Bot h

10s 21- Nor ma
42 Eqm

yrs

dick, rarefac-
tion pul se of
2 KHz repeti -
tion rate 10/ s.

Adicks of 2 KHz
repetition
rate 10/s



11 12

13

14

Latency & . Probe Danpl ex ZA30, wt .
threshol d. | og.

Know es BT1757 mc.
know es B&K 2615 ear -
phone anplifier.

Band pass filter (250 Hz'
24 .dB/oct. to 5 KHz,

18 dB/ oct) CED ALPHA

LSl -2 conputer Fl oppy

D sc.

Latency Sane as above.

Recordi ng from a nor nal
t hreshol d subj ect
served as an eg. and a
cl ear response coul d be
traced down & bel ow t he
pféchoacoustic t hr esh-
ol d.

The threshold was el e-
vated and the response
pattern altered when a
SN hearing | oss was

I nduced by ingestion of
acetyl sal i cyl ate.

No response coul d be

recorded froma deaf ear

Wi thin intact eardrum
and nobi | e ossi cul ar
chai n.

A cl ear response coul d
be traced down to or
bel ow t he psychoacou-
stic threshold in all
ears.

Response pattern diffe-

red fromone ear to
another (intra & inter
subj ect variability).

Bot h t he net hods appl i ed.

to get group |atency
were al nost identical.

W cannot generalize

t hese findings of the
study as because single
case i s not enough to
general i ze. Hence study
w th nore nunber of

cases shoul d be repeat ed.

Sanpl e size is snal

hence generalizati on not
possi bl e.



3

A 6 , 8 9 10
1983 Johnsen 3 To point out the possi- 20s 48- |If Normal Click, raref ac-
N. Jx bility to develop the 96 9m tion pul se of
et al. recording of EOAEs into hrs 2 KHz repeti -
a neonatal screening tion rate
test.

10/ s
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13

14

Latency Sane as before.

The individual input
out put functions exhi -
bited nonlinearity.
The latency vs. freq.
rel ati onshi p was anbi -
gous.

TEQAE denonstrated high
stability of response
pattern fromthe indi-
vi dual ear response
pattern unaffected by
post ure.

A clear and reproducibl e
response was identified
fromall ears at 50 dB
att. The echo group

| atenci es & anp. were
within the sane range
as in nornal adults

and the anp. input out-
out curves exhibited a
clear nonlinearity.
Final conclusion is
that the recording of
TEQAE coul d be appli ca-
ble us a sereening pro-
cedure I n newbor nsy

A foll owup of these
children wll give
confirmatory results. So
a prospective study with
nmor e nunber of neonates
are required.

It isdifficult to
clearly diagnose a child
as nornmal just based on

ot oscopy and tynpanonetry
ABR coul d have been done.
For a better estimate of
heari ng st at us.



1 2 3 a4 5 6 /8 9 10
4 995 Elberling 5 |To evaluate the TEOAES 100s 48 - Normd 2 KHz click
C et al’ N regponse !:O_ various 96 or a tone
tonal stimuli in normal VIS burst repeti-
hearing adults. tion rate
To evaluate the type | 20/s.
errors.
5 19 Bray P 8 To determine if the adva 105 64 - Both-
et al need cochlear echo tech- ' 55 73
niques developed could yrs.

acquire a valid Q¥ re
cording from the typical
child pt, with typical
noise present.
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1 12

13

14

Latency Probe (a) mniature mi c,
(b) receiver (earphone)
Amplifier.

Band pass filter (250
Hz, 24 dB/oct, and

5 KHz, 18 dB/oct.
conput er.

Know es 1712 mniature
Knomﬂes 1843 mi ni ature
m c.

Lat ency

Brasstube 2 mmext. dia
I mMm i nternal di aneter.
11 nmlength. 2.5mm

Hei ne specul um C A
ALPHA 2/ 40 m croconput er
CED 502 anal ogue

Evoked activity from
each ear contains
energy intpreferentia
freq. bands & change
of stinmulus freq. has
only a m nor effect on
t he power spectra.

Significant information
i s obtained by the
click rather than by
tonal stimuli.

Om ssion anplitudes
wer e of the sane order
of magni tude as those
previously found in
normal hearing adults.

Cochl ear echo can be
recorded in nornal
heari ng newborns with
an extremly lowrate
of type | error.

The subj ect noi se
probl em in acoustic
cochl eography can be
solved and that a pro-
perly engineered test
devi ce could be useful
addition to the audio-
nmeter test battery for

children not just
neonat es.

Preci se description of
the instrunent used is
not given.

Testing tine can be
reduced markedly by

i ncreasing the repeti-
tion rate and reducing
t he nunmber of test

runs

The fieldtrial is neccessa
ry. less expensive mcro-
comput er should be utilized
to make it cost effective.



6 1987 Tanaka 5 To ascertain whether OAE 52s - 30m Patho- Tone burst,
Y et al is clinically applicable 22f " loaical 3 ns; rise
for evaluating the fall 1 ms.

degree of inpairnent in
hearing | oss.



t hreshol d dance audi onet er.

Acousti c probe,

a) Danavox, 5 MWV 68
ear phone.

b) Knowl es EA 1843 mi c.
anmplifier.

Si gnal processor

SANElI 8UL16.

11 12 13
interface 80 Mbyte
Wi chester disc, with
100 KHz witing speed
DVA CRT di splay 502 DAC
Latency R ON AA - 61BN audi o- TEQAE are excellent in
and neter, R ON RS-30 inpe- reproduci bilitys

The interaural diff. is
a useful indicator in
U L SN hearing | oss.

The interaural diff, of
t he TEQAE t hreshol d
was |arge in inner ear
i npai rnments and it was
nil in cases of func-
ti onal deaf ness.

There was a positive
correl ation between the
interaural differences
of the psychoacoustic
threshold and those of
the TEQAE t hreshol d
the TEQAE is clinically
applicable in the
ditferential diagnosis
of SN hearing | osses &
in evaluating the
degree of inner ear

| npai rment s.

67

14

They have not taken
any control group for
conpari son but the
conpari son is nade
with the normal ear
and pat hol ogi cal ear
of the sane subject.



1 2 3 4 5 6 7 8 9 10

7 1988 Bonfils 5 To summarize the results 330 - Both Clicks-100
Peatal of TEOAE obtained in e /usec. repe-
adults and infants both tition rate
with norma hearing ad 21/s.
other pathological
conditions.

81988 Johnsen 3 To obtain normative data 100s 48- 43f Norma Click rate:

N.J. from newborns and to dis- 96| 57 faction pulse

etal. cuss the practical ad hrs m of 2 KHz repe-
methodological problems tition rate
related to recording of 20/s.

EOCAE;



68

11 12 13 14
Lat ency Mniature mc. Knowes | TEQAEs can be clini- TEQAE i s easy to use.
and BT-1751. cally used for (a) Obj. | noninvasive rapid and
threshold| Earspeakers Know es assessment of SN hear- | objective audiol ogi cal
B&K 2615, |ength of ing |oss (b) Staging procedur e.
probe 3 cm Meni er e’s di sease by
recordi ng gl ycerol
W . of probe - 20 g. | nduced changes (c)
spectrum anal yzer D agnosi s of retro-
Hew ett Packard. cochl ear pat hol ogy (d)
Screening of auditory
function in infants.
Lat ency Sanme as descri bed by No significant differen-| TEQAE recording can be

aut hors in Scandi navi an
Audi ol ogy 1983,

Except - Madsen ZO70
| npedance  notor.

ce coul d be denonstr a-
ted between nal es and
femal es or between

| eft and right ears
with regard to the

| at ency of the em ssions
t he peak to peak anp.
the main freq. conpo-
nent or the waveform
correl ati on between the
two 70 dB and recording
in each ear. A signifi-
cant correl ati on between
left and right ears was
found for the anplitude
and freq. of the em-
ssions. Envel op tech-
ni ques was t he nost
sinﬁle and reliable

t echni ques of determn-
ing | atenci es.

used as a screening test
in newborns. A pro-
pective study eval uating
the fal se positive and
fal se negati ve cases
will further confirm
the worth of TEQAE as a
neonat al screeni ng.



1988 Stevens, 8 To study the potentiality 67e 16 2Im both
J.C. TEOAE in.detecting hear- 37s 85 17f
iNng impairment. yrs
10 4989 Bonfils 6 To determine the clini- 137 14- Both
Pet a cal applicability of e 74
EOAES as obj ective indi- yrs

cators of cochlear
disease.

10

100/usec uni-
polar sq.
wave rare-
faction
interstimulus
interval

80 msec.

Rarefaction
clicks 0.1 ms
repetition
rate 19/s
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11

12

13

14

Latency
and
threshold

Latency

and
threshold,

PT audiometer Kamplex
ACA or Peters APG.
Knowles Electronics ED
2950 miniature ear-
phone. Knowles Elec-
tronics BT 1751 minia-
ture mic. Anadog
filters

Acoudtic probe; length
3.5 am, wt. 20g.
a) Knowles BT1/51 mic.
b) Knowles BBK 2615
earphone.
Impedance probe protec-
tor Madelec AA6 MK3
amplifier, gains 1000
to 10000.
Bad pass filter, 250
Hz, to 8 KHz, 16 dB/oct
towards high frequency
Flexible disks High
resolution signal ana
lyzer Hewlett Packard
3661A.

The level of stimulus
required to obtain a
recordable emisson weas
found to be correlated
with the psychoacousti-
ca threshold of the
click stimuli but not

to a high exugh level
to make this a useful

measure of hearing loss.

TEOAE can be used as a
reliable technique for
objective study of
norma micromechanical
activity within the
cochlea aad for detec-
tion of subtle changes
in cochlear disease.

The results obtained for
norma hearing groups
ad impaired group can
not be compared because
they are not mached as

per age.

It is not possible to
differentiate various
cochlear disease with
the TEOAE recordings
instruments ad
stimuli used are des-
cribed very nmud in
detail.



1 2 3 4

5

1o

11 1939 Bonfils 11
P

12 1989 Collet L 10
et al

To determ ne sone basic
features of SOAEs rel a-
tive to (i) age & sex
of normal subjects (ii)
audi ometric threshold
and EQAE threshold with
SN | oss subj ects.

To specify OAE charac
in relation to SN hear-
ing |oss

284 2d-' - Both
e 4oy

148 42. 51m Path.

e 3y 25f
76s

For TEOAES
rarefsction
clicks 0.l
nms repeti-
tion rate
19/s.

Rar ef action
clicks? 100
/usec. repe-
tition rate
22.71's
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11 12

13 14

I&%ency Same as above for
TEOAES for SOAEsS gain

tklm(rjesh- 10 . High pass filter

old. 250 Hz, 16 dB/oct.

Latency  Acoustic probe (a) Tandy
and M O&3T mic. (b) Know-

thresholdl es K 2912 earphone
band pass filter X230 to
7000 Hz.
Amplifier ,4x10*
Niclet pathfinder
apparatus.

Instrument axd stimuli
used are described very
muchin detail. Age
range of abnormda group
not mentioned sex dis-
tribution of cases not
mentioned.

The incidence of SOAES
decreased fram 63% in
the group of infants
less than 18 months old
to 0% after the age of
70 year old. NoO stat.
diff. in SOAE incidence
found between partici-
pants with or without
tinnitus. In the group
of subjets with SN |oss,
the incidence of SOAES
decreased linearly with
increased click thresh-
old or the detection -
threshold of TEOAE
insignificant difference
in SOAE incidence found
between participants
with or without tinnitus.

Absence of TEHOAE is
harder to interpret.

There is highly stat.
significant correlation
between EOAE threshold
ad hearing loss at 1IKHz-
The presence of EOAE
indicates middle freq.
Functional integrity of
OHcs of corti.



1 2 3 4 5 6 7 8 9 10
13 11999 Collet L 3 To ascertain whether 30s 18- 5ImPath sane as
et al evoked potential recor- 35y 25f above.
ded under BC stinulation
are purely auditory or
contain an additional
mechani cal sonat osensory
conponent. To study he
exi stence of BC stinu-
| ated CAE
14- 1989 Johnsen 3 To study t he devel op- 20s — - Normal ddicks of
N. J. mental changes in the 2 KHz repe-
et al. BQAEs recording if any. tition rate
20/ s.
15 1989 Lind 0 3 To investigate whether a 16e - - Path 125 / usec.
et al. sinpl e techniques with a clicks

singl e repeated record-
ing at a fixed stinmulus
int. could give, info,
enabling to differen-
tiate between high freq.
and | ow medi um freq.
heari ng | osses.
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n

13

14

Latency Nicolet pathfinder |11

BC vibrator
specific to AR & MR
Silver chloride
cup electrode.

Specific to TEOAE

Probe (@) Tandy VWM OG&3T
mic. (b) Knowles
K2912 earphone.

L atency

Latency

apparatus.

Silver,

Sxre as earlier used by
this author.

Acoustic probe Nicolet
Pathfinder 11

Digital
400 Hz

Under BC stimulation
the evoked potential

recorded is purely audi-
tory with no additional
mechanical somato-

sensory component.

BC stimulated TEOAES

are comparable to cond-
uction stimulated TEOAES

The latency and the amp.

of the EOAE response
both were unchanged.

In some ears freq.

content of the dominant

part of the TEOAE was
changed.

TEOAE may be used as a
crude test to identify

high pass filter the need of a hearing

H-T.

aid.

TEOAE can be used to

evaluate the presence
of a low/medium freq.

Tre sample size is to
small to allow conclu-
sions to be drawn.
Clinical application
o BC stimulated QAES
IS questionable
because QAEs are pre-
sent in ME effusion.

The findings indicate
that postnatal changes
to occur in the human
cochlea. But just with
the findingg of this
experiment, jumping to
aty coausion will be
a mistake.

Instruments used has
not been elaboratory
reported & specified.
Smaler sample size

used.



6 7 8 9 10
16- 1989 Lutman 9 To report an unusual case: 1s Ily: M Path dick 100
M E. of profound SN hearing / usec repe-
et al. | oss acconpani ed TECAE. tition
rate 47/ s
174 1989 Tanaka, 5 ; To study whet her QAE 266 6 Bot h Tone burst.
1 Y et al :mght serve as a diag- e 155 3ms; | ns;
nostic neasure of inner rise fal
ear in children

freq. | O0CH
- 2000 Hz.
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13

14

Latency Programmable QAE measu-

rement system EFOBEMS
EcochG. ABR

Latency Sarme as earlier used
ad . by author.
Threshold

hearing loss greater
than approximately 40
dB. This techniques
does not give any infor-
mation about the condi-
tion and performance of
the auditory system
control to the cochlea.

SN hearing loss coupled
with the presence of
TEOAE can be taken as
an indication of a
retrocochlear lesions.

The meen QAE threshold
values of norma hear-
ing loss cases were

59 dBHL and 6.2 nHL .
respectively. In SN
loss the value was noted
to increase according
to its grade measuring
37.2 dBHL in the group
with severe |loss higher
than 91 dB.

Age ad sex of the
cases has not been
reported.

The findings should be
clinically tried for
confirmation. Detailed
description of the
instrument especially
of the probe should
have helped other
investigation.

These findings suggest
that the TEOAE thresho-
Ilds is useful for an
indicator of IE function
in chr. The samne expe-
riments mey be repeated
with adults.



1 2 3 4 . 5 6 7 8 9 10
13 1990 Bonfils 11 To study the basic pro- 100¢ 2h- 52m Clicks 0.1
Petal. perties of BEOAES ad the 52s4d 46f msec, repe-
parameters influencing tition rate

them. 19/s.

19- 1990! Lutman 3 To apply Fsp tech.to 61s 3- - Badh 100/usec.

i 'M.E EOAE recording & to 15 rectangul ar
et al. establish a suitable yrs click, repe-

criterion value of FSP.
For the obj. determina-
tion of anh EOAE threshold

tition rate
47/s
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12

13

14

L atency

L atency

and
threshold

A small acoustic con
taining a small mic &
miniature earspeaker

- a small plastic tube
Amplifier.

Filter-high pass-250 Hz
16 dB/oct. Averager
(Racia RFF2/4). Dynamic
signal analyzer.

FROBEVS (I) Earprobe:

a) Miniature mic.
b) Miniature loudspeaker
Mic. preamplifier
Filter. AD converter
Click generator. Micro-
computer (either Aaon
BBC Master 128 (IBM Pc)

TEOAES can be recorded
in 9 of the tested
ears. No significant
difference in the
threshold of TEOAES of
neonates between 1 & 4
days. There is no
significant difference
in the threshold of
TEOAES between males
ad females. THEOAES
exhibited BB spectrum
with high component
frequencies.

TEOAES demonstrating
NB freq. peaks super-
imposed on BB component
had detection thresh-
olds lower than TEOAES
without NB freq. peaks.

Calculation of Fgp stat.

as a quality estimator
for EOAES can be incor
posted in practical
measurement apparatus.
An Fgp of 2.0 or more
indicates that a signal
is present with a 1%

TEOAE can be used as a
tool for neonatal screen-
ing. A two stage time
saving protocol for
screening peripheral
auditory dysfunction in
neonates mey proposed.

1. Behavioura tests
and/or TEQAES

2. ABR

This method id much less
prone to Type | error &
so this can be applied
for the obj. determina-
tion of TEOAE threshold.



1 2 3 4 5 6 7 9 10

20- 1990 |Norton 4 | To determine age related 17d Norma |80 /usec.
S.J. changes in EOAES in 30y rectangular
et al. norma ears & to provide ulses rate

a normative data for O/s at
studying clinical popula 80 dB pe SPL
tions.

211990 |Stevens 4 | To investigate whether 723 Both 100 /usec.
J.C. It is possible to use S rarefaction
et 4d. the | - to identify the square waves

hearing impaired new- rate-32.5/s

borns-
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11

12

13

14

Latency

L atency

ILO 88 hardware ad
software Zenith 159 am
puter with an 8087

microprocessor. 12 bit
DAC probe (a) Miniature
earphone (b) miniature
mic. Digital attenuator
12 bit ADC, high pass
Filter 200 Hz, Bad
pass filter 600-6000 Hz
512 FFT.

Khowles electronics ED
2950 miniature earphone
Knowles electronics BT
1751 miniature mic.
tubing. Z 80 computer.

probability of error.
Whn 2 consequetive
averages both exceeded
an Esp. of 16 the
probability of error
was below 10%%.

EXAES can be used (@)
as a scr. tool
dysfunction across

individual s.

b) 1b monitor changes
over time in coch.
status within an ear.

The proportion of NICU
infants producing re-
cordable TEOAE is 830

Selectivity of TEOAE to
the AR is 8% sensiti-
vity of TEOAE to ARR is
93%. This is quicker
to perform as compared
to ABR

for coch.

Only by conducting both
cross sectional ad
longitudinal clinical
trials of EOAES in
large population, we
can confirm these find-
ings.

This tech. ssams to be
ease effective less
time consuming and
highly sensitive tool
for neonatal screenings
But we nesd to do more
studies to esta. it as
neonatal scr. tool



3 4 5 10
1990 kanaka 4 |To determine or not EOAE Tone burst
Y et al.

et al.

Collet L

test.

To examine the relation

between power spectra of
EOAE & audiogram.

are useful as a clinical

of 3 ms; 1 ms.
rise/fall
between 1&

2 KHz

Unfiltered
80 /usec.
click.
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11 12

13

14

Lat ency

Lat ency

Sane as used by anot her;
previously except - Bad
pass filter (0.8-3.0
KHz) used.

G odynamc |1LO 88
sof tware & hardwar e.

The detection thresh-
old of EQAE was el e-
vated in ears of IE

I mp. with profound SN
hearing | oss. The nean
I nteraural difference
of EQAE-t hreshol d were
near 35 dBin UL IE

I mp. with profound
hearing | oss.

There was a positive
correl ati on bet ween
the interaural diff.
of audionetric thresh-
old and that of em-
ssion threshold in
sudden deaf ness ears
wi th various degree of
hearing | oss.

The i nci dence of conti -
nuous em ssion was 30%
In normal hearing ears
and it was close to
90%in ears wWith B/L
or U/ L dip type hear-
ing |oss.

EQAE spectrum and SN
hearin? | oss_ are signi-
ficantly positively
correlated. However,
It is not possible to
establ i sh an audi ogram

There is aclinica
useful ness for the
EQAEs in eval uating
coch. function and in
predi cting noi se
susceptibility.

The details of 1 nstrunent

used not avail abl e.
(2) Rse/fall tine of
click not nentioned.



1 2 3 5 6 7 9 10
24 - 1991 Dolhen To test a commercially |56s R20- Both
P etal available EOAE instru- Ile |30y
ment and to describe a N33
reliable and simple techr 42w
nique to record.EOAE in
newborns.
25-| 1991 Prieve To report the unexpected | |'s 33y Path Tone burst
B.A. findings of EOAES from sinusoid of
et al. b/L severe to profound 05 1, 2 & 4
SN hearing loss. KHz with 5.64
_ 4.0, 2.82, &
2.0 ms. resp.
Clicks-100/usec.
repetition

rate 25/s.
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12

13

14

L atency

Latency

ILO 88

2 prob' s the smaller
light weighted for
babies ad larger one
for adults.

Cudom designed system
Insert mic. Etymotic
ER-10B, Knowles 1710
transducers for tone
burst Etymotic BHR3A
earphone for clicks.
For Clicks

Amplifier

16 bit ADC _
Commercidly available
system, Otodynamic
IL0O88

by knowing only the
spectrum analysis of
EOAEs. Y

ILO should be used for
obtaining the EOAE wihen
best recording condi-
tions are met.

Such results can be

considered enough
for clinical use as a
clinical test for adults

and for neonatal
screening purposes.

It is strange finding
and the authors suggest
that the subject mey
have a group of surviv
ing O in some region
of her It. coch. with
corresponding IHC or
neural damage

Sex distribution of
cases not reported.
Detailed description of
the procedure ad
instruments not repor-

tea.

Stimuli used in expe-
rimentation ad its spe-
cifications not mentioned.

We can say that BEOAE is

true indicator of site
of coch. lesion.




27

1 3 4 5 6| 7 8| 9 10
26 (1991 ! Robi nson To investigate the effect| 21s 'Normal | di cks;
P.M of change in EAMair pry repetition
et al. on EQAE. rate 40/ s
1992 Naeve To study the effect of 9s [23- | 3m
S L. ear canal air pressure 43 | of
et al. on EQAEs. yrs
28 (1992 |Baldwin | 13 To assess the val ue of I11s| 6- Bot h dick at 85
Met al QAEs as an obj . screening 15y \%Bt ﬁPbaRSak
test for normal peri- _
pheral auditory function w dth of 5KHz.
I ninfants.
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1 12 13 14
Latency| Institute of Hearing I n general EQAE res- Aut hors have tried to
Research, PCEMS, Peters| ponse are reduced by expl ai n these changes
Type AP61 tynpanoneter. | the application of a in the |ine of pressure
positive or negative changes due to anes-
pressure. thesi a. The expt, can
be repeated with nore
nunber of cases for
further evidence.
Latency | Conputer controlled Ear canal air pressure | Ahigh false alarm

system (G odynamcs |LO
88 Version |) 0.8
ns rectangul ar electri-
cal pul ses, probe, mc,
nononet er of cli.acou-
stic immttance sys.
2-cmt coupl er (HA-1-
ANSI ) S3.7-197 3), com
puter controlled aural
acoustic immttance
system (Virtual M310).

PCEMB system ot odyna-
mc |LO 88 system

Is like a high pass
filter with a cut-off
freq. of 2600 Hz and
sl ope of 4 dB/ oct,
fite§lRe PEPSHLE: bF:
lity of em ssion wave-
form rendering it

I ndi stingui shabl e from
background noi se.

In the 3 groups sel ected

QAE testing was found
to be useful.

rate rraK occur in
normal hearing patients

with intratynpanic air
pressures that are

?ignifi antly difference
rom anbi ent ” pressure
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29 | 1992 Col | et To study the effects of 61s |nor.[. 28m| Both dicks of 80
contr al ateral white noise 18- |33f Xusec. duration
et al. on click evoked em ss- 30 click rate
ions (CEE) in normals & yrs 50/ s and
SN ears and to explore SN anal ysi s
nmedi al alivocochl ear cases time 20 ms.
system 27-
66
yrs
30- | 1992 Kok MR To study the growh of 20e 11m Click with
' et al. EQAEs during first days | 15s 51 4f duration of
of postpartum and in of r 80 /usec.
adul ts. new 42-
born (107
10 r.
of 19-
adu- |51 yfr
[ ts.
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Lat ency

Ampl aid 45s stinul ator
& tel ephoni cs TDH 49
ear phones.

| LO 88 (Q odynam c,
Lon;jon Sof t war e Ver si on
3.0

The contral at er al
suppresses CEEs in

pat hol ogi cal ears pro-
bably due to nedi al

ol i cochl ear system

EQAEs in newborns grow
stronger in the first
days of postpartum

From 3 to 51 hours of
age EDAEwas 50%wher eas

in same ears from 24
hours. EQAE were 100%

Conpared with adults the
response in newborns
appear stronger and con-
tain nmore high freq.
ener gy.

Par adoxi cal clinica
cases need to be
investigated and dis-
cussed.

St udi es on i nput
out put functions need
to be done.
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31|1192 Harris To assess TEOAEs in 31s | 20- 14f Path Click stinmu-
tf.P. patients with Meniere's 77, 17m , i BO/us
et al . di sease y rectangul ar
pul ses at the
rate of 50/s
| evel of sti-
muli 86 dB
SPL, 1KHz
tone burst
at 74 dB SPL
32-- 1992 Gobsch To study the behavior of | 8s R21- | 3f |Normal | Clicks of int.
Het al del ayed EOAE under for- 49y | 5m 10 & 20 dBSL,
100/ us width

ward maski ng paradi gm

white noise as
masker dur a-
tion 50 ms.

At bet ween
masker & click
at b5, 20, 10,

40 ms.
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Latency | ILO 88 otodynamic Using click stimuli Hov the changes in
analyzer. r&%’on_ses present. in affected ear may alter
29/31 in non-menieres | TBOAE In opposite ear
disease ear and in 26/ | is not known. To
31 in menieres disease | what extent measurement
ear. Using tone burst | of TEOAE provides diag-
as stimuli responses nostic information
present in _30/31 in non| cannot be answered
menieres disease ear
and in 28/31 in manieres
disease ear.
L atency At masker levels corress Effect described must
and ponding to the subjec- | be considered in rela-
threshold tive post-masking tion to subj active S,

threshold of the clicks,
the delayed EOAES were
unaffected ie had no
noticeable alterations
compared with click
stimulation without
masking.

because delayed QAEs
meking was Started at
maske level corres-
ponding to subjective
post masking thresh-
old messurement at con-
stant absolute mesker
levels are needed to
differentiate bet-
wak central and peri-
pheral contributions
in this case.
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33 1993 | Lut man To assess the reliable 11021 - - dicks at 70 &
M E. identification of CEOAEs | a 60 dB SPL.
et al . usi ng signal processing 2040 wavef orm start -
t echni ques. e ing 5ns after
click onset &
ending 15 ns
after click
onset.
34-11993| Vohr B. To deternmine the feasibi-| 1850 24-
R et al lity of establishing a s |48
valid cost effective hrs
met hod of screening new
born hearing using TEOAEs
35 1993|Prieve To anal yse TEOAEs in 113s| 4- Bot h dicks at anp.
B. A normal hearing & hearing 81 of approx. 80
et al . i mpai red ears. yrs dB SPL.
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L atency

Latency .
ad
threshold)

L atency

ILO S3 otodynamic
analyzer.

ILO 88 QAE analyzer.

A cross correlation

coefficient greater
than 0,5 was approxi-
mately criterion to dis-
fsti_r}guish pass from
ail.

TEOAE was down to have
significant pot, as a
newborn screening tool.
In a sample of 1850
infants, hearin

loss was identified in
11 infants using TEOAE

Analysis for freq.
specific bands showed
separation of norma &
hearing imp, ears depen-
ded on freq, with best
identification at 2 &
4 KHz. for broad band
TEOAES TEKOAE level.

They did not describe
the false alarms ad

misses associated with
criterion value. TEKOAE
will be vauable for
clinical use because
of their repeatability
ad identification of
hearing impaired.



1993 .\Foraum |8 |To examine the feasibi- Path | 500 Clicks
H etal lity of using EOAES as 16 at 70 & 60
an in-patient check of yrs dBrHL

hearing status in
children recovering from |
bacterial meningitis.

1993 KOKMR | 9 | To study CEOAEs in healthjiiov | 2- 603mNormal Click -with
et al newborns and in. adults. r2]38 504fr duration of

r.
& 7.
55 yrs
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Lat ency

PCENMS

| LO 88 ot odynam c ana-
| yser audi o stinmul ator
(Madel ec AS 10),

an echoi ¢ chanber (B&K
type 4222), B&K type
2218 stimulus |evel
measur er, Rubber and
Silicon tube.

TEOAE to noi se and %
reproduci bility were
found to identify hear-
ing |1oss equally well,
based on neasur enent

of area underlying rel a-
tive operator charac.
curves.

Al children subse-
qguently found to have
SN hearing | oss who
were tested with EQAE,
failed screening test.

Concl usi on can be the
technol ogy currently

avai | abl e for neasure-
ment of EQAE after
nmeningitis is not a
practical method for
pr e- di schar ge check

of heari ng.

Recor di ng were success-
ful in adults conpared
to aeonates still EQAE
recording for scry pur-
poses seens feasible
because of. hi gher res-
ponse | evels than adults

Until a nass examnation
of conbi ned ABR and EQAE
i s done reliabl e val ues
for specificity are

| acki ng
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381993 Wada M i 9 :To study the relation- 23e Normal | Tone bur st
ship between EOAEs and ME 12s si gnal s of
dynam c characteristics. about 3 ns.
duration
bet ween . 5-
2.0 KHz at
. 1KHz
39 11993 | Stover L 1 | To study the effects of 42 | 20- Nor al
' aging on OAEs 80

yrs
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L atency

L atency

and
threshold ad

Computer (NBC PC 9801
NS-20) Function gene-
rator (NF,1940) atte-
nuator * (TPA-401),ampli-
fier, probe mic. probe
earphone dual channel
FFT analyzer (Onosokki
CF. 350).digital
recorder (Sony DTC-
1000 E5).

For TEOAEs-Quikki DI/A,
2 digital attenuators
d a cown DA _ampli-
fier, Etymotic ER 2
transducer, sound deli-
very tubes, etymotic
ER 20 insert mic.
assembly, HP 3561A
rum analyzer or
C electronics 15c¢-16
computer scope I/A
Board, Zenith 159 PC-
XT or 386 computer for
ADPs14 bit D/A,IThaco
4302 variable filter,
Wilsonics PATP pro
grammeble digital
attenuators, Cronn D/H
amplifier, etymotic

BEOAEs are detected most

distinctly a the ME
resonance freq. and
that BEOAES are most
detectable in normal
subject whose ME mobi-
lity is moderate.

No age effect indepen-
dent of hearing sensiti-

vity on any typeor
parameter of OAEs

Conclusion is not

plied to case when
clear SOAEs are obtain-
able.

Hearing sensitivity
must be included as a
controlled variable in
order to accurately
assess intrinsic aging
effects.

It remains unclear how
mudh frequency effect
IS due to hearing sensi-
tivity aod hov nudh to

aging.
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404 1993 Lafre- 11 | To characterize the QAEs | 44e Both Stimulus
neire D from neonatal and 29s level con-
et al. infant subjects at risk stant_at 65
for hearing loss. dB S for fl
& f2; f2/fl
- 1.2 for
(EOAE stimu-
lus at 82 +
4 B SPL.
10 _
41-1993 | Johnson To record EACEs in diff, |28s |77 | 13f Bath équz—%/cllck
W,.J. types of hearing loss. 15m S.
yrs.
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Lat ency
and
t hr eshol d.

4

ER 2 transducer, ER 10
m c assenbly, Ithaco
1441 preanplifier, BEL
PDP 11-73 conputer.
SQAE - ER-2 or B&K

DPQAE-di gital system
based on Ariel DSP-16
board in IBM PC AT com
put er .

CEQAE - |1LO 88 ot odyna-
anal yzer.

Tynpanonetri c nmeasur e-
ment - Grason Stadl er
MEA, nodel 33, version
1, ABR- Biologic

Navi gat or system

CEQAEs & DPQAEs wer e

found to be decreased
or absent in subjects
w th suspected central
hearing | oss.

In ears with flat | osses
and with identified
CEQAES no one had a
hearing | oss exceedi ng
40 dBHLin md f requenc"
In ears wth flat | osses
and w t hout CEQAES, no
one had hearing |oss

| ess than 30 dB. In
ears with slopi n% hear -
ing | osses threshold at
1 &2 KHz were inp. for
generation of CEQOAEs.

QAEs conbi ned wi th ABR
can provide a freq.

speci fic eval uati on of
coch. function and hel p

to determne anatomc
site of pathol ogic |esion.
Exact nature of em ssions

I n these subjects not known.
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1 2 3 5 6 7 9
42 [199 3/ Williams To study effects of 1s |43y Path 80/usec,
E.A. contralateral acoustic lick, at
et al. stimulation oan GAE rate of 50/s
foll.vestibular 20 clicks
neurectomy. at stimulus
levels of
81 dB SPL
& 61 dBSPL.
43 -1993 |Holtz, To monitor the effects 147 | 20- Normda |80 /usec.
of noise ensure using e | 23 clicks at rate
et al. TEOAES and to compare y o 50/s sti-
the sensitibility of the mulus levels
of 81 dB SPL

& 61 dB SPL4
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Lat ency
and

t hr eshol d

Lat ency
and

t hreshol d

Ot odynam ¢ Ltd.
OAE anal yzer

| LO 88 otodynam c ana-
| yzer hardware & soft-
mn.mc.

(Know es BP 1843) and

(Know es BP
di sposabl e f oam
tip (EAR),
conput er.

transducer

Lack of inhibition in
the operated ear due to

sectioning of alivo-

cochl ear bundle within
i nf. vesti bul ar nerve,

enovi ng efferent

control of receptor cel

Results reveal ed sig.

changes in response anp-
plitudes in freq. range
from2-4 Hz. Conparison
of TEOAE testing and PT

t hreshol ds reveal ed

TEOAE to be npbre sensi -
tive. It is also | ess

time consum ng

OAEs recorded during
contral ateral acoustic
stimul ation may provide
rapi d, non-invasive
means of investigating
function of efferent
auditory system

How does i ndi vi dual sus-
ceptibility and noise
trauna correlate i s not
known.

Mor eover testing has
been conducted in rel a-
tively crude way.



2 3 5 6 7 o 10
44 | 1993 Stevens To evaluate CGKOAE in -
J.C. newborns. s -
et al
45-1995 Ryan S To investigate the influ- 25- Normal | clinic sti-
et al. ence of contralateral 3s |30 muli at rate
acoustic stimulation yrs. o 50/s
on CEOAES in humans. 6e
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Latency = Know es el ectronics ED Sensitivity and specifi-| The mai n probl em requir-
& 2950 m ni ature earphone, city of OAE test for ABR ing further study is the
threshol d tubing, Knowl es electro- test were 93%& 34% fact that only a snall

nics type BT 1751,
mniature nic.

G odynam c 1LO 88 QAE
anal yzer,

resp. CEQAE is conside-
red as initial method
to screen for hearing
I npaired, test failures
bei ng foll owed by ABR

Col | ect effect denon-
strated in all norma
subj ects. Al though the
changes in anp & phase
were small, they were
easily identified using
di ff. response which was
result of digital sub-
straction of response
recorded with contra-

| ateral BBN fromthe
control response. This

t echni que coul d t hus be
used to test for func-

tion in nedial efferent
systemc nod. |evels of
contral ateral BBN

stimul ation.

proportion of those fail-
Ing ABR in the neonat al
period will be found in
later life to have a

per manent heari ng

| npai r nent .

Further research is
required to investigate
neural significance of

presence or absence of
col l ect effect in Betero-
cochl ear pat hol ogy
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1 1990 Harris To determne if DPQAE 40e 18- - | Both 2 PT f1, and
1H. P. anplitude is associated | 40s | 40y f2;, f2/fl =
et al . wi th PT behavi oural 1.19 to 1.21.
hr eshol d.
1990 Lonsbury To collect paranetric 44e 21- 12m| Nornmal | 2 equi | evel
Martin measures of DPOAES in 22s |30y 10f PTS f2/fl.
B. L. normal |y hearing subjects 1.21; 2fl-fl
et al. to provide a baseline bet ween 0. 75-
agal nst which OAE acti - 5.75 KHz.
vity in inpaired ears
coul d be conpared.



11 12 13
Spectral Probe a) ER-10 m c. DPOAEs were reduced in
analy- b) Two ER-2 earphone. anplitude or were
sis and Qua tech, WSD 10c wave- absent in ears with

t hreshol d form synt hesi ser.

Spect r al
arialysis
and

t hreshol d .

Grason Stadler 200 CD
Oscillator. KRiO 72

| ow noise mc. pre-
anplifier. Custommade
| ow noi se anplifier

Hi gh pass filter system
30 dB/ oct, 400 Hz,

si gnal averager B&K
2033 osci |l I oscope
anplifier |oudspeaker.

Bel t one 10-D screening
audi oneter, M cro-
conmputer controlled
(Appl e, Maci ntosh Pl us)
t ynpanoneter (virtua
310), m croconput er
system di gi tal equi pment
Corp 11/ 23, Two channel
freg synthesiser

Hewl ett-Packard 3336 A
Attenuat ors, Wavet ek
op.

Probe a) Etynotic resear
ch ER-2 earphones,

b) Etynotic research
ER- 10A, m c,

Etynotic research ER-
10-72 preanplifier

hi gh freq, hearing | oss.
The differences occured
at frequeicies above
1500 Hzr conpari ng
results from750 to

800 Hz, within the sane
ear revealed a freq.

rel ated correspondence
of el evated behavi oral
threshold to reduced
DPOAE anpl i t ude.

The average audi ogram
denonstrated a bil obed
contour having a | ow
freq, max, at approxly.
1,5 KHz and a high freq
peak that plateaued at
about 5,5 KHz, The

t wo mexi mum regi ons were
separated by a mn.
around 2,5 KHz,

The avg, I1/o functions
exhi bited detection
thresholds at pri.levels
bet ween 35 and 45 dBSPL.
The dynam c range of

the emtted response

bet ween detection

t hreshol d and maxi num

14

These results inply that
t he measur enent of
DPOAEs has clinica
potential as a neans of
detecting hearing |oss
by freq.

DPOAEs from nornal ears
can be characterized as
having a set of rel a-
tively uniform properties
agai nst which the status
of an unknown ear can be
det er m ned.



3 -4990 Lonsbury 6
Martin
B.L.
et al

To investigate the two
possibility that might
account for an ear
incbility to generate
DPOAEs (i) freq. speci-
fic anomalies in the
forward and/or reverse"
ME transmission of the
acoustic signal (ii)
subclinical pathologic
changes in cochlea
and/or ME

44e 21- 12m Normal

10

For DPOAE-2

equilevel PTS
f2/f1=1.21;
2f1-f2=0.75
-5.75 KHz

for SFFOAE
continuous

SWi freq.
P‘I’el?r%m 480 Hz-
2 KHz 2 min.
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Spectral
anal ysi s

an
t hr eshol d.

Sane as descri bed by
authors in Annal s of
Qol. Rhinol. &Laryn-
gol . 1990, Vol . 99,
Suppl . 147, 3-14.

varied over a 40 dB
extent of the stinulus
| evel di nensions.
Approxi mately |/3rd

of the ears exhibited
DPQAE audi ograns in
which emtted responses
were significantly
reduced in restricted
regi ons tested by | ow,
medi umor high fregs.
Mean age did not explair
the differences noted
bet ween the 2 types of
normal | y heari ng

subj ect s.

None of the exam ned
features of acoustic
immttance provided an
expl anation for the

di screte | ow anp. DPQAE
regi ons observed.

The presence of SQAE &
SFQAE in the irregul ar
ears indicated that

t he em ssion generation
and reverse cochl ear

t ransm ssi on were ope-
rating normal ly within
t he regi on of reduced
DPOAES. The sinultane-
our presence of SPQAE

W still have one ques-
ti on unanswered whet her
the std. f2/fl ratio
1.21 and the equil evel
(L1=L2) paradigns is

i deal for generating the
nost optinmal . DPQAES
for the ears show ng

di m ni shed DPQAEs over
the lowto mddle freq.
regi on.
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4 -1990 Martin To assess the clinical 103e Patho- @ Equilevel
G. K» usefulness of DROAE test- Logical | (L1-L2) ad
et al. ing by comparing the threshold.

response parameters of
emissions in ears with
knomn hearing loss to
those in norma ears.
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Spectral
anal ysi s
and

t hreshol d.

As described in previ-
ous report.

but not SOAE appear ed
to reduce the detection
t hreshol ds and i ncrease
t he anpl i tudes of |ow
frequency DPQAEs.

Tests of DPQAEs prom se
to satisfy a nunber of
requirenents inpt. to
clinical testing, includ
ing objectivity measure-
nment procedure, test-
retest reliability.

Si npl e subj ect prqgpar a-
tion, readily avail abl e
i nstrunentati on and
relatively brief exam -
nati on peri od.

The five resol ution of
DPQAES within the sti-
mul us frequency and

| evel domai ns al so
permts an accurate
confirmation of the
pattern of hearing | oss.

The ability of DPQAES to
assess the sensory com
ponent of SN di sorder
may contribute to the
event ual under st andi ng
of the conplicated

pat hogenesi s of many
cochl ea di seases.

Age range and sex
di stribution of cases
not report ed.



2 3 5 6 7 8 9 10
1990 9 10 | To demonstrate a correla- 52e | 21- Both 2 sinusoidal
ski J. tion that might exist 27s | 41- signal, 3sec.
et al. between DFOAE character- yrs
istics ad heaping
impai rment.
1991 Bonfils | 10 To measure DROAES ina |5le | 18- Nomd | 2PTS
P. etal clinical setting. 28 fl-f2
yrs.
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11

12

13 14

Spectral | Custom made probe (a) Al normally hearing The DPQAE provi de freq.
anal ysis | Knowl es EA 1842 mic. ears denonstrated detec-| specific infornmation about
and (b) Two knowl es 1716 t abl e DPQAEs provi ded cochl ear function, which
threshold earphones. Two osci- that the primary tone after further devel opnent,

|l ators Hewl ett Packard || evel was above a may forma basis of a

239A. certain val ue. nonhl (rj]vafS| ve IObJ ective

Two attenuators Hew ett-|Hearing inpaired ears (r:Tgtch?ea(r) fﬁxgt iug;]_l n9

Packard 350 D. produced substantially

reduced DPQAEs conpared

Sweep frequency wave with normal ly hearing

anal yzer Hewl ett Packard|subjects when the pri-

3580A. X-Y recorder mary frequencies fl and

Hew ett Packard 7035B. |f2 corresponded to the

Ariel DSP-16 signal regi on of hearing | oss.

processing and interface

comput er.

Swi t chi ng system wavet ek

601.

Kohn H te 3342 filter

PFT.
Spectral Acoustic probe consisting3 The BPOAE input-output | DPOAE measurenent in a
analysis a) One know es BT 1751 functions presented 2 clinical setting nust be

mc. (b) two mniature separate portions for done wi th precise stinmulus

ear phones Knowl es BK 261!

Two channel freq.synthe-
si ser Hew ett - Packard
HP 890 A. Attenuaters-
Hewl ett Packard HP 355.

5 the f2/fl ratio ranging
from1.18 to 1. 26.
Bel ow 60 dB SPL a
saturating portion with
a DPQAE detectin
threshold at 36 dB SPL
and above 66 dB SPL, a

val ues, (a) f2/fl ratio

near 1.22 and ?b) pri
intensities be

Active nechani sms are
absent below 725 Hz in
hunan. Sex distribution
coul d have been consi dered

ow 60 dBSPL
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1991 | Spekter | 11 | To study DPOAE and CEOAE 26s 4- Bot h CEOAE-

Z et al in normal and hearing | Oy clicks of
impaired children and in & rectangul ar
adul ts. 22- ul se of

29y 0/ usec.
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linear portion. With so that we could have got
DPOAEs below 512.5 .Hz diff. nooms for both sexes.

NO more saturating
plateau could be

observed.

Spectral Earprobe containing Measurement of DROAES in| DFOAE & CEOAE can promise
analysis| Etymotic research ER- 13 children ears with to be valuable tool in asse-
and ICB mic. and 2 ER-2 normal hg. showed higher ssment of coch.function
thresholc earphon es. levels of emission in though CEOAE method at

the 700-1400 H, & 5.7 HHspresent cannot provide
Digital system based on regions relative to information for high fregs.

Ariel DSP-16 board and data obtained in10 nor-| above 5 KHz
IBM PC/AT computer, 16- md adult ears. 22 ears
bit DAC on ariel board. of children with SN hear-
Proton AM-300 ampli- ing loss demonstrated
fier, wavetek modd 617 agreement between PT
attenuators, |EEE 488 audiograms and DROAE
Bus, insert earphones. audiograms.-

Grason Stadler tympano- Messurement of C(EONE re-
metry eartip, low noise vealed avg. level of emi-
miniature etymotic ssion in 15 norma hear-
research ER-1013 mic, ing children slightly
Kron Hite 3342 system |ower than previously
for high pass filtering obtained in newborns, but

ADC converter of DSP-16 Slightly higher than
board. that of adults.

For CEOAEILO 88 system
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2 3 4 5 6 | 7 9
1991 | Lafre- 10| To study DPQAE and 37s |2-6 Nor mal | For CEQAE
ni ere, CEQAEs in healthy new |5Se day stimuli
D. borns and adul ts. & click of
et al. 22- 80 /usec
29y rect angul ar
pul ses at
rate of
50/ s at

82 SPL
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Spectral Custom made probe con-
analysis taining mic A 1842,

ad
thresh-
old#

Knowles Electronics Inc,
itasca Ill) ad 2 ear-
phones (1716, Knowles
Electronics Inc), cormmes
cially available probe
(Etymotic Research Inc,
Elk Groove Village, ill)
low noise mic (ER10B)

2 insert earphones (ER-
2) for DROAE - Digital
syssem based on signal
processing ad interface
board (DSP-16; Ariel
Corp), computer (BEM PC/
AT compatible, Aiv.l1V,
NEC Information Syfdam
Inc. , Bax borough ,Mass)
16-Bit DAc on ariel
board. Switching system
(601, wavetek San Diego
Inc) tympanometry eartip
(Grason Stadler), high

pass fileter (3342, Kror

Hite Corp) a6-bit ADC

of DSP-16 board at
sampling rate of 50 KHz
amplifier (AM-300 Proton
corp).

CEOAEs of newborns hed
higher overall level &
contained stronger high
freq. (4.5 to. 6 KH2
spectral components than
le adults.

Lowv frequency components
of click stimuli spec
trum were attenuated

in neonatal ears exhi-
biting a high pass slope
bdow about 2.5 KHz w
whereas stimulus spec-
trum was nearly flat in
this freq. region in
adult ears.

DFROAE can give freq.
specific information but
is more time intensive,
while (BOAE can give a
quick assessment but with
loss freq. specific info,
with further refinement
ad in conjunction with
ABR noninvasive obj.

method of evaluating

coch. and aud. pahwav
functions can be used.



- 10

. 1991

Harris

P.P.
et al.

To report CEOAE and

DROAE results with
respect to PT audiogram.

Normal

L1 6dB> L2.
1- r grow-
th Ofu(l?lCtqu%S
enerated in
dB steps.
LI decreas-
ing from 70-
2 B fil
amp. of
2f1-f2
<3 dB.
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For CEOAE - Analyzer .

(ILO 88 otodynatnic) ,

Plug in board for am

puter APV V).
Spectral | CEOAE - ILO 88 otodyna- | 1 W (EOAE are judged; Further investigations
analysis| mic analyzer Ltd. with | to be present upon need to be done for
and a compag Portable 111 criteria for level, finding preferred pro-
threshold computer. reproducibility and cedure.

DEOAE - Etymotic re-
search ERIO mic. system
ER-2 insert earphones,
preamplifier equalizer.
2 channel synthesizer

HP 3326 A, amplifier,

Macintose |1 X computer.
Signal analyzer MP 361A

waveform morphology.
there is a high prob.
that hearing threshold
level is less than 3 dB
HL for atleast one freq.

2. Presence of DROAE
produced by high level
stimuli may not corres-
pond well with hearing
sensitivity. DROAE
generated with lower
level puretones may
appro x. audiometric
results more closely.

3. Thresholds of DROAE
more useful diagnosti-

cally than abs. amps of
responses at specific

levels of stimulation.



1 2 3 4 5 6 7 8 910

10 1992 Bonfils 5 To study DROAES in 2re - Norma fF&P?iétgr;?
P et al neonates. S level 65 dB
1.22 for

CEOAEs clicks
of 80/usec.
rectangul ar
pulses with

RR of 20/s
at peak
level of
o0 dB SPL.
11 1992 Nelson 7 To study BPEs & auditory 53e Both 2 stimulating
D.A. sensitivity in humen 27s tones (fl & f2)
.et al. ears with norma hearing

and cochlear hearing loss.
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11

12

13

14

Spectral
analysis
and
threshold

Spectral
analysis
and
threshold

DFOAE - Acoustic probe
(Etymotic Research),
low noise mic (ER-10B)
2 earspeakers (ER-2),
2cc coupler B&K DBO1X
1/2 inch condenser mic
B&K 4166) BK 2609
measuring amplifier.

EOAEs - ILO 88 to o to-
dynamic analyzer, 2

channel freq. synthe-
sizer (HP-8004A) DROAE
recording - dynamic

signhal analyzer (Hewlett
Packard HP 3561 A)

14 bit DAC, 2etymotic
2A transducers. Etymotic
ER-10, HP 3561 A signal
analyzer. IBM/AT oom
puter 1M 53020 micro-
processor.

Neon ates having normal
EOAES have large DROAE
DROAE amps, in neonates
are larger than adults
Neonates with atypical
BEOAE freq. spectrum
without low freq. com
ponent had normal
DPOAE.

I/o functions only for
HFs (above 2 KH2).

DROAEs could be hel pful
in association with
EOAES to precisely
evaluate auditory peri-
pheral functions in
neonates.

21 of the ears tested
exhibited coch.hearing
loss. DPES were obtai-
ned as a function of
stimulus level DORy
growth curves) at 7 freq
region between 707 Hz &
5656 Hz.

Lowv level, irregularly

This test provides info.

about peripheral auditory
status without any clear

freq. specificity.

DHE thresholds able to
predict abnormda audi-
tory sensitivity with
some precision diffe-
rent patterns of DHE
growth curves suggest
underlying’ micromech.
diffs. beween ears,
but the differential



1 2 3 4 5 6 7 8 9 10

12 1993; Probst 8 Toclinically nonitor TEQAE- Fr eq.
R et a] QAEs. range .7.to
4 KHz using
clicks or
tone bursts
at 60-70 <B
SPL DPOAE-
80 dBSPL for
LF stimulus
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13

14

Spectral

anaysis
and
threshold.

shgped segments were
more frequent in normd
hearing ears suggestive
of normda low level
.active nonlinearities
from QHC subsystem.

High level, steeply
doped segments were
frequent In hearing
impaired ears, sugges
tive of residual non-
linearities fran a coch.
partition without
functional OHCs

Comparison of results
obtained from DOROAE
thresholds to those
available using PT
thresholds indicates
greater sensitivity of
QAEs for detecting early
Coch .damage.

diagnosis value of those
patterns remains to be
determined.

Additional studies will
define exact place that
QAE will assume in clini
cal monitoring.



1| 2 3 5 6 7.8 o 10
13 1993| Gianfro- To study some effects of | 2s | 30f Irn |Norma SOAE-80-90 dB
ne G. tonal fatiguing on' SOAEs 45y | If SPL for 5rain
ect al . and DPROAEs m. from 500 to

8000 Hz (short
term) (Long
term) is 15-
20 min.
DPOAE-55,65,
75 dB SPL,
level of
pris. 2
growth func-
tions for
atleast S
fregs.d.O,
2.0, 3.0, 4.0

6.0, 3.0H2)
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11

12

13

14

¢ SOAE - B&K equi prent :
1/ 2" condenser m c, 4166
| ow noi se preanplifier

2660, special high pass
filter, 2. channel FFT
2032.

DPQAE - virtual QAE
nodel 330 i nstrunent.

SOAEs since originate
fromacti ve sources

W thin cochl ea, show
sensitive and early-
vul nerability to noi se,
di splaying infornative
tine courses after
over stimulation in
short (0.65) and in
large tinme (1-10 mn)
depending on freq. of
fatiguing stinulus.

In DP grows nodifica-
tions takes place with

in a period of 57 mn.
and depend on freq. of
fatiguing stimulus and
on cl oseness between
SQAE and DP pl ace.

Dat a suggest that not
only interaction place
between f 1 and f 2 has
to be considered froma
bi omech and cli. point
of view, but al so speci-
fie DP place on coch.
partition.

No nodi fication of DP-
gramand 1-0 functions
arise neither when fati-
gue tone acts at DP
specific place close to
SQAE nor at interaction
frequency pl ace between
pris.

A further research with
nore options of DP growth
functions and of fatigue
tones is necessary to

assess and answer the
guesti ons.



12 3 4 5 6 7

10

14 1193 Probst 10 To compare results of 83s -
R.etal. -TEOAES and DROAES in 166e
norma hearing and hear-
ing impaired population.

15 1993 Roede,d 9 To investigate the repea- 12s 26.

et al. tibility, variability & y
detectability o DFOAES mA
in normally hearing
humans.

21 norl
hg.(age
25.7
mA) 62
hg. |mp
(57.4

6m Normal

6f

TEOAE-click
at86dB SPL
DPEOAE-
tested at 7
discrete

fregs.

freqs gMS
4& 6KHz)
LI-6dB
greater in
amplitude than
L2.LI=70-20
dB SPL, f2/fl
cl.22

DPOAEs-fixed

levels of
LI=12 of

70 & 55 dB
FL over
stlmul%Js
range from
0.8-8 KHz

in 0.2 octave
intervals.
1-0 functions
in stimulus
range of 0.8



11

12

13

ti

Spectral
anal ysi s

TEOAE = | LO 88 ot odyma-
m c anal yzer

DPQAE - conputer (Macin-
tosn 11x)

DPQAEs - Conput er based
program ( Maci ntosh 11x)
2-channel 16-bit proce-
ssor board (audi oreter)
2 ear-2 (fitynotic
Resear ch ear phones, ER-
10A probe system ER
72 |i)r eanplifier, custom
]ppi t low noise anpli -
ier.

A hi gh correspondence
between the two em -
ssion of energy for

each em ssion and audi o-|.

netric threshold |evels
at correspondi ng fregs.
ag%gggti ng TEQAEs and
are largely
derived from simlar
mechani sis.
present nore often than
TEQAES whenHL acr oss
freqg greater than 30
dB HL suggesting TEQAE
preferable for screening
pur pose and DPQAE for
noni tori ng cochl ear
changes clinically.

A change i n DPQAE anp.
of nmore than 6-9 dB
dependi ng upon sti mul us
| evel s, woul d indicate
a significant change in
cochlear status if
renderi ng conds and ME
status are stable.

HP response for nost

wi del y used conmer ci al
system for neasuri ng.
TEQAEs islimtedto

4 KHz ana separation
of DPQAEs from back-
round noi se bel ow

KHz nmust be i nproved.

Measur erment of DPQAEs
can ofter a nethod of
noni tori ng cochl ear
status over a range of
fregs. approx. an

oct ave hi gher than
possi bl e wi t h TEQAES.



10

16,

199 3'Whitehead 7
M.L.
et al.

Tqg investigate the
influence of noise on
the measured amplitudes
of DPOAEs.

1, 155, 2,
3,4& 6 KHz
LI from
35-70 dB S
changing in
5 dB steps
& L2 at 6 dB
below amp.
of LI.

DpOAE-stimu-

lus single,
low 2 KHz, PT
decreasing in
3 dB steps
from 15.5 dB
SPL
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1 12 13 14
Spectral | Conmputer-Etynotic ER-2 | Because of the influe- | nfl uence of noi se on
anal ysis | speaker, Etynotic ER nce of noi se the al go- shapes of DPQAE gr owt -
10 m ¢, HP 3561A rithmfor the obj . functions nust be care-
siggal anal yzer. estimati on of detec- fully determ ned.

tion threshol ds of
DPQAEs and of the slope
of DPQAE - growth func-
tions, wll tend to
underesti mate t hese

val ues.

A sinple eq. allow ng
an estinmated correction
for the effects of

noi se on measured DPQAE
anp. is presented.




1 2 3 5 6 | 7 9 10
17 1993 | Gor ga To conpare TEOAE and 180s chr Bot h
M P. DPOAE in normal hearing >3y
et al. and hearing inpaired and
subj ect s. adu-
Its
18 | 1993 Oster- To study the influence 8s 37y Nor mal DP stinul us
hamel of ME transm ssion on 16e | mA Int. of 75 dB
P. A DPOAEs. 22- SPL at foil.
et al. 56 pr, val ues
yrs 04- 100, - 200,
- 300, - 400,
+100, +200

dapa) at folio
test freqgs
(1,2,4,6,

KHz) equil evel
robes with
reqratio of
t.23
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12

13

14

Spectral
anal ysi s

an
t hreshol d

Spect r al
anal ysi s.

TEQAE - ot odynam c
anal yzer (1LO83).

DPQAE - CUB DI s system
and Ariel DSP 16

si gnal processing
board, 2 ER 2A ear
phones, | ow noi se m c.
(ER-10B), anplifier.

PC equi pped wi th 486/ 33
MHz CPU, A/ D converter
(anal ogi ¢ M5-DAS 12 bit]
| aser printer (4 plaser

Jet 11P) 2 hearing aid
receivers (Qicon type

AN 270 NR) .

Madsen H ectronics 20-

' 73 i npedance bri dge.

At 500 Hz TEQAE and
DPQAEs were unable to
separate normal from
inpaired ears. At 1KHz
bot h TEQAEs neasures
were nore accurate in

i dentifying hearing
status than DPOAEs. At
2 KHz, all QAEs nea-
sures perforned equal |y
well. At 4 KHz DPQAEs
better able to distin-
gui sh norrmal from

| npai red ears.

Anpl i tudes of the DPs
depend on opti nal
transm ssi on through
the ME and t hat measu-
rement of DPQAEs shoul d
al ways be preceded by
determnation of ME
pressure.

Condi tions were restric-
ted in scope. It may be
t hat test performance
defined as tests ability
to distingui sh norna

and i npaired ears woul d
be superior for other
stimul us and/or record-

i ng conditions.

Careful analysis of Me
functions should be
done when QAEs are stu-
di ed.



1 2 3 5 7 8 9 10
19 1993 | N el sen To study the clinical 58 | 22-| 2f | Normal | 2fl-f2
L. H si gni fi cance of probe- | Ge 42y | 3m (f1<f2)
et al . tone freq. ratio on GM freq.
DPOAEsS. 0.5,1,2,3,
4,648 KHz.
F2: P1*1. 15
to 1.40
20199 3| Rasnusse To study clinical signi- 14e | 25-|3f [Normal |2 pri.tones
A N. ficance of relative 7s | 55y 4m (fl & f2)
et al . probe tone | evels on at relative
DPQAE. | evel s (LI,
12), f2/fl=
1.23, GM
freq. .5, 1
2,3,4,6,8
KHz.
L1-L2

varied from
-1QdB

with L2 held
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11 12 13 14
Spectr al Conmput er based system A single f2:fl ratio Thi s procedure generates
anal ysi s probe unit, 2 separate between 1.20 and 1.25 results with Ltd.
recei vers, neasurenent provi des a reasonabl e clinical useful ness
mc. value for clinical use | because resulting GV
in that it Optimzes freqs. wll not occur
t he magni tude of DP at at std. audionetric
2f1-f2 , provides for test freq.s.
sufficient resolution
intest f req. range & Also it requires a
is applicable to std. | ar ge nunber of
clinical test fregs. measur enent .
Spectral Custom built conputer Maxi mum anps, of DPS When pot. clinical use
anal ysis. | based, a probe unit. generated when LI= L2 of DPQOAE neasur enent

2 separate receivers.
measurenment mc, FFT.

at all
8 KHz.

GM freqgs except

Reducti on of DPOAE with
reduction of LI was
linear at a rate that
gradual ly increased as
a function of GMfreq.
To a | esser extent the
reducti on of DPOAE
with reduction If L2
was |inear but at a rate
that systematically
decreased as a function
of GM frequency. Thus,

i s evaluated not only
test parameter are inp.

but individual diffs.
are of inportance as
wel | .



12 3 4 5 67 8 9 10

const ant
at 75 dB
SPL for
positive
val ues &
L1= L2
=75 dBSPL
at 0 dB
relative
di ffu



11

12

14
13

100

to maxi mze the |evels
of DP for clinical

pur poses, relative

| evel s of pri, tones
shoul d be equal to each
ot her, atleast when
overall stimulus |evels
are around 75 dB SPL
and f2:f1=1.23
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TI NNI TUS RELATED

11982 Tyler 8
R.
et al.

2 1987 Penner
MJ.
et al.

3 1989 Benfils
P.

To explore the relation 45s - - 20 norls.
shi p between tinnitus 25-
and SQAE. tinni-
t us.
7 To expl ore whether an 29s - Bot h
observed SQAE can be the
physi cal basis of an
audi bl e tinnitus.
11 To determne sone basic 284e 28- - Bot h
y

No.

For tinni-

t us mat chi ng
gated sine
wave 10nsec
risel/fall
tine.

For TEQAEs
rarefaction
clicks 0.1
s rectangu-
| ar pul ses;
repetition
rate 19/ s



SQAE

SQAE &
TEQAE

TI NN TUS RELATED

11 12
El ectret condenser m c.
11 rnings di aneter dia-
phragm
Amplifier.
Tube 25.5 mm | engt h.
3.5 nun i.d.

O oadnmi ttance probe tip.

Revox A77 tape recorder
8 bit analog to digital
converter, PDP 11/60

m cro conputer.

Laboratory conputer
sine wave oscillator.
mniature mc. Etynotic
nodel ER-i O, 1.35 mm
i.d. coupling tube two
3.30 mMmm i.d. probe

t ubes, two insert
phones Etynotic ER-2
wavet ek 380/ A spectrum
anal yzer.

Acoustic probe; length
3.5 cmweight 20 g.

a) Knowl es BT 1757 mi c.
b) Knowl es B&K 2615

ear speaker. | npedance
probe protector.
AA 6MK 3 anplifier.

Medel ee 70 years ol d.

13

There was no clear re-
| ati onshi p between the
pitch of tinnitus and
t he spectrum of em -
ssion.

SOAE and tinnitus appear
to be independent
because. (1) audibility
of tinnitus was not

af fected by suppressing
t he SOAE. (ii) SOAE

was unchanged whil e
maski ng the tinnitus by
a high freq. tone.

The i nci dence of SOAEs.
decreased from 68%

in the group of infants
| ess than 18 nmonths ol d
to O%after the age of

No star.

101
14

Even though they coul d
not get any association
bet ween SOAE and tinnitus
for these subjects there
m ght be an association
in others. Hence further
studi es are required.

| nstrunments and sti nuli

used are described very
much in detail

Age range of abnormal group
not mentioned, sex. dis-
tribution of cases not

ment i oned.



4 -1990 Norton 4 To explore the link 8 s 28 Im Normal Tone burst

S.J between tinnitus & OAE 69 7f stimuli at
et. al 0.5,1.0,1.5,
2.0, SQAE &

TEQAE 3.0,4.0
5.0 & 8.0 KHz
two cycle

pl ateau; 2 ns
risel/fall;
intensities
from10 to 70
dB SPL in 10
dB steps for
TEQAE



11

SQAE &
TEQAE.

12

gain 10* for SOAE.
H gh pass filter;
Hz, 16 d% oct. for
SQAEs. Band pass
filter; 250 Hz to S KHz
16 dB/oct towards |ow
freq. & 6 dB/oct.
towards high freq.

H gh resol ution signal
anal yzer Hew ett

Packard 3661 A

250

ER2 t ubephone, osci -
|l ator. Acoustic Erobe
(Etymotic Researc
ER1CB) Hewl ett

Packard 3561A dynam c
signal anal yzer. Loca-
1y built variable
galn (20-80 dB)
battery powered pre-
amplifier, 12-bit ADC
conput er di sk.

13

diff. in SQAE i nci dence
found between partici-
pants with or w thout
tinnitus. In the group
of subjects with SN

| oss, the incidence of
SQAEs decreased, |inear-
ly with increasing click
threshol d or the detec-
tion threshold of TEQAE

Gscillating ECEs and
tinnitus are rel ated
to a common underlyi ng
pat hol ogy rather than
em ssi ons bei ng the
source of tinnitus.

102
14

The detection of SQOAEs

and/ or Etying EQAES in
ears with sl oping

| osses, a history of
noi se exposure & tonal
tinnitus m ght provide
an obj ective method of
eval uating tinnitus

treat nent.

Large sc& e clinical
trials are needed to
val i dat e t he above
concl usi on. More no.
of fenal es have been
taken in the sanple.



1 2 3 4 5 6 7 9 10

‘ . [ 37
5 1990 Plinkert 5 To denonstrate the 1s yrs Im Normal  No
P. K rel ati onshi p between
et al . SQAE and Ti nni t us.
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SOAE

12

M ni ature m c. nodel
No. 870429 B Etynotic
Research spectrum
anal yzer one Sokki
Model CF 940. Sine
wave gener ator

Hewl ett Packard HP
8904 A Sennhei ser
ear phone. Audi onet er
philips HP 8741/ 30
wi th Beyer DT 48

ear phone,

13

Fol | owi ng evi dences

i ndicate the correl a-
tion between tinnitus
and SOAEs si nul t aneous
occurrence and suppre-
ssion of both phenone-
non. The pitch of
tinnitus and the fregq.
conponents of the SOAE
correl at ed.

In a playback of the

recorded SOAEs their

freqgs. were described
to be identical wth

the tinnitus pitch.

14

Just on the basis of
findings of sinple case
we cannot really concl ude
anyt hi ng.



CELESTA 503

The Cel esta 503 Cochl ear Em ssions Analyzer is the nost rcent addition to the
fine line of audiodiagnostic instrunentation from Madsen Electronics Celesta 503
eval uates both of the 2 broad cl asses of em ssions, spontaneous and evoked, and two
of the evoked emssion types, transient and distortion product. Tests include
anplitude and input/output determ nations of evoked em ssions, as well as spectra

aver ages of spontaneous eni ssions.

Celesta 503 cochlear em ssions analyzer is operated by an [IBM or conpatible
personal conputer via the built-in RS23SC connection, and offers the foll ow ng unique
fetures:

- smal |, i ghtwei ght probe which can be easily disassenbled and reassenbled for
cl eani ng.

- nmounting options for probe assenbly, including headband or shoul der harness,
significantly reduced noise floor for threshold detection and i nput/output

tests.
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The neasurenent techniques enployed in Celesta 503 have several distinct
advant ages over nore traditional audiologic tests.
1. Objectivity - No behavioral response required from patients.
2. Time efficiency - sonme tests can be acconplied in less than a mnute for both
ears.

3. Non-invasi veness -
4. Sensitivity to cochl ear

di agnosi s of cochl ear

Cel esta 503 cochl ear
followi ng applications:
* Hearing Screening
Difficult-to-test patients,
| ndustri al
School

Ceriatric

function -

and retrocochl ear

em ssions anal yzer is

No el ectrodes are required.

useful in the differentia

di sorders.

i ntended for the

including infants.



1 06

* Ainical evaluation
Differential diagnosis
Moni t ori ng

Progressive hearing |oss
Qotoxicity

Noi se | nduced Hearing Loss.

* Research

Measured properties of cochlear function include signal detection threshold and

response anplitude, frequency content and grow h.

Equi prent supplied ->

Cel esta 503 I nstrunent

1) Signal Processing Unit (SPU)

H) Probe Assenbly, including preanplifier.
3) Probe Body



4)
5)
6)
7)
8)
9)

Ear tip Assortnent:

Shoul der Harness or Headband
Cel esta 503 operating software
RSS32C serial interface cable
Probe connector cable

Power Cord

10) Cel esta 503 Operation Manua

11) Calibration Adaptors.

Conput er System Requi renent s-

| BM 386, 486 or conpati bl e personal conputer.

required for

Al though not inperative, a match co-processor

is desirable to reduce

various cal cul ations perfornmed by Cel esta 503 software.

107

tine



Qperating System

EGA or VGA nonitor
Keyboard
Menory

Hard D sk

Hard copy out put
Accesory equi pnent:
Dot matrix, ink jet,
children's Headband
711 Coupl er

B&K Cal i brator.

DOS version 3.1 or later

(5.0 recomended).

640 KB (2 MB recommened)

Approx. 350 KB for program files.
Approx. 50 KB per patient file per

measur nent net hod.

Dot matrix, ink jet, or laser printer.

or laser printer

108
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Ceneral Description —

The Cel esta 503 cochl ear em ssions analyzer is a single channel audi odi agnostic

instrument designed to nmeasure 2 broad classes of OAEs, SOAE and EOAE. Celesta 503

consi sts of follow ng:

1. SPU, which houses the power supply and printed circuit boards for signa
generati on.

2. The probe assenbly, which contains the preanplifier.

3. The probe body, which contains a mcrophone and two receivers.

4. A headset and contrl ateral earphone or a shoul der harness and a set of ear tips
to stabilize the probe and probe assenbly when the probe tip is placed in the
external ear canal.

5. Operating software, which delivers signal generation and other instructions to
the SPU and col l ects data from the SPU.

6. Various cords and cabl e connections, including an RS232C conputer interface.

7. Oper ati on manual
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Sone test paraneters are preprogranmed and stored in nonvol atile nenory (NQVRAM
on the printed circuit boards of the main electronics unit. These paraneters are
retai ned when the power supply is cut off, but can be reprogrammed or upgraded from a
personal conputer by authorized prsonnel as necessary. Qher test paraneters are

selected from the conmputer using the keyboard or various function keys.

The signal processing unit has 2 LED displays indicating power on and signal and

response transm ssion (PC com).

STANDARDS - >

Patient safety - fully conplies with IEC 601-1.

TECHNI CAL SPECI FI CATI ONS:
DPQOAES:
Sti mul us 2 sinus stimulus channe

Ceonetric center 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0,



Frequenci es

Stimulus |evel range

Stimulus 3rd order
i nt er nrodul ati on

| nput sensitivity
for stinmulus
PC Readout : 800

Poi nt FFT anal ysis

Sound | evel
Mc. sensitivity
TEOAE - >

Sti nul us

6.0, 8.0 KHz..

0-75 dB SPL (Max.70 dB at 8 KHz).

< - 80 dB

> 50 dB SPL: 80 - 30 dB SPL
< 50 dB SPL: 60 - 50 dB SPL.

F Sanpl e F Max. Resol uti on
26. 04 KHz 10 KHz 13 KHz
13.02 KHz 5 KHz 6 KHz

+/- 6 dB relative to 500 Hz.
+/- 5 dB relative to 1 KHz.

3 clicks of the sanme polarity and 1
click of opposite polarity, at 3
times the anplitude of the 1st
click. Pul se wdth approximtely

100 /Usec. Unipolar click.

111



Si mul us level range

Sti nmul us acousti cal
bandw dt h

| nput sensitivity

Mc sensitivity
SOAE - >

| nput sensitivity
Frequency ranges

Mc sensitivity

Power supply ->
AC 50/ 60 Hz
100-120 v +/ - 10%
200-240 v +/- 10/.

0-80 dB peak (-20 to 50 dB nHL).
500-4000 Hz (+6 to -1S dB)

Measur ement range:

Tinme domain: 1 /u Pa/div to |Pa/div
Frequency domain - 30 dB - 10 dB SPL
+/- 5 dB relative to 100 Hz.

0 - 70 dB SPL
500- 8500, 500-5000, 500-10000 Hz.
+/- 5 dB relative to 1000 Hz.

112



Typi cal conputer specifications ->

| nput vol t age
Frequency
| nput power

Hard copy out put

Conputer Conmpatibility —

100-10 or 220-240 VAC
50 - 60 Hz

50 Watts

Dot matrix, ink jet or

printer

| BM 386 or 486 PC, or conpati bl e.

Moni t or

Qperating system

Menory requirenents

Hard disk requirenents

EGA or VG

DOS version 3.1 or | at er

recommended)

640 KB (2 MB recomrended)

| aser

(S.0

Approx. 350 KB for program

files.

Approx. 50 KB per patient

file per neasurnent method.
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TABLE 3.4

FREQUENT AUTHORS

Aut hor s

Basic

@]
>

Tot al

Bonfils P
Collet L
Johnssen N J
W scker E
Probst R
Vandijk P

Wi t ehead ML
Wt HP
Bvrown A M
Furst M
Lonsbury Martin B.L
Lutman M E
Norton S.J
Rossi G
Ruggero M A
Stevens J.C
Tanaka Y

Wer GC
Zurek P.M

WWOOWWRORLRWWAWRNUION 1

COWWOONWNOOORLONOORMN
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TABLE 3.5

J 1978 1979 1980 1981 1982 1983 198 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Total
M 3 babs3babababababahb bababababababab ahb
1 10100030100050300020¢6000H505¢0¢67193 & 4
2 00000030103 0503020100000O0O0O0O0O0CO0O00 B 0
3 0000000002010000201101111001010104 5 U
4 0000000000000 00O0OO0OO0OOCOTI1I0O0304012000°0 15
5 00000000000000011000111212100011000111 2 1
6 00000000O0O0O0O0O0COO0O0O0OO0OO0DOOOO1113001000 2 4
? 000000000000000000011120010101110°1 2 5
8 0000000O0OO0C1100000000O0O0O0C11000011004F7 5 D
9 0000000000O00CO0CO0OO0O0COOOOCOOOOOOT1L110213 2 1
Do0o0oo00OOCOOOOODOOOOOOOOOOOOOT1011I02000°1 0 5
.00000000000000000000O000110101000°1 0 5
200000000C0O0CO0OO0DO0COCOOO0O0O0O0OCOOOODOOOOOOQTO 0 0
B000000000ODCO0ODO0DO0OCOO0ODO0OOOODODODODODOOO0OOO0OO0T1100 0 1
10100060233 1D06 14042 D3 1962 78875 2
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MR AREA G- FOOUS

(1) SOAE

1.

® N @ oA w N

To explore the basic properties of SOAEs

a)
b)
c)
d)
e)

f)

Oigin of SOAE - various hypothesis and their testing

Preval ence of SOAEs
Spectral analysis

I nt el —subj ect variability
Intra-subject variability
Short-term stability

Long-term stability - effect of aging.

Interaction anong nultiple SOAEs

Ef fect of external stinmuli on SOAEs ( SOAESTCS)

Reliability of SOAESTC neasurenents

I nfl uence of aging -

Ef fect of SOAE on TEQOAE

Synchroni zation effect of DPOAE on SDAEs.

| ongi tudi nal neasurenment of SOAESTCS in human infants.
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9. Effect of aspirin on SOAE

10. Associ ation between SOAE and DPOAE under aspirin use.
11. Normative data

12. Effect of hearing |oss

13. To explore the link between SOAE and tinnitus

14. Effect of noise exposure

15. Effect of contrlateral acoustic stinulation.

(E) TEQAE:

=

Explore the properties of TEOAEs

Preval ence of TEQAEs

Oigin and mechani sm of TEQAE production-different hypothesis
Intra-subject stability

I nter-subject stability

Ef fects of aging - devel opnent changes

N o O s W

I nfluence of relative position between head and body



8.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
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Rel ati on bet ween stinmul us paraneters and TEOAE
characteristics

Rel ati on between stimulus |evel and response |evel.

Ef fect of contralateral acoustic stinulation on TEOAE - collect effect.
Suppr essi on of TEOAE

Rol e of ossicular chain in TEGAE transm ssion to eardrum

TEQAE t hrough bone conducted stinuli.

Properties and characteristics of BCTEQAE.

Effect of hearing |loss —both degree and pattern

Normative data for both infants and adults

Differential findings in the children and adults having known cochl ear pat hol ogy.
Met hodol ogi cal problens in recordi ng TEOAEs.

To try different techniques of recording TEOAEs

Ef fect of change in EAM pressure

Conpari son of spectral analysis of TEOAE and audi ograns

Det erm nati on of TEOAE threshol d



23.
24.

25.
26.

27.
28.
29.
30.
31.

32.
33.
34.

Evaluate the type | error

Advanced coch. echo, technique developed for infant and
neonat al screening.

Ef fect of noise bandw dth on contral ateral masking of CEOAEs

Conparison of influence of auditory attention and repetitive
nmeasures on peripheral auditory system using EOAEs.

Study high rate OAEs
| nfl uence of general anesthesia on TEOAEs.
Assess TEOAEs in Meniere's disease

Study growmth of TEQAEs in infants and chil dren.

Effect of contralateral masking on CEOAEs in normals and Sensorineura

| o0ss cases.

Assess reliable identification of CEOAEs using signal processing techniques.

Rel ati onshi p between EOAEs and ME dynami c characteristics.

Ef fect of noi se exposure.
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(3) DPOAES:

| . How DPQOAE is generated

Ef fect of stinmulus paraneters

Ef fect of aging

Associ ation of SOAE and DPOAE - under use of aspirin

Nor mat i ve findings

© o & w o»

DPDAE characteristics and hearing loss - conparison of nornmal and known pat hol ogic
ears; -in adults and children.

7. El ectrophysiol ogi cal evidence of DPQAE

8. Frequency specificity of DPQAE.

9. Measure human cochlear travelling wave del ay usi ng DPOAE.

10. Report CEQCAE and DPOAE results with respect to pure tone audi ograns.

11. Effects of tonal fatigue on SOAEs and DPOAE

12. Investigate repeatability of DPOAEs
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13. Influence of noise on DPOAE anplitudes
14. Influence of ME transm ssion on DPOAE

15. dinical significance of probe tone frequency and |evel on DPOAE.

(4) TINNITUS RELATED:

1. To explore the link between tinnitus and OAE.

i
(5) ANIMAL STUDI ES:

1. To explore the presence and characteristics of OAEs in | ower
ani mal s.

To understand the nechani sm of different OAEs

S
3. Conparison of OCAE in lower animals and human
4. Ontogenic devel opnent of DPOAE in vat.

5

Rel ati on between cochlear dysfunction and DPOAE responses
par anmet ers

6. Effect of sound exposure on OAE.
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7. Relation between echol ocation frequency and cochlear properties in nustache bat.
8. Existence of nore than one DPOAE source and contribution of each to the ear cana

2f1-f2 signal.

9. Cochlear anplifier gain as a function of position along basilar nenbrane using
DPOAE.

10. Influence of ionic efferent input on cochlear nechanics and
subsequent changes in DPOAE.

11. Ceneral characteristics and suppression tuning characteristics of DPOAE in

Bobtail |I|izard.

13. Vulnerability and adaptation of DPOAEs to endocochl ear
potential wvariation.
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O SASS AN
It was a difficult task to <classify a particular article into "basi c
experinments® and “"clinical application". Cassification was done based on the

criteria stated in the nmethodology. But sone articles were at a loss to being

classified into any of the groups.

Eg. Al tinnitus related articles could have been classified as "basic
experinents” but were put under clinical application because they were related

to a clinical synptom "Tinnitus".

Qut of 158 articles, 88 are basic experinents, and 70 are clinical application.

Qut of 88 basic experinents 26 were on lower animals and the rest of the 62 articles

were on human bei ngs.
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Under "basic experinents" £7 articles were found on SOAE and all of them were
included for this review as there are no stinulus boundation (spontaneous em ssions).

So all of them can be further studied on Cel esta-503.

S articles on TEQAE and 11 on DPQAE were found. Under "clinical application”
45 on TEOAE, £0 on DPOAE, and 5 on tinnitus were found. Though the stinmulus
specifications for the above given OAEs were not sane or were not in the same range
as given for Celesta 503 instrunment but then also they have been included for review
As the given stinulus paraneter in a particular study can be changed accordingly with
the instrunent (Celesta-503) specification. In nost of the studies chosen a
particular range of stinmulus in not effecting there result directly. So in future
research on Celesta 503 these stinulus paraneters can be changed accordingly and the

sane study can be conti nued.

TEQAE and DPQAE are the only types which are clinically significant because as

earlier nentioned SOAE nmay be present and may not be present in normal hearing
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individual. TEQAE are the nost frequently studied SFOAEs have not been included in
the review as no specifications regarding SFOAE have been given in the mnual for
Cel est a- 503. Manuf acturers  have considered SFOAES detection conplicated and tine
consum ng than neasurenent of TEQAE and so they have not yet incorporated it into

clinical tests.

In terns of instrunentation, only 4 itens are discussed (i) mcrophone (ii)
earspeaker (iii) conputer and software systemand (iv) spectrum analyzer. The other
less inportant instrunments are not discussed because they Are closely as conpared to
conputer based systens and a single conputer can be progranmed to replace all the
other instrunents. But the acoustic probe consisting of mcrophone and earspeaker
(one or two) is essential for any system  Spectrum analyzer is included because,

till  now not all experinents are done using mcroconputer based instrunentation and

in those experinents spectrum analyzer is the inportant instrunent.
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Al the articles have not reported the instrument wused in detail. So
conpar ati ve advantages and di sadvantages of the instrunents used with Celesta 503 is

difficult to assess.

But then, further research can be taken on this:
Maj or areas of interest of the past experinents have been listed in Table 3.3 under

five different headi ngs.

Anal yzing Table 3.4 we find Bonfils P have the highest tally of articles. He
has given nore enphasis on clinical application experinents especially TEOAES.
Col | ect and Johnssen have also contributed minly in clinical application
experinments. Zwi cker has mainly focused on basic experinents especially on TEOAES.
Probst, Van D sk, Witehead and Wt are other authros whose main focus had been to
basic experinental studies. Sonme of the other authors who have been tabul ated
include - Brown, First, Rossi, Ruggero, Wer, Zurek in basic experinents and Lonsbury

Martin, Lutman, Norton, Stevens, Tanaka in clinical application experinents.
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Analyzing Table 3.5 we find that Journal of Acoustical Society of Anerica
contains the highest nunber of articles are those articles are mainly of basic
experi nent. Then is Scandi navi an Audi ol ogy whose majority are clinically applied
articles. Then 1is Hearing Research whose nmajority of experinments are basic

experiments and none are applied in nature.

QG her than Hearing Research and Journal of Acoustical Society of America al

other journals have majority of articles which are applied in nature.

The year 1993 has the maxi mum of OAE articles (36). So we can see the grow ng
interest of researchers in the field of OAE. In the beginning, till 1981 experinents
of basic nature were taken up reported maximally in Journal of Acoustical Society of
Anerica and then Hearing Research. Gadually experinments <clinically applied in

nature started grow ng and other journals also started publishing.
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