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| NTRADUCTT ON

Q oacoustic em ssion nmeans the emssion of sound energy from ear which can be detected
at the eardrumby a mniaturized sensitive mcrophone. It is an unbelievable fact because

one can never think that eye can produce |ight or nose can produce snell. Then howis it

possible for the ear to produce the sound energy?

Thi s phenonenon is now al nost established wth a dramatic change in our understandi ng
of the mcromechanical properties of mammal i an cochl ea. The concept of the cochlea as a
passive organ that converts the nechanical vibrations into neural discharges has been
altered by the electronotile property of the outer hair cell. Brownell (1983) first
denonstrated the notility of the outer hair cell stimulated by either d.c, or a.c.
electricity. This electromtility, in turn, sets oscillations into outer hair cell at
audi bl e frequencies and hence, otoacoustic emssion is produced. So now cochlea is

considered to have bidirectional transduction property-both reception and production of

acoustic stimuli.

Model s considering cochlea as a passive transducer could not explain many of the
audi tory phenonena and hence, as early as 1948, ld proposed that nechanics of basilar
nenbrane are influenced by netabolic processes. He reasoned that the passive nechanics of

the basilar nenbrane could not thenselves account for psychological thresholds and



frequency DL. Hence, .sone type of active process which enhances the passive nechani cal,

response of the basilar nenbrane to sound had 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 phenonena.

On the other hand, tinnitus, perplexing pathological auditory synptom was al so
unexpl ai ned and needed proper explanation and the hearing scientists were trying to study

t hi s phenonenon objectively by measuring it w th various techniques.

Due to these reasons, scientific experinentations were going on and Rhode (1971) was
the person to report experinental evidence for nonlinearities in the vibration of the
basi | armenbrane. Later Kenp (1978) reported a nost renarkable phenonmenon of evoked
acoustic emssions and this was an inportant mlestone in the understanding of cochl ear

nmechanics and also in the tinnitus rel ated research

Since then various experinments were done to explore the properties of various types of
ot oacoustic emssions (QAEs), 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 QAEs to knowthe integrity of the cochl ear-

m cronechani cs and the effect of conductive and retrocochl ear pathol ogi es on QAEs.



TYPES OF OAEs: QAEs can be classified into two types:

(i) Spontaneous QAEs (SOAKs) occur in absence of any deliberate stinulation of ear. They
can be detected in about 50%of all ears wwth normal hearing by sealing a sensitive
m ni ature m crophone into the EAM

(i1) Evoked OAEs (EOAEs) 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 mniature mcrophone and mniature ear speaker(s) into the EAM On the basis of
the stinmuli used to elicit, EQAEs can be classified into three types:

(a) Transiently Evoked QAEs (TEQAES) are elicited by a transient acoustic stinuli

such as a click or tone burst.

(b) Stimulus frequency evoked QAEs (SFQAEs) are elicited by a single continuous sweep
frequency puretones.
(c) Distortion product QAEs (DPQAEs) are generated in response to two continuous

puretones, separated in frequency by a prescribed difference (in Hz).

QAE AND TI NNI TUS: Wen the OQAE was discovered, nmany thought that they got the explanation,
of tinnitus and they started experinenting in order to establish the link between QAEs and
tinnitus. These peopl e hypothesized that SOAEs are generated due to mcrolesions of the
outer hair cells which does not nanifest as a hearing loss and tinnitus and SOAEs have the

sane origin or may be they are one and sane. But now this hypothesis is alnost rejected and.



A

SQAEs are considered as a phenonenon observed from normal cochlea and the individuals nost
often are not even aware of them Tinnitus, on the other hand, is a pathol ogical annoying

synptomdue to which the individuals are disturbed. But sone of the studies did find sone

evidence |linking SOAEs and tinnitus.

QAK EXPERI MENTS ON OTHER ANI VALS: QAEs unli ke many other auditory facts and properties were
first discovered on human beings and then scientists turned towards experinenting other

|ower aninmals in order to understand the phyl ogenetic devel opnment of the cochlea in terns

of cochlear nonlinearities, distortion products and QAEs.

CLIN CAL | MPCRTANCE OF QABs: TEQAEs and DPQAEs 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 nenbrane and
noreover all nornmal hearing ears can be evoked to produce TEQAEs and DPOAEs, so absence of
the response indicates the pathology at the particular frequency related place of basilar
nmenbrane. Research is going on broadly on two lines (a) spectral analysis and |atency of
the response and (b) finding the QAE threshol d. TEQAES are nostly experinented and this
test is alnost ready to be included as a hearing screening tool for neonates and infants.
DPQAEs are still in basic experinentation stage and this has the high potential to be

devel oped as a diagnostic threshold testing.
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As conpared to these two types, SOAEs and SFQAEs are | ess experinented and have | ess
clinical significance because (a) SQAEs are not found even in 50% of the normals, (b)
SFQAEs are difficult to record and analyze for want of appropriate technol ogica

devel oprment and noreover SFQAEs give the sanme information as given by TEQAES.

In addition, ECEs are an easy to use, noninvasive, rapid, cost effective and objective

tests.

In India, little work in this area seens to be going on for want of instrunents
required to experiment with QAEs. Till now, Go-dynamc |1LCB8 hardware and software
systens are only comercially available instrunent in the world. Programmable C oacoustic
Em ssi on Measurenent System (PCEMS) is also developed for this purpose. There are ot her
m croconput er based systens but none of them are commercially available. India being the
exporter of conputer and softwares, our conputer engineers should be in a position to
devel op appropriate software programme so that we can also join hands with our foreign

col | eagues in research and devel opnent in the field.

Wth this as prine objective, areview of Iliterature especially enphasizing the
I nstruments needed, with the specifications was felt necessary. Even if we do not devel op
I ndi genous instrument we are still in a need to review the works already done till date in
the area to update our know edge and this may, in future, help us while experinmenting this

Interesting area of research and clinical practice.



PURPCSE OF THE STUDY

The purpose of this study is to review the various articles on QAES in the last 14
years (1978-1991) and see the trend in the follow ng aspects.

1) Wiether the articles are review, basic experinent or clinical application.

2) Wiether nore nunber of experiments on aninmals or human beings are reported.

3) The type of QAEs nore frequently studied.

4) The instrunents nore frequently used in the experiments.

5) Major areas of focus of QAE research.

6) Authors who have contributed nore to the field of OAE

7) The journals in which nore nunber of QAE articles are published.

8) Year-w se analysis of articles.



METHODOLOGY

The journal articles dealing wth otoacoustic emssions in human beings and ot her
| ower animals were selected for the study. The articles were collected from various
journals and the only book "Mechanics of Hearing" edited by de Boer and Viergever over a
period of 14 vyears (1978-1991). The journals in which the articles were found are:
(Further, these serial nunbers are put for the respective journals in Tables).

1) Journal of the Acoustical Society of America.

2) Hearing Research

3) Scandi navi an Audi ol ogy.

4) Ear and Hearing.

5) Acta Qtol aryngol ogi ca.

6) Annals of Qtol ogy, Rhinology and Laryngol ogy.
7) Journal of Speech and Hearing Research

8) British Journal of Audiol ogy.

9) Audi ol ogy.

10) Archives of Q orhinolaryngol ogy.

11) Laryngoscope.

Al the journals related to ENT, acoustics and audi ol ogy including the above nentioned
journals were scanned and a total of 129 articles were found to be related to the

ot oacoustic emssions. The articles were divided into 3 categories.



a) Basic experiments.

b) dinical application

c) Review and Related articles.

The articles wunder "Basic Experinents" were of basic kind of studies where the
properties of different types of otoacoustic emssions were explored, the basic
I nstrumentation needed for evoking and recording the otoacoustic emssions were devel oped
and the various factors related to and affecting otoacoustic em ssions were experinentally
identified. They were further subdivided into five categories.

(e (0) TRE (3L,

5) Aninal studies (Table 3.1.5) T

The articles under "clinical application" were of applied kind of experinments where
the various types of otoacoustic emssions were clinically tested in different groups of
pat hol ogi cal cases in order to Justify the significance of this phenonenon as a strong tool
of hearing diagnosis. They were further subdivided into three categories.

1) TEQAE (Table 3.2.1)
2) DPQAE (Table 3.2.2)
3) Tinnitus related (Table 3.2.3).

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

tabul ated chronol ogically.
After compiling the data in tabular forns, it was analyzed to determne the trend in

various aspects. The findings are discussed.



RESULTS

The articles are sumarized in the following thirteen tables in which they are

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

i ndicate as foll ows:

TABLE- 3. 1.

1. Summarises all the articles related to basic experinents in the area of SQAE

i n human subj ect s.

Col um- 1:
Col um- 2:
Col um- 3:
Col um- 4:
Col um- 5:
Col um- 6:
Col um- 7:
Col um- 8:
Col um- 9:
Col um- 10:

Serial nunber of the article
Year of publication
The nane(s) of the author(s).
Serial nunber of the journal in which the article was publi shed.
Pur pose of the article.
Nunber of ears (e) and/or subjects (s) experimented.
Age range of the subjects.
Sex distribution of the subjects.
Nor nal cy/ abnornal cy of the ears experinented.
Instruments used by the authors in the experinent. In this colum the

speci fications and nodels of instrunments are al so given.
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Col um-11: Resul t s/ Concl usi ons - Werever the authors did not conclusively infer out of the
results obtained in the study the results (in place of conclusions) are stated.

In the exploratory type of articles also, the findings (results) are stated.
Col um-12: Renar ks.

TABLB-3.1.2: Summarises all the articles related to basic experinments in the area of TEQAE

i n human subj ect s.
Colum-1 to 9: Sane as described in Table-3.1. 1.

Col um-10: Stinmuli used to elicit the TEQAE. The specifications are al so nmenti oned wherever
it was reported in original article.

Col um-11: G ves whether the article neasures |latency of the frequency specific responses
or the threshold of TECAE

Colum-12 to 14: Sanme as described in Table 3.1.1. under the colums 10 to 12 (in series)

respectively.

TABLE-3.1.3: Summarizes all the articles related to basic experinents in the area of SFQAE

I n human subj ect s.
Colum-1 to 10 and 12 to 14: Sane as described in Table-3. 1. 2.

Col um-11: G ves whether the study was done exclusively on SFOAE or along with other types
of QAEs



11

TABLE-3.1.4: Summarizes all the articles related to basic experinments in the area of DPQAE
I n human subj ect s:

Colum-1 to 10 and 12 to 14: Sane as described in Tabl e-3. 1. 2.

Col um-11: G ves whether the article does the spectral analysis or threshold nmeasurenent of

DPQAE.

TABLR-3.1.5: Summarizes all the articles on aninal studies.

Colum-1 to 5 - Sane as described in Table 3.1.1.

Col utm-6: The ani mal who was subjected to experinentation.

Colum-7 to 11: Sane as described in Table 3.1.2 under the colums 6 to 10 (in series)

respectively.

Col um-12: Anaest hesi a used duri ng QAE neasur enents.

Col nrm- 13: Type of QAE st udi ed.

Col um-14 to 16: Sane as described in Table 3.1.2 under the colums 12 to 14 (in series)

respectively.

TABLE- 3.2.1: Summarizes all the articles related to clinical applications in the area of

TEQAE in human subjects. The columms are sane as described in Table 3.1.2.

TABLE-3.2.2: Summarizes all the articles related to clinical applications in the area of

DPQAE i n hurman subj ects. The colums are sane as described in Tabl e-3.1. 4.



12

TABLE 3.2.3: Sunmmarizes all the articles related to the tinnitus.
Glum-1 to 10 and 12 to 14: Sane as described in Table.3.1.2

Col um-11: G ves the types of em ssion studied.

TABLE 3.3: Summarizes all the review and related articles in which nodels are al so

I ncl uded.
Colums 1 to 4: Sane as described in Table 3.1.1.

Colum-5: QG ves the heading of the arti cl es.

TABLE- 3. 4: summarizes the instrunents, their nodels and specifications used by the authors
for experinmentation. Only four inportant instruments are taken for the analysis and they
are (a) Mcrophones, (b) Ear speakers, (c) Spectral analyzers and (d) Conputer systens. The

frquency distribution gives the nunber of tines (articles) these instrunments are used.
TABLE-3.5: Summarizes the major area of focus of research in different types of QAE

TABLE- 3. 6: Summari zes the nunber of articles - (all the three, basic, clinical and review)

agai nst each aut hor.

TABLE-3.7: Summarizes the year wise and journal w se breakup of experinental articles.

Under each year:

Subcol unm a) neans the nunber of articles reporting basic experinent.
Subcol um b) neans the nunber of articles reporting clinical application.

The first columm gives the journal nunber as stated earlier.



3.1
BASI C EXPERI MENTS



3.1.1
SOAE



12 3 5 6 9
1 1981 Zurek PN A survey search for otoacoustic emssion and its properties. 36s Both
2 1983 Ruggero NA To cite an evidence tor the hypothesis that SOAKs and TECBES le Pat hal ogi cal
etal are due to disruption of active feedback enchanisns of the
CRCs upon basi| ar menbrane vi brati on.
3 1984 Btjmls KN To investigate the interactions anong mil tiple spontaneous ofcaconstic em ssions. 5
et a
41984 Mfadden D To study the effect of noderate doses of aspirin on CAE 5 Nor

etal
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TW different ear canal insert probe assehbly
A) For Author: (1) S3

2) Plastic tubing i.d. 1375 mm

3) Mniature Mcrophone Knowl es KA1842

6) For others - G3

Standard Mcrophone B & K 4131

Have anal yzer HP3581

XY plotter

Plastic specul um

Beyer DT-48 Ear phone.

Knowl es EA- 1842 mi crophone.

anplifier (Princceton applied research CB 4 or
|thaco 1201) 10%10°

Viave anal yzer Hewlett Packard 3581A

FFT (MSP-3X).

Knowl es transducers EAL842.

Knowl es transducers BRL8SS.

Gason stadler otoadmttance neter earpiece.
FFT (1.25H line spacing).

Spectral averaging.

Zwi sl ocki coupler in a KEMAR

Coadm ttance earpiece Gason Stadler model | 7208.
Knowl es mniature Mcrophone XL-9073.

Al ifier.

H gh pass filter, 400Hz.

H gh resol ution signal analyser B&K 2033.

SOAKs were most often found between 1.0 and 2.0KHz and the
sound pressure in the earcanal was less than 200mcro Pa.

The contour of constant supression exhibits frequency
selectirity Iike that commnly associated with cochl ear
frequency analysis.

An external continuous tone is able to supprss the SOAE.

The 3dB-is0-suppression curve is broadly tuned and di splaced,
relative to the SOAE toward higher frequencies.

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

The results of this study demonstrate the highly nonlinear
and extrenely conplex nature of the active cochlear process.

SCAEs gradual 'y dimnished and then di sappeared during the
druF regi en. o o

Smal| SCAEs di sappeared within 14-20 hours of beginning the
drug regimen whereas |arge SOAES to 40-70 hours to di sappear
conpletely. .

The initial size of SCAE appeared unrelated to the time
required for it to recover to full strength once drug

admni stration ceased. .

The recovery systemhas highly idiosyncratic.

Age and sex distribution not nentioned.

Authors explain these findings in terms of disrup-
tion of active feedback mechanisms of the outer
hair cells upon basilar menbrane vibration.

The study should be repeated with more nunber of
cases with sound experimental design.

Authors have not controlled the effect of any use
of salicylate containing drugs on the results.
These drugs are easily available in market.
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5 1984 Rabimowits WM 1Toexplore the basic properties of SOAEand their Interactions wth single external 1% 18-36 Nor mal
et al tones 125 yrs
6 1984 Wer CC et al 1Todetermne the existence and characteristics of SQAES Inanomally hearing popul ation 4% 19-50y - Nor mal
7 1984 Zwicker E et al 1  Toneasure the anplitude and phase of evoked synchronous em ssions, their frequency - 24-3y - Nor nal

spacing and | evel dependence.

8 1985  Strickland ELA 1 Todetenine the incidence of SOAES in children and infants. 7 57m  21b-299 nonal
et al 19m  children
children 8b-13g
17-45d  infants
infants
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Two probes (a) Prob-1. Containing small mcro-

phone Knowl es EA1842. (b) Probe-2; containing
above mcrophone and a mniature receiver
Knowl es BK1888.

Acoustic resistor Knowl es BFL96L.
Preanplifier sigatics 5532; gain 40dB.
Butterworth high pass filter; 400Hz; 12dB/ Cct.
FFT spectrum anal yser Hetlett-Packard 3582A
Audinetric earphone TDH3O.

Gason Stadler 17208 ot oadinttance earpi ece.
Knowl es mniature mcrophone 1L9073.

Low noi se preanplifiers.

H gh pass filter 400H, zero gain, 8-pole
Butterworth design.

Qerational amplifiers NE5S534As.

Real tine spectral analyser Hewl ett-Packard
3582A

X-Yplotter.

Special |y devel oped el ectret [icrophone.
Preaiplifier Tektronix ANBO2.

Tracking frequency anal yser B&K2020.

Smal | transmtter AKG CES2.

Knowl es BTL754/ Sennhei ser 04-211 M crophone
Spectral anal yser HP3580A

Dynam ¢ ear phone Beyer DT48.

Mniature mcrophone Knowl es EAL842.
Gason Stadler | mpedance probe.

Viavet ek- Rockl and 5820A spectral anal yser.
Digital plotter.

For suppressor tones below and slightly above the frequency
of an SCAE, suppression is quite abrupt.

As suppressor frequency increases above the SOAE, the rate of
suppressi on decr eases.
A release from suppression was-demonstrated by the interaction,
of an SCAE with two external tones. This finding is inter-
preted as the second tone having suppressed some aspect of the
Intracochl ear influence of the first tone.
ng%/ growth rate of secondary suppression appears to be near

B

SOAEs sere found 38%of the people 4 27%of the ears tested.

SOAE, SFOAE & TSOAE result fromthe same source, whichis
located within the cochlea and therefore mrrors their
hydromechani cal characteristics.

There is no significant difference in the incidence of
SOAEs with age.

There is a significant difference in the incidence of
SOAEs in males & females, fenales showing higher incidence.

The physical measures of tone-on-tone suppression
as derived from SCAE unmasking in subjects with an
intense SCAE, can be conpared with psychophysi cal
measures of suppression from those same subjects;
such comparisons mght resol ve whether intersubject
differences in psychophysical results have an

I ntracochl ear physical counterpart.

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

If these emssions are originated fromthe same
source, the why there is difference in the incid-
ence and save form of these eiissions.

S0 ve can reject the hypothesis that the SCAES
arle| produced by the mcrolesions of outer hair
cells.
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9 1985 Wt HP. 2 Toinvestigate the short termstability of CAE frequency in detail. 5 23-21  Imlf

D 1986 Ganfrone G 3  To explore the prevalence of SOUinterms of rate of occurrence, frequency spectrum — 104e  18-41  Both  Norml
etal and intra and inter subject variability. 525

11 1986 Probst, R 2 To know the efficacy of different stmulus type ineliciting emssions and to know e 1935 Tm7f  Norml
etal the effect of SOAE on EOAE 14s

D 1988 Bargones 1 To measure the tuni ng of Qs in the devel oping auditory systemby making longitudinal 35 infant - Nor el
et al measurenent s of SOAESTCS in human i nfants. <gv\1eeks adul ts
adults

9-4byrs



17

1

D

Mcrophone. _
Princeton ApF' Ied Research 4512 real time
spectrum anal yser.

1/2" m crophone BEK 4166.
Preanpl ifier B&K2660.

Sound | evel calibrator B&K4230.
Dual channel FFT analyser BEK 2032.

Acoustic probe: a) Mniature microphone Know es
BT1751. () M niatue earspeaker Know es BK1985.

2 c.c. coupler DB 0138,

1. condenser m crophone BEK 4131,
Spectral analyser Hewl ett-Packard 3850a.
Preamplifier “(109)

Band pass filter (0.25 to 6 KHz).

Kroha Hite 3343 R

Amlifier (109

LS-11 Iaboratory mcrocomputer.

FFT,

Flexible disk.

Knwi es EALB42 microphone.

Knowl es 1888 driver.

Grason Stadler impedanee probe.

Function generator Hewiett Packard 3325A
Viavet ek Rockland FFT analyser 5820A

Astatistically significant frequency decrease during the
morning hours was observed.

SOAEs has been detected in 26%of ears and 30.8% of subjects.

Bilateral SCAEs have been observed in 68. 8%

Ergqueﬁ;mies of the strongest emssions ranged from 1-2KH:
6.3%.

Anplitudes varied from3 to 20 dB SPL above the background

noi se.

Spectra were always very sharp and stable in frequency but

less stable in anplitude.

Two di stinct Eattens TECAES were identified (a) 18%ears
showed short broadband clickevoked em ssions lasting | ess
than 20ms after stimulus onset (b) 82%ears showed click
evoked emissions lasting longer than 20ns poststim us
onset.

Cochlear toning characteristic in 3weeks old infants are
same range as those of adults.

More no. of cases should be taken for further
studi es.
Sex difference observed should also be studied
further.

These results general |y agree with the data
available in iterature.

Good explanation of the stimili & Instruments used.

This Tongitudinal study should be continued further
to get even nore knowl edge of devel opment.

Corparison of EQAE in children with that of the
adults is guesuonable because the two groups were
not matched.

Evidence fromtwo subjects suggested that devel op-
mental changes in the fine tuning of the system

may be occur postnatally. So, the experiment should
be repeated further by others with more objectivity
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B 1938 F{i glk LR 4 Tofindout the effect of the external stimili on spontaneous otoacoustic emssions.  3s 21-3ly Femle Normal
e

Boo1988 furst M 1 To study the discrepancy between the two interpretations of the source of DPCEAS 1le  20-3%y - Nor mal
et a I n hunans. 8s

15 198 LongGR 1 Toexplore the relation between CAE (hoth SOAE and ECAE ) and psychoacoustic thereshold &
et a? merostruct ure.

b 198 Wer CC 1 Toexplore the association between SOME and DPCAE under aspirin use. & - Ml e
e
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Ctoadmi ttance specul umassenbly (Gason Stadler).

An el ectret microphone Knowles 1842 PYS1T.
Plastic tube (length 13mm Inmi.d.).
Soft plastic Inpedance tip.

Preanplifier signetics 5534 op-anp (40dB)
Spectrum anal yser (HP 35824)

FFTs.

ER-10 microphone & preanplifier assenbly.
ER-3A t ubephone.

Frequency synthesizer HP 3325A

Attenuator 1-P 350D,

Acoustic probe (a) Two Knowl es BK- 1888 receivers,
(h) Knowl es EA-1842 microphone.

Preamplifier (40dB).

Band pass filter (400Hzto 22KHz, 12dB/Qct).
Spectral analyzer Hewett and Packard 3582A

Probe (Gason Stadler otoadn ttance earpiece
a Know es EA-1843 transducer,

b) Knowl es BT-1752 transducer.

Amlifier.

Vavetek - rockland 753A Brickwal | filter
(500 to 550082).

Viayet ek 5820A spect rum anal Yzer.
B &K 2010 het er odynes| ave filter.
Nova 4x conputer.

Modi fied standard ot oadnittance earpiece
Garson-Stadl er model 1720E.

Knowl es niniture nicrophone IL-9073.

Two Know es model 1869 recei ver.

Al ifier.

H gh pass filter; 400H.

Spectrum anal yzer (N col et/ Wvetek nodel 444a)
TWO General Radio signal geneators (nodel |3104)

SOAES vvgre detected in 38. 7%of subjects and 25.8%o0f ears
screened.

The frequency of SCASs ranged from 1304 to 4666H with 50%
em ssions detected between 1K and 2KHz and 50% above 2KHz.
The anplitude of neasured SCAES ranged from 1.2 to 15.4dB
SPL mean 6.94 dB SPL; SD 3.35).

Mil'tiple emssions were present in 66.7%of subjects and
62.5% of ears.

Bilateral emssions were detected in 33.31 subjects.
Conpleted suppression contours closely resenbled the well
docurent ed psychophysical tuning curves of the ear.

Ears tended to exhibit all or none of the enission types
that were sought.

The magnitude of SFOAS and DPCAE showed a similar dependence
on frequency.

Simul taneous cancellation of perceptual and acoustic dis-
tortion was produced rarely.

SOAE gradual Iy diminished and then disappeared during

drug regi men.

EQAE and threshol d microstructure were also reduced by
aspirin consunption but persisted onger and recovered sooner.
In nost instances the initial change In threshold micro-
structure was a trend to increased sensitivity with a

greater increase near threshol d maxima than at threshol d
mnime.. Further reduction in the levels of ECAE was acconp-
anied by the eventual decrease in sensitivity.

Aspirin consunption unifornty reduced the SCAES to
umeasur abl e or extrenely Iow |evels.

Aspirin consuiption also reduced the anplitude of the
DPCAES but did not elimnate thementirely.

The anplitude of DPOAE and its change with aspirin
consuiption were related to both the proxinty of the
DPCAE to the frequency of the SOAE and to the level of
primaries producing the DPCAES.

Onl'y females were subjected to the study.

Future research should supplenent existing data
regarding the behavior of SOREs and their inter-
action wth external signals across a wde range
of subj ects.

The results can be interpreted qualitatively sith
a nodel in which primary tones produce distortion
at their interaction region within the cochlea,
this distortion propagates to the distortion fre-
quencr place where It mediates perceFtion.
Detailed specifications of the stimli used not
gi ven.

The study should be repeated with a better exper-
imental design on a larger sanple.

These findings are simlar to the findings of
MFadden and Plattsmer (1984).

The results indicate that peripheral auditory
systems of humans and rhesus nonkeys are alike in
their responses to aspirin.

The study lust be repeated with large sample.
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7 1988 Zizz CA 7 Tostudy the reliability of spontaneous otoacoustic em ssion suppression tunning curve 5 23-38y femle Normal
et d Measur ements.

B 1990 Van DOjk P 1 To demonstrate the synchronization effect of DPCAE (2fI-f2) on SOAEs. de
et a s

o 1990 Van DJk P 1 To present experinental data on anplitude and frequency fluctuations of SOAES. 1@
et d

D 1991 Lonsbury 1 To study the influence of aging on the generation of DPQAES 60e 31-60y 15 Nor vl
Martin 30s 156

B.L. e d
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Mbdified grason stadler acoustic Imrttance probe No significant difference between the SOAESTC trials (P>9.95)

assendly & 1720- 9640.

Mniature mcrophone Know es EA- 1842,
Mniature ear Ehone Know es ED-1912.

A teflon tuoe (1D=1.35m).
Amlifier.

H gh pass filter 400H, 30dBlOct.

Real tinme spectral analyser B&K type 2033.

Oscil loscope (Hewlett Packard 1222A).
Amlifier Toudspeaker system
Interstate high Voltage AVFM nodel F46.

Acoustic porbe () Condenser m crophone.
(b) Two earphones.

Sony SL- C30E vi deo recor der.

Sony PCMFL.

Bandpass filter B&K 2020.

HP 5326 a tinmer.

Uni gon 4512 FFT anal yser.

Sensitive M crophone.

Video tape (Sony SL-C30E video recorder)
Pul'se code modulatlon(Sony PCMF1).
Vavetek 178 signal synthesizer.

i gon 4512 FIT anal yser.

Band pass filter BEK 1623.

Het erodyne Band pass filter BEK 2020.

HP 5326 A timer.

Grason stadler E32 62A attenuator.
Viavetek 116 sginal generator.

Tel ex 1470 audiometric speakers.
Atificial ear M 4152,

Acousti ¢ probe.

Two Etymotic research 11-2 Earspeakers.
Etymotic research ER-10 m crophone.
Preanplifier Etymotic research 10-72.
Conput er

The nean ¢l ;Jvﬁe of the SCAESTC | ow frequency segnent
53. 7B/ oct

cy segment was 124. 8B/ Qct.

The mean |ow to high frequency slope ratio was 2.4

The mean QL0 val ue vas 5.3

Vhen primaries were sufficientl* loud (300B SPL), p

fluctuated around a constant value: The emssion was constan-

tly synchrom zed to Fs.

Lovering primary levels (20dB SPL) resulted in 360°
junps at random nonents. The em ssion occasi onal |y
out of synchronisation, trying to mintainits on
frequency to

Eiission anplitude and period both showed snall fluctuations

(a) Arns/Ao ranged from07x10 to 6.3x10° for
emssions and vas 24x10° for hoth frog em ssi ons.

Trms ranged from14 to 6.9 x 107
was 50.0 and 55.0x10° for the two frog enssions.
There was a positive correlation (R=0.9) between
and Trns

Vhen conpared to emssions in young ears, DPOAES accurately

tracked the systematic deterioration of high freque
hearing in aging individuals.

Was

ereas the mean slope of the SOAESIC high frequen-

hase

Fhase
sl i pped
natura

human

for human emssions &

Arms/ Ao

ncy

The SOAKE STC | ow and high frequency sl opes and
QL0 were simlar to psychophysical tuni ng curve
data obtained in simultaneous masking and physio-
logical tuning curve data.

Thi's behavior can be described as synchronisation
of an oscillator, foto a sinusoidal force fs, in
the presence of noise.

The experinent can be replicated with nore no. of
cases and with the better design for further
evidences and inferences.

Authors conpare these results with that of second
oscillator and observes that an oscillator with
linear stiffness driven by white Gaussian noise
cannot account for all experinental results.

The instruments used are not described in detail.

This finding can be clinically applied vhile
interpreting the ECAE findings in aged cases.

Furt her
Cases.

research is aanted with the pathol ogi cal



3.1.2
TEOAE
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199 Wt HP 1 Toipvestigate the influence of stinulus frequency upon the s  BA - Normal 1728472 Llaex
et d nagn t ude gf the response. Rk / K 1t band- )
e %
t|tiohrapg
16 per sec.
1%L WtHP 1 Tostudy the properties of the frequency spectra of EQMES 5 23y - Norml 172842 Llaex
et d recrod%fromphuﬁgn earcand LY S b Hz 1 band- )
wdth 600-
00H
193 RigeroMA 2 Tocite an evidence for the hypothesis that and TEQMES le Pthol-  Qicksor  Latenc
etgge are due to disruption of ac,t%/\ee,feedback nec%%sns of the ogcd  tonepips )
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Acoustic probe; 1.5cmlong; 1 dianeter,
a) Mniature mcrophone,

b) Mniature earphone.

Signal averager.

Computer.

Know es KL671 mniature mcrophones.
Spectral anal yser ubiquitous OA-6B.
Nodified princeton applied research type TOH 9
Signal average (100 menory points) or Datalab

type DL400 digital averager (1024 memory points)

H gh pass filter; 500Hz, 14dB/Qct

Sensi tive condnser m crophone.

Plastic tube 3.5mi.d.

Amplifier.

Band pass filter (0.5-4KHz, 24dBl Qct).
Spectral anal yser ubiquitous UA-6B.
Csci | oscope

Datal ab DL4000 signal average.

LOWpass filter (Krohn-Hte 3343, 96dB/0ct)

Plastic specul um
Beyer DI-48 Earphone.
Know es EA-1842 M craphone.
lifier (Princeton applied research CR 4 or
|thaco 1201) 10°%10*
Have anal yzer Hewlett Packard 3581A
FFT (NGP-3X).

A new audit W
acousti ¢ imu

phonomenon QAE has been identified in the

se response of the human ear. .
The slowly decaying response component was present in all

normal ears tested, but was not present in ears with
cochl ear deaf ness.

Stimuli of higher frequency generate nuch smaller em ss-

fons than stimli of l'ower frequency at the same stimulus

level

For [ow response levels the relation between stimlus |evel

and response level is approximately |inear.

H gh response levels rise approximately as the cube root of

stimilus evel,

A tuning curve could be derived by suppressing M ssions with

a second steady tone.

The two procedures (viz.real time recording and cal cul ation
of the spectral of time averaged emssion) give different

| nput - out put curves or TECAE.

The real time spectral recording procedure can be used to

Measure tuning
21-£2.

curves or to study the distortion product

An external continuous tone is able to supprss the SOAE.

The 3dB-i so-suppression curve is broadly tuned and di splaced,

relative to the SCAE toward higher frequencies.

An audi ogram notch exists at frequencies just bel ow that of

of the SOAE.

The author supports cochlear reflection hypothesis
W th these results,

further studies wth better experimental designs
and al so exploratory in nature are required to
explore the properties of TEOAES.

Sex distribution of subjects not reForted.
The same experinent sith large sanple should be
r epeat ed.

The results indicate that sharﬁhy tuned em ssion
generators are present in the human cochl ea.

ms of disrup-
the outer
tion.

Authors explain these findings in ter
tion of active feedback mechanisns of
hair cells upon basilar nenbrane vibra
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1983

198 4

1986

1986

Zricker.E

2

Zsicker E et al 1

Antonel . A
et a

Probst, R
et a

3

to investigate the differences reported iD the literature regarding
the slope of the relation between stimilus level and emssioi |evel

To measure the anplitude and phase of evoked synchronous em ssions
their frequency spacing and level dependence

To analyse the intrasubject stability of the TI0AE
To study the influences of the relative position between the head
and body on the TEQAE

To know the efficacy of different stimilus type in elicitiag
emssion and to know the effect of SCAE on EQAE

28¢
14s

23-58y

24- 35y

10-35

Tm 7f

Nor nal

Nor ma

Nor

Sinusoidal  Ltancy
cycle/short &

tone brust/  threshold
G envel opes

repetition

rate 23-43

['sec

No specific Latancy
ment i on 4
threshol d

Qick-100  Latency
M Cr 0SeC.

Brust - 5ns

500mi cro

sec risel

fall time

21/ sec.

Qicks-Qlis Latency
pul ses

Tone bur st
0.5,11.543

KHs riselfal

2 cycles
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Mcrophone sennheiser HIHLLO/1 [ith I OR

frequency cat off at 0.3z,
Ear Fhone DT 48s
Aplifier.

(ctave band filter.
Transforier.

Special |y developed electret [icrophone.
Preaiplifier Tektronix AHB0Z.

Tracking frequency anal yser BAI2020.

Siall transittter AXG CE52.

Snowi es BTL754/ Sennhei ser 1 E4-211 Ki crophone
Spectru analyser HP3580A

Dynaiic earphone Beyer DT48.

Probes unofactured in cooperation wth
liplald SPA

Band pass filter 200-5000H Bottenorth
A Of)py di sks.

Aplard HU software systei.

Acoustic probe: a) Mniature [icrophone Inow es
BT1751. (h) Mniature earspaker Inow es BI 1985,
2 ¢.C. coupler BAK DB 0138,

1" condenser |icrophone Bil 4131.

Spectral analyzer Hew ett-Packard 38S0A
Preaiplifier (103

Band pass filter (0.25to 6 Hz).

Krohn [ite 3343 B.

Aplitier (102)

LSI- 11 laboratory Iicrocoipoter.

FFT.

Flexible disk.

SOAK evel is directly proportional to the stinulus
level till 20 dBSL above which EQAS saturates.

SOAS lying in the saie frequency range as ECAE

i nfl uences above relation.

SPPs are lirror itages of HPPs.

SOAE, SFOAE k TEOAE result froi the saie source, whichis
located within the cochlea and therefore lirrors their
hydr oi echani cal characteristics.

TEQAE viveforis are stable over tiie. .
A decrease inaiplltade and a tit: shift of evoked em ssions
Whenever the subjects position was changed.

Two di stinct Eatterns TEOASs were identified (a) 18X ears
showed short broadband clickevoked eiissions lasting |ess
than 20is after stiiulus onset, (b) 82X ears showed click
evoked eiissions lasting longer tkas 20is poststiaulus
onset .

Third conclusion gives the evidence that tasking is
the cochlear (peripheral] phenonena.

If these eiissions are originated froi the saie
source, than why there is difference in the incid-
ence and wave fori of these eiissions.

No. of cases, agedsex distribution was not |entioned

Cood expl anation of the stiiuli 4 instruients used.
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o0 197 NOMONSJ 1o ontain systemtic data on relationship betveen tone burst 75 22-28y Femles Normal Tone burst Latency  Latency
et al frequency and intensity aad EOAE characteristics ina group of 0.5,0.75,1.0
norial ears. 1,562, Ok
of 8.0,5.6,
4.04.2&
Ans respect.
repetiton
rate 23/sec
0 1987 VanDijkPP 3 To determne whether Kenp echoes are useful techniques to define 200 18-2%y - Nor mal Qicks Lat ency
et al cochl ear functioning. 120s
11 1987  Zvicker E 1 Toelaborate on the correlation of the three values P(t), WP&SPP 1S 62y Tone burst  Latency
et a 1300K > 200
is; +3dBSPL
2 1988 Llong R 1 Toexplore the relation between OAE (both SCAE and EOAE) and k- - For TEQAEs-  Latency
et al psychoacoustic thereshold microstructure. 3mcrosec &

pulses at  threshold
200BSL

KH hal f

cycle at 20

B3

for SFOAES-

pur et one,

range 1000

s in 60sec

10 dBSL
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Viavetek rockland 5826 A spectrum anal yser.

DAC.

Programmabl e digital attemator.
Acoustic probe.

Etymotic research ER-2 earphone.
Know es EAL842 mi crophones.
Anplifier 40dB gain.

Hgh pass filter 400Hz.

Nicolet 1170 signal average

Peters AP200
Smal | probe
M crophone.
Ear phone.

Mcrophone KE4 sesnnhei ser
OT-48 earphone
NKHLLO/ 1 sennhei ser i crophone

Probe (Gason Stadler ofoadmttance earpiece)

a Knowl es EA- 1843 transducer.

b) Know es BT-1752 transducer.

Al ifier,

Vidvetek - Rockland 753A Brickvel | filter
(500 to 5500Hz).

Vidvet ek 5820A spectram anal Yzer.
BEK 2010 het erodyneslave filter.
Nova 4X computer.

The spectra of TEQAES resemble those of the evoking stimli.

The latencies of EQAES are consistent with neasures of for-
ward basilar menbrane travel tine.

Only a limted nunber (85 out of 210) displayed TEQAE.

The course of the SPPis a mrror inage of that of NPP.

SOAE gradual |y diminished and then disappeared during
arug regi en.
ECAE and threshol d mcrostructure were also reduced by
aspirin consunption but persisted |onger and recovered sooner.
Inlost instances the initial change in threshold micro-
structure was a trend to increased sensitivity with a

greater increase near threshold maxina than at threshol d
mnima. Further reduction in the levels of EOAE was acconp-
anied by the eventual decrease in sensitivity.

The above findings support the hypothesis that tone
pip evoked emissions are a property of normal
cochleas and are generated at places appropriate to
their frequency along the cochlear partition.

They did not test the hearing before TECAE
recording. They assumed normal hearing because they
were tested a few nonths ago while admssion to
speech & hearing graduate course.

No specifications of the stimli used provided.
This finding limts the useful application of this
techniques as a nethod to evaluate cochear

funct i oning.

Simlar resutls were found in animls.

The study should be repeated with a better exper-
imental design ona larger samle.

These findings are sinlar to the findings of
MFadden and Plattsmer (1984).
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16

17

1988

1988

1989

1990

1991

Rossi Get al

Rossi Get al

Rossi G et al

Collet L. et al

Hrris F.P.
et d

To study the ECAEs through bone conducted stimulation.
To study the role of ossicular chain in the transfer

of EOAE to the eardrum

To explore the possibility of using the bone conducted stimili evoke

TEQAE.

To cite an experimental evidence for active intracochlear mechanisms

as the core of TEQAE.

To investigate the age factor in relation to ECAES.

To assess the amount of variability in the level and spectrum of
TEQAES from normal ears.

B 18-43y

2e  19-24y  Both
s

5 12-2

166e 6w 83y
93s

10s 3.5 5m
mean of

Nor mal

Pat ho-
| ogi cal

Nor

Nor nal

| O0CHz tone Latency
burst  5ms &
rise/fall thershol d
time [

repetition

rate 31/sec

|KH tone  Latency
burst: 3ns,

rise/fall time

1rs; repeti-

tion rate 31/s

Tone burst  Latency
3 and rise/

fall time [ns
frequency 0.5

1 & 2KHz,

repetition

rate 31/sec.
Unfiltered  Latency
rarefaction

click 100

M Crosec. rate
22. 7/ sec.
80mcrosec  Latency
rectangul ar

pul ses.
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Anplaid BEVI aystem
Amplaid Echo probe.
Radio Ear B7L bone vibrator.

Arplaid MK M
Anplai d Echo probe for AC
Radi oear B 71 vibrator for BC

Quest mod. 215-45-12 phononeter.

FFT

Aplaid MKV system
Anplaid Echoprobe

Know es BK 2606 ear phone.
Knowl es BT 1751 mi croghone.
Quset Mbd 215-45-12 phononeter.
FFT.

Tandy WM 063T M crophone.
Enowl es K2912 ear phone,
Band pass filter 200- 000Kz,

Nicolet Pathfinder Il apparatus.

IL0 88 Crodynamc analyser.
Portable computer compag I11.
FoamE AR type eartip.

Innormal hearing, subjects, TEQAES by BCS showed the sane
characteristics as those evoked by ACS.

In subjectswith unilateral otosclerosis before surgery no
EQAE coul d be elicited by ACS fromthe otosclerotic ear,
whereas they could be recorded by BCS.

After stapedectony, ECAE could be obtained by ACS too.

The Nbrphol ogy of BCECE behaves in the same way as that of
ACKCE

By contrast vith ACECE, whose mean threshol d is the same
as that of the subLecnve tonal threshold for the same stinu-
|us presented by the same stinulation modality BCECE threshold

On average, is about [QuB HIL higher.

ACECE can not be obtained in otosclerotic subjects whereas they

appear after surgery. BCECE are obtained before surgery and
increase in anplitude postopertatively.

TEQAE coul d be superimposed by a passive intracochlear
mechani sm

When age increases the presence of ECAES by age group and
the frequency peak in spectral analysis decreases and KOAE
threshol d increases.

The anplitude for TEQAES is stable over sucessive short term
measurment. Variability within individual spectral bands
was approximately idB from 0.9 to 4. 1KH and ves slightly
greater for 0. 7KHz.

There results suggest that the osssicular chain is
important but not essential in the transfer of the
TEQAE to the eardrum

Further studies are required for more evidence.

The last finding early demonstrates that the
0ssicular chain plays an inportant but not an
essential role in the transter of TEQAE from the
inner to the external ear.

Sex distribution not mentioned.
This finding should be used while interpreting
the clinical results.

This is one of the properties why TECAES can be
considered as a potential test for cochl ear
functions.

The experiment should be repeated Wth a large

sanpl e.
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Codynami ¢ 1LO 88 acoustic emission anal yzer.
A probe for the NTE cont aining IoudSﬁeaker
A probe for TE containing a) Mcrophone
b) Earspeakers

Collet effect was demonstrated in all the normal subjects

The a
| dent

I

litude and
led using t

ﬁ

hase changes, though small, were easily
e difference response techniques

Further research is required to investigate the
neural significance of the presence or absence of
the Col et effect in retrocochlear pathol ogies

The same experiment may be repeated in clinica
settings with more no. of cases wth [LO 88, which
Is only comercially available CAE instrument
The hearing scientist connunitr is waiting for a
simplified procedure which could be included in
the audiol ogical and vestibular test batter* to add
i nformation about the inte?rity of the cochlea and
the status of the medial efferent system



3.1.3
SFOAE
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11984 Zwicker E. et all To neasure the anplitude and phase of evoked synchronous emissions, 24-35y Normal - No. specific Wth S0AE
their frequency spacing and |evel dependence. enti on TEQRE
2 1988 Fust M 1 To study the d screﬁancy between the two interpretations of the le  20-35 Normal A Continuous wth DPOAS
et al source of DPCES in humans. 8s sweep freq. & SO
tone, level
30dBSPL.
2 Primary tones
3 1988 Long |G R. 1 To explore the relation hetween QAE (both SCAE and ECAE) and 3 lggﬁgﬁl S3(§)Sm gtro &WtThE O?\EOL\E,
et a psychCACoustic thereshold mcrostructure. oy
half cycle at
200BSL.
SFORES- Par et one
range 1000H in
60s | CuBSL.
41990 Gokill SA 1 Toinvestigate (i) the dependence of DPOE level on stimilus 3s 1550y 19 Norml 2 Primary with DPOAE
et al paraneters and (i1) the relationship between DPCAS |evel and 15m tones fI &2

auditory sensitivity.

100s cont i nuous
frequency Sweep
from 500 5500Hz
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Special |y devel oped el ectret microphone.
Preanplifier Tektronix AVBCL.

Tracking frequency anal yser B&K2020.

Sral | transmtter AKG CES2.

Know es BT1754/ Sennhei ser KE4-211 M crophone

Spect rum anal yser HP3580A
Dynani ¢ ear phone Beyer D48,

Acoustic probe (a) Two know es BK-1888 receivers.
(b) Know es EA-1842 i crophone.

Preanplifier (40dB).

Band pass filter (400 to 22KHz, 12dB/Cct).
Spectrum anal yzer Hewlett and Packard 3582A

Probe (Gason Stadler otoadmttance earpiece)
a) Know es KA-1843 transducer.

b) Knowl es BT-1752 transducer.

Amplifier,

Vidvetek - Rockland 753A Brickvel | filter

(500 to 5500Hz).

vavet ek 5820A spectrum anal Yzer.
BEK 2010 heterodynes! ave filter.
Nova 4x computer.

Perspex netal probe specially designed.
a) two 1712 loudspeaker.

b) 1843 m'croghone. _
Pnilips PV6193 function generator,
Ampi fier.

EE%CI rum anal yser Hewl ett-Packard 3561A
BBC microcomputer with [EEE interface.

SOAE, SFOAE & TECAE result fromthe same source, which is
located vithin the cochlea and therefore mrrors their
hydromechani cal  characteristi cs.

Ears tended to exhibit all or none of the enission types
that were sought.

The magni tude of SFOAE and DPOAE showed a simlar dependence
on frequency.

Simultaneous cancel lation of perceptual and acoustic dis-
tortion was produced rarely.

SOAE gradual [y diminished and then disappeared during

drug regimen.

ECAE and threshold mcrostructure were also reduced by
aspirin consumption but persisted longer and recovered Sooner.
In nost instances the initial change in threshold mcro-
structure was a trend to increased sensitivity with a

greater increase near threshold maxima than at threshol d
mnime. Further reduction in the levels of ECAE was accomp-
anied by the eventual decrease in sensitivity.

The frequency ratio f2/fl at which DPOAE level is maxinal
varies only slightly across frequency and subjects. The
average optimal ratio is 1225, . o .
Beyond the laximum the DPCAE level declines with increasing
f2[fl ratio at rates of uFto 2508/ oct .

As the level of one stimius is increased relative to the
other, DPOAES grow, saturate and in most cases show a
bendover.

Maxi num distortion is generated when L1 exceeds L2.

If these emssions are originated fromthe same
source, then why there is difference in the incid-
ence and wave form of these enissions.

The results can be interpreted qualitatively with
a model in which primary tones produce distortion
at their interaction region within the cochlea,
this distortion propagates to the distortion fre-
quencY place where it nediates perceFtion.
Detailed specifications of the stimuli used not
given.

The study should be repeated with a better exper-
imental design on a larger samle.

These findings are simlar to the findings of
McFadden and Plattsmer (1984).



3.1.4
DPOAE



1 3 5 6 T8 9 10 1
1 1984 Burns EM To investigate the interactions among multiple spontaneous 5-- No specific  Spectra
et al ot oacousti ¢ eni ssions. Mention anal ysi s
2 1988 Furst M To study the discrepancy between the two interpretations of the |1e 20-35y Normal A Continues  Spectra
et al source of DPOAES in hUMans. 8s sweep freq.  analysis
tone, |evel
30dBSPL
2 Primary tones
3 1988 wier CC To explore the association between SCAE and DPOAE under aspirin use.  4s ml at &around  Spectra
et al SOAE freq.; — analysis
wthin 100H; and
f2(f1 115  threshold
4 1990 Gaskil - S.A To investigate (i) the dependence of DPOAE level on stimilus 3s 1550y 19f  Normal 2 Primary Spectra
et al parameters and (i1) the relationship between DPOAE |evel and 15m tones fI &f2, analysis

auditory sensitivity

100s continuous &
frequency steep threshol d
from 500-5500H
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Knowl es transducers EA1842.

Knowl es transducers BRL8SS.

@ason Stadler otoadmttance leter earpieces.
FFT (1.25H line spacing).

Spectral averaging.

Zwislocki coupler in a KEMAR

Acoustic probe (a) Two Knowles BK- 1888 receivers.
(b) Knowl es KA-1842 mi crophone.

Preamplifier (40dB).

Band pass filter (400H to 22KHz, 12dBI Cct).
Spectrum anal yzer Hewlett and Packard 3582A

Modified standard otoadmi ttance earpiece
Garson- Stadl er model 17208,

Know es miniture mcrophone XL-9073.

TVO Knowl es model 1869 receiver,

Anplifier,

Hgh pass filter; 400H.

Spectrum anal yzer (N colet/VWavetek model 444a)
Two General Radio signal feneators (modell3104)

Perspex metal probe specially designed.
a) two 1712 | oudspeaker.

b) 1843 microphone.

Phi | iPs PV6193 function generator.

Al ifier,
EE_erctrum anal yser Hew ett-Packard 3561A

BBC microcomputer with IEEE interface.

The results of this study demonstrate the highly nonlinear
and extrenely conplex nature of the active cochl ear process.

Ears tended to exhibit all or none of the emission types
that were sought.

The magnitude of SFCAE and DPCAE showed a similar dependence
on frequency.

Simultaneous cancel lation of perceptual and acoustic dis-
tortion was produced rarely.

Aspirin consunption uniformy reduced the SCAES to
unmeasurabl e or extrenmely low |evels.

Aspirin consunption also reduced the anplitude of the
DPOAES but did not elimnate thementirel %

The anplitude of DPCAE and its change with aspirin
consunption were related to hoth the proxinity of the
DPOAE to the frequencK of the SOAE and to the level of
primries producing the DPOAES.

The frequency ratio f2/f1 at which DPORE level 1S maxinml
varies only slightly across frequency and subjects. The
average optiml ratio is 1225,

Beyond the maxinum the DPCAE |evel declines with increasing
f2[fl ratio at rates of uFto 2508/ oct .

As the level of one stimulus is increased relative to the
other, DPCAES grow, saturate and in nost cases show a
bendover.

Maxi mum di stortion is generated when L1 exceeds L2.

The study shoul d be repeated with more nunber of
cases with sound experimental design.

The results can be interpreted qualitatively with
a nodel in which primary tones produce distortion
at their interaction region wthin the cochlea,
this distortion propagates to the distortion fre-
quenpr place where It mediates pe[cefpion.
Detailed specifications of the stimli used not
given.

The results indicate that peripheral auditory
s%s.tems of humans and rhesus nonkeys are alike in
their responses to aspirin.

The study nust-be repeated wth large sample.
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1991 Hiser.R 1 To determne the effect of prinary tone level variations L2-LL on L 2232 SmNormal 2 Primry  Spectral
| the amplitude of distortion product ofoacoustic emssions (DPCAES) B 5 pur et ones anal ysi s
fefofl) &
QVELkHz, threshol d
2KHz84KH:
fafl 1.25
123 12
respectively
1991  lonshury 1 To study the influence of aging on the generation of DPCAES e 31-60y  15m Nornal Equil evel Spect ral
Martin B i (L1=L2) anal ysi s
B.L eta Primry &
tones. threshol d

f2Itl=1.21
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Two channel frequency synthesizer
(Hewlett-Packard 3326A).

Two insert earphones Etymotic Research, ER-2A

M crophone Etymotic Research, ER-2A

Precanplifier Etynotic Research ER-10-72.

Anplifier custom built.

H gh pass filter 400H.

Signal anal yzer Hewl ett-Packard 3561A.
FFT

Personal conputer Macintosh Il

Grason Stadler E3262A attenuator.
Viavet ek 116 signal generator.

Tel ex 1470 audi ometric speakers.
Atificial ear BEK 4152,

Acousti ¢ probe.

Two Etymotic Research ER- 10 Earspeakers.

Etymotic Research ER-10 i crophone,
Preamplifier Etymotic Research 10-72.
Conput er

The level differences L2-L1 generating maximal DPOAE anplitude;s
depended on L1 and on the geometric mean frequency of fl & f2.
L2-L1 evoking maximal nean DPOAE anplitudes was -1 QdB for
?emetric means frequencies of 1 and 2 Kz with LI=65 dBSPL

The conplexity of the interrelationships anong
parameters and additional factors originating
fromthe characteristics of individual ears,
such as mddle ear mechanics. Possible influen-

or 4KHz, L2-L1 was -5dB with LI=65 dBSPL and QuB with LI=75dBSPL ces of the central nervous systemand ot her

The nean slopes of the DPCAE growth functions in the initial
|inearly increasing portions were steeper at higher stimulus
frequencies, increasing from0.52 at 1kH to 0.72 at 4khz for
LI=65 dB SPL and from 0.48 at 1KH to 0.72at 4KHZ for LI=75dBSPL

When conpared to emssions in young ears, DPCAKs accurately
tracked the systematic deterioration of high frequency
hearing in aging individuals.

types of otoacoustic enissions needs to be
addressed to understand the variability in the
anplitude of DPOAEs.

The instrunents used is not described in detail.

This finding can be clinically applied while
interpreting the EQAE findings in aged cases.

Further research i's wanted with the pathol ogi cal
cases.



3.1.5
ANIMAL STUDIES



2 3 4 5 6 7 8 10 11 12 13
1981 Shiet RA 2 Toinvestigate the Mongolian Gerbil b 4-12 Normal  TEQAE  5S0mcro IatraFeri- TEOAE
et d Cochlear origins of the  (Meriones Ungui- Mbnt hs sec-200m cro toneal injec- DPCAE
TEQAE and the DPCAES with culatus) sec clicks or  tions of Ure-
the aid of cochlear mecro- 2ms tone pips  thane (L.5¢/
phoni ¢ recordi ngs. with 75m rise  kg) or sodium
fall time: pent obar bi tal
stimli rate  (40ng/kg)
10/ sec
2 1981  Zuek PM 1 Search for acoustic Chinchil las B 11 normal Suppression tone Diabutal SQAEs
et a emssion in the ears 6 patho- near the SOE  (Sodi um pen-
of chinchillas. logical  frequency tobrbital)
Ket aset
(Ketam ne
hydrochl ori de)
2
3 1981 Jncker E To establish the presence  Guinea Pigs 7s Single period ~ Neurolepta-  TECAE
et al or absence of acousti cal 10 45/sec for EOAK sl gesia

[SPONSes in guinea pigs
and to conpare their pro-
perties to those found in
the case of man.
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Beyer DT-48 or TDH 49 Stinulated acoustic emssionss in the fom of No nention of the stimuli paraneters for DPOAE
ear phone. _ echoes to transient stinuli are not present in the S
1/2" condenser licrophonem  earcanal of the anesthetized gerbil. It is an invasive technique so can not be replicated

(B&K4134) or Knowl es

m crophone (EA-1842)
Single mcropipette in
scala media and a wire
electrode at the RW

(for cochlear m crophoni cs)

Earpiece from

Stadler 1720.
Mniature mcrophone
Knowl es el ectronics
EA1842) .

Vidve anal yser (Hewlett-
Packard 3581A).

XY recorder

(Hew ett Packard 7035B)

Earphone DT 48S,
Mcrophone - 2.
Al i1 er

(ctave band filter.
Transformer.

W th human bei ngs.
Acoustic emssions in the form of distortion
products produced by two tones are present in the
earcanal of the anesthetized gerbil at levels
20-400B greater than those found in a small
cavity.

The levels of acoustic and CD distortion products
are resistant to death by anoxia for at |east
1-2 hours.

Elimnation of the acoustic distortion products is
al so concurrent wth the total disappearance of
the negative EP and the OM response to fundamental

tones.
The absence of SCAE in 26 ears of 17 heal thy Himan ears are exposed to noise, and hence this findings |eads
Chinchillas. us the reconsider whether the SOAE is a normal phonemenon. this

may be because of mcrolesions in the organ of Corti due to

Two chinchillas denonstrated continuous narrow — noise exposure.
band ot oacoustic emssions after exposure to noise.

Acoustical responses are readily measurable in the The specifications of instrunents and their nodels are tot nentioned.
guinea pig and can be established as such by

simle criteria such as nonlinearity, hypoxia

sensitivity and |ow frequency suppression.



2 3 4 5 6 8 9 10 il 12 13
1% WtHP. 2 Toshowthat EQAEs occur  Mbnkey 5 - vale 0.2-5k¢  driven Ketalar 20my/ TEQAE
et in monkey ears al so. wthelectrical kg
pul se of QIm
Sec; rePet|t|on
rate 40/sec
5 1992 Zurek P.M 1 To assess the usefulness  Chinchillas- - Both 3 pair of Dabutal  DPOEE
et al of measures of acoustic primary tones  66mykg intra-
distortion products for L fl=i15H,  peritoneally.
disclosing the presence f2=1250H,
of cochl ear di sorders. 2. £1=3680Hz,
f2=4010H
3. f1=3680Hz.
f2= 4815H
1984 BrownA M 2 Toinvestigate the origin  Mongoliam gerbils Gerbil 68 Normal  2fI-f2 Neubutal ~ DPOAE
et a and node of emssion of  (Meriones ungu- mont hs Droperi dol
the acoustic distortion  iculatus) & &dPnenoper-
i dine

product . nornal  human

Vet her the DPQAE i's
simlarly produced in
gerbil and man.
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Mniature mcrophone
Knowl es BL 1671

Al ifier.

H gh pass filter 500H.
FET switch

Second high passfilter 400H

2448/ oct.

Data lab DL 4000 averager.
Digital tape recorder.
Comput er- FFT al gorithm

TRO know s mniature ear
phones.

One knowles mniature mec.
Gason stadler Ctoadmt-
tance meter 1720.

Two oscillators.

TWO at t enuat or .

Progranmabl e attenuator two.

Amplifier two.

Viave anal yzer Hewl ett-
Packard 3581A
Conputer POP-8/1.

Knowl es transducers

(2 loudspeakers and one
m cr ophone)

Second m crophone in
meatus via a 4mong
Im i.d tube

Insul ated silver wire
wth an exposed and
chlorided tip in the
round window region as
el ectrode to monitor CM

Like human ears and ears of other animal Sspecies
these nonkey ears also emtt at one or only a
few frequenci es.

when {182 were in between 30 and 90dBSPL 2fl-f2
and 2(2-11 distortion products were 30t050dB
bel ow prinary tone |evels.

Noi se exposure that caused tenporary or per-
manent hearing loss produced corresponding
tenporary or permanent reduction in DPOAE

| evel's.

In the absence of conductive inpairment DPOAE
levels can be used as a sensitive indicator of
hearing sensitivity and the condition of the

Cochl ea.

The cubic difference tone 2f|-f2 responses
fromthe gerbil can be used as a model for

the human 2f1-f2 response.

This response can be used to obtain information
about cochl ear frequency selectivity.

DPOAE is a valuable tool for non-invasive nonitor-

ing of cochlear activity over a wide frequency
range in both species.

Instead of age they mentioned weight range 3.5 to 10.5kg.
They have not taken female nonkeys.

Cood description of instruments.

Thi's can be introduced as a test of differential diagnosis
in our clinical practice.

No. of subjects and sex for both animal & human
groups not nenti oned.

Age range (nean age) of huam subjects not mentioned.
The auditory pathology of the gerbil subjects not
I nvesti gat ed.

The speci fication of stimuli used not mentioned.



| 2 3 4 5 6 1 10 i 12 13
1 1984 Oark WW 2 To bring together salient  Chinchilla 56e 28 noise  Frequency of the Diabutal SOAE
et al features of otoacoustic exposed  SOAK (60Kg/ kg
cochl ear hi st opat hol ogi cal ears 4 1) Wthaband 1.p)
and behavioural threshol d 28 unex- width 3012 supp-  Sodi um
shift observations to aid posed ear ression experi-  Pentobar-
In understanding the nech- ments. bita
ani sms under|ying SOAE
2) Wth a band
wath 300z for
recovery function
Frequency of the
distortion
product
Wth band Wath
30H for inter
modul ation dis-
tortion product
8 1984  Ruggero M A 2 To report very intense An Arerican 1 Pathol ogi- No Stimuli AtroEine SO
] SOAE produced by both  Eskino  Dog cal Sul phat e
ears of a young dog, (0. 04ny/kg)
Samson. Sodi um
Thi anyi a
18my/ k
ﬁhlgyhagg
9 1985 Dlan TG 1 To explore the possibility Cat Normal ~ Two equilevel  Sodium DPOAE

et al

of mechanical changes

being associated sith long
termadaptation by exanin-
|ng changes in the apli-

tude of DPOAE fol lowng sound
exposure

continuous tones Pentobarbi-

for DPOAE Tome  tal (50mg/kg

bursts for AP body weight)
I nt aperi ton-
eally
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Earpiece Gason Stadler Two cases of SOAES have been found anong 28 Smal| sanple size-50 the results can not be generalised
120 witha 7tip . chinchilla ears after noise exposure.
wth a Know es el ectro- Cood description of instruments.
nics microphone EAL842 No cases of SOAES have been found among 28 un-
Sneep frequency sate exposed ears.
anal yzer ?I—bw ett-Packard

35804)

X-Y recorder (Hewl ett-
Packard 7035B)
Cscillators (Hewl ett-
Packard 239A)
Atenators (Hew ett-
Packard 350)

Earphones (Know es 1716)

Plastic Specul um Intense (59dBSPL) SCAE are produced by both Wth the Help of ABR Results, the Authors tries to
Beyer DT-48 earphone ears of a young dog. strengthen his hypothesis the SOAE is generated near
Knowi es EA- 1482 mi crophone the transition between normal and abnormal regions of
Al ifier the chochl ea.

Csci |1 oscope

Viave anal yzer Hewl ett
Packard 3581A

ABR

Gscil lators Sound exposure can alter the mechanical response By removing the antiresonance of the mddle ear cavities
TDH-39 Earphone of the cochlea to two tone input. and the build up of negatve pressure by opening the bulla
Ceneral Radio and renoving the septum the study should be repeated.
1900 save anal yzer Both DPCAE and Action potential are reflections

of the same under!ying cochl ear process.

Adapter effectiveness is strongly influencd by the
state of the mdde ear.
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10 1985 Hrner K C 1 To evaluate the relation  nmice 20 normal 15-328 - Both 2f1-2 at equal Urethane DPOAE
¢ d bet seen cochl ear dysf unc- 35 hearing days | evel (2myl g body
tion and particular fea- | npai r ed Wei ght
tures of DPCAE. mt ant
m ce
1 1985 Kossi M 2 To investigate the proper- Mistache Bat 15 | Series: Nerbutal or  SFOAE
et a ties of KOAE in the Msta- (Pteronotus continuous Halothame  TECAE &
tones sweeping SO

che bat Parnel 1)

Conparison of this EQAE with
Himan ECAE.

To investigate the relation
bet seen echol ocation fre-
quencies and properties of
the hearing system

from10 to 120
KHz with a 100
or 1000Hz/ s
Sweep speed

Il series
Phase | ocked
tone bursts
and clicks
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Knowl es Electronics mcro-

phone (EALT51)

B & K 2608 Anplifier.

Spectrum Anal yser

Hewl ett-Packard 3580A)
B & K 4134 m crophone
Ceei | lator

M xer

Att enuat or

B &K 4135 {1/4")mcro-
phone.

Condenser | oudspeaker
HP 3594A oscillator

HP 3590A wave anal yser
Viavetek 112 frequency
generat or

Bell & Howel | tape
recor der

Vuko- 22- 16

PP 11/23 mcro
comput er

G ass insulated tungsten
el ectrodes.

In the normal hearing animals, primry tones at
levels of 60to 100 dB SPL evoked DPOAES at 20-50
dB below the primary levels.

In the hearing inpaired mitants the level vas
dependent on the particular type of auditory dys-
functions associated with the nutation.

EQAE can reach an amplitude as large as 70dB SPL
and occur in the frequency range nost inportant
for echol ocati on.

A sharp maximum of the anplitude of cochlear
m'croPhomc potentials at about 62Khz could be
correlated wth the emssion frequency.

In one bat ECAE response changed to a SCAE
Frequencr and amplitude of the ECAE responses

reversibly decreased often exposure for 1 mnute
to continuous sounds of nore than 85dBSPL with

frequencies of about 2.5 to 7.5KH above the ECAE

frequency.

DPOAE can he used as a noninvasive monitor of cochlear
function,

But we should have normative data so that this can be put in
clinical use. . . .
Can we real ly consider this data applicable to the human beings

There is no Mention of auditory normal cy/abnormalcy and its
measurenent before or at the tine of eimssion recording.

EQAE converting into SOAS is something of important consequ-
ences and it should be further experimented.
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12 1985 Mrtin GK I nci dence of SOAES in non-  nonkeys i 15139 49males Norml  No stimli Ket anine A
et al human pri mat es( nonkey) mont hs 12 Hydrochl or -
feml e | de
Vetal ar
20my/ kg
13 1987 Lenior M To investigate how acoustic ~ Wstar Rats & |1-40days Two continuous  Nenbutal DPOAE
et al em ssions devel op during primary frequen- Intraperiton-
the cochl ear maturation cies at equal  eal 50m/kg
level: f2/f1=1 17
21-12-3,5, TKHz
14 1987 Mnley G A To report the presence and  Songbird % Both Frequency sweeps Halothane  SFOAE &
et al characteristics of CAES in (Starling 1KHz wide; total Nembutal TEQAE
an european starling, sturnus range 1 0to5. 5KHz 50my/ kg
strunus vulgaris. vul garis. level-15 to 50 | QOmy/Kg
dBSPL.
Single period

pul se.
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Knowl es, 1834 mc
Probe tube 2.8mm I.D.
15mm [ engt h.

Pediatric inmttance
probe tip.

Differential amplifier
data Inc.2124.

HRSA B&K 3033

X-Y recorder B&K2308.

Probe

Mcrophone knowl es 1842
Two knowl es 1850 earphones
Caéheter; 8mn [ ong; 0.5mm
!

Two frequency generator.
Attemtor.

Tektronix preanplifier
AVB02.

Spectral anal yser B&K 2033
1/2" BEK licrophone 4134,
Atificial ear.

Spectrum anal yzer
Transf or ner
Earpi ece

1/4" electret mcrophone
X-Yor XT plotter.

2.5%of the ears and 5.02 of the nonkeys were Qly Tight anesthesia used-possiblity of anesthesia
found to have SCAES. reducing SCAE anplitude is not ruled out.

Sample comprised of 8C% of male.

Adult like patterns of the acoustic responses The simlar experinents with the human
were achieved by day 18 for 2f[-f2=3KHz, by day newborn and children should be done.
20 for2fl-12=KHz and by day 28 for 2fl-f2=TKHz.

The fact that the 2f|-f2 CAES  reached adult
charateristics fromthe low to high frequencies

IS not consistent sith the devel opnent of the tuning
properties of the basilar nembrane.

The Tong devel opnent of the 2fl-f2 CAES at TKHz,
suggests that the organ of Corti undergoes subtle
changes sell after the end of its apparent

mat ur at i on.
SFORES were found in 61% of the birds. As compared to human being the incidence of

EOASs In bird is low this may be of significance
They appeared with rather broad synchronisation in phylogenetic devel opment.

Wi dths (about 200Hz) and predoninantly as frequen-
tc)! ez inthe upper half of the hearing range of the
ird.

SFOREs varied in level from below 30dB to 2dBSPL
and showed typically non-linear intensity functions.

Emssions were present even fol low ng extirpation
of mddie ear mscle and could be suppressed by
anaest het i cs.
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15 1990  Brown AM 1 Toexplore the simlar-  Quinea Pig - - Tone Hypnom DPOE
et al ities b/wrodent and human (Pigmented) pul ses (0.25m /kg)
resFonses using noderate 10ms & D azepam
to fow levels of sound rise/fall (25mg/kg)
stinulation 5ns
16 1990  VanDijk P 1 To present experinental  Himan and Frog 8¢ Human No Stumli Not nentioned SO
et al data on anplitude and (Rana esculanta) 2eFrog-

frequency fluctuations
of SOAEs.
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Probes acconpaying two
Knowl es, 1712 1oud
speakers and Know es,
1842 mi crophone.

Hewl ett Packard spect-
rumanal yzer (3561A)

Sensitive mcrophone.
videotape (Sony SL-C30E
Vi deo recor der
Pl'se code modu
SonyPCM-FI )
Havet ek 178Si gnal

synt hesezer .

lmgon 4512 FFT anal yser.
Band Pass filter BoKL623
Het erodyne band pass
filter B&K 2020

HP 5326A ti ner.

ation/

The qui nea pi Ps can be used as a model for
acoustic 2f1-f2 distortion generation in the
human ear provided that the response to moderate
to low level sound is compared.

A though underlying process is the same, human
response is more structured and less predictable.

Em ssion anplitude and period both showed small
fluctuations. (a) Arms/Ao ranged from 0.7x10-2
to 6.300" for human enissions and was 24x10°2
for hoth frog em ssion.

(b) Tras ranged from 1.4-6.9¢10-1 for human
emsslon and was 50.0 and 55.0x10"" for the two
frog e ssi ons.

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

Number of human beings in the conparison group not
ment i oned.

Age range and sex of the guinea pig not mentioned.

Authors compare these results sith that of second order
oscillator and observe that an oscillator with |inear
stiffness driven by white Gaussian noi se cannot account
for all experinental results.



3.2
CLINICAL APPLICATION



3.2.1
TEOAE



1 2 3 4 5 6 7 8 9 10 11
1 1982  Johnsen |.J. 3 To describe instrumental set up and lethod adopted by the authors 2 294y 18 Bth  Qick, rarefa- Lateny
et al for the signal analysis. |f ction pulse of and
2KH refetition threshol d
rate 10/s
2 1982  Johnsen B.J. 3 To obtain norMative data for the click evoked acoustic eM ssions 105  21-4y  of Nornal  Cicks of 2khZ Latency
et al In young adults and to investigate the infuence of posture on the 4M repetition rate
eM ssi ons. 10/s
3 1983  Johnsen NJ. 3 To point out the possibility to develop the recording of evoked s 48-%hrs 11F  Nor«d  Cick, rarefac- latey
et a eaissions into a neonatal screening test. oM tion pulse of

2Khz repetition
rate 10/s
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Probe Danplex ZA30, weight [Qy
KnoWes BT1751 M crophone.
KnoWes BK 2615 earpnone.
AWplifier.

Band pass filter (250Hz, 24dB/Cct to SKHz,

18dB/Cct ).
CED/ ALPHA LSI-2 computer.

Mbdified probe Danplex ZA30, weight i6g.

a) Knowl es BTL751 m crophone.

b) Knowl es BK2615 ear phone.
Amlifier.

Band pass filter (25CH2, 24dB/(ct to
5I'b, [BdBlCct).

CED/ ALPHA LSI-2 coi puter.

Floppy disc.

Modified probe Danplez ZA30, weight |Qy.

a) Knowl es BT1751 m crophone.

b) Knowl es BK2615 ear phone.
Amlifier.

Band pass filter (250Hz, 24dB/Cct to
Sz 18B/(ct).

EDALPHA LSI-2 computer.

f1oppy disc.

Recording froma normal hearing subject served as an example
and a clear response could be traced down and bel ow the psy-
choacousti ¢ threshol d.

The threshold vas el evated and the response pattern altered
when a SH hearing |oss was induced by Ingestion of acety-
Isalicylate.

No response could be recorded froma deaf ear with an intact
ear drumand nobile ossicular chain.

A clear response could be traced down to or below the psy-
choacoustic threshold in all ears.

Response pattern differed fromone ear to another (intra-
and inter subject variability).

B(éth the |rret hods applied to get group latency were al most

i denticial.

The individual input output functions exhibited nonlinearity.

The latency vs. frequency relationship was anbiguous.
TECAE denonstrated high stability of response pattern from
the individual ear.

Response pattern were unaffected by posture.

A clear and reproducible response was identified from all
ears at 50dB att.

The echo group latencies and amplitudes were within the
same range as in nornal adults and the anplitude input
output curves exhibited a clear non linearity.

Final conclusion is that the recording of TEQAE could be
applicable as a screening procedure in newborns.

He can not generalise these findings of the study
as because single case is not enough to generali-
ze. Hence study wth nore nunber of cases should
be repeat ed.

Sanple size is small - hence generalization not
nossi bl e.

Afollow up of these children will give confirm
atory results. So a prospective study with nore
nuiber of neonates are required.

It is difficult to clearly diagnose a child as
normal just based on otoscopy and tynpanometry.
ABB could have been done for a better estimte
of hearing status.
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1985 Hherling C 5 To evaluate the TECAES in response to various tonal stimli in normal  100s  48-96hrs - Normal  2KHz click or  Latency
etal hearin? adul ts. a tone burst
To evaluate the type | errors. repatition
rate 20/
1987  Bray P. 8 To detenine if the advanced cochlear echo techniques developed could 105 6m 13y Both - Lat ency
et al acquire a valid otoacoustic recording fromthe typical child patient 558
wth typical noise present.
1987 Tanaka. T. 5 To ascertain whether OAF is clinically applicable for evaluating the 5 30m  Patho-  Tone burst, Latency
et al degree of inpairment in hearing | oss. 2f  logical 3ms; rise- and

fall 1ns. threshol d
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Probe (a) Mniature mcrophone.

(h) Recelver (earphone).

Amlifier.

Band pass filter (250Hz, 24dBloct, & 5KHZ,
1848/ (et ).

Conput er,

Knowl es 1712 mniature earphone.

Knowl es 1843 miniature mcrophone.

Brasstube 2n external diameter: I1mminternal
di ameter; LIMM1ength.

2.5 mm Heine specul um

CA ALPHA 2/40 mniconputer.

CED 502 anal ogue interface.

80M byte Wnchester disc with [OKHz writing
speed.

DMA CRT di splay.

502 DAC.

RON AA - 61BN audioneter.

BIOS, RS-30 impedance audioneter.
Acousti ¢ probe,

a) Danavox, SMV68 earphone,

b) Knowl es EA 1843 m crophone.
Amlifier,

Signal processor SA NEI 7S11
X-Y recorder SANEI, 8016.

Evoked activity from each ear contains energy in preferential
frequency bands and change of stimulus frequency has only a
mnor effect on the power sgectra.

Significant information is obtained by the click rather than
by tonal stimili.

Emssion amplitudes were of the sane order of lagnitude as
those previously found in normal hearing adults.

Cochlear echo can be recorded in nornal hearing newborns
with an extrenely low rate of type | errors.

The subject noise problemin acoustic cochleography can be
solved and that a properly engineered test device could be
useful addition to the audiometric test battery for children
not just neonates.

TEQAE are excellent in reproducibility.

The interaural difference is a useful indicator in unilateral
SH hearing | oss.

The interaural difference of the TEQAE threshold was |arge
Ininner ear impairments, and it was nil in cases of
functional deaf ness.

There was a positive correlation between the interaural
differences of the psychoacoustic threshold and those of
the TECAE threshol d

The TECAI is clinically applicable in the differential dia-
gnosi s of SH hearing losses & in evaluating the degree of
Inner ear impairnents.

Preci se description of the instrument used is not
given. : .
Testing time can be reduced markedly by increasing
the repetition rate and reducing she nunber of
test runs.

The field trial is necessary. .
Less expensive mcrocomputer should be utilized
to mke it cost effective.

They have not taken any control group for compari-
son but the comparison is made with the normal ear
and pathological ear of the same subject.
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! 1988 Bonfils P. To sumarise the results of TECAE obtained it adults and infants both — 330e - Both  Qicks-100 | at ency
et a with normal hearing and other pathological condition. M Cr 0SeC. and
repetition threshol d
rate 2Us
1988  Johnsen NJ. To obtain normative data from newborns and to discuss the practical & 1005 48-%hrs 43  Normal  Qlick, rare-  Latency
et al methodol ogi cal problens related to the recording of the ECAE. 57M faction pul se
of 2KHz repe-
tition rate
s
1988  Steveas J.C To study the potentiality of TEOAE in detecting hearing inpairment. 67 16-85y 20a  Both 100 mcrosec. Latency
35 17f unipolar sq.  and
vave rarefac-  threshol d
tion interti-
mius interval
80msec.
10 1989  Bonfils P. To determne the clinical applicability of ECAES as objective 137 14-Tey Bth  Rarefaction  Latency
et al Indicators of cochlear disease. clicks QI and
repetition threshol d

rate 19/s.
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Mniature mcrophone Know es BT-1751.
Earspeakers Knowl es, BE-2615.

Length of probe 3cm

Height of probe - 2Q.

Spetrum anal yzer Hewlett Packard.

Modi fied probe Danplex ZA30, weight |Qy.
a) Knowles BTL751 m crophone,

b) Know es BK2615 earphone.

Amlifier,

Band pass filter (250H;, 24dB/(Qct to
5KHz, 18dB/0ct).

CED/ ALPHA LSI-2 computer.

Fl oppy di sc.

Madsen ZO 70 | npedance meter.

Puretone audioneter Kanplex ACA or Peters AP6.
Knowl es Electronics ED2950 mniature earphone.

Knowl es el ectronics BT 1751 mniature mcrophone.

Anal og filters.

Acoustic probe; length 3.5cm wieght 20g.

a) Knowles BI 1751 m crophone.

b) Knowl es BK2615 ear phone.

| npedance probe protector.

Medel ec ARG MK3 amplifier; gains 1000 to 10000
Band pass filter; 250H to 8KHz, 16dB/Cct to-
wards |ow freg. and 6dBlOct towards high freg.
Flexible disks.

H gh resol ution signal analyzer Hewl ett-Packard
3661A

TEQAES can be clinically used for a) Cojtctiye assessnent

of sensorineural hearing loss, (h) staging Meniere's disease
by recording glycerol induced changes. (c) Diagnosis of
retro;:ochl ear pathol ogy, (d) Screening of auditory function
ininfants.

No sipificant differences could be demonstrated between
mles and females or between left and right ears with regard
to the latency of the emssions,the peak to peak anplitude,
the main frequency conponent or the waveform correlation
between the two 70dB aud recording in each ear.

A significant correlation between left and right ears was
found for the anplitude and frequency of the em ssions.

Envel ope techniques was the most sinmple and reliable
technique of determning |atencies.

The level of stimulus required to obtain a recordable
emssion was found to be correlated with the psychoacou-
stical threshold of the click stimuli but not to a high
enough level to make this a useful measure of hearing |oss.

TEQAE can be used as a reliable technique for objective
study of normal mcromechanical activity within the cochlea
and for detection of subtle changes in cochlear disease.

TEOAE is an easr to use, nonisvasive, rapid and
obj ective audiol ogi cai procedure.

TEQAE recording can be used as a screening test
I newborns.

A prospective study evaluating the false positive
and false negative cases sill further confirmthe
worth of TEQAE as a neonatal screening.

The results obtained for normal hearing grOUﬁ and
I npaired group can not be compared because they
are not matched as per age.

It is not possible to differentiate various
cochl ear disease with the TEGRE recordings.
Instrunents and stimuli used are described very
such in detail.
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1989  Bonfils.P. 1 To determne some basic features of SOAEs relative to (1) age and sex 284e 2d-40y ~ Both  for TEQAEs:rare Latency
of normal subjects, (ii) Audioaetric threshold and SQAE threshold faction clicks and
wth SNloss subjects. Qlms repetition threshold
rate 19/s
1989  Collet. L. 30 To specify otoacoustic emssion characteristics in relation to SN 148 423y  5Im  Patho- Rarefaction  Latency
et a hearing | oss. 765 mean 25 logical clicks;100 and
M Cr 0SEC. threshol d
repetition
rate 22.7/s
1989 Colfet. L. 3 To ascertain whether the evoked potential recorded under hone s 183y - Normal  Qicks 100 Latency
et al conduction stinulation are purely auditory or contain an M CT 0SEC.
addi tional nechanical sonatosensory composer. repetition
To study the existence of bone conduction stinulated CAE rate 22.7/s
1989 Johses NJ. 3 To study the devel opnental changes in the ECAES recording, if any. 20s Normal  Qicks of 2KHz Latency
et'al repetiton rate

20/s.
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Acoustic probe; length 3.5cm weight 20g. (a) Knowes BT The incidence of SOAEs, decreased from 68%in the group Instruients & stimli used are described very mich in
of infants less than 18 months ofd to Ghafter the age detail. Age range of immwral group not mentioned.
of 70 years old. No Star.Diff.is SOAE incidence found Sex distribution of uses not mmetioned.

1751 mcrophone. (h) Knowles BK 2615 ear speaker.

| npedance probe protector. Medelec AA 6ME 3 anplifier;

garn 10° for SORE. High pass filter; 250Hz, 16dB/oct for
SOAES.  Band Pass filter; 250Hz to 8KHz, 16B/0Oct towards
low freq and 6B/ Oct towards high freq. Hgh resolution

signal anal yser Hewlett Packard 3661A
*and 10%10% for TECKE

Acoustic probe, a) Tandy WM 063T m crophone.
b) Know es K 2912 ear phone.

Band pass filter 200 to 7000 Hz.

Amlifier | 4 x 10°

Mcolet pathfinder 11 apparatus.

Mcol et pathfinder 11 aparatus.

Bone vibrator.

Specific to ABE*MR

Siver, Silver chloride cup electrode.
Specific to TECAE

Probe (a) Tandy WK 063T m crophone.
b) Know es K2912 earphone.

Mbdi fied probe danplex ZA 30, weight 1Qy

Know es BT 1751 m crophone.

Knowl es BK 2615 ear phone.

Amplifier.

Band pass filter (250Hz, 24dBloct, 5KHz 18dB/oct
CED/ ALPHA- LSI -2 conputeer.

b/wparticigants wthor without tinnitus. In the
3roup of su

the detection threshold of TECAE.

Insignificant difference is SOAE incidence found bfw

participants with or wthout tinnitus.

There is a highly statistical significant correlation

between ECAE threshol d and hearing loss at 1KHz.
The presence of ECAE indicates mddle frequency
functional integrity of outer hair cells of Corti's
or gan.

Under bone conducted stimilation the evoked potent-
lal recorded is purely auditory, with no additional
mechani cal somat 0sensory component.

Bone conduction stinulated TEQAES are comparable to
conduction stimlated TEQAEs.

The latency and the amplitude of the ECAE response
both were unchanged.

In some ears frequency content of the domnant part
of the TEQAE vas changed.

pjects wth SNloss, the incidence of SQAES
ecreased linearly with increasing click threshold or

Absence of TECAE is barder to interpret.

The sample size is too snall to allow conclusions
to be drawn.

Ginical application cf bone conduction stinulated
CAEs is questionabl e because CAEs are present in
mddle ear effusion.

The findi n%s indicate that postnatal changes do
occur in the human cochl ea.

But just with the finding of this experinent,
junping to any conclusion wll be a mstake.
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1989 Lind 0. To investigate whether a sinple techniques with a si n?le repeat ed B Patho-  125mcrosec  Latency
et al recording at a fixed stimius intensity coaid give, inrormation logical clicks.
enabling to differentiate between high frequency and |ow medium
frequency hearing |osses.
Pat ho-
b 1989 Lutman ME To report an unusual case of profound SN hearing |oss acconpanied Is 1y ml e ~ (Qick 100mcro Latency
et a TEQAE. logical sec. re})emmn
rate 47/3.
;7 1989 Tanaka.T. To study whether OAE mght serve as a diagnostic neasure of inner 266e  6- 1y Both ~ Tone burst, 3ms; Latency
et a ear in children. Ims rise/fall and
freq.|000H-  threshol d
2000H.
B 1990  Bonfils P. To study the basic properties of SCAEs and the parameters influencing — 100e 2h-4d s Qicks 0.1nsec. Latency
et a them 525 A6t repetiton rate

19/s.
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Acoustic probe.

Nicolet pathfinder Il system
Digital high pass filter; 400H.
FFT.

Programbl e otoacoustic emssion measurement
system ( POENS).

ECoch G

ABR

EI O\, AA-61B audi oneter.

EION. RS-30 inpedance aduiometer.

Acoustic Probe, a) Danavox- SEN-68 earphone,
b) Knowl es KAL843 m crophone.

Function generator M- Circuit, F6 143,
Amlifier.

Signal processor SAMEI-TSLIA

A small acoustic probe containing a small mecro-

phgne and mniature earspeaker-a small plastic
tube.

Amlifier.

Filter-high pass- 25QHz, |6dB/ (et

Averager (Racia BEF2/4).

Dynamc signal anal yzer.

TECAE may be used as a crude test to identify the need of

a hearing aid.

TEQAE can be used to evaluate the presence of a |ows/medium
frequency hearing loss greater than approxitately 40dB.
Thi's techniques does not give any infortation about the
condition and performance of the auditory system central to

the cochl ea.

SN hearing loss coupled wth the presence of a TECAE can be

taken as an indication of a retrocochl ear |esions.

The mean OAE threshold val ues of normal hearing and

functional hearing loss cases were 5 .9dB nH. and 6. 2dBnH.

respectively.

In sensorineural loss the val ug wasd noted to increase
according to its grade measuring 37.2dB nH. in the group

wth severe [oss higher than 91dB.

TEQAEs can be recorded in 98%of the tested ears.

No significant difference in the threshold of TEQAES of

neonates between 144 days.

There is no significant difference in the threshold of TECAES

between tales and fetales.

TSOAEs exhibited a broad band spectrumwith high conponent

frequenci es.

TSOAES dennstrating narrowband frequency peaks saper-
I nposed on broadband conponent had detection threshol ds
lover than TSCAES without narrowband frequency peaks.

Instruments used has not been el aborately reported
and speci fied.

Smal ler sanple size used.

Age and sex of the cases has not been reported.

The findings should be clinically tried for con-
firmtion,

Detailed description of the instrument especially
of the probe should have helped other

I nvestigators.

These findings suggest that the TEQRE threshold is
useful for an indicator of inner ear function in
children.

The same experinents may be repeated with adults.

TEOAEs can be used as a tool for neonatal screening
A two stage, time savings protocol for screening

peripheral auditory dysfunction in neonates may
be proposed - 1. Behavioral tests and/or TEOAE.

2. ABB.
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1990 Lutmn ME 3 To apply Fsp technique to KDAE recording and to establish a suitable 615  3-15y Both  IQncro Lat ency
et al criterion value of Fsp for the objective desecrmnation of an EOAE sec. rectan-  and
threshol d. gular click,  threshold
repitition rate
47,
1990 Norton SJ. 4 To determne age related changes in ECAES ia normal ears and to 170-30y - Normal ~ 8Omcrosec.  Latency
etal provide a normative data base for studying clinical populations. r et angul arsof)ul-
ses rate 50/

at 80dB peSPL.

1990 Norton SJ. 4 To explore the link between tinnitus & otoacoustic em ssions. 8 28-69v In Normal Tone burst Lat ency
et al 1f stimli at 0.5

1.0,1.5,2.0,
3.0,4.06.0&
8. 0KHz; 2ns
riselfall.

1990 Stevens J.C To investigate whether it is possible to use the [04E to identify 23 - Both  I(QOmcrosec.  Latency

et al the bearing inpaired neshorns. rarefaction
square saves

rate-32.5/s.

i
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PCENS. 1) Ear probe: (&) Mniature m crophone.
(b) Mniature Ioudspeaker.

M crophone preanplifier.

Filter.

AD converter.

dick generator.

Calculation of the Fsp statistic as a quality estimtor
for EQAEs can be incorporated in practical neasurenent
apparatus.

An Fsp of 2.0 or nore indicates that a signal IS present
wth a 2%probability of error,

Vhen two consecutive averages hoth exceeded an Fsp of 1.6

Mcrocomputer (either Acorn, BBC Master 128/1BM PC) the probability of error was below 10%

IL0 88 hardware and softvare.

Zenith 159 computer with as 8087 mathcoprocessor.

12 bit DAC

Probe (a) Mniature earphone.
bj Mniature mcrophone.
Dgital atenuator.

12°bit ADC.

Hgh pass filter 200Hz.
Band pass filter 600-60008z.
512 fast fourier transfrorm

EB 2 tubephone.

Acoustic probe (Etymotic Research Et.108).
Hewl ett Packard 3561A dynanic signal analyzer.
Local Iy built variable gain (20-80d!) battery
powered preanplifier.

12-bit ADC.

Conputer — di sk.

Cscil lator.

Snowi es el ectronics ED 2950 mniature earphone.

Knowl es el ectronics BT 1751 mniature mcrophone.

Tubi ng.
Z 80 conputer.

EOAES can be used (a) as a screening tool for cochlear
dysfunction across individuals. ' o

b) To aonitor changes over time in cochiear status within an
ear.

Oscillating EOAEs and tinnitus are related to a conon under-

lying pathology rather than the eiission being the source of
tinnitus.

The proportion of HCD infants producing recordable TECAE
5 80%

Selectivity of TECAE to the ABB is 84%

Sensitivity of TECAE to the ABB is 93%

This is quicker to perform as compard to ABB.

Thi's iethod is such |ess prone to Type | errors,
and so this can be applied for the objective
determnation of TEQAE threshol d.

Onl'y by conducting both cross sectional and
longitudinal clinical trials of EOAES in large
popul ation we can cocfirm these findings.

The detection of SOAES and/or ringing EQAES in
ears with sloping [osses, a history of noise ei-
posure and tonal tinnitus, light provide an obj-
ective iethod of evaluating tinnitus treatient.
Large scale clinical trial's are needed to vali-
date the above conclusion.

Bore no. of feaales have been taken in the saiple.

Thi's techni que seess to be cost effective, less
tine consuaing and highly sensitive tool for neo-
natal screening. But we need to do soae lore stu-
dies inorder to establish it as a neonatal
screening test.
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1990 Tanaka. T. 4 To determne whether or not ECAE are useful as a clinical test. 420s 13-357  12m  Both  Tone burst Lat ency
et al f of 3ms; Ims  and
rise/fall b/w threshold
1&2 KH.
1991 Collet L. 9 To examne the relation between power spectra of KCAES and audiograns. 1505 7-82y  93m  Patho-  Unfiltered Latency
et a 51t logical 80nicrosec
click.
1991 Dol ben P. 3 To test a comercially available EQAE instrument and to describe a 565 A20- 307 Both Lat ency
et al reliable and sinple technique to record EGA in newbons. I11e NBS-42w
1991 Prieve.B.A 7 To report the unexpected findings of ECAES from bilateral severe to Is 3y femle Patho-  Tone burst Lat ency
et a profound SN hearing | oss. logical sinusoid of
510,20 4&
4,0KHz with
5.64, 4.00,
2.92 42.00rs
respectively.
Qicks-100
M Cr 0SeC.
Repetition

rate 25/s.
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RICH AA-61BH audi ometer.

| npedance audi oneter BICS, ES-30.
Probe, a) RION, RKG3B earphone.

b) Knowles 1843 Mcrophone

Function generator HF CGrcuit FG 143,
Amlifier.

Signal  processor SANEI 7 SLIA

Band pass filter (0.8-3.0KHz).

Ctodynam ¢ 1L0 88 software and har dvare.

| L08S.
Two probes the smaller light weighted for babies
and larger one for adults.

Qustom desi gned system

Insert aicrophone Etynotic EE-10B.

Knowl es 1710 transducers for tone burst.
Etymotic EE-3A earphone for clicks.

Aambi {1 80,

Commercial |y available system Ctodynam cs 1L088.

There is a clinical usefulness for the ECAES
in eval uating cochlear function and in predicting
noi se susceptibility.

The detection threshold of ECAE was elevated in ears of inner
ear inpairment with profound SN hearing | oss.

The nean interaural difference of ECAE threshold were near
35dB in unilateral inner ear inpainents wth profound hearing
| 0ss.

There vas a positive correlation between the interaural
difference of audionetric threshold and that of em ssion
threshold in sudden deafness ears with various degrees of
hearing | oss.

The incidence of continuous emssion was 30%in nornal hearing
ears and it »as close to 90%in ears with bilateral or uni-
lateral dip type hearing |oss.

ECAE spectrum and SN hearing loss are significantly positively
correlated.

However, it is not possible to establish an audiogram by

knowi ng onl'y the spectrum analysis of EOASs.

|L0B8 shoul d be used for obtaining the ECAE when hest
recording conditions are let.

Such results can be considered good enough for clinical use
as aclinical test for adults and for neonatal screening

pur poses.

It is astrange finding and the authors suggest that the
subject may have a group of Surviving outer hair cells in
some regions of her [eft cochlea with corresponding inner

hair cell or neural damage.

1) The details of instrument used not available.
2) Riselfall the of click not mentioned.

Sex distribution of cases not reported.
Detailed describtion of the procedure and
Instrunents not reported.

Stimuli used in experimentation and its specif-
| cations not nentioned.

Hence, we can say that the EOAE is the true
indicator of the site of cochlear Iesion.
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27 1991  Robinson P.M 8 Toinvestigate the effect of change in external auditory meatus 2s normal  Qicks; Lat ency
et al air pressure on EOAE. repetition
rate 40/s
28 1991  Stevens J.C 8 Toinvestigate whether it is possible to use the ECAS to identify — 723 - - Both  Qick; 100 Lat ency
et al the hearing inpaired newborns MM Cr 0Sec

(Rarefaction)
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Institute of hearing research, POENS.
Peters type AP 51 Typanoeter.

Knowl es electronics ED 2950 mniature earphone.
Know es el ectronics BT 1751 mniature mcrophone.
Tubi ng.

Z 80 comuter.

In general KOAE response was reduced by the application of
a positive or negative pressure.

Theg([))roportion of N'QU infants producing recordable TSCAE
15 80%

Selectivity of TEQAE to the ABRis 84%

Sensitivity of TECAE to the ABRis 93%

This is quicker to performas compared to ABR

The authors have tried to explain these changes
in the line of pressure changes due to anesthesia,
the expedient can be repeated with nore no. of
cases for further evidence.

Thi's technique seems to be cost effective, less
time consumng and highly sensitive tool for neo-
natal screening. But we need to do some more stu-
dies inorder to establish it as a neonatal
screening test.
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DROAE
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1990 Harris. HP. 7 To determne if DPOAE anplitude is associated with puretone 4 18-4Q Both 2 puretone Spectral
et al behavi oural threshol d. 40s FIM; f2f1= analyiis

L1%0l.20
tbresw d
1990 Lonsbury 6 To collect parameteric measures of DPOSES in normally hearing e 2030y aw Norml 2 equilevei  Spectral
Hartin.B. L. subjects to proTide a baseline against which otoacoustic activity 225 | pur et ones anal ysi s

et al In inpaired ears could be conpared. f2/fl=1.21,  and
21-12 blw threskld

0. 75-5. T5KHz.

1990 Lonsbury 6 To investigate the Uo possibilities that sight account for an ear e 21-30y 128 Normal  For DPOAE- 2 Spectral
Martin BL inability to generate DPQAES (i) frequency specific anosalies 228 | (f equi | evel pure anslyfis

et al in the forvard and/or reverse aiddle ear transeission of the acoustic tones f2-f1= and

signal, (i1) Subclinical pathologic changes in cochlea andlor Iiddle
ear.

120, 2t1-f2 thresiol d
0. 75-5. T5KHz.

For SFOAE-

continuous sweep
frequency pars-

tone from400H

to 2EHz: 2mn.



49

[/

B 13

Probe a) EE-10 mcrophone

b) Two ER-2 earphone.

Qua Tech HSD-10C waveform srnt hesi zer.
@ason Stadier 200-CD oscillator.

ER10-72 |ow noi se M crophone preamplifier.
Qustom made | O noi se anplifier.

H gh Fass filter system 30B/ Cct; 400Hs.

Signal Averager B&K 2033.
Csci | oscore.
Amlifier oudspeaker.

Bel tone 10-D screening audi oneter.
Mcrocomputer controlled (Apple, Mcintosh
Plus) tynpanometer (Virtual 310).

H crocor puter systemdigital —equipment
corp-11/23.

TBO channel frequency synthesizer Hew ett-
Packard 3326A

Attenuators, Vvetek 5P.

Probe a) Etynotic Research EE-2 ear ﬁhones,
b) Etyiotic Research ER-10A M crophone.
Etyiotic Research ER-10-72 preamplifier

Measuring anplifier BEK 2620.
Hew ett -Packard 3561A signal analyzer.

Same as described br the authors in Annals
of Qtol. Rhinol. & laryngol. 1990, Vol. 99
Suppl . 147, 3-14,

DPOAEs \ere reduced in amplitude or were absent in ears with  These results inply that the measurement of DOPAES
hi gh frequency hearing I oss. has clinical Bot ential as a neans of detecting

The differences occurred at frequencies above 1500Hz. hearing 10ss by frequency.

Conparing results from 750t08000H within the same ear

revealed a frequencr related correspondence of el evated

behavioural threshold to reduced DPCAE anplitude.

DPOAEs fromnormal ears can be characterized as
having a set of relatively uniform properties
against which the status of at unknown ear can be
det er m ned.

The avera?e DPCAE audl ogram denonstrated a bilobed contour
having a low frequency maxinumat approxinately 1 5KH and
a high frequency peak that plateaued at about 5.5KH:.

The tS0 maximum regions were separated by a minimum around
2. 5KHz.

The average 1/0 functions exhibited detection thresholds

at primry levels between 35 and 4508 SPL.

The dznamc range of the emtted response between detection
threshol d and maximum amplitude varied over a 40dB extent
of the stinulus level dinension.

Approximately one third of the ears exhibited DPCAE audio-
grams in which emtted responses sere significantly

reduced in restricted regions tested by low Mediumor high
frequenci es.

Mean age did not exFI ain the differences noted between the
tso types of normally hearing subjects.

None of the examned features of acoustic immttance provided He still have one question unanswered whether the
an explanation for the discrete |ow anplitude DPOAE regions  standard f2/fl ratio of 121 and the equil evel
obser ved. (L1=L2) paradigmis ideal for generating the nost
The presence of SCAE & SFOAE in the irregular ears indicated optimel DPCAEs for the ears showing dimi nished
that the emssion generation and reverse cochlear transmssion DPCAES over the low to liddle frequency region.
were operating normal ly within the region of reduced DPOAES.

The simul taneous presence of SFOAE, hut not SCAE, appeared to

reduce the detection thresholds & increase the anplitudes of

| ow frequency DPOAES.
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1990 Martin.SK 8 To assess the clinical usefulness of DPCAE testing b?]/ comparing the 103e Patho-  Equilevel Spect ral
et al response paraneters of emssions in ears wth known nearing loss to logical (I1=L2) primary analysis
those in norml ears. tones F18F2 and
threshol d
1990 Smur:ynski J. 10 To deaonstrate a correlation that light exist between DPOAE charact- 52 21-4ly - Both 2 sinusoidal  Spectral
et al eristics and hearing impairment of a different configuration and to 27s signal, 3sec  analysis
eval uate the DPOAES as a clinically useful method of assessing and
cochl ear function. threshol d
1991 Bonfils P ti To neasure distortion product otoacoustic emssioas in a clinical 8% 1828y Normal 2 Puretones  Spectral
et a setting. fl-f2 anal ysis
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As described in previous report by the authors
Annal's of Ctol.Bhinol. 4 Laryngol. Vol 99.
Suppl . 147 (1990), Part-1, 3-14.

Qustom made probe, a) Knowles EALB42 mi crophone.
b) TVO knowl es 1716 ear phone.

Two oscillators Hewlett Packard 239A

TBO attenuators Hewlett Packard 350D.

Sweep frequency save analyzer Hewlett Packard
3580A

|-T recorder Hewlett Packard 7035B.

Ariel DSP-16 signal processing and interface
boar d.

|BB PCI AT personal conputer.

Switching system Vavetek 601,

Kohn Hte 3342 filter.

FFT
Acoustic probe consisting, a) one Knowles BT1751

mcrophone. (b) too mniture earphones Know es
BK2615.

Two channel frequency synthesizer.

Hewlett - Packard HPB904A

Attenuators - Hewlett Packard HP355.

Age range and sex distribution cf cases not
reported.

Tests of DPCASs promse to satisfy a number of requirements
inportant to clinical testing, including objectivity measure-
ment procedure, test -retest reliability. Simple subject pre-
paration, readily available instrumentation and relatively
brief examnation period.

The fine resolution of DPOASs within the stimilus frequency &
level domains also permts an accurate confirmation of the
pattern of hearing |oss.

The ability of DPCAES to assess the sensory component of sen-
sorineural disorder may contribute to the eventual understand-
ing of the complicated pathogenesis of many cochlear diseases.
ALl normal |y hearing ears denonstrated detectable DPOAES
provided that the primary tone level was above a certain

val ue.

Hearing impaired ears produced substantially reduced DPOAES
compared with normally hearing subjects when the primry
frequencies fl and 2 corresponded to the region of hearing

| 0s.

The DPCAE provide frequency specific information
about cochlear function, which after further
devel opnent, may forma basis of a noninvasive
objective method of evaluating ccchlear function.

The DPOAE input-output functions presented two separate DPOAE measurement in a clinical setting mst be
portions for the f2/fl ratio ranging from L. 18tol. 26. done with precise stimilus values (a) f2/fl ratio
Bel ow 60dB SPL, a saturating portion with a SPCAE near 1.22 and (b) primary intensities below 60dB
detection threshold at 36dB SPL, and SPL.

above 660B SPL, a linear portion. Active mechanisns are absent below 725H in human.
with DPCAES below 512.5H no nore saturating plateau Sex distribution could have been considered
could be observed. that we could have got different norms (possibly)

for hoth sexes.



3.2.3
TINNITUS RELATED



2 3 5 6 78 9 10 1
1982 Tyler RS, To explore the relationship between tinnitus & Normal-20, No SOAE
el a &S Ti nni t us- 25
1987 Penner HJ. To eXﬁ| ore whether an observed SOAK can be 2 Both For timnitus mtching gated sine vave  SQAE
et al the physical basis of an audiable tinnitus. | Omsec rise/fall tine
1989 Bonfils P. To deteraine sone basic features of SOAEs 24 e 2days-40years - - Both For TSOASs rarefaction clicks Q 1ns SOAE + TEQAKS
relative to i) the age and sex of nornal rectangul ar pul ses; repetition rate 19/s
subjects (if) audionetric threshol d and ECS
thresholds with SN loss subjects.
1990 Norton S.J. To explore the link between tinnitus 4 5 2869 117t Normal Tone burst stimuli at 0.5 1.0, 1.5 2.0, SCAE & TSOAE
et al ot oacousti ¢ em ssion 3.0,4.0,5.0, and 8.0 KHz; two cycle
plateau; 2ns rise/fall; intensities from
10 to 70dBSPI in 1QiB Steps for TEQAS.
5 1990 Plinkert To demonstrate the relationship between SOAE 3Tyear Im Norrml No SOAE
PK e a and tinnitus.
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B u

& elctfr_et condenser m crophone LLIMM di aneter di aphragm
i fier

Tube 25.5mm length, 3.5md1.d.

(toadm ttance probetip.

Revox ATT tape recorder.

8-hit Analog to digital converter.

PDP 11/60 M crocomputer.

Laboratory computer, Sine wave oscillator, Mniature

m crophone Etynotic nodel ER-10, 1.35nm i.d. coupling
tubes two. 3.8Qm i.d. probe tubes, Two insert phones
Etymtic ER-2 Vvetek 380/A Spectrum analyzer.

Acoustic probe; length 3.5cm Weight 20g. (aL Know es BT
1751 nicrophone. (b) Knowles BK 2615 earspeaker.

| pedance probe protector, Nedelec AA 6K 3 amplifier;
garn 10* for SOAE Hgh pass filter: 250Hz, 160Bloct for
SOAEs. Band Pass filter; 250 to 80Hz, L6dB/Cct towards
low freg and 6dB/Qct towards high freq. Hgh resolution
signal analyser Hewlett Packard 3661A

ER2 tubephone. Acoastic probe (Etymotic Research ER-10B)
Hewl ett Packard 35ELA dynani ¢ si%nal anal yser. Locally
bui It variable gain (20-80dB)  battery Eov»ered
preanplifier. 12-bit ADC. Conputer disk. Oscillator.

Mniature mcrophone nodel no. 8704298 Etymotic Research.
Spectrui analyser one Sokki Mbdel CF 940, Sine wave

generator Hew ett Packard HPBI04A  Sennheiser earphone.
Audi oneter Philips HP 3741/30 with Beyer DT 48 earphone.

There was no clear relationship between the pitch of
tinnitus and the spectum of emssion.

SOAE and tinnitus apear to be independent because(i)  Even though they could not get any association between
Audibility of tinnitus was not affected by suppressing SCAE and tinnitus for these subjects there [ight be an
the SOAE. (ii) SCAE ves unchanged while masking the — association in others. Hence farther studies are
tinnitus by a high frequency tone. required.

The incidence of SOAES, decreased froa 68%in the group Instruments & stinli used are described very mich in
of infants less than 18 lonths ofd to O%after the age detail. Age range of abnormal group not nentioned.
of 70 years ofd. to Stat.Diff.in SOAE incidence found Sex distribution of cases not mentioned.
blwparticigams Withor without tinnitus. In the

group of subjects with SNToss, the incidence of SOAES

ecreased |inearly with increasing click threshold or

the detection threshold of TECAE.

The detection of SOAES and/or ringing SCAES in ears
wth sloping losses, a history of noise exposure and
tonal tinnitus mght provide an objective nethod of
evaluating tinnitus treatment Large scale clinical
trials are needed to validate the above concl usion.
Mre no of feaales have been taken in the sanple.

Gscillating ECEs and tinnitus are related to a comon
underlying pathol ogy rather than the enissions being
the source of tinnitus.

Just on the basis of findings of simple case, we can

Fol | owi ng evi dences indicate the correlation between, _
not really conclude anything.

timnitus and SOAEs:  Simultaneous occurrence and
supperession of both phenoagna. The pitch of tinnitus
and the frequency conponents of the SOAE correlated. In
a playback of the recorded SOAEs their frequencies were
described to be identical wth the tinnitus pitch.
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1 1955 Bekesy V.G 1 Par adoxi cal wavetravel along the cochlear partition.
2 1976 Duval AJ Ill 6 Del i neation of cochlear glycogen by el ectron mcroscopy.
3 1979 Kenp D.T. 3 The evoked cochl ear mechani cal response and the auditory
m crostructure-evidence for a new el enent in cochl ear
mechani cs.
4 1982 Browneil WE. 2 Cochl ear trasduction: An integrative nodel and review
5 1982 (Qbian GL. 2 Cochl ear m crophoni c evi dence for nechani cal propagation of
et al distortion products f2-fl and 2fl-f2.
6 1982 More B.CJ. Cochl ear echoes.
7 1982 Pickles J.Q Active novenents in the cochlea: The evoked cochl ear
nmechani cal response.
8 1982 Siegel J.H 2 Ef ferent nerual control of cochlear nechani es? divocochl ear
et al bundl e stinulation affects cochl ear bi onoechani cal
nonl i nearity.
9 1983 Bromreil WE. 1 Acoustically evoked radial current densities in sala tynpani
et al.
10 1983 Kenp D. T. - An integrated view of cochlear nmechanical nonlinearities
et al observabl e fromthe ear canal.
11 1983 Rutten WL.C. - Gitical behavior of auditory oscillators near feedback
et al phase transitions.
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12 1983 Schloth E Mechani cal and acoustical influences on spontaneous
et al ot oacousti c em ssi ons.
13 1983 Sutton QJ. Model I'i ng cochl ear echoes: The influence of irregularities
et al I n frequency mappi ng on sumred cochl ear activity.
14 1983 Wt HP. Two aspects of cochlear acoustic em ssions-Response | atency
et al and mni num sti nul us energy.
15 1984 Kenp D. T. Ear canal acoustic and rond w ndow el ectrical correl ates of
et al the 2f1-f2 distortion generated by the cochl ea.
16 1984  Rosowski J.J. Cochlear nonlinearities inferred fromtwo tone distortion
et al products in the earcanal of the alligator |izard.
17 1985 (Quelke R'W A nechani smfor stinulated acoustic enissions in the
et al cochl ea.
18 1985 Zurek P.M Acoustic emssions fromthe ear. A summary of results from
humans and ani nal s.
19 1986 Fritfe W Qur present experience on spontaneous cochl ear em ssions.
et a
20 1986 CGeisler CD. A nodel . of the effect of outer hair cell notility on
cochl ear vibration.
21 1986 Kenp D.T. Q oacoustic em ssions, travelling waves and cochl ear
mechani sns.
22 1986 KeanD.T. Acoustic em ssion cochl egraphy-practical aspects.
et a
23 1986 Lire D.J. Cochl ear m cromechani cs i n understandi ng otoacoustic

em SSi ons.
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24 1986 Wlson J.P 3 Qt oacoustic emssions and tinnitus.
25 1986 Zenner H P 2 Motil e responses in outer hair cells.
26 1986  Zw cker E 1 QG oacoustic emssions in a nonlinear cochlear hardware
nodel with feedback.
27 1987 Leake Jones P. 2 Upt ake of horse raddi sh peroni dase fromperilynph by
et al cochl ear hair cells.
28 1988  Fur Si[ M 1 A cochl ear nodel for acoustic em ssions.
et a
29 1988 Neeley S.T. 1 Latency of auditory brai nstemresponses and ot oacoustic
et al em ssions using tone burst stimuli.
30 1988 O Uchi T. 5 Study of the so called cochl ear mechanical tinnitus.
et al
31 1988 Zenner H P. 5 Quter hair cells as fast and slow cochlear anplifiers with
a bidirectional transduction cycle.
32 1990 Bilger RC 7 Genetic inplications of gender differences in the preval ence
et al of SQAE.
33 1990 Bonfils.P 4 Ainical significance of otoacoustic em ssions. A
et al per specti ve.
34 1990 Brownell WE. 4 Quter hair cell electronotillty and ot oacoustic em ssions.
35 1990 Kenp D.T. 4 A guide to the effective use of otoacoustic em ssions.

et al




37

38

39

40

41

of

3
1990  Lonsil ury- 4 The clinical utility
Martin. B. L. em ssi ons.
et al
1990 WMartin G K 4 Ot oacoustic emi ssions in Human Ears Nornative findings.
et al
1990 Zwi cker E. 9 Del ayed evoked otoacoustic em ssions: An ideal screening et
al test for excluding hearing inpairnment in infants.
1991 Lonsbury- 7 Cinical applications of otoacoustic em ssions.
Martin B.L.
et al
1991  Shehata WE. 5 Ef fects of salicylate on shape, electronmotility and
et al menbrane characteristics of isolated outer hair cells from
gui nea pi g cochl ea.
1991 Talmadge.C. L. 1 Are spontaneous otoacoustic em ssions generated by self

et al

sust ai ned cochl ear oscillators?
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3.5
MAJOR AREA OF FOCUS



i) SOAB _ _
1) To explore the basic properties of SQAES

OOO~NOUIDWN

a) Preval ence of SQAEs

b) Spectral analysis

c) Intersubject variability

d) Intrasubject variability

e) Short termstability

f) Long termstability - effect of aging _
Qigin of SOAE - various hypotheses and their testing.
I nteraction anmong mul ti pl e SQAEs.

Ef fect of external stimuli on SQAEs ( SQAESTGCs).
Reliability of SQAESTC neasurenents.

| nfl uence of agi ng-longitudi nal nmeasurenent of SQAESTGs in human infants.

Ef fect of SQAE on TEQAE.

%/nchroni zation effect of DPQAE on SQAEs.

Ef fect of aspirin on SQAE

Associ ati on between SQAE and DPQAE under aspirin use.
Nor mat i ve dat a.

Ef fect of hearing | oss.

To explore the |1 nk between SQAE and tinnitus.

TEQAE

Expl ore the Pr operties of TEQAEs.

Preval ence of TEQAEs.

Qi gin and mechani smof TEQAE production-different hypotheses.
| ntrasubj ect stability.

| ntersubject stability.

Ef fect of agi ng-devel opnental changes.

I nfl uence of relative ,oosi tion between head and body.

Rel ati on between stinulus paraneters and TEQAE characteri sti cs.
Rel ati on between stinmulus |evel and response |evel.

Ef fect of contralateral acoustic stimulation on TEQAE - Coll ect effect.
Su?pr essi on of TEQAE.

Rol e of ossicular chain in TBOAB transmssion to eardrum
TEQAE t hr ough bone conducted stinuli.

Properties and characteristics of BCEQAE

Ef fect of hearing | oss-both degree and pattern.

Normative data for both infants and adul ts.

Dfferential findings in the children and adul ts havi ng known cochl ear pat hol ogy.
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18) Met hodol ogi cal problens in recording TEOAEs.

19) To try ditferent techniques of recording TEOAES.

20) Effect of change in EAM pressure. .

21) Conparison of spectral analysis of TEOAE and audi ograns.

22) To devel op the apgroprlate and standard instrument to record TEQAE

23) Determnation of TEOAE threshol d.

24) Evaluate the type | error. . _

25) Advanced cochlear echo technique devel oped for infant and neonatal screening.

(iii) SFOAE

1) To neasure the anplitude and phase of SFOAE, their frequency spacing and |eve
dependence.

i v) DPOAE

(

1) How DPOAE is generated

2) Effect of stimulus parameters

3) Effect of aging

4) Association of SOAE & DPQOAE
%L Under use of aspirin

5 rmative findings .

6) DPQAE characteristic and hearing |oss
a) Conparison of normal and known

pat hol ogi ¢ ears

(¢) TINNITUS
To Explore the link between tinnitus and otoacoustic em ssion.
i) ANIMAL STUDI ES

To understand the nechanismof different OAES

Conparison of OAE in | ower animals and human

Chto?enlc devel opnent of DPOAE in rat

Rel ation between cochl ear dysfunction and DPOAE responses paraneters
Ef fect of sound exposure on QAE

)

v

% To explore the presence and characteristics of QAEs in |ower aninals.

) Relation between achol ocation frequency and cochl ear properties in nustache bat
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3.7
YEAR W SE AND JOURNAL W SE BREAKUP OF EXPERI MENTAL ARTI CLES




I 1970 1979 1380 1981 1962 1983 1904 1905 1986 1987 1888 1380 19%0 1891 MR
h. b abad adab ad b b abd 2d ab ab 2ad abdb ad
1 10 10008 3 0106 00 &0 40 00 20 &L 0.00 40 20 20
1 .

e 0 O0 2010 20 40 20 10 20 40 00 00 00 1YW
3

B0 2000 A2 0L R R 20 10 1L 1Y KL ORBYL OB
{ 00 D OO0 0000 00 #0 00 0O PO 1O DD DL KO 1A
§ Py 0 o0 00 00 01 &0 BT OT1 DY OOL N 1B
§ B0 00 20 O 0N F O DN OCE VO OO PO BT 1Y 0N T
1 g0 00 Q00 S0 OO 0O ¢OD OO DX ) 1e 0F L BT 13
' 4 6900 4001 00 B0 FO DN MY BT OBS VO OTLZ2Z 1B
S 00 004 0 000 H O 00 VO GO D OH VY OBD LL T2
10 e % 06 60 2 O0CEd 00 D G0 00 OO KK D1 DL ONT OB
)| O 000 OO0 0O N O D O BPE BT DL OBD W2
Total 10 1800 5023 21 80 61 30 53 83 19 S12 46 513

66



DI SAUSSI ON

It was very easy to classify the articles into experinmental and review (and rel at ed)
articles, but the difficulty was felt in finding a dividing point on the continuum of
experinmental research to classify theminto "basic experinments"” and "clinical application”.
dassification is done honestly based on the criteria stated in the nethodology but then
for sonme articles, the author was at loss to group themin any class. For exanple, all the
tinnitus related articles could have been classified as "basic experinents" but was put

under clinical application because it was related to a clinical synptom "Tinnitus".

Qut of 129 articles, 51 are basic experinments, 37 are clinical applications and 41 are

review (and rel ated) articles.

Qut of 88 experinmental articles, only 16 were on lower aninals and the rest of the 72

articles were on human bei ngs.

Under "basic experinment” 20 articles were found on SOAE, 18 on TEQAE, 4 on SFQAE and 6
on DPQAE. Under "dinical application", 28 on TEQAE, 6 on DPQAE and 5 on Tinnitus. It is
clear that TSQAE and DPQAE are the only types which are clinically significant. TEQAE is
the nost frequently studied. There are many articles where nore than one type of QAEa,

were experinmenated but nost of the articles were devoted to single type of QAEs.
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In terns of instrunmentation, only four itens are discussed (i) mcrophone (ii)
earspeaker, (iii) conputer and software system and (iv) spectrumanal yzer. The other |ess
i nportant instrunments are not discussed because they are costly as conpared to the conputer
based systens and a single conputer can be programmed to replace all the other instrunents.
But the acoustic probe consisting of mcrophone and earspeaker (one or two) is essential
for any system Spectrumanal yzer is included in our discussion because, till now, not al
experinents are done wusing mcroconputer based instrunentation and in those experinents

spectrumanal yzer is the inportant instrunent.

Al the articles have not reported the instrunents used in detail. The frequency of
use of a particular nodel is tabulated in Table-3.4 based on whatever information was

available in the articl es.

W have 14 different nodels of mcrophones reported anong whi ch Knowl es m crophones
have the highest tallies. EA1842 and BT1751 have their frequency 17 and 15 respectively.

ER- 10 m crophone is used in nine articles.

V¢ have 13 different nodel s of earspeakers reported anmong which 11 nodels art from
Know es and other two are ER2A and Beyer DI-46. Considering the individual nodels ER
2A has the hi ghest frequency of 10. Know es BK 2615 is used in nine articles whereas Beyer

DI 48 is used in eight articles. But overall Know es transducers are nore frequently used.
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VW have 16 different nodels of conputers reportedly used anong whi ch G odynam cs |L088
has been used in nost nunber of articles (6). CEDALPHA LSI-2 has been used in five
articles. Amplaid, MK 6, Corp 11/23 and PCEMS have their frequency 3 each

He have 22 different nodels of spectrum analyzers reported anong which 7 nodels are
fromHew ett-Packard (HP) and 3 nodels each from Wavetek and B&K  Considering the
I ndi vi dual nodel s HP3561A has the highest tally of 7 and then N colet pathfinder Il has the
frequency of 5. Wavetek 5820 A HP 3580 A  HP 3582A, B&K 2033 and HP3581A have their

frequencies of 4 each. COverall HP anal yzers are nore popul arly used for QAE anal ysis.

The point to he noted here is that there are few groups of authors who are regularly
I nvol ved in QAE experinentation and they have nore than one (maxinum 9) articles to their
credit. They have the same set of instruments over a period of tinme and the sane is
reported in all their articles, so the frequency of these nodels in terns of nunber of
articles in which they appear is msleading. The better way would have been to find out
t he nunber of different places (laboratories and clinics) where a particular nodel is being
used. The conparative advantages and disadvantages should also be considered while
selecting any instrument. But this review being exploratory in nature did not try to

collect such information. That nay be taken up as a future project.

Maj or areas of interest of the past experinents have been listed in Table-3.5 under

six different headi ngs.
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Anal yzing, Table-3.6, we find that Lonsbury-Martin B.L., Martin GK and Wt H P. have
the highest tally of articles either as main authors or co-authors. First two al ways work
toget her and they have given equal enphasis to review articles, basic research and clinical

application. wit HP. is nore interested in basic kind of experinmentation.

Kenp DT has the tally of 8, but nost of his articles are not available in our library.
QG herwi se Kenp DI is not |less than any body in contributing to the field of QAES. He can be

considered the father of QAEs. He has all the three kinds of articles in the literature.

Zwi cker E, another giant in the field is involved in basic research and related

articles.

The aut hors who have nore than 3 articles on their credit are only tabulated in Tabl e-
3.6. If we further scan the nanmes in the bibliography, we find that there is a group of
experinmenters whose nucleus is Bonfils P., which is involved in experinentation in
clinical application of QAEs espcially TEQAES. Another inportant group nucl eated around
Johnsen NJ. and Hberling Cis also involved in clinical application of TEQAES. Another
significant groups nucleated around Harris F.P., Probst R, Norton S J., Zurek P.M also

can be identified separately working. Zurek P.M has interest only in basic experinents.

Anal yzing Table-3.7 we find that JASA contains the highest nunber of articles and

those articles are of basic experinment. None of these studies are applied in nature. Then
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we have Hearing Research and Scandi navi an Audi ol ogy each having 14 articles. But all the
Hearing Research articles are basic experinents whereas 9 articles of Scandinavian
Audi ol ogy are applied in nature. Qher than Hearing Research and JASA all other journals

contain articles of applied in nature.

The year 1990 has the naxi numnunber of QAE articles (17). V& can al so observe the
growi ng interest of experinmenters in QAEs. In the beginning, till 1981, only experinents of
basic nature were taken up and they were reported only in JASA and Hearing Research and
gradual |y the nunber of articles of applied nature started growing and other journals also

started publishing QAE articles.
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