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INTRODUCTION



CHAPTER 1

I NTRODUCTI ON

QO o-acoustic em ssions today represent state-of-the-art
advances in the realnms of diagnostic audiology. O o-acoustic
em ssions (CAEs) are defined as " Sounds generated within the
cochlea, by the outer hair cells, which can be detected at the
tynpanic menbrane by a mniaturized, sensitive m crophone"” -

(NORTON AND STOVER, 1994) .

The oto-acoustic em ssion phenonenon is based on an active
mechani smin the cochlea and was first described 10-15 years ago.
For years together, the inner ear had been assigned a rather
passive role as a hearing receptor. However, wth the discovery
of  OAEs, the cochlea is <considered now to be a highly
sophi sticated organ with bi-directional transduction properties.
So, just as an old, horn-type hearing instrunent can be turned
around and blown Ilike a trunpet, the human ear too, can both
receive and generate sound energy - (KEMP  1990) . Thi s

bi -directional transduction property is known to be unique to

human heari ng.

The force responsible for OAE generation S t he
electro-notility of the outer hair cells. This outer hair cell

electronotility was first denonstrated by BROANELL (1983). This

electro-notility is what sets the outer hair cells into

oscillations at audible frequencies. These oscillations are

1



magnified by the middle ear sysgem and transmitted into the air

as sound. So by sealing a receiver - mcrophone probe into the
ear canal, sounds nmade by the cochlea can be evoked, even by
external sound and recorded from alnost any ear canal, wth

nornmal m d-frequency heari ng.

QAEs have not only stinmulated a radical re-think in
auditory physiology but also represent a crucial landmark in the
under st andi ng of cochl ear nechani cs. The discovery and the first
neasurenment of QAES is credited to KEMP and associates (1978)

fromthe Institute of Laryngology and Gology (ILO in London.

Snce the late 70's, when Qs were first discovered,

research has been actively on to:
a. Try and determne their various properties.
b. Design aPProprite instrunentation to record them

c. Try and assess the external and internal factors which

i nfl uence their generation.

d. Focus dn significant paraneters of the stinulus used to
evoke OAEs.

In India, research in the area of oto-acoustic emssions is
still of fledgling status. But as the scientific work of
audi ol ogi sts, hearing scientists and other professionals all over
the world has denonstrated, the QAEsS represent a tremendous
breakt hrough in diagnostic audiology and are definitely here to

stay. Therefore, it is vital for the audiol ogists of today and



tonorrow to be well-acquainted with the basics and details ot
OAEs. It is also essential, at this prelimnary stage to tilter

out every possi bl e doubt that obscures our understanding of OAEs.

Wat follows is an earnest attenpt to bring out any
doubt, regarding QAEs into the open and thus dispel any
m sconception. This will certainly help to pave the way for a
hol i stic understandi ng and proper appreciation of the phenonmenon

of OAEs. The potential use of this question bank coul d be:
a. its use in short-termand refresher courses.

b. its use to evaluate and nonitor the student's or trainee's

under st andi ng of the subject.

Bot h short-answer and objective types of questions have been

i ncluded. The different types of questions included are:
1. Crosswords

2. Match the follow ng

3. F Il in the Bl anks

4. Miltiple choice questions

5. Expand the abbreviations

6. State True or Fal se
7. Label the schematic diagrans

8. Short answer questions, etc.
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CHAPTER 2

A CLCSER LOOK AT QAEs

The oto-acoustic em ssion response is not nerely restricted
to experinmental situations, but is a natural physiological
acconpani nent to normal hearing. Moreover, OAEs can be neasured
non-invasively and are sensitive indicators* of cochlear status.
Thus, they are a potentially valuable addition to the existing
arsenal of (clinical audiology. Broadly speaking, the OAEs can be

classified into two types:
| . SPONTANEQUS 0TO- ACOUSTI C EM SSI ONS ( SOAES) :

Spont aneous or unstinulated em ssions occur in the absence
of any external stinulation. SOAEs are pure tones of about 20 dB
SPL found in the unstinulated ear canal in 40-60% of healthy
ears. They are nore or |ess continuous narrow band signals and
relatively easy to neasure. Their existence was first postul ated

by GOLD (1948) .
| | . EVOKED OTO- ACOUSTI C EM SSI ONS ( EQAES) :

EQAEs are oto-acoustic em ssions, evoked in response to a
sound stimulus and can be detected in 100% of all ears wth
normal hearing. Depending upon the nature of the eliciting

stimulus, EOAEs are of three subtypes:



a. TRANSENT-EVOKED OTO-ACOUSTIC EMISSIONS (TEOAES

TEOAEs were the first emission type to be reported in the

literature by KEMP (1978) . They are also referred to as click -
evoked OAEs. They are frequency - dispersive responses, oOccurring

in response to a transient acoustic stinulus, such as a click or

a tone burst.

b. ACOUSTIC DISTORTION PRODUCT EMISSIONS (ADPEsS):

These type of emssions are generated in response to two
simul taneously presented pure tones (H and F2), which are
separated in frequency, by a prescribed difference (in Hz) .
Technol ogically, the ADPEs are the easiest type of emssions to

neasure, bieing relatively artifact-free and requiring no post-hoc

processi ng.
c. STIMULUS FREQUENCY EMISSIONS (SFEs) :

Stimulus frequency em ssions are the nost frequency specific
and probably, the least clinically applicable of emssion types.
These em ssions reflect the response of the cochlea, to a single,
conti nuous, pure tone input occurring simultaneously with and at

the sane frequency as the eliciting stimlus.
The potential clinical applications of QAEs incl ude:

1. Screening for peripheral auditory system dysfunction in

newbor n babi es and i nfants.



Separ at i ng the cochl ear and neural conponent s of

sensori-neural hearing | oss.

Monitoring the effects of noxious agents, such as ototoxic

drugs and intense noi se exposure on the cochl ea.

Assessing fluctuating hearing | oss, with or wthout

t her apeuti c reginens.
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CHAPTER 3

THE BEGINNING

OAEs
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CLUES

DOWN:

The nunber of subtypes of evoked oto-acoustic em ssions.

2. These emissions are identifiable in 96 - 100% of ears wth
nornal heari ng.
3. These are "unstinul ated" em ssions.
4. He first denonstrated the electronotility of outer hair cells
5. A type of EOAE detection device.
6. These hair cells are responsible for OAE generati on.
ACRCSS:
1. The first evoked em ssion type to be reported in literature.
7. The discoverer of OAEs.
8. OAEs have a potential use in. screening for auditory
system dysfunction of this nature.
9. Initially, SOAEs were believed to result in this condition.
10. OAEs were first recorded in their ears-
11. OAEs are absent when this type of hearing |oss exceeds

40-30 dB HL.



. EXPAND THE ABBREVIATIONS

1. OAE.

2. OHC.

3. SFE.

4. | LO

5. ADPE.

6. M.S.

7. TEOAE.

8. POEMS.

I11. WATCH THE FOLLOW NG :

1. OTrO- ACOUSTI C EM SSI ONS A  WLLI AM BROANELL

2. EASIEST EM SSI ON TYPE TO B KEMP ECHCES
MEASURE

3. PRE- NEURAL SI GNALS C COPE AND LUTNMAN

4. TINNITUS D  ADPEs

5. Bl DI RECTI ONAL TRANSDUCTI ON E DAVI D KEWP

6. OHC ELECTROMOTI LI TY F SPONTANEQUS QAEs

7. POENS G COCHLEA

8. TEOCAES H COCHLEAR M CROPHONI CS



V. STATE TRUE OR FALSE :

1.

QAEs are a natural physiological acconpaninent to nornal

heari ng.

External and mddle ear problens will affect OAE recordi ng and

nmeasur enent .

QAEs are not as frequency-place specific as the cochlear

m cr ophoni c.

QAEs provide a physical comrunication channel to the cochlear

t ransducti on nechani sm

QAEs are nostly found at frequencies between 4000 Hz and

8000 Hz.

Latency of human oto-acoustic emssions decreases as the

stimulus frequency is decreased.

10



CHAPTER 3
SOLUTIONS
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EXPAND THE ABBREVI ATl ONS:

G o Acoustic Em ssions
Quter hair cells.

Stimulus frequency em ssions
Institute of Laryngol ogy and Q ol ogy
Acoustic distortion product em ssions

Maxi mum | engt h sequenci ng

Transient - evoked oto acoustic em ssion
Programmabl e ot 0-acoustic em ssion neasur enent

MATCH THE FOLLOW NG

®» Q@ =—h I o o

o

oy

. STATES TRUE OR FALSE

True
True
Fal se
True

Fal se

True

syst em
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CHAPTER 4

THE SECRET OF OAEs - OHC ELECTROMOTILITY
I- MATCH THE FOLLOWING

1. COCHLEAR AMPLIFIER A ENHANCE BASILAR MEMBRANE

FUNCTI ON
2. OUTER HAIR CELLS B WLSON (80)
3. GOLD (1948) C  MECHANI CAL FREQUENCY
ANALYSER
4. BASI LAR MEMBRANE D ACTIN AND MYCSI NE
5. VOLUME CHANGES OF E DAVI S (83)
SUPPORTI NG CELLS
6. OUTER HAIR CELL F ACTI VE COCHLEAR FEEDBACK
STERECCI LI A MECHANI SM
1. FILL I N THE BLANKS :
1. are responsible for the sharp tuning of the basilar
menbr ane.
2. Mammal ian outer hair cells are notile in response to changes
in _
3. OHC electronotolity takes the form of a change in the
of the hair cell

4. OHC length under the influence of a depolarizing

or excitatory stimulus.

13



5. The mechanical response of the <cochlea in nornmals is known
to be
6. In the outer hair cell, normally found cytoskeletal
organization is replaced by
IV HND THE MISSNG FEOALE
S D B I J I L K F E R
ﬁ K M A C A R T N E Y
P A R P \% N Q P S 0 H A
T Q M G W | L s 0o N T Q
0 E D @] H R S \% N C K A
T I L N E Y S E K E B
M A P D L L E N w 0 R B
The nanes of nine people who contributed to the
understanding of the nmechanism behind oto acoustic em ssion

generation are hidden here. CAN YOU FI ND THEM ?

CLUES:
1. Concept of Cochlear Amplifier'.
2. Quter hair cell stereocilia conposition (2 names).

3. Hypot hesi zed vol une changes of supporting cells.
14



4. Experi nment al evidence for non-linear basilar nenbrane

nmechani cs.

5. outer hair cell stereocilia conposition.

6. D scoverer of oto acoustic em ssions.
7. Denonstration of outer hair cell electronotility.
8. Travel ling Wave theory.

9. Existence of active, cochlear feedback mechani sm

V. STATE TRUE OR FALSE :

1. Al nedial efferent fibres of the auditory pathway respond to

auditory stimulation.

2. The nmechani smresponsi ble for OAE generation is vulnerable to

cochl ear pat hol ogy.

3. Wsing QAE neasurenents, it is possible to assess the auditory

pat hways central to the cochl ea.

4. QAE generation S dependent upon afferent synaptic

t ransm ssi on.

5. Quter hair cell Jlength increases under the influence of a

hyper pol ari zing or inhibitory stimulus.

6. The "Cochlear Amplifier" is seen as a mechanismwhich

mai ntai ns normal threshold sensitivity.

15



V MILLTI PLE CHO CE QUESTI ONS:

PICK THE RI GHT ONE

o O

16

The normal auditory systemis:

linear, sharply tuned, and displays |ow sensitivity.
non-1linear, sharply tuned and displays high sensitivity.
non-1linear, broadly tuned and displays high sensitivity.

linear, broadly tuned and displays |low sensitivity.
Non-1inear basilar nenbrane behavi our

is the result of OHC degenerati on.

results in abnormal OAE behavi our.

i ndi cates that active physiol ogi cal mechanisns are involved in

cochl ear nechani cs.

decreases the sharp frequency selectivity present in the

normal cochl ea.

Motility of outer hair cells has been denpbnstrated in response
4 .
to :

electrical stinulation.

/ phar macol ogi ¢ stinul ation.

) / Acoustic / nechanical stinulation.

j
~ all of the above.



NN

Quter hair cell electronotitlity forces are proportional to
t

:+ the current.
! {:he applied vol tage.
1 150th the current and the applied voltage.

t Istimulus voltage but not stinmulus current.

Thel force generating mechanismfor OHC electronotility is

thoubht to be driven by

'V ;receptor potential.

i cellular stores of ATP (adenosine tri phosphate) .
' |Krelo's cycle.

H !resting. mambrane potential.

Skeletal nuscle cells differ fromouter hair cells in :

being able to generate force only when contracting.

bei ng dependent upon cellular stores of ATP for notility.

muscl e cell elongation being a passive process.,

all of the above.

1

As frequency increases, Magnitude of outer hair cell Mvenent:

i
| .
' ial SO | ncr eases.

bl
ot
— IaI so decr eases.

l

| l h
-

"'increases upto 8 kHz and then decreases.

*—* 'shows no change at all .

17



When conpared to cells of nobst organs.the cells of the Organ

of Corti are

it very tightly packed.
:;21 pl aced apart but with |oose attachnents to adjacent cells

(7 wel | separated by large fluid filled spaces.

:EE: wi dely separated at the basal end, closely packed at the

api cal end.

The outer hair cell has

v.~1 only tension resisting el enents.
_~1 tension and conpression resisting elenments.

i only conpression resisting el enments.

i~ none of the above.

18



CHAPTER 4

SALUTI AONS

MATCH THE FOLLOW NG
| -e, 2-a, 3-f, 4-c, 5-b, 6-d.

Il - FILL I N THE BLANKS

1. Quter hair cell

2. Cellular potential.

Lengt h.
Decr eases.

Non-1I i near.

o> 0 o~ W

Hydraul i c skel et on.

I11. STATE TRUE OR FALSE :

1. Fal se.

True.
Fal se.
Fal se.

Tr ue.

© o & w b

True.




V. FIND THE M SSI NG PECPLE :

1

t

t 6 s {PP B I J I L K F E R
; AN e — e e
oo K M \Ax_ C A R _T N E Y! v
| il

i P A R,PYYNN Q P 8 0 H A
; PR e e e
o QM1 ST L. 8 O NJT g
H : < _, i"_.__.\\\ """"""
p,,];_,_?__D_L_I:_g__R\ & VvV ¥ Cc K A
[} ,______.l__.__._,-.—_o. __________
v kT TIT TN TE W S”E_RCE B
: ks YT o oD T T
i A P i»IiL L E N W O R Bj{
]

[ ]

T e W ki O mw S i W o T B

Davis

M acartney
Wilson
Rhode
Tilney

. Kemp

Brownell
Bekesy

Gold

© o N o O » W DN F

V. MULTIFLE CHOICE QUESTIONS :

1-b, 2-c, 3-d, 4-d, 5-a, 6-d, 7-b, 8-c, 9-b.

20
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SPONTANEOUS
OTO-ACOUSTIC EMISSONS



CHAPTER 5

THE OAE FAM LY AND I TS MEMVMBERS

PART A

A) SPFONTANEOUS OTO-ACOUSTIC EMISSIONS

. WHATS MISSING ?

L abel the missing link in the schematic given for

measurement

SOAE

ANRLYSIS

SPECTRAL

PROBE MICROPHONE

21



1. MULTIPLE CHOICE QUESTIONS:

TICK THE MOST APPROPRIATE RESPONSE

1. Spontaneous oto-acoustic emissions:

a. ::: are measured without external stimulation.
b. {_!{ are more prevalent in males.
c. !__t occur in 40 - 6% of unhealthy ears.

all of the above.

|

2. Spont aneous oto-acoustic em ssions were first observed in:

a. {__! dog ears.

b. {__% chinchillas.

c. 14 humen ears.

d. i__t rabbit ears.

3. Compaed to other primates, incidence of spontaneous
oto-acoustic emissions in human ears appear to be:

a ::_____: lower.

b. {_} same as other primates.

C. :_?:: higher.

d.i n@msi stently present.

2
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2

& 0 T @&

Spont aneous ot o-acoustic em ssions which are recorded fro* the

external auditory canal:

' are only present in individuals who experience tinnitus.

‘._tcur only after intense, acoustic stinulation.

P

i__tcur in 35 - 50% of normal hearing ears.

L]
L

+ indicate cochl ear pathology in neonates.

M

. Spont aneous ot o-acoustic em ssions in children (5-12 years):

(_ane simlar in frequency distribution and anplitude, to
t hose neasured in adults.

{_ane lower in anplitude than those measured in adult ears

{_ane nost comonly found in the 3000-5000 Hz range.

{_ 1 have the same frequency distribution as adults, but are

hi gher in anplitude.

I nci dence of spontaneous oto-acoustic em ssions shows:

SEREREN

gender differences.

-
.

age differences.

racial group differences.

all of the above.

23



I11. WATCH THE FOLLOWN NG AND ARRANGE THE MATCHES | N CHRONOLOGH CAL

ORDER:
1. Investigation of the A BONFI LS et al
associ ati on between SOAEs
and tinnitus.
2. Posjtulation O SQAE B KEMP AND ZUREK
exi stence.
3. Greater preval ence of C BILGER et al
SOAEs in infants
4. Raci al group-rel at ed D BURNS et al
di fferences in SOAE preval ence
5. First neasurement of E GOD
SOAEs
6. Strong gender differences c F PENNER AND BURNS
7. Existence of interactions G VWH TEHEAD
anong rmultiple SOAEs - t he
phonomenon of |inked em ssions

V. FILL IN WTH | NCREASES / DECREASES:

1. In subjects over age 50, prevalence and nunber of SOAEs

2. At frequencies between 1000 and 2000 Hz, the nunber of

3. Ininfants | ess than 18 nonths of age, preval ence of SOAEs.

24



4. Presence of SQAES in one ear

t he ot her ear.

5. When bonpared to Negroes, the incidence of SOAEs in Caucasi ans

t he ot her ear.

6. If SOQAEs are associated with nornal,

|1 kel i hood of SQAEs

hair cells, their incidence would be expected to

W th age.

in

| ocal i zed degeneration of

7. Stapedial reflexes and changes in the ear canal pressure are

found to t he | evel

of the em ssion.

8. In ears wth mninmal cochlear hearing | oss,

findi ng SOAEs

25
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PART B - EVOKED OTO-ACOUSTIC EMISSIONS (EOAES)

Q. WHAT'S M SSI NG ? WHAT IS I TS FUNCTI ON ?

| i
f TRANSDUCER |1— SIGNAL GEHERQTOﬂ

#{ AMPLIFIERAFILTER | —0| ?

DBE MICROPHONE

1. MULTI PLE CHO CE QUESTI ONS : TICK THE RI GHT ANSVER.

i
1. Evoked ot o acoustic em ssions occur in response to:

a. ! ! pure tones.

b. ' I clicks and tone bursts.

c. !' I pure tones and clicks.

d; pure tones, clicks axd tone bursts.

26



Evoked ot o acoustic em ssi ons:

di splay saturating input -output functions.

s

occur only at frequencies when there are SQAEs.

occur only in response to high-level stimuli.

I

;{:ag"e identical in all nornal hearing ears.

D fference between individual evoked oto acoustic em ssions
occur nainly with respect to:

i__: response | atency.

¢+ wave formnorphol ogy and spectral content.,

i___! peak-to-peak anplitude and number of enission bursts.

1__3 all of the above.

Evoked ot o acoustic em ssion generation in response to low to

noderate level stimuli is dependent on:

i:ﬁ integrity of the VI11th nerve.

l_—_'l normal niddl e ear function.

-j’ normal outer hair cell function.

'—_—h normal brain stem function.

27



because:

5. Evoked oto acoustic em ssion nay be present in cases where

behavi or al and neural responses are depressed or absent

{

i_2+ mechani smresponsi ble for QAE generation is peripheral to
the VI 1th nerve.

}

they are an unreliable indicator of cochlear status.

{1 T+

actual tuning of auditory stimuli occurs central to the

cochl ear nechani sns.

i1

evoked oto acoustic emssions are only elicited at high

stimulus | evels.
Transi ent - evoked oto acoustic em ssion anplitude:

decreases with age.

it increases with age.
—_+ does not change with age.

1 is very difficult to neasure in children

Frequency specificity of transient-evoked oto acoustic

em ssions m ght be best described as:

.f:::: good only for high frequency hearing loss identification.

+_+ good for low and high frequency hearing |oss

i dentification.
! excellent for all frequencies, 1000 Hz through 4000 Hz,
if the ear has nornmal hearing sensitivity.

i__4V poor for both high frequency and | ow frequency hearing

| oss identification.
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o o T p

The pat hol ogi cal status of the Mddl e ear

i+ does not affect transient-evoked oto acoustic enissions

{ "1 pay af f ect transi ent-evoked oto acoustic emssion

anpl i t ude.

1 precludes transient-evoked oto acoustic emssions from
bei ng nmeasur ed.
t increases |owfrequency transient-evoked oto acoustic

em ssion anplitudes.

The preval ence of transient-evoked oto acoustic emssion in

normal hearing infants:

Is 50% 1less than that found in nornmal hearing adults.
¢! 1s 80%less than that found i n normal hearing adults.

! is the sane as that found in nornmal hearing adults.

i is greater than that found in normal hearing adults.

Transi ent - evoked oto acoustic em ssion screening tests:

::j: show high sensitivity, but |low specificity conpared to

auditory brain stemresponse screening tests.

::j: show | ow sensitivity, but high specificity conpared to

auditory brain stemresponse screening tests.

::I: show high specificity and sensitivity conpared to

auditory brain stemresponse screening tests.

::I: are nmere tine consumng than auditory brain stem

response screeni ng tests.
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11.

12.

13.

As a clinical tool with adult patients, transient-evoked oto

acoustic emssions are best for identifying:

! pseudohypacusi s.
! low frequency, cochlear hearing | oss.
t multiple sclerosis.

! acoustic neuromms.

Research evaluating the use of transient-evoked oto acoustic
em ssi ons for newborn hearing screening has shown that, in
conparison to Auditory Brain Stem  Response screeni ng,

transi ent -evoked oto acoustic em ssion screening:

:IEB cheaper and faster, but not as effective.

:I:: has substantially better accuracy.

—— .

1.1 has substantially poorer accuracy.

:IZBan be used effectively only with neonatal intensive care

unit (NI CU) babies.

The best transient-evoked oto acoustic en ssion responses in

infants are seen:

(I when infants are 4-6 weeks ol d.
t[C_1’ between 48 and 72 hours of age.
. i mredi ately at birth.

L
:[:: at the age of 3 nonths.
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14. For clinical screeni ng pur poses, t hreshol ds for

trans Lent-evoked oto acoustic em ssion are not generally

deter lined because:

a. :I:: test time is too |ong.

presence of spontaneous em ssions mght |ower threshol ds

1T

thresholds for transient-evoked oto acoustic em ssions

are affected by the patient's age.

all of the above.

]

11 A WHAT TYPE OF EVOKED EM SSI ONS ARE MEASURED USING THI' S
APPARATUS ? HOW |S THI S APPARATUS DI FFERENT FROM THAT
USED TO MEASURE OTHER EVOKED EM SSI ONS ?

T

TRAMNSDUCER

‘_
' ' SIGNAL l

TRANSDUCER l<__ GENERATOR

ﬁﬂPLIFIEBlFILTERl——)-SPECTRRL hHﬁL?SIS'

PROBGE MICROPHONE
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LOCK-IN

B) WHAT TYPE OF EM SSI ON CAN BE MEASURED USI NG THI S SYSTEM?

IN THE GIVEN SCHEMATIC, WHAT IS THE FUNCTION OF THE

AMPLIFIER ?

TRANSDUCER  I¢ SIGHAL
GENERATOR
- AMPLIFI1ER/ LOCK-IN
{ ws FILTER DATA STORAGE
AMPLIFIER
PROBE  MICROPHONE

V. MUILTI PLE CHO CE QUESTI ONS

1.

Whi ch type of oto acoustic em ssions are not generated at the

cochlear location associated with the frequency of t he

em ssi on?

a. Spont aneous oto acoustic em ssions (SOAEs).

b. Transi ent evoked oto acoustic em ssions (TEOAEs).
C. Acoustic distortion product em ssions (ADPEs) .

d. Stinmulus frequency em ssions (SFEs) .
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Di stortion product em ssions were first denonstrated in human

éars by :

a. :j:: LONSBURY - MARTIN, et al.
i Tt KEWP et al.

C ]! BOWILS et al.

d. 177 THORNTON et al.

When hearing |levels across frequency exceed 30 dB HL,

a. ;I:: transi ent-evoked oto acoustic em ssions are present
nor e often than distortion product oto acoustic

eni ssi ons.

b. :t:: both transient-evoked oto acoustic em ssions and
distortion product oto acoustic em ssions are always

present.

C. :t:: distortion product oto acoustic eni ssions are present
nor e of ten than transient-evoked oto acoustic

eni ssi ons.

d. #_! Both transient-evoked oto acoustic em ssions and

di stortion product oto acoustic em ssions are always

absent .

Paraneters which are known to affect distortion product oto
acoustic em ssions are:

,::: stimulus frequency.

o

b. i*#! stimulus |evel.
C. f__: separation between primaries.

d. k::: all of the above.
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5. wich of the followng is considered an ideal subject for the

study of distortion emssions ?

a. :‘:]: Chi nchi | | a.
b. {_}t Quinea pig.

c. !_Ji Rat.

d. {_JCerbil.

6. Conpared to the difference tone distortion product (f2 - fl),
the c\bic difference tone:
a. ::I: i's more robust.
b. :_]t is nore vulnerable to cochl ear insult.
C. ::I} is easier to detect.

d.aﬂitmf t he above.

7. Particularly strong correl ations between physi ol ogi cal tuning

curves and QAEs have been observed at

a. ‘]t 1kHe.

b. {114 kHz.
112 kHz.

d. :J1500 Hz.

8. Distortion product emssions with an intensity less than the

noire floor

a.

b. Il ! can not be detect ed.

=
I

C. :I:: are artifacts.
E

d. !

{ can be easily detected.

! may be sonetines detected.
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9. Maximd distortion product oto acoustic emissions have been

reported using F2/F1 values of

a 1

b 1.25
c?2

d. 0.5

10. Stimulus frequency emissions (SFE's) are also called

a Kemp echoes.

b. linked emissions.

C. synchronous evoked emissions.
d. cochlear echoes.

11. The frequency seperation betveen adjacent peaks

stimulus frequency em ssion wave formincreases with

a. decrease in frequency.
b. increase in intensity.
C. increase in frequency,
d. decrease in intensity

of the evoking stinulus.

in

t he
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CLUES
| . ACRCSS:
1. The cochlear em ssions analyzer acquired by All SH.

2. He made the first attenpt to explain SOAE generati on.

3. He denonstrated greater SOAE incidence in subjects wth mld

cocnlear |l osses with respect to nornals.

4. The differences tone which is the nost frequently observed

di stortion product.
5. He introduced the concept of "Cochlear Amplifier”

6. TEQILES are especially wuseful for hearing screening in this

popul ati on.

7. These emi ssions are the results of interactions anong nultiple

SOAEs.

8. The software for DPOAE anal ysis was developed at this college

of medicine.

ll.  DOWN:

9. A highly sophisticated technique of measuring EOAE group

| at enci es.

10. The rodent species which has highest DPOAE |evels at |ow

frequenci es.
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11.

12.

13.

14.

15.

16.

The drug which has been shown to abolish SOAEs.

This type of auditory stinulation decreases the anplitude of

all types of OAEs.

Potassium, within the outer hair cell acts as a stimulus of

this nature.

A stimulus which elicits the mog information in the shortest

time.

The EQAE detection device designed at "The Institute of

Hearing Research".

A commonl y used probe-m crophone for EQAE recordi ng.
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CHAPTER 5
SOLUTIONS

PART A

. WHAT'S MISSING 2.

ANS: AMPLIFIER

MULLTI PLE CHO CE QUESTIONS: TI CK THE R GHT ANSWER

|
i

1. 1-A 4-C
2-C 5-A
3-C 6-D

11 MATCH THE FOLLON NG AND ARRANGE THE NMATCHES | N GHRONOLOG CAL

ORDER:

1. 2e - 1948
5b - 1981
7d - 1984
I f - 1987
3a - 1989
6c - 1990
4g - 1993
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.IV. FILL IN WTH | NCREASES / DECREASES:

| V. 1. Declreases 5. Decreases.
2. |Increases 6. Increase.
3. Increases 7. Increase, Decrease.
4. | ncreases 8. Increases.

PART B

. WHAT' S|M SSING ? WHAT IS I TS FUNCTI ON ?

ANS: TI ME DOVAI N AVERAGER.
It helps to inprove the signal to noise ratio, which is
essenti al because t he evoked oto acoustic em ssions

intensity is usually |less than 20 dB SPL.

1. MULTI PLE CHO CE QUESTIONS : TICK THE RI GHT ANSVEER

ANS - 1d.
ANS - 2a.
ANS - 3b.
ANS - 4c.
ANS - ba.
ANS - 6bh.
ANS - 7c
ANS - 8bh.
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ANS - 9d.

ANS - 10a .
ANS - |1 a.
ANS - 12b.
ANS - 13b.
ANS - 14d.

L1 A) WHAT TYPE OF EVOKED EM SSI ONS ARE MEASURED USI NG THI S
APPARATUS ? HOW IS THI S APPARATUS DI FFERENT FROM THAT
USED TO MEASURE OTHER EVOKED EM SSI ONS ?

ANS: Acoustic distortion product emssions (ADPEs). This
appar at us IS di fferent because it has t wo

transducers, needed to present the two prinaries
fl and f2.

B) WHAT TYPE OF EM SSION CAN BE MEASURED USING THI S

SYSTEM ? IN THE G VEN SCHEMATI C, WHAT IS THE FUNCTI ON
OF THE LOCK-IN AMPLI FI ER ?

AN : Stimulus frequency em ssions- A lock-in anplifier
Is needed to seperate the emssion from the evoking

sti mul us.
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V. MLTIPLE CHO CE QUESTI ONS

1- c-

2 - b (in 1979)

3 - ¢ (PROBST et al 1993)

5 - d (KIM and HUMES 1980)

7 - ¢ (MCHEYL et al 1994)

9 - b (KEMP and BROAN 1983)

11 -c
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INSTRUMENTATION [N
OAES



CHAPTER — 6

INSTRUMENTATION IN OAEs

I. MATCH THE GIVEN INSTRUMENTS TO THEIR ALACE OF ORIGIN:

1. FdBMIS (Programmable Oto-Acoustic A Portland, Oregon.
Emissions Measurement systems)

2. PETERS AP 200 QAE PROCESSOR B Bio-logic systems,
corporation

3. CHELESTA 503 C Institute of Hearing
Research, Nottingham,
U.K.

4. RANGER SYSTEM (CUBE DIS) D Oto Dynamics Ltd, U.K.

5. VIRTUAL MCDHE. 330 E Etymotic Research,
IHlinois.

6. ILO 88 F Institute of Audi ol ogy,
Net her | ands.

7. SCOUT DPOAE SYSTEM G Madsen El ectronics,
Denmar k.

[1. KNOW YOUR NUVBERS:
11 An evoked oto acoustic em ssion screening test is best ai ned

at detecting threshol ds bel ow dB HL.

2. A late oto acoustic em ssion response is one which is recorded

ns after stinmulus onset.

3. The average evoked oto acoustic emssion intensity is usually

|l ess than dB SPL.

4. The nmean testing tinme needed to record an evoked oto acoustic

em ssion response is m nut es.




10.

1.

A transient-evoked oto acoustic emssion response is easily

observed in % of normal hearing adults.

The best transient-evoked oto acoustic emssion responses in

neonates are recorded days after birth.

Stimulus frequency emssions are generally absent in ears with

cochl ear hearing |oss exceeding dB HL.

During distortion product oto acoustic emssion testing, one
of the criteria to decide whether a recorded response is an

emssion, is that the response shoul d be dB

above t he noi se floor.

Spont aneous oto acoustic emssions are found only in  about

% of normally hearing ears.

A two stage screening procedure using QAEs followed by

auditory brain stemresponse for detection of hearing |oss has
a specificity of %

STATE TRUE OR FALSE : COCRRECT THE FALSE ONES.

PCEMS has a flatter m crophone frequency response peaking than
| LO 88.

The 'CHECK-FIT' feature helps to optimze response neasuremnment

dt each oto acoustic emssion frequency.

The use of high-level stimuli to evoke oto acoustic em ssions

I ncreases the problemof stinmulus artifacts.
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The technique for oto acoustic em ssion nmeasurenent resenbles
tynpanonmetry nore than either subjective or evoked response

audi onetry.

The possibility of altered m ddl e ear pressure or the presence

of fluid has no effect on the em ssion energy.

Fitting the probe is not a very inportant aspect of acoustic

em ssi on neasurenment .

The key paranmeter of evoked oto acoustic emissions 1is

peak-t o- peak" anpl i tude.

Extraction of the stimulus frequency enmssion by vector

subtraction requires the use of a lock-in anmplifier.

MATCH THE GIVEN OAE TESTING EQUIPMENT WITH THEIR

CHARACTERI STI C FEATURES:

03 A Advanced digital signal

processing (DSP) hardware
U. K.

RANGER SYSTEM B Fl at m crophone frequency

(GUBE DI'S OAE TEST | NSTRUMENT) response.

VI RTUAL MODEL 330 C Mddle ear analyser
opti on.

ILO 92 SYSTEM D | mproved ER- 10C | ow noi se
DPOAE pr obe.

POEMS E "ANALYSER" option to

measur e SCOAEs.
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MULTI PLE CHO CE QUESTI ONS : TI CK THE CORRECT ANSVEER .

The only type of evoked oto acoustic em ssions which are not

seper at ed from the evoking stinulus either spectrally or

tenporal ly are:

a. di stortion product em ssions.

b. click-evoked oto acoustic em ssions.
C. stinmulus frequency em ssions.
d. t one-burst evoked oto acoustic emn ssions.

The degree of correlation between two seperately determ ned
t enpor al aver ages of t he click-evoked oto acoustic

em ssions, would be best estimated by the neasure of:

a. em ssion anplitude.

b.‘ nunber of em ssions.

C. reproducibility value (% .

d. sl ope of the input-output function

The only oto acoustic em ssion nmeasurenent system which cones
a m ddl e ear anal yzer option is:

a. _ ILO 88,

b. - CELESTA 503.

c. - | LO 92.

d. - PCEMS.
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4 The term"noise floor" refers to:

a contral ateral noise stinulation.
b. anbi ent noise in the test setting.
C. physi ol ogi cal noise (fromthe subject).
d. background noise in the recordi ng system
5. The PETERS AP 200 oto-acoustic emssion processor is

especi al |y designed for quick and easy neasurenent of:

a Spont aneous ot o acousti c em ssi ons.

b. _ dick-evoked oto acoustic em ssions.

C. Distortion product oto acoustic em ssions.
d. Stimulus frequency em ssions.

6. The distortion product oto-acoustic enission measur ement

techni que performed by the VI RTUAL MODEL 330 was devel oped at:

a. Institute of Laryngol ogy and O ol ogy, Engl and.
b. | nstitute of Audiol ogy, Netherl ands.
C. Cochl ear Function Lab., Baylor College of Medicine,

Houst on, Texas.

d. Institute of Hearing Research, Nottingham Engl and.
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7. For di stortion pr oduct em ssions, the rate at which the

em ssion grows as a function of increased |evel of primaries

is represented by:

a s Lge of the input-output function.
b. maxinum amplitude of the emission.
C. dynamic range of the emission.

d. detection threshold.

8. Neonatal transient-evoked oto acoustic emissions differ

markedly from adult recordings. Neonatal data are generally:

a of a greater duration.

b. contain more high-frequency elements.
C. of a larger amplitude.

d. all of the above.

9. The mechani sms which coul d possibly explain the contral ateral

suppression effect are:

a. , mddle ear stapedial reflex.

b. inter-aural cross talk.

C. direct effect of lateral efferent fibres.
d. all of the above.

10. The evoked oto acoustic em ssion response reverses when:

a. stimulus intensity is increased.

b. stimulus repetition rate is increased.
C. the polarity of the stimulus is changed.
d. stimulus frequency is changed.
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CHAPTER 6

SOLUTIONS

|. MATCH THE GIVEN INSTRUMENTS TO THEIR PLACE OF ORIGIN:

1-C, 2-F, 3-G, 4-E, 5-A, 6-D, 7-B.

I'1- KNON YOUR NUMBERS

1. 30dB HL.

2 10ms (ELBERLING and JOHNSEN 1982)
3.20dB SPL.

4. 12 mnutes (STEVENS et al 1989).

5. 96-100 %

6. 3-4 days (MEREDI TH et al 1993).

7. 40-50 dB HL (LONSBURY-MARTIN et al 1990).
8 3 dB (7TAN DIJK et al 1987).

9. 50% (NORTON and STOVER 1994).

10. 99% (KENNEDY et al 1991).

I11. STATE TRUE OR FALSE : CORRECT THE FALSE ONES

1. True

2. Flase. The unique "check-fit" feature assures probe-fit

accurecy before testing.

3. True.



4. True.
5. False. Mddle ear pressure inbalance has the effect of

reduci ng emssion energy bel ow about 2 kH2.

6. False. Fitting the probe is one of the nost inportant parts of

maki ng an acoustic em ssi on nmeasurenent.

7. False. The key paraneter of an evoked oto acoustic em ssions

I's group Latency because peak-to-peak anplitude and frequency

content are defined only for a specific |atency.

8. True.

V. MATCH THE dVEN QOAE TESTING EQUPMENT WTH THEIR
CHARACTER STI C FEATURES :

1-c, 2-d, 3-a 4-e, 5-hb.

V. MUTIPLE CHOICE QUESTIONS : TICK THE CORRECT ANSWER:

1-c
2 - ¢c
4 - a
5-Db
6 - C
7 - a
8 -d
9 -d
10 -
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NORMATIVE FINDINGS
IN OAES



CHAPTER — 7

NORMATIVE FINDINGS OF OAEs

. LK AND LEARN:

1. The given schematic illustration represents the

oto-acoustic emissions.

Tw

SEALED CaAvITY
MICROPHONE
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2. The above is a recording of a

r esponse.

AMPLITUDE >

40

—ot oacousti cem ssi on

d8 SPL

1w |
480§V

-0

1470 Hz

! P
1025 Hz 98 SPL
-54d8 SPL

W95 He
548 SPL

START; S00 H:

BW: 7.5 Mz
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3 This is the frequency spectrum of an evoKed oto acoustic

emssion. It is obvious that the najority of energy is in

the frequency range of __ KHz.

AMPLITUDE —>

ol' + r il‘ o LI aI' o L3 31" o ¥ ‘I‘o

FREQUENCY (KkHz) —>
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4. The QAE response shown is decaying rapidly with tinme. Such

response is called a response.

TIME Cms) —»



5. This grgph ddwows the transient evoked oto acoustic emisson
response amplitude in normally hearing ears.
Trasient-evoked oto acoustic emission response amplitude is

the greatest upto years of age.

P
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6. The oto acoustic em ssion response

shown in the graph is

em ssi on.

AMpLITUDE (dB SPL) 5

70
£0
S0
40
30
20

10
2f1-f2

TP IRV | B e

-201—

L LI LA L L LI LI ML LA

]
o

N P O PR B RS I BT U S
200 220 2.40 260 280 3.00 3.20 3.40 3.60 3.80 A¢

FREQUENCY (kHz) =
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KNOW YOUR NUMBERS:

In nor mal s, the characteristic frequency range of

spont aneous oto acoustic em ssions extends from

to KHz.

Tr ansi ent - evoked oto acoustic em ssions can be detected in al
t he ears of normally hearing subjects who are | ess

t han years old

In normally hearing ears, evoked oto acoustic em ssion
det ection threshold is generally lower than the subjective

t hreshol d by dB HL.

The transient-evoked OAE in normally hearing ears lasts for

about s .

The frequency range within which acoustic distortion products

can be reliably detected is from to

kHz.

The anplitudes of stinmulus frequency OAEs in normally hearing

ears vary between and dB SPL.
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I'11. MILTIPLE CHO CE QUESTI ONS : TI K THE APPROPRI ATE ANSVEER:

1. The anplitudes of spontaneous oto acoustic emssions in

normal |y hearing subjects generally do not exceed:

a 12 dB SPL.
b. 20 dB 8PL.
C. 40 dB SPL.
d. 10 dB SPL.
2. In normals, the characteristic frequency range of

transient-evoked oto acoustic emissons extends front:

a. 0.5- 6 KHZ.
b. 0.5 -4KHZ.
c. 1-2 KHz

d. 4 - 8 KHZ.

3. For individuals above 40 years of age, transient-evoked oto

acoustic emisson threshold increased linearly at a rate of:

a 8 dB HL/ decade.
b. 4 dB HL/ decade.
c. 10 dB HL/ decade.
d. 15 dB HL/ decade.
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4. Above a critical age limt (60 years), preval ence of transient

evoked oto acoustic emssions in nornmally hearing subjects

I s reduced by:

a.  50%
b.  25%
c.  >50%
d. 40%

For distortion product oto acoustic em ssions between 1 and 8

khz, the detection thresholds (3 db above noise floor) in

nornals i s:
a 35 - 45 dB SPL.
b. 10 - 15 dB SPL.
C. 0O - 05 dB SPL.
d. 20 - 40 dB SPL.

I n humans, distortion product em ssion responses have dynam c

ranges of approxi mately:

a. 20 dBH
b. 10 dB HL
c. 30 dB HL
d. 40 dB H
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CHAPTER "7

SOLUTI ONS

. LOOK AND LEARN

. GENERATION.
2. SPONTANEQUS.
3. 1-2 kHz.
4. TRANS ENT.
5. TEN

6 DI STCRTI ON PRCDUCT.

I'l. KNONYOUR NUVBERS:

|kHZ - 8kHZ (PROBST et al 1989).
-20 dBSPL AND +10dBSPL (DALLMAYR et al 1987).

1. 0.5 kHz - 6kHZ (MARTIN et al 1990).
2. 60 YEARS (BONFILS et al 1988).
3.10dB HL.

4. 20 ns.

5.

6.

[11. MALTIPLE CHO CE QUESTI ONS : TI (K THE APPRCPRI ATE ANSVER

1 - b

2 - b (PROBST et al 1986)

3 - a (BONFILS et a 1988)

4 - c (BONFILS et al 1988)

5 - a ( LONSBURY-MARTIN et al 1990)

6 - d ( LONSBURY-MARTIN et al 1990)
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CHAPTER — 8

CLI NI CAL APPLI CATI ONS OF OAEs

. MATCH THE FOLLOWING:

Infant screening for
hearinq loss

Noise-induced hearing loss
Central auditory nervous
system di sorders

Ti nni tus
Ot ospongi osi s

Cer ebel | o- ponti ne angle
tunor detection

SCRAMBLED WORD GAME:

USE THE CLUE Gl VEN TO UNSCRAMBLE THE G VEN JUMBLES,

Normd QAE response
Bone-conduction stimulated
OAEs

Poor OAE efficiency

Mai n application of
TEOAEsS .
Prol onged OAE duration

No relation with OAE
presence.

PUTTI NG

ONE LETTER TO EACH SQUARE, TO FORM THE NAMES OF FOUR AUTHORS WHO

HAVE | NTENSI VELY STUDI ED CLI NI CAL APPLI CATI ONS OF OAEs:

1.

Al ong with Kenp,
i Nn1987.

A e W mw E e
-
~
e
-
-
L LT

-
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designing I1LO 88



2. He and COPE in 1987, brought out an evol ed-oto acoustic

emissions detection device - the POBEVS

' TNUMAL

1Y [WanY ]

3. This aythor E{Qﬁgthe; cr ebl_i_t_:' of EE; det ai t'ed i nvestigation of

acoust i q distortion products fromhuman and ani mal ears.

' )
t H
| RNTMIA '
' ' ' 1 ' Y ' '
' t ] 1 ] LN ll [ 1
: S S VR S X U1 N B
' '
H :

4. This author has studied the evoked oto acoustic em ssions from
human ears and nade a systematic investigation of the various

paraneters affecting them

SNEJINHO
YT
(A ; NG

e e W
-
- -
- o
-
-
- s T me W mam




NOW ARRANGE THE CI RCLED LETTERS TO FORM THE SURPRI SE ANSVWER TO
TH' S FI NAL CLUE:

This author has the unique distinction of having the maxinmum
numnber of published articles on OAEs and their clinical

applications.

- Aw mw
-
-
- wm aw
.
- ww a
e L
- W

RATE THE EFFI CACY OF OAE'S I N | DENTI FYI NG THE G VEN AUDI TORY
DI SORDERS AS

VERY GOOD.
-> PROM SI NG
-> DI SAPPAO NTI NG

1. NA SE -1 NDUCED HEARI NG LGOSS

2. H GH - FREQUENCY COCHLEAR HEARI NG LOSS

3. HEARI NG LCSS I N | NFANTS ( SCREENI NG

4. PSEUDCHYPACUSI S

5. ACOUSTI C NEUROVA (M II1th NERVE TUMORS)

6. LOW FREQUENCY HEARI NG LGSS
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I V. MULTI CHO CE QUESTIONS : Tl &K THE APPRCPR ATE ANSWER

1. Spontaneous oto acoustic em ssion responses are affected by:

a. aspirin intake.

cochl ear hypoxi a.

C alteration of mddle ear/external canal pressure.

d. all of the above.

2. Wen spontaneous oto acoustic em ssions are present, behavi or al

thresholds will usually be |ess than:

a. 40 dB HL
b. 20 dB HL.

C._ 10 dB HL.
d. 55 dB HL.

3. In cases of central auditory nervous systemdi sorders, evoked

oto acoustic emssions are:

a. soneti nes nornal .

b. al ways nor nal .

C. soneti mes absent.

d. al ways present, but never nornmal.

4. Absence of evoked oto acoustic emssions in infants could be

due to :

a. pure cochl ear pathol ogy.

b. retro-cochl ear pathol ogy.

C. m ddl e ear pat hol ogy.

d. pure cochl ear pathol ogy and/ or mddl e ear pathol ogy.
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5. The main paraneter to be used for all clinical appl i cati ons

usi ng evoked oto acoustic emssions is:

a. | at ency.

b.  duration.

C. detection threshol d.
d. | nput - out put function.

6. As a consequence of aging, changes seen in the transient

evoked oto acoustic em ssion response are:

a. decreased anplitude.

b. shift of energy spectrumto |ower frequencies.
C. | ncreased | at ency.

d. all of the above.

7. Transient-evoked oto acoustic em ssions are known to be

altered in frequency and/or anplitude conposition by:

a noi se exposur e.
b. agei ng processes.
C. contral ateral acoustic stimulation.

d. all of the above.

8. The high frequency range of the transient-evoked oto acoustic

em ssions response is typically first by:

a. agi ng processes.

b. otot oxi ¢ 1 nfl uences.
C. noi se exposur e.

d. Meni ere' s di sease.
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9. Transient-evoked oto acoustic em SSion measurements can
provide valuable physiological information in diagnosing

with nerve tumors, when used in conjunction with:

a. acoustic reflex testing

b . _ auditory brain stem response and acoustic reflex
testing.

C. pure tone audiometry.

d.  , pure tone audionetry and acoustic reflex testing.

10. I'n normal hearing subjects, as frequency increases, the slope
of the input-output function of distortion product oto

acoustic em ssions

a. __ increases rapidly.

b. decreases rapidly.

c. — increases slightly, then decreases.
d. shows no change.

11. At frequencies having hearing 1loss, distortion product

em ssi ons are:

a. __ prolonged in duration.

p.  absent.

c.  decreased in anplitude.

d absent or decreased in anplitude.

67



12. Stimulus frequency enm ssions are absent in ears with cochl ear

hearing | oss exceedi ng:

a. 20 - 25 dB HL.
b. 30 - 40 dB HL.
C. 40 - 50 dB HL.
d. 50 - 60 dB HL.
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CHAPTER 8

SOLUTIONS

I. MATCH THE FOLLOWING:

1-D, 2-E, 3-A, 4-F, 5-B, 6-C.

.  SCRAMBLED WORD GAME:

1. BRAY

2. LUTMAN
3. MARTIN
4. JOHNSEN
5. FINAL:

to
....O-..
“Z

rg

=

[
_-;--

I11. RATE THE EFFI CACY OF OAE's I N I DENTI FYI NG THE G VEN AUDI TORY
DI SORDERS AS:

1. Very good (KIMet al 1992).
Promising (ROBINETTE 1992).
Very good KEMP AND RYAN 1993).
promising (ROBINETTE 1992).

disappointing (ROBINETTE 1992).

o 0 oA W N

Disappointing {ROBINETTE 1992).
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| V. MULTI PLE CHO CE QUESTI ONS :

TI CK THE APPRCPRI ATE ANSWER
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LET'S GET
OAE - ORIENTED !!



CHAPTER — 9
LET'S GET OAE — ORI ENTED 11

The phenonenon of QOAE s undoubtedly represents a veritable

br eakt hrough in diagnostic audiology. How nmuch do you know about

this new and exciting discovery ? Take this quiz and find out.

QD LUX :

1.

4.

Wio is credited with the discovery of QAE's ?

Bekesy GO TO 5
ol d GO TO 9
kenp GO TO 13

The outer hair <cells, believed to be the site of QAE

generation, are coupled to the basilar menbrane vi a:

Quter Phal angeal cells GO TO 10
Stereocilia GO TO 14

Not exactly. QOAE's can be recorded anywhere between 500 Hz
and 3000 Hz. It 1is only the wave formresponse energy that

peaks between 1000 - 2000 Hz.
RETURN TO 7

Wong On the contrary, distortion product em ssions are found

to be stronger in |laboratory aninmals than in man. (BRAY and
KEMP 1987) .

TAKE ONE MORE CHANCE AT NO : 33
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6.

I'm afraid that's a disappointing start. Bekesy in 1960 put
forth the 'TRAVELING WAVE THECRY' and provi ded experinenta
evidence for the nmechanical frequency tuning of the basilar

nmenbr ane.
BACK TO 1

NO  PICKLES (1982) was the one who vol unteered an expl anati on
for this mechani smbehi nd SOAE generation. He suggested that if
the OAC nenbrane were to malfunction such that increased
influx of calciumions was allowed, contractile responses of

the stereocilia mght result, causing SQAEs.
GO BACK TO NGO 20

QAEs are known to be much nore frequency-place specific than

the cochlear mcrophonic. At what frequencies are QAEs

observed ?
Between 500 Hz and 3000 Hz - @GO TO 11
Bet ween 1000 Hz and 2000 Hz - (@GOTO 3

Absol utely right. RUGGERO et al (1982) did propose that
spontaneous oto acoustic emssions may be associated wth
| ocalized regions of danaged outer hair cells, which are
surrounded by nornal functioning outer hair cells. However,
this hypothesis was later disproved by STR CKLAND et a
(1985).

RUSH ON TO NO. 27
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9. No, that's incorrect! Gold in 1948 was the first to suggest
that a purely passive type of basilar nenbrane filtering
action could not wholly account for the sharp frequency

sel ectivity, neasured in humans.

GO BACK TO 1

10. That's right! The OHC s, at their base are connected to the

basilar nenbrane via the outer phal angeal cells, also known

as DEl TER s CELLS.

ON\ARD TO NO. 12

11 Good going. QAE s are nostly found between 500 Hz and 3000 Hz

and are seldom found at frequencies above 4000 Hz.

BACK UP TO 2

12. dinical work and research on QAEs has largely focussed on

whi ch particular type of QAEs ?

SPONTANEQUS QAES G0 TO 25
TRANS|I ENT EVCKED QAEs G0 TO 30
13. Geat start: It was indeed Kenp and his associates at the

Institute of Laryngol ogy and Gtol ogy in London, who in 1978,

JUW BACK TO 7
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14. That's a najor faux pas !. The CHCs are coupled to the
tectorial nenbrane above, and not the basilar nenbrane via

their tallest stereocilia.
RE- ATTEMPT NO. 2

15. where was the HBEOAE detection device - the "Programmable

oto-acoustic Emissons Measurement Sysem EFOBEMS' devel oped?

The Cochlear Function L aboratory GO TO 17
Institute of Hearing Research. GO TO 23
16. Terrific! Clinical studies have shown that, in comparison to

auditory brain gem response screening, transient-evoked oto

dcoustic emissions screening required lowe ambient room

noise by 10 dB SAL.

ADVANCE TO NO 39

17. WRONG It was the software to neasure distortion product

OAEs that was devel oped at the Cochl ear Function Laboratory
at the Baylor College of Medicine.

RETURN TO 15 AND TRY ACGAI N
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18. No. Stimulus frequency emssions occur as a synchronous

response to a continuous pure tone stimulus which is at the

sane frequency as the stimulus. Because of these two

factors, it is not easy to separate the response fromthe

stimulus, and the response extraction process is nore
conpl ex.

AS FOR NO 35, TRY AAIN

19. YQJUWVE HT THE NAIL ON THE HEAD'. Fenmales not only have a

greater incidence of SOAEs, but al so have a greater incidence

of bilateral recorded SQAES and a greater tendency to

denonstrate nultiple SQAEs (Strickland et al 1985)

G0 ONTO 33

20. Who hypot hesi zed that the presence of SOAE s mght be

associ ated with varying degrees of outer hair cell danmage?

Pl CKLES (1982) @ TO 6
RUGERO et al (1982) & TO 8

21. No. In fact,it is fenmal es who have ben experinentally shown

to have an incidence of spontaneous oto acoustic em ssions

twice as great as seen in males.

BACK AGAIN TO 29 FOR YQU
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22.

23.

24.

25.

Yes i ndeed! It is the transi ent evoked-oto acoustic
em ssions which are relatively the easiest to neasure. It
IS this ease of neasuring which makes the transient evoked

em ssi on, an attractive tool for clinical use.

RACE AHEAD TO WRAP I T ALL UP W TH NO. 40

YOU RE RIGHT. POEMS was designed at the Institute of Hearing

Research in Nottingham U K by Cope and Lutman in 1988.

TRY NO : 20 NOW

Yes,it is the spontaneous oto acoustic em ssions which are
rarely present in normally hearing |aboratory species and

are therefore, studied primarily in humans.

MOVE AHEAD TO NO. 35

WRONG The clinical wutility of spontaneous oto-acoustic
em ssions is still being investigated. The spontaneous oto
acoustic emssions are found in 35-40% of healthy ears only.
Mor eover, the particular i nt ernal cochl ear f eedback
conditions needed to sustain SOAE s are not always present,

nor are they inportant for normal hearing. Hence, their

limted clinical application.

BACK AGAIN TO NO. 12
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26.

27.

28.

29.

NO, not quite. Wile it is true that DPOAE s are relatively
artifact-free, and do not require any post-hoc processing,

the conplexity of equipnment and technical paraneters far

obtaining DPOAEs is greater than TEQAEs (for eg: The probe

nust contain two  sound inputs to deliver fl and f2
stimuli).
BACK AGAIN TO 35.

Acoustic Distortion Product Emssions (ADPEs) are generated

In response to auditory stimuli, which are :

|
PURE TONES GO TO 31
CLICKS/TONEBURSTS GO TO 38

No way! Oe of the man advantages of transient-evoked oto

acoustic em ssi ons screeni ng Is that, on an average,
|

transi ent - evoked oto acoustic emssion testing took 9 m nutes
less than the tine needed for auditory brain stemresponse
testing. (STEVENS et al 1989).

BACK ONCE AGAIN TO 37

Strorg gender differences in spontaneous oto acoustic
emssion incidence have been observed. Research has shown

t hat
FEMALES HAVE GREATER INCIDENCE - GO TO 19

MILES HAVE GREATER INCIDENCE - GO TO 21
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30.

31.

32.

33.

ABSCLUTELY RI GHT. The transient-evoked oto acoustic em ssions
have been shown to have varied clinical applications as they
provi de broad-band, cochlea-wide information. In clinica
situations, this neans the 'nost information in the shortest
time. Also, transient-evoked oto acoustic emssions are
present in 98-100% of nornal ears and hearing threshol ds |ess
than 30 dB HL.

MOVE AHEAD TO 37

BINGO. THAT IS THE R GHT ANSWER ADPEs are generated in
response to two sinultaneously presented pure tones (fl and

f2) , which are separated in frequency, by a prescribed

di fference.
NO. 29 IS YOUR NEXT STCP
In the spring of 1993, the National Institute of Health (NH

officially nade hearing testing for all infants using

evoked oto acoustic emssions nmandatory.

WTH TH S, WE COME TO THE END OF QR QU Z

Wich type of oto acoustic emssions are rarely present in

| aboratory aninmals ?
DI STORTI ON PRODUCT QAEs &0 TO 4.

SPONTANEQUS  QAEs QO TO 24.
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34. ABSCQLI TELY RRGHT! It is CELESTA 503 which consists of an oto

acoustic emssion analyzer conplete with a mddle ear

anal yzer option.

35. Technologically speaking, which of the three evoked oto

acoustic em ssion subtypes is the easiest to neasure ?

DI STCRTI ON PRCDUCT EM SSI ONS Q0 TO 26
TRANSI ENT EVCKED QAEs Q&0 TO 22
STI MLUS FREQUENCY EM SSI ONS &0 TO 18

36. NO I1LO 88 was designed to serve as an OAE screeni ng device
for neonatal screening and does not have the m ddle ear

anal yzer opti on.

TRY 39 AGAIN

37. Conpered to transient-evoked oto acoustic em ssion screening,

Auditory brain stemresponse screening

I S LESS TI ME CONSUM NG & TO 28
CAN BE DONE | N GREATER A TO 16
AMBI ENT NO SE.
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38. That's not right, I'mafraid- Transient acoustic stimuli Iike

clicks and tone bursts are used to elicit the
t ransi ent - evoked ot o- acoustic em ssions (TEQAEs) or the
click-evoked CAEs (CEQAESs) .

BACK TO 27

39. VWhich of the follow ng OAE neasurenent systens cones with an

i ncl uded "M DDLE EAR ANALYZER' option ?
CELESTA 503 (MADSEN ELECTRONI CS) GO TO 34.

ILO 88 (OTCDYNAM CS LTD) GO TO 36.

40. WELL THEN, THAT'S I T! THE FASTEST ROUTE TOOK 25 STEPS
J

--> 1-13-7-11-1-10-12- 30-37-16- 39- 34- 15- 23- 20- 8- 27- 31- 29- 19-

33-24-35-22-40

ONE CONCLUDI NG QUESTION : When was hearing screening for all

injfants officially recomended using eoae testing ?

CHECK 32 FOR THI S ANSVER

0
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