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CHAPTER - |

| NTRODUCTI| ON:

" We sleep, but the loomof |ife never stops
and the pattern which was weavi ng
when the sun went down
i s weavi ng when it cones up tonorrow'

- Henry Ward Beecher

Qur ears never rest. They are constantly in touch
with the external environnent, acting as a warning sense.
It alerts one to approaching danger or allows tine to
react to the warning shouts of others.

Auditory systemis phyl ogenetically of higher
order. Structures which are phyl ogenetically of higher
order are nore conpl ex, because they have to find their
way through the already well established patterns wthin
the brain. It differs considerably fromother sensory
systens. It makes synapses within the brain stembefore
est abl i shing connections with the cortex. Whereas other
senslry systens establish connections with the cortex,
bypassing the brain stem (Fisch et al, 1970)

For nost people ears are oddly wrinkled things
attached to the head, but not all animals have these.
Birds, for instance, do not. Wat is it that animals
have in common that translate sounds into nervous
i mpul ses? It is the inner ear that is protected by
some of the dense and hard bones in the body.

(Van Bergeijk, Pierce, David, 1968). In primtive
ears, inner ear structure was all that was necessary to
provi de response to fluid borne sound signals

(Li psconb, 1982). Leaving the sea for terrestrial



life introduced fresh problenms. The inner ear filled
with fluid needed help to deal with a very different
acoustic environnment. Nature provided aninmals with
various auxilliary organs to take care of this
difficulty. To match the inpedance between fluid and

air mddle and outer structures devel oped. Depending

on what species of animal we | ook at, one, two or three
very small and light bones are found in the m ddle ear
i.e. on the inside of the cardrum Anmphi bians (eg. frog)
possess a sinple mddleear with a single rod |like bone,
whi ch |1 ooks like colums is appropriately called col unella.
But all nmanmmal s have 3 bones in the mddle ear. They are
call ed hammer, anvil and stirrup. Aves have a single
bone in the mddle ear and a |l ong external canal. Pinnae
or ear flap is chiefly an attribute of mammals. In nost
animals pinna is novabl e and enhances hi gh frequency
hearing range.

Know edge of the function of hearing comes, not
only through the study of phyl ogenetic devel opment, but
al so through theories or nodel s, electrophysiologic
tests and extirpation studies. In science, the theories
account for the behavior of conplicated mechanisms. The
el ectrophysiologic tests include tracing the flow paths
t hrough neural networks and exam ning the neural signals
to find what transfirmati ons have been acconplished by
these networks. Extirpation studies are done to establish
the function of various anatom cal structures by selectively
destroying them Wth this in mnd the last three
chapters about "hearing theories" "procedures and potentials
and "social and danage" have been included to broaden our
know edge about the functions of hearing. The |ast
chapter i.e. "sound and danmge" has been confined to the
physi ol ogi cal effects of noise on ear structures.
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Brief structure of the anatony is presented, with
a view to help reader gain better understanding of the
subject. As the basics have been treated, the book can be
used as a supplenental text for a group of students under-
going introductory courses in Audiology and hearing science

Facts coll ected have been treated objectively in
the question form as it is known to neasure specia
abilities of human mnd |ike conprehension of materials,
reasoning abilities, skills etc. Questions treated, here,
whi ch reduce subjectivity and anbi guity, can be used as
gui de to those approaching for interviews and for conduct-
ing interviews. It can be used as a reference for setting
guestions.

In training courses, even with prescribed syll abus
training programes differ in terns of the enphasis placed
on different areas. The questions included in this
project is an attenpt at attaining the necessary unifornty

This project can be used for short term and
refresher courses. The objective tests can be adm ni stered
before the training programme, to assess the students'’
| evel of performance. It helps us in taking into considera
tion the conprom ses that can be made when they show
different levels of conpetencies. The tests can be
adm ni stered periodically to note the progress made by
the student as well as to note the effectiveness of the
on-going training progranmme. At the end of the training
progranmme, the test can be adm nistered again to assess
the level of conpetency achieved. These tests can be
used to discrimnate students' ability in their respective
ar ea.



Most of the questions here constitute a neans of
assessing the extent, to which one has actually |earned

the material, i.e. It can be used as a self, study guide.
It al so serves as a neans of arousing the students further
interest and thinking. 1In Bekesy's words "Stinulating

guestions are the nost valuable kind. They induce you
to do sonet hing, when you do things, you may turn up
strategi c questions. They lead to know edge".

The project undertaken is an initial step in
treating the subject matter in the objective form It
is to be enphasi zed that questions are not in the order
of difficulty. This will be done in subsequent years,
when continuous feed back becones avail abl e.



"Let us pretend there is a way of getting through
intoit, sonehow, Kitty. Let us pretend the gl ass
has got all soft |ike gauze, so that we can get
through. Why, it is turning into a sort of mst
now, | declare ! it will be easy enough to get

t hr ough

Alice through the |ooking gl ass



CHAPTER 1|
GENERAL

G ve the Synonyns for the follow ng:
1. External ear
2. Pi nna

Oval w ndow

3. External Auditory Meatus
4. Tynpanic - Menbrane

5. Mlleus

6. Ilncus

7. Stapes

8.

9.

Round w ndow

10. Mddle Ear

11. Eustachian - Tube

12. Pars flaccida

13. Scala - Media

14. Auditory nerve

15. Trapezoid body

16. Stria of held

17. Stria of Mnakow

18. Primary Auditory cortex

19. Marginal cells of stria vascularis
20. Internediate cells of stria vascularis
21. Deiter's cells

22. Reissner's nenbrane

23. Endol ynph

24. Efferent fibres
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B. Audio Structure Advant ages
Wiat is the advantage o

1
2.

3.

©®~N oo »

10.

12.

13.

14.

15.

16.

The shapre of the auricle

Cerunen and Hair collicles in the EAM

Curved External Auditory Canal

Hel i n doubl ed over in a |oose roll

TM pl aced at an angl e

Cone shape of T™

Sl ack edge of TM

ME cavity open at the anterior wall

Col | apsed Eustachi an Tube

Mal | eus head

Axi s of rotation of ossicles close to the centre of gravity
Encl oi ng nmuscles within a bony canal and their tendons
out si de the bony canal

Location of oval wi ndow and Round wi ndow at different plan
Coi | ed Cochl ea

Unnyel inated portions of the afferent fibres in the organ
of eorti.

Short fibres of ME Miuscles arranged parallel to each other



C.

10.
11.

12.

13.

14.

15.

16.

17.

18.

- 7 -
Fill in the blanks with the words given in the brackets.

(Anterior, Posterior, Medial, Laterla, Superior, Inferior,
upwar ds, Backwar ds, Downwar ds, | nwards, Outward).

In children, the auricle has to be pulled &

to straighten the cana

Inadults, the auricle has to be pulled&
to straighten the cana

Tensor Tynpani muscle contraction increases the ME pressure

slightly by di spl acenent of the Tynpanic
Menbrane (TM
Mal [ eus is drawn & by the contraction of
t he Tensor Tynpani
Mal [ eus pulls the T™M i n the shape of a cone
The footplate is rigidly fixed t han
The portion of the stapes footplate pushes into
and out of the cochlea on sound stinulation
The conpressional wave results in novenent of the
st apes.
The rarefacti on wave produces  nmovenent of the stapes.

novenent of the stapes produces fluid displacenent

The over pressure, created in the inner ear, is relieved
by an novenment of the Round w ndow.

The | i gament attaches to the epitynpanic recess

roof, and to the head of the mall eus

Laterall wall of the Mddle ear cavity and the neck of the
mal l eus is supplied by | i gament
The attachnment of |ooser |liganental fibres at the

than at the mar gi ns enabl es the stapes to rotate
on its axis.

Neck of the Malleus is supplied by | i gament.

The | i gament attaches to the incus

The tendxon of the stapedius nmuscle enters the tynpanic
cavity fromthe wal |

novenent of the tenporal bone results in

novenent of the stapes due to inertial lag of the ossicular

chai n.
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For mul ae
Mat ch the foll ow ng:

1.

2.
3
4.
5
6

Fbsonance'of the canal a) M2 1T«
Ar eal FGI.IO B) P &
Level Ratio ay o
it t VR +(s/8Tf - M2TTs
i ffness reactance a) P,/P, = A/ A,
Mass react ance e) N/ar
| npedance £) L
- Y, =F
- 2
L F1
g) S/2T¢

What happens if.

1.
2.

10.

11.

If fluids were present in the external auditory Meatus

| f Tynpani ¢ Menbrances effective area were twice its
original size

| f ME nmechani sns was over conpl ai nt

| f ME nmechani smwere nonconpl ai nt
If only one ossicle were present

If there was only one w ndow
If sound waves different in phase, strike both w ndows

whi ch are at the sane pl ane
If both windows are free and attacked by sound waves,'

identical in pressure eg.phase.

in the ME

If perilynph was in place of endol ynph

|f stapes nmass were the sane as the other 2 ossicul ar
bones
If the drumhead were attached to the head of the stapes.



Choose between the two.

1. The external and Mddle ear structures favours (Iow
hi gh frequency)

2. The transformer action begins (before the ear canal is
reached/ on reaching the ear canal)

3. Wiich inserts into the ossicles? (Miscles/ Tecons)

4. In which quadrant is the cone of |ight present?
(Anterior-Inferior/Posterior-Inferior)

5. The Mddle ear structures are visible through an
i ntact drum (Yes/ No)

6. The lower end of the lenticular process is supplied by

bl ood supply (R ch/Boor)

7. Wiichfibres are nore innunber? (Afferent/efferent)

8. The tunnel crossing fibres are (Afferent/efferent)

9. The basilar fibres innervating the outer hair cells
(cross the tunnel of carti/pass bel ow the tunnel of
corti)

10. The inner hair cells can performthe function of
spatial integration? (Yes/No)

Il. The only wall of the Mddle ear which is not bony
(Antterior/lateral)
12. The rods of corti which are nore in nunber (Inner/outer)

13. Wich cell types are nore in nunber?(Sensory/supporting)
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Say True/ Fal se ((Fve reason)

1. The transmssion of vibratory energy is poor fromone
medi umto anot her.

2. Slight + ve pressure is present in the ME under nornal
condi tions.

3. ME nuscles attenuate high intensity sounds.

4. Eustachi an tube opening at hi gh pressures involves
muscul ar action

5. Localization is affected in the no pinna condition with
free head novenent.

Fill/the blanks in colum (B) with a pathol ogi cal /in
condition corresponding to the structure given
in volum (A

IAI IBI
Nor mal Pat hol ogi cal condition
1. Tynpani ¢ Menbrane a. Tynpanic

Cssicul ar chain b. Gssicular
Mastoid cells c. Mstoid

Eust achi an Tube d. Eustachi an
Endol ynphati ¢ duct e. Endol ynphatic

Faci al nerve f. Facial _
Acoustic nerve g. Acoustic
Auditory area 20 h. Auditory

© Nk wN
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ANSWERS

Quter Ear

Auricle

External Auditory Cabal

Ear dr um

Hamer

Anvi |

Stirrup

Fenestra Vesti bul i

Fenestra Rotunda

Tynpannmor Tynpani c cavity
Audi tory- tube

Shrapnel | ' s nmenbr ane

Duct us cochl eari s

Stato acoustic or vestibulo cochl ear nerve
Trapezoi d body ventral Acoustic Stria
I ntermedi ate Acoustic Stria
Dorsal acoustic stria

Area Al or Auditory Konicortex
Dark cells

Light cells

Phal angeal cells

Vest i bul ar nenbr ane

Li quor oticus

A ivocochl ear Bundl e
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Ri dges Snd Indentations in the amcle produce del ayed
pat hs and spectral differences in the stinulus, thereby
increasing the sensitivity of hearing.
Cerumen protects ear canal fromdrying out and together
wth hair follicles trap dust and insects, thereby
protecting the ear fromforeign bodies (Zenmin 1968)
The curved external canal
a) Provides delay for the sound inpinging on the TM
b) Protects the TMby cutting down the velocity of sound
c) Prevents any change in humdity and tenperature from

affecting the TM (Yost & Neil son, 1977)
The helix, doubled over in a loose roll, it, alongwth
the extended portion of the am cle, serves as a cushioning
for each side of the head in the event of traunma.

(Li psconb 1982)

The TMpl aced at an angle provides |arger surface to the
air particles than if it were at the axis of canal

(Shaw 1974)
The conical formof the Tynpani c nmenbrane assures close
coupl i ng between menbrane and nmanubrium  The Tynpanic
menbrane and nanubrium The tynpani ¢ menbrane, because
of its configuration, acts as a piston, transmtting its
pressure changes to the ossicles.

Judson & Weaver (1965)

The advant age of Tynpani ¢ Menbrane having a sl ack edge
is, it permts the nenbrane to nmove w thout distorting
the central part.
(Judson & Weaver, 1965)
An opening in the anterior wall, aids in the novenent
of the tynpani c nenbrane by bal ancing the pressure
within the ME cavity with that of the atnospheric pressure

(Yost & Neilson, 1977)
The col | apsed condition of the Eustachian tube prevents
infection entering the Mddle ear fromthe upper respiratory
tract and al so prevents ones own speech entering the
m ddl e ear and hence the inner ear.

(Davis & Silverman, 1970)



10.

11.

12.

13.

14.

15.

16.
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The advant age of having Mall eus head is, it reduces
the rotation of ossicles during bone conduction heari ng.
Wien the axis of rotation of the ossicles is close to
the centre of gravity, the inertia of the systemis
smal | .  This reduces excess strain on the ossicles and
prevents production of noi se when the ossicles vibrate.
(Davis & Silverman 1970)
Encl osi ng the nuscles within the bony canal produces
only a pull and not to be set into vibrations thensel ves
(Yost & Neilson 1977) According to (Beksy, 1936) the
presence of tendons outside the bony canal reduces the
nmuscul ar vibrations of sound transm ssion and the
effective nass of the ossicular chain, (Zemin 1968).
Situation of ovalw ndow and the Round Wndow at different
pl anes prevents striking of sound wave on both w ndows
at the sanme instant, thereby preventing the cancellation
effects in the Inner ear fluids.

The nerves and bl ood vessel s are known to receive better
protection fromthe bony nodi ol us when the cochlea is
coiled than when it is straight.

(Judson & Weaver, 1965)
The unnyelinated portions ofthe acoustic nerve fibres
in the organ of corti enable coding of the acoustic
information and stimulus integration within the cochl ea

(Spoendlin (1973)
Short fibres arranged parallel to each other gives

greater tension and provides scope for only a slight
di spl acenent .



e e Y S SN
© N U~ WNRO

© oNOoO Ok wd R

S N

- 14 -

Downwar ds & backwar ds
Upwar ds and backwar ds
Medi al

Medially and anteriorly
| nwar d

Posteriorly, anteriorly
Anterior

Medi al

Lat er al

| nwar d

Qut war d

Super i or

Lat er al

Posterior, anterior

Ant eri or

Post eri or

Post eri or

Lateral, Inward

O 929 —+~ QO o
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. Hearing woul d have been affected, if fluids were present

within the ear canal .

2.A tynpanic nenbrane twce its size yields 3 dB inprovenent.

But a tynpanic nenbrane that |arge would be difficult
to danp and as a result there would be continuous ringing
sound in the ear, even upon cession of the sound. This
woul d cause the rapidly occurring sounds to run together
and becone | ess conprehensible

(Li psconb, 1982)

. The inadequte coupling of structures to the nechanismis

present in over conplaint condition. This condition produces
i ncreased energy absorption and decreased sound transm ssion.

(Li psconb, 1982)

4. A nonconpl ai nt mechani sm produces reflections of sound

energy striking the drum This results in | ess energy
reaching the cochlea, which in turn produces decreased
sensitivity of heari ng.

(Li psconb, 1982)

5.A single ossicle connecting the drum nenbrane and oval

w ndow has 3 degrees of freedom Due to this, we would
be hearing subharnonies. This is overcone by the
presence of 3 ossicles.

.If there was only one wi ndow, fluid nobility would have

been affected with a | oss of about 50-60 dB or nore.

.Difference in phase produces increase in the effectiveness

of sound transm ssion fromM ddl e Ear space to inner ear,
irrespective of the positions of the w ndows

Lawr ence (1960)

.Cancell ation of tone do not occur in the inner ear if

sound waves, identical in pressure and phase strike both
wi ndows which are free. As a result there will be no
movenent of fluids in the inner ear.



10.

11.

16 -

Perilynph is toxic in endol ynph space. The
hai rcel | s woul d beconme opaque and organ of
certi nonfuncti onal

(Bern 1974)
The transm ssion of high frequency sounds woul d have
been affected, if nass of stapes were the sane as the
ot her two ossicul ar bones.

(Li psconb, 1982)
Bypassing the nmall eus and I ncus, the portion of the
transmssion ratio due to the areal ratio of the
nmenbrane and oval w ndow remains effective. It is
uninportant if the nalleus and incus are damaged,
provi ded good nechani cal |inkage between the oval
wi ndow and drunhead is established

(G over, 1979)



11.
13.
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H gh 2. Before the ear canal is rea
Tendons 4, Anterior - Inferior

Yes 6. Poor

Af f erent 8. FEferent

Pass bel ow t he 10. No

tunnel of corti

Lat er al 12. CQuter

Supporting cells.

True: Transmssion is affected, as nost of the energy is
reflected at the interface, due to difference in

i npedance of the 2 nedia

True: Slight +ve pressure is present, as small air vol unme
are forced into the ME during closing of the Eustachian t
True: ‘'transmssion of the high intensity sounds are
stopped by the contraction of the ME nuscl es.

Fal se: Muscl e action does not cone into play since the
Eust achi an tube opens by itself due to overpressure.

Fal se: As the head novenents contribute to the |ocaliza-
tion of sound, not having the pinna does not affect the

| ocal i zati on of sound.

Perforation
di scontinuity
itis

catarrah

hydr ops

pal sy

neur oma
agnosi a



A col ored man brought a suit agai nst another man for

Defamng him In the Court the Judge aski ed hi mwhat

t he other man hag done.
" He called nme a rhinoceros" answered the man.

" How | ong back?" asked the judge.
"Two years ago".

"Wy then are you conpl ai ni ng now'?

"Because | saw the animal only this norning".

A nane has a great power if we know what it neans.



CHAPTER 111
NAMES AND NUMBERS

A Nanes and Dat es.
What contributions were nade by the follow ng persons.

1. Winer & Ross (1946)
2. Bekesy (1953)

3. Helnhollz

4. Smth et al (1952)

5. Heroog & Krainz (1926)
6. Bekesy (1932) & Baranyl (1938)
7. Davis (1956)

8. Teas et al (1962)

9. Turato (1962)
10. Held (1926)

11. Retzius (1984)

12. Lorento de No (1933)
13. Perlman & Case (1939)
14. Jepson (1955)
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Name the follow ng which occurs in two's.

16.

17.
18.

19.
20.

Portions of EAM

Parts of TM

TM fibres

ME nuscl es

ME W ndows
Eust achi ant ube Muscl es
Branches of VIII nerve

Parts of Basilar Menbrane

Cell layers of Reissner's nenbrane

Cells lying outside the outer phatangeal cells
Rods of corti

Cells lying on either side of tunnel of corti
Cochl ear nucl ei

Cells of Stria Vascularis

Conbi ned effect generates positive potential in
endol ynph

Cochl ear channel is divided i nconpletely by asseous
spiral |amna

Conpl etes the inconpl etely divided Cochl ear Channel
Inner Ear fluids

Communi cates through helicotrena
Fibrillar filaments of pillar and Deiter's cells



Name the follow ng which occur in three's.

© oo N gk

10.
11.
12.

ME ossi cl es

ME principles to natch the inpedance of TMto
that of |nner ear

ME structures which change its node of
vibration at high sound |evels

Components formng total | npedance

Layers of TM

R dges on the Medial wall of the ME

Nucl ear divisions of the Cochl ear nucl ei
Projections of striae fromthe Cochl ear nucl ei
Cochl ear ducts

Nucl ei of the inferior colliculus

ME di vi si ons

Gyri of the tenporal |obe



D. Loss Vs Gain.

10.

11.

12.

| n what frequency range does the external ear gain
pressure?

What is the gain in dB produced in the above frequency
of range?

Wiat is the hearing |oss in dB produced by the renoval
of an auricle?

What is the hearing gain in dB in front of the Tynpanic
Menbrane at 2.5 KHZ?

What woul d be the hearing loss in dB caused by

cerumen plugs?

Wiat woul d be the dB loss incurred if sound were
striking the Inner ear directly?

What is the pressure gain at the stapes due to the
difference in areal ratios of the Tynpanic Menbrane
and the stapes foot plate?

By how many tinmes does the force increase at the
stapes due to the lever action?

Wiat is the dB attenuation i.e. produced for |oud
sounds due to Mddle Ear Miscl e contraction?

How many dB's of reduction does the Mddle Ear Miscle
contraction produce at high frequency?

Wiat is the |oss produced by a | arge Tynpani ¢ Menbrane
perforation wi th ossicular discontinuity?

Conventional ly at what frequency is the dip seen in

a) Noise induced Hearing Loss

b) Carhart notch

c) Drug induced hearing |oss
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E. PROBLEMB
1. Calculate the resonant frequency of the EAM whose
length is 1 cm
2. Calculate the length of canal, which has a resonant

frequency of 2000 Hz?
3. Calculate the force produced at the stapes given,

Area of the TM- 60 mmf
Area of the stapes footplate - 2.0 n'm2

4. Cal cul ate the force produced by the | ever action, if

the effective length of the Malleus is 2.5 tines that
of the incus.

F. MIli volts.

Scal a nedi a has
QO gan of Corti has
3. IS seen in Scala vestibuli and

Scal a tynpani

=

N




G, FUN WITH NUMBERS
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Across

1. Basal end of the Basilar Menbrane

(in nm

4. No.of outer hair cells present
within the auditory system

5. Wiat is the no.of hair cells
present/mmon the basilar
nenbr ane?

6. How nany different intensity
| evel can bhe ear detect?

7. What is the rough equival ence
of one critical band (in nels)

8. No. of cell bodies of nerve
fibres in the auditory system

10. Effective area of the Tynpanic
menbr ane

11. No. of inner hair cells

13. Resonant frequency of concha
(Hz)

Rown

(1) ne JND in pitch corresponds
to a constant difference in
position of maxi num anplitud<

(nm)

(2) No. of efferent fibres com
ing from SCC

(3) No. of pitch changes ear can
det ect

(4) Break up of TMvibratory
pattern (in Hz)

(7) Above what frequency do the
nerve fibers don't fire as

uni t

(8) Resonant frequency of ear
canal (Hz)

(9) Size of the outer hair cel
(m crons)

(11) Length of basilar nenbrane
(nm)

(12) Size of the inner hair cel
(m crons)
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10.
11.

12.

13.

14.

- 24 -

ANSVERS
Gave the first description of the transfer function of
the outer ear.
Provi ded evidence for the transfer function of the inner
ear
Proposed the nmechani smof curved nenbrance
First toreport the high K and | ow Na* concentration in
endol ynph and viceversa in Perilynph
Expl ai ned the conpressional node of BC
Expl ai ned the Inertial node of BC
Gave varied resistance nodel
Pointed to the energence of the activity fromthe interna
meatus as the event i.e. signified by the AP
First to describe the structure of Basilar Menbrane
Described the pillar cells of corti
First one to count the nunber of pillar cells and the
nunber of hair cells in human cochl ear
Reported the pons as the reflex centre for the stapedi al
reflex
First one to record latency of action potentials in
Tynpani ¢ nuscl es
Reported the role of age in stapedial reflex testing.
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Bony and cartil agi nous

Pars tensa and parsflaccida

QG rcular and Radi al

Tensor Tynpani and Stapedi us

Oval and Round wi ndows

Tensor Velipalatini & Levator Veli palatini
Vest i bul ar and Cochl ear

Parstecta & pars pectinata

Epithelial and endotheli al

Hensen and d audi us

I nner and outer rods of corti

I nner and out er

Dorsal and Ventral

Margi nal and I nternedi ate

E ectrogeni ¢ punp and pot assi umdiffusion potenti al
Scal a vestibuli and Scal a Tynpani

Basil ar nenbrane and Spiral |iganent

Endol ynph and peril ynph

Scal a vestibuli & Scala Tynpani

Tube like & mcro filanents.
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1. Malleus, Incus, and Stapes
2. (a) D fference in areal ratio of the Tynpanic Menbrane
and the stapes foot plate
(b) Lever action of the ME
(c) Buckling action of the TM (Pickles, 1982)
3. Tynpani c Menbrane, Incudo Malleal joint, Stapes
4. Acoustic Mass, Acoustic; Resistance, Acoustic conpliance.
(Li pscomb, 1982)
5+ The outer spithelial layer, Mddle fibrous |ayer
| nner Mucosal | ayer.
6. (a) The cochlear pronontory
(b) Swelling due to the horizontal Semcircular cana
(c) Swelling due to the facial nerve canal
7. Antero ventral cochlear nucl eus, Postero ventral cochlear
nucl eus, Dorsal cochl ear nucl eus
8. Trapezord body, Stria of Mnakow, and Stria of Held
9. Scala vestibuli, Scala nedia and Scal a Tynpani
10. Central nucl eus, peripheral nucleus and external nucleus
11. Epitynmpanum Mesot ynmpanum and Hypot ynpanum
12. Superior tenporal gyrus, mddle tenporal gyrus and
inferior tenporal gyrus.
1. 1.5- 7 KHZ
2. 10 - 15 dB
3. 5dB
4. 20 dB
5. 40 dB
6. 35 dB
7. 27e
8. 132
9. 10 - 30 dB
10. None
11. 30 - 40 dB
12.a. 4 KHz
b. 2 KHZ

4 KHZ



E. Formula for calculating _ Vel ocity

1. the resonance of EAM 4x| ength of canal
2
Vel ocity of air = 34000 cni sec
Length of canal = 1 cm
= 34000
4x1
= 8500 Hz

= Resonant frequency of EAMwhose canal length is
1 cmis 8500 Hz

2. Formula for calculating the _ Velocity
| ength of CAM 4 X F
Vel ocity of air : 34000 cmi sec?
F = resonant of EAM = 2000 Hz
=34000
4 x 2000
= 34
8
Lengt h of canal = 4.25 cm
3. Force = P Ay =P, A

A, = Area of the TM = 60 mmf

A, = Area of the stapes foot plate = 2.0 mm
P, = Pressure on the T™

P, = Pressure on the stapes footplate
P,/ Pr = A/A, =602 =30

Sd increase at the stapes is 30 tinmes greater



4. Lever action of the first order fornmula = L; F;

L, F

L; = Mall eus length
L, = Incus length

-28-

F1

& F, = are the force at

L1 &L,

Length of Malleus is 2.5 tinmes greater than that of In

2

F1

Fo = F4 (2.5)

= Hence,

= 2.5 tines

= The velocity is decreased by 2.5 tines

| npedance ratiois = 2.5 x 2.5 =7.25 tines

F. 1. 80 nv

I ncreased by

2. - 70 nv
3. aw
G Accross: 1. 0.05
4. 12,000
5. 400
6. 280
7. 100
8. 30,000
10. 55
11. 3000
13. 5000

11.
12.

© 0 NA~wn

.02
500
1400
1000
1030
3500 .
10
35

the lever action multiples the force by 2.5 tinme



Energy supplied by the blood vessels
brings about protective action of the ear nuscles.
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11.

12.
13.

14.

CHAPTER 1V
MUSCLES AND VESSELS

Muscl es.
Fill in the bal nks

The smallest M ddle Ear Muscle is the

The | argest muscle in themddle ear is the

The tensor tympani is innervated by branch of the

The stapedius muscle receives its innervation fromthe

M ddl e ear nuscle which responds to acoustic stimuli is
t he :
The tensor tympani originates fromthe part of

the eustachian tube

Stimulation of the Mddle ear muscle results in

acoustic reflex

M ddl e ear muscle which responds to nonacoustic stimuli is
t he

muscl e hel ps in eustachian tube dilation.

There is simultaneous contraction of the and
muscl es of the eustachian tube during the
acts of swallow ng and yawni ng.

The stapedius tendown attaches to the of the stapes

The tensor tynmpani has both & _innervation.
The stapedial reflex pathway involves :

The tendon of the tensor tympani attaches to the
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B. Questions and answers.

1. What is the contractions of ME nuscles called?
What is the effect of destruction of cochlea on both
sides on ME refl exes?
3. Wiich nmuscle contracts on nere expectation of sound
(a) What is it called?
4. \What is the effect of voluntary contractions of periorbital
nmuscl es on ME nuscl es?
VWi ch nuscle in the ME gets fatigued easily?
6. What is the effect of ME nuscle contraction on ossicles?
7. Wiich nuscle in the ME has long | atency?

C. Say true or false. Correct the false statenents.

1. The ME nuscle contractions decreases with increasing
intensity of stinulus.

2. Contralaterally elicited refl exes show a greater inpedance
change than ipsilaterally recorded refl exes.

3. Stapedius reflex threshold decreases while the threshold
of hearing increases with age.

4. High and low frequencies have |ower thresholds for stapedius
reflex while md frequencies have higher thresholds

5. Reflex thresholds are affected by ME pressure
Lat ency becones longer with increasing intensity of stimulus.

7. Continued stimulation brings about an increase in contrac-
tion of the-ME nuscles.

8. Staedius nuscle contraction begins shortly after the onset
of acoustic stinulation.

9. Stapedius nmuscle continues to be in the contracted position
until the sound ceases.

10. Mddle ear nuscles attenuate short duration sounds.
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D. Blood - Vessels.

(Choose the appropriate answer.
1. The lateral surface of Auricle is supplied by

a. Pharyngeal ascending artery
Posterior auricular artery
Deep auricular artery
Superficial tenporal artery
2. artery supplies the cranial surface of the auricle.
Superficial tenmporal Artery
Posterior auricular artery
Deep auricular artery
d. Pharyngeal ascending artery
3. The inner part of the meatus is supplied by
a. Superficial tenporal artery
b. Posterior auricular artery
c. Deepauricular artery
d. Pharyngeal ascending artery
4. The eustachian tube receives the blood supply from
a. ascending pharyngeal artery
b. Mddle nmeningeal artery
c. Artery of pterygoid canal
d. Al of the above
5. The inner layer of the TMis supplied by
a. Posterior auricular artery
b. Internal maxillary artery
c. Mddle neningeal artery
d. Froma &b
6. Plexus around the incudo stapedial artery is from
a. Posterior auricular artery
b. Deep auricular artery
C. M ddl e neni ngeal artery
d. Superficial tenporal aretery

o o T

© o
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7. The head of Malleus and Incus is supplied by
a. Vertebral artery
b. Spiral artery
c. Basal artery
d. Branch of M ddle meningeal artery

8. The handle of Malleus and the plexus round the anterior crus
of the stapes is from
a. Branch of inferior cerebellar artery
b. Tympanic branch of maxillary artery
c. Pharyngeal ascending artery
d. Branch of basal artery
9. Stapedius muscle is supplied by

a. Vertebral artery

b. Spiral modiolar artery
c. Stapedial artery

d. Basal artery

10. The labyrinthine artery enters the Inner ear through the
a. Sem circular canals

b. Internal Auditory meatus
Utricle and Seccul e
. Modi ol us
11. The artery supplying the cochlea is

a. Spiral modiolar artery

b. External carotid artery

c. Internal carotid artery

d. Cerebral artery

12. The vestibulo cochlear artery supplies
Saccul e and basal coil of cochlea
Utricle and apical coil of cochlea
Sem -circular canals and cochlea
Al'l of the above

o O T o
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St apedi us

Tensor Tynpani

V nerve

VIl nerve

St apedi us

Carti |l agi nous

Bi |l ateral

Tensor Tynpani

Tensor veli palatini

Tensor veli palatini & levator veli palatini

Neck

Sensory and not or

Acoustic nerve, AVCN, MBSO & VI | nerve

Handl e of Mal | eus

Acoustic reflex

The reflex contractions of both nuscles are abolished
on destruction of the two cochl eas

St apedi us nuscl e

It is called "anticipatory acoustic reflex'.

The voluntary contractions of periorbital nuscles
brings about simultaneous contractions of both nuscles
on both si des.

Tensor tynpani

ME nuscl e refl exes bring about stiffness of ossicul ar
chain. They al so change the degree of coupling between
ossi cl es.

Tensor tynpani
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Fal se : The ME nuscle contractions increases wth
Increasing intensity of stimnulus.
False : Honolaterally elicited refl exes show a greater

| npedance change than contral aterally recorded refl exes.
Tr ue

Fal se: H gh and | ow frequenci es have hi gh threshol ds
for stapedius reflexs while md frequencies have | ower
t hreshol ds.

Tr ue

Fal se: The latency becones shorter with increasing
intensity of stinmulus

Fal se: continued stinulation bring about a decrease
in contraction and a return to resting stage.

True

Fal se: Stapedius nmuscle continues to be in the
contracted position until the sound is transmtted.

Fal se: short duration sounds are not attenuated by the
m ddl e ear nuscl es.

QY TO T QO o0 a0 oo



Travel ling up and down
conveyi ng the nessage to be known



CHAPTER V
MEMBRANES AND FLU DS

A. Menbr anes.

10.
11.
12.
13.
14.
15.

Fill in the bl anks.
The tynpanic nenbrane is held tightly and under tnesion
by
Round wi ndow i s covered by
Rei ssner's nenbrane forns the roof of and fl oor of

keeps the hairs in alignnent

Basil ar nenbrane (BM extends from the to the
BMforns the roof of the and floor of the
The broader part of the BMis close to the and
narrow end near the
The wider part of the BMis the end and the
narrower part is the end.
The broader part of the BMis stiff,
whereas the narrower end is stiff.
BM separates the from the of scal at ynpani

Basilar Menbrane is the seat of
Superior to the Reticular Menbrane is the
Quter Hair Cells are enbedded within the
Ressner's nenbrane has the capacity of
The tectorial nenbrane is at one end on the
nodi ol ar side and at the other end.




B.
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Travel | i ng wave
ReARRANGE the fol | owi ng:

Bet ween response the the a 2 wave pressure is
differential scalaeto traveling

| npedance | npedance to the the excoursion is from
hi gher traveling of |ower wave of the area.

@G ows progresses apex toward the anplitude the wave as it
travel i ng of

the the the depends on strength anplitude of of stinmulus
wavef orm sound di spl acenent

the stimulation of on displacenent frequency depends
maxi num wavef orm of the

the sharply mnmaxi num anplitude declines beyong di spl acenent
di stance of wave changes with the phase.
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Grculation and conposition of fluids

1. Fromwhere does the endol ynph and perilynph fluids originate
2. Explain the circulation of endol ynph and perilynph fluids

wthin the |Inner ear

3. What is the conmposition of the endol ynph and perilynph

fluids?

4. (a) Wich fluid in the inner ear is present in a closed

systemwi th no ducts?
(b) How does the fluid changes occur within this systen?

Enzymes and lon transportations of fluids.

Fill in the bl anks.
1. The ion transporting enzyme systemis dependent .
2. Energy production in the stria vascularis has been found
to be in nature.

3. Enzynme commonly associated with Na* & K" transport is

4. lron transportation can be inhibited by using &

5. IS an energy producing enzyne.
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E. Functions of fluids:

1. Wat functions are performed by the foll ow ng?
a. Na* & K electrolytes in the fluids

b. Endol ynph
c. Perilynph

F. Pathol ogical conditions and changes in the fl uids.

What conditions produce the foll ow ng changes in the fluids:-

1. Decrease in volume of endolynph in cochlea and saccul e

2. Vol une and endol ynph i ncreases
3. Total protein context in perilynph increases tenporarily
and then returns to nornal levels with the Na*, K and

gl ucose renai ni ng unchanged

4. Normal perilynph values for potassiumand sodiumwth

mar kedly increased protein content
5. Dstention of the nenbranous |abyrinth, nore in the pars

inferior than pars syperior is seen
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ANSVEERS
Manubr i um
Secondary Tynpani ¢ Menbr ane
Scal a Medi a, Scala Vestibuli
Reti cul ar Menbr ane
Spiral lamna, Spiral |iganent
Scal a Tynpani, Scala Media
Hel i cotrema, stapes
Api cal , Basa
Less, nore
Supporting cells, Perilynph
O gan of Corti
Tectorial Menbrane
Tectorial Menbrane
Self repair
At tahced, free

Traveling wave is a response to the differential

bet ween the 2 scal ae

pressure

Excursion of the traveling wave is fromthe area of higher

| npedance to | ower inpedance

Anplitude of the traveling wave grows as it progresses

towards the apex

Anplitude of the displacenent wave formdepends on the

strength of the sound stinul us

Maxi mum di spl acenent of the wavefor mdepends on the

frequency of stimulation

Anpl i tude declines sharply beyond the nmaxi num di spl acenent

Phase of the wave changes w th di stance
Pi ckl es (1982)
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Endol ynph is secreted in the cochlea by cells of stria
vascul ari s (Shuknecht, 1970)
Perilynph is formed as an ultra filtrate of plasma

(Schnei der, 1974)
According to guild (1927) endol ynph, secreted by the stria
vascul ari s, passes along the length of the cochlea first
to the saccule and then to the endol ynphati c sac where it
i s reabsorbed. (Bosher, 1976)

According to the radial flow theory proposed by Naftalin
and Harrison (1958), Perilynph, formed as an ultrafiltrate
of plasma, flows freely across the vestibul ar nmenbrane,

to be reabsorbed by the stria vascularis, where the
exchange of sodi umand potassiumtakes place (Bosher, 1976)

Endol ynph has a high K" and |ow Na" el ectrol yte conposition.
Perilynph has a high Na and |low K" el ectrol yte conposition
(Bosher, 1976)

(a) Endolynph is present with in the cochlea and Labyrinth
as a continuous closed systemw th no ducts.

(b) Fluid changes wi thin the endol ynphatic system occur
as a result of asnotic transfer across the perneabl e menbran
bet ween the endol ynph and perilynph (Deweese & Saunders, 198

xygen

Respiratory

Na* K" activated ATP
Quabai n & Cardi ac gl ycosi des
Pest ose -P



b+

c+

aRw N

(1)

(2)
(3)
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They regul ate the osmatic pressure between tissues
and the wvarious fl uids.

They formthe basis for neural excitation.

The differential perneability of cell nenbrane

and other nenbrane structure for Na* and K
ions |eads to the production of a potenti al
di fference between the two sides of the nenbrane,
whi ch is necessary: for the maintenance of essenti al

bi ol ogi ¢ functions.

(Bern, 1973)
Endol ynph is concerned with the nmechano electric
transduction processes of the Hair cells. The
endol ynph conposition is necessary for the

integrity of the hair cells.
(Bosher, 1976)

Perilynph nmeets the entire netabolic needs of the
spiral organ of corti.
(Bosher, 1976)

Severe agenesis or degeneration of the stria
vascul ari s

I nfl anmat ory reactions

Bl ocked cochl ear aqueduct

Acousti ¢ neuri nonas

Meni er's - disease and cogenital syphilis

( Shuknecht, 1970)



"Dfficulties of communication decrease with
Increase in nunber of units."”



CHAPTER VI
NERVES AND CELLS

Structure of a neuron
in the bl anks

Fill

©

10.

No o bk wn e

The units of the nervous - system are
Nerve cells found in groups are called

The cell bodies consist of &
Cel | bodies are  found in the
An  axon is  found in the .
An axon is covered by and interrupted by
The covering of the axon hel ps
(a)
(b)

(c)

Axons termnate in snmall dilatation known as

The phenonenon exhibited by an axon is

The chem cal

transmtted of the neuron are




The follow ng figures show el ectro chenical changes

occurring wthin neuron.

Arrange themaccording to

their stages and name those stages.

+ 4 +
k

+ 1=
+ + i

+ 4+ + &+

+ + s
+ AN

Na Na Na Na+

+ |1
+ + |
+ 1
+ |d
+ |1
+ |1

2
w
B+ + s
-~
$

Na

(a)

“+ + .+
Na Na Na
+ + 4+ + + + +

(b)

(@)

s
Y

(e)

(a)



What do these terns nean:

1. Absolute Refractory period

2. Relative Refractory period

3. Threshold of axon

4. Excitatory potential

5. Inhibitory potenti al

6. Firing pattern

7. Charateristic frequency of neuron

True or false . Correct the false statenents.

1. Sodium - potassiumpunp is a punp that actively punps
pot assi um i nside and sodi um outside the neuron.

2. The neuron's nucl eus which has |ow threshold becone
pernmeabl e to sodium i ons.

3. Action potential traveling down the axon do not
reverse and travel backwards.

4. The nmenbrane's perneability changes at the point
of occurrence of action potential.

5. The axons show grades of change to the stinulis
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E . Choose the answer fromthe words given in the bracket.

10.

11.

12.
13.

14.

15.

(Trigemnal nerve, Auricul o tenporal nerve, great
auricul ar nerve, Nervous spinosus, branch of tynpanic

pl exus, Tynpani c branch of NI X, Nervous spi nosus,
Auricul ar branch of NI X, Pharyngeal branch of spheno

pal atini ganglion, Lesser occipital nerve, facial nerve,
auricul ar branch of NX chorda tynpani, great auricular
nerve on the lateral surface, d ossopharyngeal nerve)

The lower 1/3 of auricle is suppl i ed by

The upper 2/3 of auricle on the lateral surface is
suppl i ed by
The upper 13 of Auricle on the nedial surface is
suppl i ed by
The lower 2/3 of auricle on the nedial surface is

suppl i ed by
The anterior wall of the external Auditory neatus
I's supplied by
The posterior wall of the external Auditory Matus
I's supplied by
The nerve passing the lateral wall of the ME is the

Tensor Tynpani is innervated by the
The body part of the Eustachian tube is supplied by

The upper part of the cartil agi nous eustachi an tube
which lies within the base of skull is supplied by

The lower part of the cartilagi nous eustachi an tube
I's supplied by
The M ddl e ear cavity nmucosa is innervated by

The anterior half of tynpanic nenbrane is supplied

by
The posterior half of the tynpanic nmenbrane is supplied
by
The inner surface of the tynpanic nenbrane is supplied

by
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16. The st apedi us nuscle is innervated by

F. Correct the followi ng statements about the Auditory nerve.

1. VI1l nerve is the shortest of the eranial nerve
VIl nerve, in addition to carrying the auditory
information, carries the visual information.

3. The nervous of the cochlear nerve are peripherally
di rect ed.

4. The auditory nerve extends fromthe Mddiolus to the
Medi al geni cul ate body.

5. Dendrites of the ganglion cells project through
the Modiolus in the centre of the cochl ea

6. The axonal endings reach the hair cells via the
habenul a perforata

7. The nerve fibres are nmyclinated between the hair
cells ad the habenul a.

8. The nerve fibres are twisted in nature as they pass

t hrough the cochl ear nucl ei
9. The fibres the basal end are present on the inside
with apical end fibres on the surface

10. The cochlear fibres beconme unmyclinated after
passi ng through the hebenula perforata

11. The auditory nerve terminates in the Medial Genucul ate
body.

12. The olivocochl ear bundl e takes its origin in the

interferior colliculi.

G Point out the differences between the inner and outerhair
cells with respect to the foll ow ng: -

Arrangenent

Si ze and shape
Cell contents
Stereocilia

Nerve | nnervation
Responses

Functi ons

No o s wN e
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H Rearrange the letters of the supporting cells of
| nner Ear. Nunbers within the bracket indicate

the nunber of letters in the word

(a) SSWNUULEIRC - CELLS ( 5 - 6)
(b) LLAAAEENNNH PGR - CELLS ( 5 - 10)

(c) RALLIP - CELLS (6)
(d) UUUSSLOCTRE- CELLS (5 - 6)
(6) EEITDRS - CELLS (7)

(g) UJACLDS - CELLS (8)
(6) EENSSNH - CELLS (7 )
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Choose the appropriate answer.

The cells do not touch the Basilar Menbrane
a. Pillar and Deiter cells

b. Inner sulcus and Inner phal angeal cells
C. I nner and outer hair cells

d. Inner border and Inner sulcus cells.

The cells do not have nucrovilli at their upper surface

a. Deiter cells
b. Sulcus cells
c. Pillar cells
d. Henser cells

Cell's which have mcrovilli, increase their upper surface
for

a. Inproved exchange w th endol ynph.
b. An attachment to tectrorial menbrane
c
d

Both a &b
None of the above.

Presence of osmophilic particles in the Inner border cells

a. Inprove nutritional value

b. Inprove the blood supply

c. Inprove attachnment with tectorial nenbrane
d Db&c

The cells are active participants in the formation of
Reti cul ar nenbr ane.

a. Deiter and Henseh
b. Hensen and d andi us
c. Deiter and Pillar cells
d. Deiter and d andi us
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6. The cells keep the hairs in allignnent

a. (audius

b. PFllar cells
d. Hensen

d. Deiter

7. The fibrillar structures are present in

Pillar and Deiter cells
Hensen and cl audius cells
G audius and deiter cells
Deiter and Hensen cell s.

o0 T

8. The inner phal angeal cells forns

a. Two rows
b. Three rows
Four rows

d. Single row
9. The Inner Sulcus cell contains

a. Few mtochondria and wel | devel oped endopl asmc reticul um
b. Few mtochondria and little devel oped endopl asmc reticul um
c. Many mtochondria and poorly devel oped endopl asm c reticul um
d. Many mtchondria and littl e devel oped endopl asm c reti cul um

10. Special group of cells present in basal coil of cochl ea.

a. Jdaudius

b. Hensen

c. Bocttcher

d. Border cells of Held

11. Cells which act as reservior in the Mddle Ear Cavity
a. Boeltcher's cells
b. Mastoidair cells
c. dobular cells
d. Bushy cells.



K Intensity coding
Correct the fal se statenents.

1. Fring rate of the fibres decreases with increase
Inintensity

2. The adjacent fibres begin to fire at a higher rate
with increase in intensity

3. The fibres respond corresponding to the frequency
of a given stimul us.
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ANSVEERS

A. 1. Neurons

Gangl i on

Nucl eus & Cytopl asm
Qey matter

Wiite natter
M/el i n Sheat h, nodes of Ranvi er

a) To act as insulator

b) To protect frompressure or injury

c) To speed up the flor of nerve inpul ses through
t he axon

8. Synaptic knob
9. Al or none
10. Acetyle choline and nor epinephrine

N o UrON

B. (c¢) Resting nmenbrane potenti al
(e) Synapses
(b) Depol arization
(a) Action potential reaches peak
(d) Hyperpolarization



(a)

(b)

(c)

(d)

(e)

(f)

(9)
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The period during which the nerve inpul ses are not
conducted through the axon is called the absolute

refractory period
Plotnik & M| enauer (1978)

The period which requires larger electrical charges to
reach the threshold of axon for conduction of nerve
inmpulses is ternmed the relative refractory period

Plotnik & Ml | enauer (1978)
The threshold of axon is the axon's respose to a
change in the nenbrane's perneability to sodiumions
when the electro chem cal charge generated by a cell
body reaches a certain |eve

Plotnik & Ml | enauer (1978)
The increased neural activity in the pastsynaptic
cell is referred to as the excitatory potential .
Abbrevi ated as EPSP

The decreased neural activity in the past synaptic cel
Is known as the inhibitory potential. Abbreviated as IPS

Firing pattern is the manner in which a fiber discharges
in response to a stinulus or spontaneously in the
absence of stinmulation

(Gelfand, 1981)
The frequency wth the | owest threshold or the
greatest firing rate is the best or characteristic

frequency of the neuron
(Gel fand, 1981)
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Fal se:  Sodi um- potawn umpunp is a function of neuron
where the nenbrane actively punps potassiuminside and
sodi umions outside the nenbrane

Fal se: The axon hillock which has | ow threshol d becone
per meabl e to sodi umi ons

Tr ue

Tr ue

Fal se: The dendrites and cell bodies of neuron show
grades of change to the stimuli

Qeat auricular nerve
Auricul o tenporal nerve
Nerser occipital nerve
Qeat auricular nerve
Auricul o tenporal nerve
Auricul ar branch of NX
Chorda tynpani

Trigemnal nerve

Branch of tynpanic pl exus
Ner vous spi nosus
Pharyngeal branch of spheno pal atlni ganglion
d ossopharyngeal nerve
Auricul o tenporal nerve
Auricul ar branch of N IX
Tynpani ¢ branch of NI X
Facial nerve



10.

11.
12.
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VIIl nerve is the second shortest of the

nerve next to the alfactory nerve.

VIIl nerve in addition to carrying the auditory
information, carries the vestibular infornation

The neurons of the cochlear nerve are centrally
directed

The auditory nerve extends fromthe nodiolus to the
brain stem

Axons of the ganglion cells project through the
Modiolus in the centre of the cochl ea

The dendritic endings reach the hair cells via the
habenul a perforata

The nerve fibres are unnyelinated between the hair cells
and t he habenal a

The nerve fibres are twisted in nature as they pass
through the internal auditory neatus

The fibres of the apical end are present on the
inside wth apical end fibres on the surface

The cochl ear fibres acquires its nyelin sheath after
passi ng through t he habenual perforata

The auditory nerve termnates in the cochlear nucleus
The ol i vocochl ear bundl e originates in the superior
ol ivary conpl ex.



G-1 Arrangement

OHC IHC
1. Arranged in 3 - 5 rows 1. Arraned in a single row
They are about 20,000 2. About 3000 - 4000 cells
cells 1in number in number
3. Cell is obliquely placed 3. Not obliquely placed
Cells are arranged such 4. No intercellular space
that there is intercellular
space
5. Towards spiral ligament 5. Towards Modiolus
Supported by outer phalangeal 6. Supported by inner phalange
cells cells
7. Bordered by Hensen and 7. Bordered by cells of Held

Claudius cells

2. Size and Shape

1. Less bulky 1. Bulkier
2. Cylindrical 2. Flask shaped
3. 251 meters in length 3. 35u meters 1in length
4. cell surface/cuticle is flat 4. Cell surface/cuticle is
oval /round
3.Cell contents
1. Nucleus in oval/round 1. Round
2. Nucleus 1s situated at the 2. Situated centrally
end of the cell
3. Nucleus is smaller in size 3. Bigger than that of OHC

Lamellated body 1in the supra 4. Not seen
nuclear region seen

5.Infranuclear portion contains 5. Supranuclear portion contains

large no. nutochondria and large no. of nutochondria
endoplasmic reticulum and endoplasmic reticulum

6. Has 2 to 3 layers of 6. Has only one layer of
discontinuous membrane discontinuous membrane

7. Plasma membrane is smooth 7. Not so smooth as OHC

8. The central portion is free S. Rich in cytoplasm

of dytoplasm but contains
gycogen



In all CHC's cisternae's are 9. Not in all.
present which participate in

the productions of CM and
give protection

4. Stereocilia

100 - 200 stereocilia on 1. 60 stereocilia
the cuticular plate

V & W stereocilia 2. Stereocilia arranged

parallel to each other

Cilia is short and thick 3. Cilia is long and thick
Hairs of the cells are 4. Hairs of the cells are
embedded on the yndersurface not embedded
of the fectorial membrane
Rootlets are tube like 5. Rootlets are thinner and
pointed
Long entensions of the 6. Not seen

rootlets from the cuticular
plate into the cytoplasm
of the cell is seen

5. Nerve innervation

CMC THC

Afferent fibres innervate in 1* Afferent fibres innervate
the longitudinal direction radially

A single fiber innervates 2. Many fibers to single one
many hair cells (11 many) hair cell (many 11)

Efferent fibres innervate 3. Efferent fiber innervation
the hair cells radially is in the longitudinal

direction
No axo-axonilic connections 4. Axo-Axonic connections

of nerves

The dendrites of outer 5. The dendrites of afferent
spiral fibres are in the fibre to IHC are largest
range of 0.5u with an average diameter

of 1u

The region of neural contact 6. The afferent fibres contact
is limited to the lower the lower end of the cell
end (afferent) or at the sides and occa-

sionally high up along
the plasma membrane



1

2.

1
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1

1HC respond to the velocity
of BM di spl acenent

1HC respond to | ongitudina
shearing force.

Associated with f e discri-
m nations of frequency

(Spoendlin, 1973)

Firing rate of the fibres increases with increase in

The adjacent fibres begin to fire, but at a |esser rate,

RESPONSES
O HC respond to displ ace-
ment magnit ude
OHC respond to radi al 2.
sheering force
7. Function
Associ ated with spati al
sunmat i on
a) Inner - Sulcus - cells
b) Inner - phalangeal - cells
c) Pillar - cells
d) Quter Sulcus cells
e) Deiter's cells
f) Caudius cells
h) Hensen's cells.
1. ¢ 7. a
2. ¢ 8. d
3. ¢ 9. b
4. a 10. c
5. ¢ 11. Db
6. b
1
intensity
2.
with increase in intensity
3.

Both | ow and high frequency fibres respond, but at a
| esser rate, with increase in intensity.



Subtl er than the Subtl est,
Vaster than the Vastest,
Seated atop in all beings.



CHAPTER VI |
AUDI TORY PATHWAYS

Make the boundary and |ist out the nanes bel ongi ng
to the central Auditory Pathway.

VENTRALNUCL EUSCALAMEDI ANNULARLI GAME
NTRAPEZO DNUCLEI STHMUSUPERI OROLI VARY
NUCLEUSPI RALLAM NAUDI TRRYRADI ATl ONSCALA
VESTI BULI NFERI ORCOLLI CULUSACCULEPI TYMPANUM
EDI ALGENI CUl ATENUCL EUSUPEI RORLI GAMENTRACT
OFHELDORSALNUCLEUSPI RALLI GAMENTHALAMUSP

| RALGANGL| ONEURALCHANNELATERALLEM NI SCUS
TERNALAUDI TORYMEATUSTI RRUPERI LSXMPHYPOTYM
PANOMESENCEPHALONEURALFI BRESTAPESFOOTPL
ATENDOLYMPHATI CSACOCHL EARNERVEXTERNAL

SPI RALFI BRESCALATYMPANUVEDUL L RFFERENT
TRACT OFMONAKOW SHAPEDCEL L ARRANGEMENT
EMPORAL COBE
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B Nanme the structure corresponding to the al phabets for
t he given cl ue.

Exanpl e
(A) Fibres carrying information fromthe PNS to the CMS
Ans: Afferent

(A) Nucl eus which possesses properties simlar to those
of the auditory nerve.

(B) Fibres which convey information fromthe inferior
colliculus to Medical genicul ate Body.

(© Fibres which help Inferior colliculus and Lateral
Lem ni scus to communicate with the corresponding
Inferior colliculus and Lateral Lem niscus on the
opposite side.

(D) Nucleus at the |lowlevel proceeds to analyze conpl ex
functi ons.

(E) Descending fibres.

(F) Cells present in the DCN

(H Termnation of fibres in the gyrus at the cortex |evel.
(1) Level at which the 2nd crossing over of fibres occur.
(L) Level above the superior olivary conplex.

(M  Nucleus of the ascending pathway just bel owthe
cortical |evel.

(0) Cells which occupy posterior ventral cochl ear Nucl eus.

(P)  Nuclei which consists of cell bodies of the descendi ng
tract.

(R} The body around which the dorsal & Internmediate striae
pass dorsally.

(S) Lowest level at which the binaural integration of the
stinmuli take place



(T) Lobe responsible for analyzing auditory infornmation.

(U Descending fibres which join the cochlea fromthe
SCC of the same side.

(V) Portion of the cochlear nuclei which divides into
2 divi sions.

(W Area responsible for reception of the auditory signal.

C Pathways & Projections:
Fill in the bl anks:

(1) Cochlear nuclei projections are largely

(2) The projections of the SOC & LL are largely :

(3) The pathway by which neurons go fromthe SOC to the
icis .

(4) The pathway by which neurons cross fromone side to the
other at the level of the SOCis called

(5 Fibres fromthe ventral division of the M3 project
to t he

(6) The auditory projections fromthe LL to the
is for the integration of information fromother
sensory nodal ities.

(7) The direct projection of DCN fibres to the
provi des the upper brain stemwith tinme of arrival of

i nformati on.
(8 The SCC receives bilateral infornmation about
& of dichotic stimuli.

(9) Bilateral Interaction at the hem spheric level is via
(10) Cell bodies of the efferent fibres projecting to the
IHC s and OHC s are from &




D Tonotopi ¢ organization,
H gh/ | ow

Mention whether the following are sensitive to high/low
frequenci es.

Rostral & ventral portions of the cochlear nucleus.

(1)

(2) Caudal & dorsal portions of the cochlear nucl eus.
(3) MO Neurons.

(4) LSO Neur ons.

(5) Rostral portion of the Lateral-Lem niscus.

(6) Caudal portion of the Lateral-Lem niscus.

(7) Dorsal sheets of the central-nucleus (1C

(8) Ventral sheets of the central-nucleus (10

(9) Medial part of the ventral division (M3B)

(10) Lateral part of the ventral-division (M3B)

E (Shading of the Synaptic areas)

Shade the bl ocks where synapses occur and indicate
t he nunber of synapses that occur at each | evel.

N

|
=2 [ r B & \ i/ | | s
| R7.CorTex MeB| |MeB| |Lr. Correx
T re
L £ Y alp
SOV -CDL ~N
-. Ir'
]: Dcry | DC |
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{

KT'{:L-';, HLEA !



F FIl in the tabular col um.

Cel |l Bodi es Pl ace of ascent

First Oder
Neur ous

Second O der
Neur ous

Third O der
Neur ous

Fourth O der
Neur ous
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a) Name the shaded area?

b) Name the horizontal clea=-
vage present above the

shaded area?

c) Which functions are
brought under the
command of the shaded
area?

The shaded area is area 41.
Name it?



The shaded areas 42 and
22 together are called

4.

Lesion in area
20 produces
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ANSVERS

VENTRALNUCLEU/ SCALAMEDI / RNNOLARL| GAM

. EN TRAPEZO DNUCLE/ | STHMJ/ SUPERI CRCLI VACY
NUCLEU/ SPI RALLAM N/ AUDI TORRADI ATl ON/ SCALAVESTBUL/ 1
NFERI ORCOLLI CULU SACCUL/ EPI TYMPANU/ MEDI ALSENI
CULATENUCLEU SUPERI ORLI GAMVEN TRACTOFHEL/ DORSAL
NUCLEU/ SPI RALLI GAVAN THAI AM SPI RALGANGLI O NEU
RALCHANNE/ LATERALLEM NI SL/ | NTERNALAUDI TORY
MEATQ STI RRU/ PERI LYMP/ HYPOTYMPANU/ MESBNCEPHA
LQO NEURALFI BRE/ STAPESFOOTPLAT/ ENDCOLYMPHATI CSA/ C
OCHLEARNERV/ EXTERNALSPI RALFI BRE/ SCALATYM

PANU/ MEDULL/ AFFEREN TRACTOFMONAKQ' W SHAPED
CEL1ARRANGEMEN TEMPORAL- LOBE

VENTRAL- NUCLEUS

TRAPEZO D- NUCLEI

SUPERI OR. OLI VARY NUCLEUS
AUDI TORY- RADI ATI ONS

| NFERI OR- COLLI CULUS

MVEDI AL- GENI CULATE NUCLEUS
TRACT OF HELD

DORSAL - NUCLEUS

LATERAL- LAM NI SCI

TRACT OF MONKAOW
TEMPORAL- LOBE



(A)
(B)
(9
(D
(B)
(F)
(H
(1)
(L)
(M
(0)
(3)
(K)
(S
(T
(Y
(V)
(W

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

(1)
(2)
(3)
(4)
(5)

Ant eroventral cochl ear nucl eus.
Brachi umfi bres.

Commi ssural fibres.

Dorsal cochl ear Nucl eus.

Ef f erent.

Fusi formcel |

Heschl .

I nferior colliculus.

Lateral Lem niscus.

Medi al Geni cul ate Body.

Cct opus Cel | .

Periolivary nuclei.
Resti f or m Body.

Superior olivary conpl ex.
Tenpor al

Uncrossed olivo cochl ear bundle
Vent r al

Veer ni cke.

Contral ateral

| psi | at er al

Lat eral - Lem ni scus.

Trapezoi d body

Primary Auditory Cortex.

Secondary Auditory Cort ex.

Contral ateral |C.

Time of arrival, phase & Intensity.
Car pus cal | osum

LSO and MsSO

Low (6) Hgh
Hi gh (7) Low
Low (8 Hgh
H gh (9) High
Low (10) Low



Re CoRTEx JCORTEX

A\

Lk

?‘[ e
7 [
o] ] N (=

Note: Only those areas where obligatory synapses occur
have been shaded.
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Cel | bodi es

Pl ace of Ascent

First Oder
Neur ous

Spiral ganglion

Dorsal & ventral
Cochl ear Nucl ei

Second O der
Neur ous

DCN & VCN

Lateral Lem niscus &
I nferior Colliculus.

Third O der
Neur ous

I nferior collicu-
| us

Medi al genicul ate
body

Fourth O der
Neur ous

MEB

Auditory cortex area
41.

G

(1) (a) Tenporal

(Noback & Demar est, 1981)

| obe.

(b) Sylvian fissure
(c) Analyzes the Auditory I nformation.

(2) Primary auditory cortex.

(3) Auditory Associ ation areas.

(4) AGNOSI A



"Between the Creation

And the Convention

There lies the know edge
thattriestobr i dgethegap”



CHAPTER - VI I |
HEARI NG THECRI ES

Names and Theori es

G oup the follow ng nanes associated with place
theories and frequency theories.

Wever & Bray, Perrault, Bauhin, Duverney, Rutherford,
Ranke, Hurst, Ewal d, Shanmbangh, Watt, Reboul, Ayers,
Hasse, Hardesty, ter Kuil e, Bonnier, Bekesy, Meyer,
Cot ugno, Wightson, Wllis, Hel mholtz, Ewal d.

Associ ate the names with the theories proposed by them

(1) Resonance Theory (a) Meyer

(2) Standing Wave Theory (b) Rut her f or d
(3) Displacenent Theory (c) Wever & Bray
(4) Non-analytic Theory (d) Bauhin

(5 Volley Theory (e) Bekesy

(6) Traveling Wave Theory (f) Ewald
(g) Wightson
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B Theories and Assunptions.

What assunptions are made by the follow ng theories?

(1) Helnmhaltz frequency theory
(2) Traveling Wave theory

(3) Frequency theory.

(4) Volley theory.

C Theories of M ddl e Ear Muscl es.
Mat ch the follow ng:

(1) Protective theory (a) describes the function of the
Tympani ¢ nuscul ature as suppl e-
menting the suspensory |igaments
in maintaining the appropriate
position of the ossides.

(2) Frequency Theory (b) asserts that the Tynpanic nuscu-
| ature can, by various degrees
of contraction, produce a change
in pressure in the Inner ear.

(3) Fixation Theory (c) supposes that the nuscles contract
in response to certain critica
| evel s of sound intensity.

(4) Labyrinthine pressure (d) supposes that the nmuscle con-
traction acts as a danping
mechani sm whi ch selectively
absorbs sound energy, thereby
increasing the sensitivity of
heari ng.
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D Bone Conduction Theori es.
Fill in the bl anks.

(1) Bone conduction signal is a neasure of the
of the SN system

(2) Bone conduction sensitivity is not of the
state of the mddle ear.

(3) The in the post operative BC |evels correspond
to mechani cal changes in the ossicular systemand not to
cochl ear nodification

(4) According to classical theories, stupedial fixation

shoul d inpair BCwith a loss primarily in
the | ow and not the high frequencies.
(5 There is of the threshold at 2kHz due to

elimnation of the ossicul ar chain.

E Questions and answers.

(1) Wiat are the two nodes of BC?
At what frequencies do they operate?

(2) What are the three nechanisns given by Tonndorf as
contributing to the total BC response?

(3) What is the explanation given by Tonndorf for 2KHz
dip due to elimnation of ossicular chain?



F

(1)

(2)

Theories of productions of cochlear M crophonics (cm).
Whi ch theories nake the follow ng assunptions.

The voltage drop, which is a result of alteration

of resistance brought about by the Mechanical shearing
of theHair Cel | tops, acrossthehaircell isrecordedas
Cochl ear M crophoni cs.

Alteration of the surface charge, brought about by
deformation of the wall of the hair cell, is recorded
as CM

CM arises due to oscillation of potential between
the tectorial menbrane & the surface of the cilia.

The potentials resulting frommany transitions between
two stable stales of the Menbr ane correspond
to the graded CM

Potential displacenents which occurs due to the nove-
ment of negatively charged nol ecul ar chains and the
potassiumions of the endolynph is recorded as CM



ANSVERS

| Place theory: Bauhin, WIllis, Perroult Duverney,
Cot ugno, Ranke, Reboul, Hasse, Ter. Kuile, Hurst,
Shanbaugh, Ewal d, Watt, Hel mholtz.

Frequency Theory: Rutherford, Wver & Bray, Ayers,
Bonni er, Hardesty, Meyer, Wi ghtson.

M 1-d, 2-f, 3-a, 4-b, 5-c, 6-e

Hel mhol t z Resonance Theory

There are resonators present within the cochl ea.
These resonators vibrate maximally in resonance to
tones of its frequencies. Depending on the place of
stimulation of the Basilar Menbrane, pitch perception -
occurs. (Newby, 1970)

Travel i ng Wave Theory (Bekesy)

The sound travels within the cochlea frombase
to apex, anplitude of the wave is maxi mum at a
particul ar point along the Basilar Menbrane. This
poi nt corresponds to the frequency of the stinulus.
Resonance occurs at this point and the pitch is perceived.
(Newby, 1970).

Frequency Theory

This theory explains pitch perception for frequencies
upto 5000 Hz. Explanation of pitch perception is based
on the frequency of occurrence of inmpulses in the Auditory
nerve. At |ow frequencies, auditory nerve is capable
of firing as a whole. At frequencies above 1000 Hz,
pitch perception occurs by the synchronized action of
several nerve fibres discharging slightly at different
times. (Newby, 1970)



E

(1)

(2)
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Wever & Bray (1930) explain pitch perception conbining
frequency and place theory. According to them fre-
quency theory serves for |low tones as the rate of nerve
di scharge is synchronous. The place theory on the other
hand seens to hold for frequencies above 5000 Hz. At
md frequenci es between 400 5000 Hz, both frequency

and pl ace theory operate (Zenlin, 1968).

1-c, 2-d, 3-a, 4- Db,

(1) Integrity
(2) I ndependent
(3) Inprovenents
(4) Inertial

(5) Increase

The two nodes of BC are

(a) conpression
(b) Inertia.

The conpressional BC operate at high frequenci es whereas
the inertial BC operate at |ow frequency.

The three nmechani sns gi ven by Tonndorf are:

(a) The reception of sound energy radiated into the
external canal.

(b) the inertial response of the ME ossides and | nner
ear fluids.

(c) the conpressional response of the inner ear spaces
(daltke, 1978).



(3)

Tonndorf (1966) through his experinments denonstrated
that ME contribution need not be confined to | ow
frequencies due to mssing inertial conponent. He

t hrough his experinents found the resonant frequency
of the ossicular chain to be around 2000 Hz during

vi bration. He reasoned out that a m ssing ossicular
chain should result in a maxi mal BC | oss correspondi ng
to that frequency area. (G altke, 1978).

(1) Resistance Mdul ation Theory

(2) Wever's Hair Cell Theory

(3) Naftalin's Biological Sem conductor Theory
(4) Tasaki's two State Theory

(5) Dohl man's Mol ecul ar Theory



"Measurenent gives al ways a neani ngful pattern”



CHAPTER | X

PROCEDURES AND POTENTI ALS

A Definition and use of electrophysiologic testing

B

C

(1) Wat is an el ectrophysiol ogi c approach?

(2) What are its uses?

Test Environment during El ectrophysiologic testing

(1) What precautions are to be taken in a sound treated
room for perform ng El ectrophysiological tests?

(2) How should a subject be positioned during the test?

(3) What ideal condition is required of the patient

during the test?

Pl acenent of Electrodes in El ectrophysiol ogic testing.

(1)
(2)

(3)

Nane the el ectrodes used and their site of placenent?

In what way does Ecochg differ from other nethods with
reference to the type of el ectrodes used.

(a) What are the two sites of placenent of el ectrodes
in Ecochg?

(b) What are their advantages and di sadvant ages?
(c) Is it possible to measure the Brain stem and
cortical responses with the el ectrode pl ace-
ment used in Ecochg?
What are the prelimnary neasures taken for el ectrode
pl acenent ?
Wiy are these neasures taken?
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D Stimuli used during el ectrophysiologic testing

(1) MWhat type of a stimulus is used?
Way are such stinulus used?

(2) Wiy are not higher repetition rates used in Electro-
physi ol ogi ¢ net hods.

(3) MWhat is used to separate action potentials from
Cochl ear M crophoni cs?

E Cassification of El ectrophysiolocric Responses

(1) Into howmany categories is the AER classified?

(2) What are the two different responses observed in
Brain Stenf

F Oigin of Cochlear Potentials

(1) CM™M
(2) Endocochl ear Potentials
(3) Intracellular Potential

(4) Sunmating Potentia
(5 AP

G Characteristics of Cochl ear Potential s:

Wi ch of the follow ng
(1) RP (2) SP (3) CM (4 AP

(1) are dc potentials

(2) dependent on Sound Stimul us

(3) Have no threshold

(4) are graded potentials

(5) can be divided into EP & IC

(6) reach saturation point

(7) occurs as a shift in dc baseline in response to sound stinul us.



H G ve reason:

(1) What is necessary for the energence of AP?
(2) What is responsible for the occurrence of CW?
(3) On what does the magnitude of AP depend on? Wy?

(4) Wat is the reason for the CMcurves being not exact
with the BM di spl acenent curves?

(5 Wth increase of intensity why does the CM magnitude
shift toward the base?

| Cochl ear content changes and its effect on potentials

(1) What is the effect of:

(a) Reneval of Na* ions fromperilynph on AP.

(b) decreased K" ion content in Scala nedia on EP, CM AP.

(c) Replacenent of Na* ions with K ions in the
perilymph on AP, CM EP.

(d) Renmoval of cat fromthe perilynmph on CM AP.

(e) Lowering tenperature on CM

(f) Anoxiaon EP, SP, CM AP.

(2) Wat content of the fluid when changed affects.
(1) o™ (2) AP.

(3) Wiich potential remains unaffected even after draw ng
all the fluid fromthe cochl ea?
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ANSWVERS

A

(1) An electrophysiologic approach consists of surface
el ectrode recordings of electrical responses of various
parts of the Auditory nervous Systemto acoustic stinuli.

(2) (a) An objective approach to testing hearing.

(b) Contributes to Differential Diagnosis & site of
| esi on.

B
(1) (a) A sound treated roomwith electrical shielding and
provision for visual and auditory nmonitoring is an
i deal testing environnent.

(b) It is better if they are tested under dimlight
condi ti ons.

(2) The subject should be placed in a confortable reclining
chain or cot to reduce neck and shoul der tension which
may introduce nyogenic potentials.

(3) Relaxed condition is required of the patient during the
test.

C (1) Electrodes used are the recording or pick up electrode,
reference el ectrode and the ground el ectrode.

Recording or pick up electrode is placed on the vertex,
reference electrode on the mastoid on earl obe and the
ground el ectrode on the forehead.

(2) The type of electrode used in Ecochg is the needle
el ectrode whereas in other nethods disc type of
el ectrodes are used.

(a) Two recording sites in Ecochg are
(1) Pronontory
(2) External Auditory meatus.



(b) Advantage of the pronontory

(1) Evoked response anplitudes are |arger

(2) anplitudes are adequate to provide reliable records
at or wiwthin 10 dB of an Individual's voluntary
threshold for the sane auditory signal

(3) Large response anplitudes help to preserve the
response wave form thereby providing additional diagnost

I nformation.
Di sadvant ages of Transtynpani c approach

- There is greater risk to the patient.
The costs of personnel and hospital space required for the
transtynpani ¢ menbrane approach are consi derabl e.

Advant ages of Intraneatal approach.

They are |ess dangerous and |ess costly than the previous
approach.

Only sedation is required, while local or general anesthesia
I'S not necessary.

The likelyhood of conplications due to electrode placenent
I's very slight.

Di sadvant ages of Intraneatal approach

- They yield snall evoked responses which contribute to enornous
threshol d estimates.

(c) Brain Stem activity cannot be recorded as negative waves
of nore or less the same anplitude are cancelled by the
differential anplifier,Cortical evoked potential cannot
be recorded since they do not use a scalp electrode.

(Fei nnesser & Sohner, 1976)
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3 (a) The prelimnary neasures taken for el ectrode placenent are:

(1)
(2)
(3)

D (1)

(2)

(3)

Cleaning of the skin with acetone or spirit.
Use of el ectrode paste.

attachnment of the el ectrode using tape (Skinner, 1978)

(b)1.Aeaning of the skin is necessary for proper contact.

2. Electrode paste is used bo serve as an electrolyte to
conduct the potentials b/wthe scalp and the el ectrode.

3.attachnent of the electrode by tape is used to prevent
actifacts from physi cal displacenents (Skinner, 1978)

Stinmuli which have a short and abrupt onset are used to
elicit auditory evoked responses. They are used for
they provide the degree of synchronous neural discharges
necessary to obtain the evoked response.

The hi gher repetition rate brings about adaptation of the
cochl ear nerve faster and di sappearance of the Action
potential. Hence the nunber of repetition rates used
are limted.

Series of AP mxed with CMis separated by using an
averagi ng conputer which has a split nenory.
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E (1) Responses can be classified into 3 types.

(a) Based on Latency (in nmsec)

Early - 0-8 nsec

M ddl e - 0-50 msec

Late - 50- 300 nsec

vary late - 300 nsec & beyond.

(b) Based on response waveform

Fast : with relatively rapid or high frequency
conponent s.

Sl ow : with | ow frequency conmponents.

very slow : A prol onged DC shift in the base line

of the recordings.

(c) Based on the probable site of origin
Audi tory nerve
Brain Stem
Brain Stem Primary cortical projection.

Primary cortical projection and secondary association areas.
Prefrontal cortex and secondary association areas.
(Skinner & d altke, 1977)

(2) Two different BS responses observed are

(a) FFR (Wrden & Mai sh, 1968)

(b) Jewelt waves conposed by several individual
wavel ets (Jewett, 1972).

F (1) Cliaof the HC s
(2) Stria Vascularis
(3) fromwthin the cell
(4) unknown
(5) nerve fibres



G

(1)
(2)
(3)
(4)

(5)
(6)
(7)

(1)

(2)

(3)

(4)

(5)

RP, SP, CM
SP, CM AP.

SP, CM
SP, CM
RP.
SP, CM
SP.

Synchronous firing of a large nunber of fibres is
necessary for the energence of AP. (Dal | 0s, 1973.)

Integrity of Hair Cells is necessary for the
occurrence of CM

The magni tude of the AP is related to the nunber of fibres
di schargi ng sinultaneously. This is because Auditory
nerve fibres are uniformin dianeter. This results in

uni f orm conduction velocity. From any given region

all firings arrive at the recording electrode at the

sanme time and summate. (Dal |l 0s, 1973)

The CM curve is wder, |ess peaked than BMtuning curve.
This is because the el ectrode picks up CM responses,
generated by thousands of Hair cells in its general vicinity
rather than by just those at its precise print of insertion.
This is the reason for the two curves being different.

(Cel fand, 1981)

As intensity is increased, CMs fromthe sensitive place
along the BM becone saturated faster than do the responses
fromnore basal regions. Therefore, CMmagnitude shifts
toward the base. (Celfand, 1981)



(1) (a)

(b)

(c)

(d)

(e)

(f)

AP -

EP -

CM & AP-

EP -

CM & AP-

AP -

sP -

AP -

I nput - out put function at the low intensity segnent
is affected the nost.

Declines slowy on reducing the K" ion content in
Scal a nedi a.

Decrease rapidly on decreasing the K" ion content
in Scal a nedi a.

I ncreases on replacenent of Na* ions with K" ions
in the perilynph.

Rapi d depression of these potentials is seen on
replacing the Na® ions with K" ions in the perilynph.

on renoval of Ca* fromthe peril ynph sl ow devel opi ng,
nonreversi bl e depressi on of CM can be observed.

decreases rapidly due to the effect of Ca" lack in
extracel lular fluid

Magni tude of CM decreases in an orderly fashion as
cochl ear tenperature is |owered.

Drops fromhigh +ve to Zero, then changes its
polarity. After reaching the maxi mum negativity
it slowy returns to Zero. EP recovers conpletely
once 0, is re-established.

Declines and changes its polarity from-ve to +ve.
After re-establishnment of 0, SP shows |arge but
vari abl e super normality.

On 0, deprivation, CM decreases imediately upon
the expiration of the animal, CM decrease very
slowy. CM & CM, are called aerobic and anaerobic.
CM recovery depends on the duration of occlusion.

Wth anexia, AP disappears conpletely.
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(2) (1) CMresponse is affected by changes in the K ion

concentration in the endol ynph and unaffected by
renoval of Na® ions fromthe perilynph.

AP is affected by Na" free sol utions.
(Dal l 0s, 1973)

(3) EPremains even after draining all the fluid fromthe
cochlea. (Celfand, 1981)



NO'SE-Youx may ignore.
'But your ears don't



CHAPTERX
SOQND AND DAVAGE

Noi sy - know edge

Morevertically, horizontally, diagnelly and backwards
and find the inner ear structures which undergo changes
due to noi se exposure.

LLECRIAMHRENNIDUESTISSO
SALLECSRETIEDSTISPTPRSEB
T 115NGCAAYIHTEUTALIYTIER A
RRUAVANDANABRPNLRMRCS
ADMZYAS MINMONRUEAPARI
LNANNANDIICOIERCLATLSL
UONIS MUALFCCAMANLNTLUA
CHANUMALOMHHIADETITITIIR
SCSPIRACVESGSETLASMCGOH
AORODRCNEGOCYLGNBLAMNE
VTLOINNASNVLEOTEUANRNHN
AIAPNNZUIMUURILHSMEHSB
IMNS UXRETICULARLAMINAR
RRTGILLCYTOPLASMWNTOA
TPLWCIEZIHBHLEDRPFEISAIAN
S ILUSTRMAVASALLAMMIEHTE
DENDOPLASMICRETICEBLUM
HREAENARBMEDMSRENGSGSTIER
SETIRDNEDNSLLECRALLTIP
S IECNENIMORPLARTIPSUDE
UTS OETAMLLECRIAHRETUO




Nat ure and onset
1. Vhat are the 2 ways in which noise may damage the ear?

a.lnwhich category is the conductive |oss produced?

2. \What are the 4 mechanisns through which damage to the
audi t ory syst emcan be br ought about ?

Noi se and Synpt ons

3. Which synptomof NIHL is an indication of the possible
hearing | 0ss?
VWhat are the speech problens associated with N HL?

3. What synptons related to the vestibular systemare
evident in N HL?

Rows and Turns.

1. Which hair cells are danaged nore? Earlier due to noise
exposure?

2. \Which row of outer hair cell is damaged first due to
noi se exposure?

3. Wiich turn of the cochlea is danmaged due to

(a) Inpul se noise
(b) Continuous noi se

4. In which turn is the loss of tynpanic Iamna found due
t o noi se exposure?

Structures and changes.

I ndi cate the changes occurring in the follow ng structures
due to noi se exposure.

Tynpani ¢ Menbr ane

ME ossi cl es

Eust achi an Tube

Hair Cells

Nerve fibers and endi ngs

au B~ W N R

6+ Bl ood vessl es
7. | nner ear fl uids.
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G ve explanation for the foll ow ng

| nverse correl ation exi sts between rupture of tynpanic
nmenbrane and hair cell |oss during noi se exposure

M ddl e ear structures change due to bl ast waves

Broad band noi se produces uneven danage on the cochl ea
due to noi se exposure

Dendrites swell due to noi se exposure

Basal end is nore damaged than the apical end during

noi se exposur e.

Say True or false

Correct the fal se statenents.

1.

8.

Noi se exposure produce greater apical end damage than
t he basal end

The entire cochlea has to be examned for noi se damage
Noi se exposure produces greater inner hair cell damage

than the outer hair cells
Afferent fibres of the inner hair cells are damaged to

a lesser extent than that of the outer hair cells due

t 0 noi se exposure

Noi se exposure results in greater high frequency damage
than | ow frequency

Oning to the greater volune of the scala tynpanic

| oni ¢ changes occur.

Pure tone configurations do not give the full picture
of cochlear integrity.

| npul se noise is |ess damagi ng than conti nuous noi se

9. Hghintensities of long durationis nore damagingto

the structures than low intensities of short duration.



H. H stol ogi cal Exam nati on.

1. Wiat is the inportance of |ooking at Hair Cell damage
I n noi se exposed ani nal s?

2. What are the different technique enployed in histological
studies of the ear?

3. Wiat are their relative nerits and denerits?

|. Types of changes occurring in the inner ear structures due to
SN Loss. - Rearrange the letters in colum (B) to match wth
the structures given colum (A).

Structures H st ol ogi cal change
(A (B
1. Sensory cells (1) NNAEEGECDI TR
2. Stria vascularis (2) EOO NSGSCT
3. Reissner's nenbrane (3) TTCElII NNDS
4. Tectorial nenbrane (4) RRTTNAEQ C
5. Spiral Linbus (5) OHAYRPT
6. Spiral ligament and scalae (6) OOUAAI VCNTL
7. Uricle, Saccule cristae (7) SSAEI CHDN
8. Wall of menbranous labyrinth (8) iiissooFCTNA
9. Spiral gaglion, Scarpa's (9) AAHHRREBMGO
gaglion and genicul ate
gangl i on
10. Auditory nerve (10) NNMi GCTKHE

11. Qic capsule (11) OOOSSSRTLEIC
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[EEN

N

(a) Acoustic Trauma
(b) Slow in process

(a) Acoustic trauma produces conductive |oss

.(a) Mechanica
(b) Metabolic
(c) Vascul ar
(d) lonic changes

Ti nni t us
Voi ce problens - soft voice
G ddi ness, headache, |oss of bal ance, vertigo

w N e

Quter hair cells are danmaged to a greater extent than
the Inner hair cells. These hair cells are the first
to be affected as a result of noise exposure.

Danmage to the outer hair cells is nost common in the
3rd row and |l ess prevalent in the 1st and 2nd rows

(Li psconb, Anel sson and Vertes, 1976)

(a) 1st quadrant of the basal turn (Lipsconb, AXel sson
and Vertes, 1976)

(b) 2nd quadrant of the basal turn (Lipsconb, A (elson
and Vertes, 1976)

(e) 2nd cochlear turn (Spoendlin, 1971)

Tynpani ¢ Menbr ane
(a) Rupture of the Tynpani c Menbrane (Engstronetal, 1970)

(b) Perforation
(c) Rupture of the radial fibers of the Mddle drumlayer
with intact drum (Eames et al, 1975)
Gssicul ar chain discontinuity (Engstromet al, 1970)
Tubal oedena (Eanes et al, 1975)
Hair cell changes after noi se exposure can be classified
into 3 types
|. Qutward appesance of the Hair cells
1. Sensory cell content changes
I11. Changes in the stereocilia

w I



Qutward apperance of the Hair cells.

(a) Cell disintegration in their proper position within
the organ of corti

(b) Cell or group of cells may be thrown off the Basul ar
nmenbrane (Engstrometal, 1970)

(c) Dstortion of the inner and the outer hair cells.

(d) Irregulataties of the outer hair cell in the apical turn

(e) Apparent reduction seen beyong 30 mmpoint in all of the
ears regarded as nornal

(f) Less danage observed in the Inner hair cells than outer
hair cells (Lipsconb, Axelsson & Vertes 1976)

(g) Pronounced danage in the basal coil of the cochlea
acconpani ed by loss of outer hair cell (Engstromet al 1970)

Sensory cell content changes.

(a) Proliferation and vesiculation of the endoplasm c Reticul un

(b) Swelling of the Mtochondria

(c) Rupture of the cell nenbrane at the cuticular, pore and
outflow of eytoplasmc material into the endol ynphatic
space. (Spoendlin, 1976)

(d) Apperance of |ysosones, (Engstromet al 1970)

(e) D splacenment of the nucleus towards the upper surface of
cells  (Lipsconmb, Axel sson, & Verts, 1976)

Stereocilia changes.

(a) Disappearance and degeneration of the stereocilia
(b) Fusion of the stereocilia (Spoendlin, 1971)
(c) Glia tilted to either side of the hair cells,
(Li psconb, Axel sson & Vertes, 1976)

5. Nerve fibres and endi ngs:

(a) Swallen afferent nerve fibres and endi ngs bel ow inner hair
cel |
(b) Retrograde neural degeneration of the dendrites attached
to the Inner hair cells (Spoendlin, 1970)

(c) Enlarged Mtochondria in afferent termnals on Inner hair
cells. (Limand Melnick, 1971)

(d) Commencenent of degeneration of the nyclinated nerve fibres
soon after the rupture of the afferent dendrites without



destruction of the inner hair cells (Wight 1974)

(e) The afferent fibres and endings of the outer hair cells
remain unaltered even after hair cell damage (Spoendlin, 197

6. Blood vessels:

(a) Accunul ation of mass in the capillary wall of the stria
vascul aris (Kellarhals, 1972)

(b) Reduction of the RBCin the vicinity of the inner hair
cel | (Merl e Lawrence)

(c) Capillary lunmen constriction as a result of endotheli al
cells swelling.

(d) Vaso contriction and loss of capillaries in the spira
i gament .

(e) Qccasional narrowi ngs of the spiral prom nence vessels
(Hawki ns, 1971)

7. Inner ear fluids.

(a) Increased sodi umconcentrati on and decreased potassi um
concentration in the endol ynph

(b) Slight increase of the potassiumand slight decrease of
the sodiumin the scala vestibul

(c) No appreciable increase or decrease of Sodi umand
pot assi umconcentration in the scala tynpani (Nakashinma

etal 1970)
(d) Endol ynph gains access to fluid spaces of organ of corti..

(1) Peak pressure |npul ses between 155 - 166 dB SPL produces
Tynpani ¢ Menbrane rapture. Rupture of the tynpani c nenbrane
reduces the efficiency of transmssion through the Mddle
Ear, thereby |lessening the Inner Ear damage and the Hair
cell | oss. (Eanes et al, 1975)

(2) Mddle Ear structures possess properties of their own.
A bl ast wave forces the structures to vibrate, beyong
that permtted by its own properties and therefore causes
change in these structures.



(3)

(4)

(5)

(1)

(2)
(3)

(4)
(5)
(6)

(7)
(8)

(9)
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The external and M ddl e Ear possess resonant frequencies
in the range from 1000 - 4000 Hz, because of this the
energy in the md frequency range is enphasi zed.
Therefore the spectrumof noise reaching the cochl ea

is not flat but is shaped. Structural properties of the
cochl ea and basilar nenbrane, apart fromexternal and

m ddl e ear are responsible for uneven damage produced

by the broad band noi se (Keith, 1980)

Dendrites swelling occurs as a result of disturbance
of the menbrane perneability which is due to |ack of
oxygen and netabolic disturbance (Spoendlin, 1971)

Asymretrical stiffness of the basilar menbrane produces

asymmetry in the traveling wave and | eads to spread 6f

damage nore at the basal end than at the apical end
(Kei th, 1980)

Fal se: Apical end is | ess damaged due to noi se exposure
than the basal end.

True

Fal se: Noise exposure results in greater outer hair
cell damage than Inner hair cel

Fal se: Afferent fibres of the inner hair cells are
damaged to a greater extent than that of the outer

hair cells due to noi se exposure

True

Fal se: Oning to the greater volunme of the scala tynpani
ionic changes do not occur.

True

Fal se: Inpul se noise is nore damagi ng than continuous

noi se
True
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1. (a) To identify the parameters of sound stinuli which

w Il produce a given anount and pattern of hair cel

damage

(b) To obtain inferential information about the pattern

of stimulation produced by known characteristics of sound

(Stockwel | etal 1969)
2. The mmjor histologic preparation nethods currently in

use are

(a) Serial sectioning nethod

(b) Surface preparation method

3. Serial sectioning nethod: Advantages.

(a) Structures of the specinens are nade readily
visible and can be studied in great detail.

(b) Specinens can be stained diferentially to
hi ghlight their structure.

(c) The serial sectioning nethod is conpatible with both
transmtted light and electron m croscopic observatior
needs.

D sadvant ages:

(a) Serial sectioning is a tinme consum ng net hod

(b) Artifacts are common in the serial sectioning nethod

(c) A great deal of the specinen is lost in the process
in the serial sectioning nethod (Li psconb 1974)

Surface preparation nmethod: Advant ages.

(a) Surface preparation method is quite a rapid nmethod
for m croscopi c observation

(b) The method is versatile. Sections can be placed on

(c)

the slide wth face up can be viewed with a mcro-
scope. Specinmens can be turned over and viwed

again fromthe undersi de.

This technique facilitates cell counting to determ ne
the percentage of cells danaged by sone experinental
factor.



(d)

(a)
(b)

(c)

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

The nethod is conpatible with transmtted |ight
m croscopy, transmtted electron mcroscopy and
scanni ng el ectron m croscopy.

D sadvant ages.

Through preparation accident on entire specimen can be
lost in surface preparation nethod

Artifacts produced by occasional dissection accidents
cannot be | essened.

Supportive and associated structures are lost in the
surface preparation technique. (Li psconmb, 1974)

Degener ati on
Cogesti on

Di stention
Retraction
At r ophy
Vacuol at i on
Adhesi ons
Gssification
Haenor r hage

(10) Thi ckeni ng
(11) Qtosclerosis



There are stairs bel ow us whi ch we have ascended;
there are stairs above us, which we still have to
ascend
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