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CHAPTER 1
| NTRODUCTI ON

VWEALTH OF WEALTHS IS LI STENI NG S WEALTH

| T 1S THE BEST OF WEALTHS OR EARTH.

Saint Valluvar* in this Holy Kural brings out the

significance of listening through the above coupl et.

EAR —bei ng one of the well devel oped sense organs,
provides the individual with a variety of informationin
one's environnent. In man, it forns an inportant channe
of language |earning. The ear is believed to have under-
gone evol ution independently atleast a dozen tines and a
| ar ge nunber of different hearing organs are found in

vertebrates and ani nal s.

The encodi ng and decodi ng of acoustic stinmulis
takes place through a transduction - a series of process
i nvol ving, the conversion of Acoustic to Mechanical to

El ectrical information thereby enabling speech perception.

This Holy Kural a masterprice for all, for all tines,

aut hored by Saint Val |l uvar conprises of 133 chapters with

1330 couplets. LISTENI NG the 42nd Chapter has ten coupl ets.
This universal holy Tam| work is being translated into
Engl i sh by em nent scholars |ike G U PCOPE, K M BALASUBRAMANI AM
ROBI NSON, YOG SHUDDHANANDA BHARATI et al .
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Moreover in the present trend, the ear is being vi ewed
as a bidirectional transducer since ear can even emt
sounds. In addition ear also helps us maintain the state
of equilibrium A detailed understanding of these auditory
events can be achieved with a therough know edge of the

various structures of the ear and their function.

Inthis review, an attenpt has been nade towards
collecting recent information on the functions of the
ear wwth ancillary details towards its anatony and it
Is anodification of Suma (1984) | ndependent Project work

"Questions and answers to the Ear and functions."”

Thi s work proceeds through a series of chapters by
fol low ng sound energy on its journey through the ear.
A uni que array of graphics and visuals has been used in
presenting the materials with the aimof hol ding the
reader's interest. This project al so serves a purpose
of "Sel f-Check"” Inventory. A so, it can be used as a
Suppl enental text. Thus, there is no doubt that the
felicitous expressive output of applicability will help
us prove our cognitive conplexities as well as aid in

the growth of Hearing Science .
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CHAPTER - 2

Inthis chapter, general topics about the ear and
heari ng such as identification, of parts, types of ear, types
of threshold, synonyns, aninmals for ear research, the role
of listening and various researches(in the formof WHOI S
FOR WHAT) have been dealt here.
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1. Identify the parts of the ear wwith the help of initial
better depicted bel ow.

(a) External ear : P, A H T, C D A T S L H E

(b) Mddle ear : M I, S T S TT, ET, CT, M

(c) Inner ear : BL, M, V, SSC, LSC, PSC, C, ON DE,
A CMH SV, ST, SM U S RM
BM TM HC, SC, RM

2. TYPES OF EAR

G ven bel ow are the descriptions of types of ear. Coin
the term

(a) A device using a mcrophone in a cavity for the nea-
surement of the acoustic output of an earphone. The
cavity (6cc in volume) is designed to present an
acoustic inpedance to the earphone equal to the inpe-

dance of the average human ear.

(b) Hearing |l oss resultiag fromnoise exposure. It is
typified by the high frequency | oss of saaay workers

who have spent years repairing or assenbling boilers.

(e) Acongenitally deformed ear ia which the upper border
is not rolled-over to formthe helix but extends

flatly upward.

(d) Pain resulting fromunequal bal ance of pressure
between the m ddl e ear and outer ear. Al so known as
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Aerootitis or Bacotrauma.
(e) Unequal appearance in size and shape of external ear.
(f) An outer ear with no | obe. Also known as catgot's ear.
(g) An ear thickened and mal fornmed by injury.

(h) An external ear which protects directly outward from
t he head.

(i) An outer ear in which the rimappears to be rolled
forward and inward.

3. TYPES OF THERSHOLD

Wth the ears we listen to various sounds. The ability
of the stimulus varies with the ears. Attenpt to explain
the follow ng:

) Threshol d

) Absolute threshold

) Thershol d, adaptation

) Threshold of audibility

) Threshol d, auditory

) Bone conduction threshol d

) Threshol d of detectibility

) Threshol d of disconfort

) Threshol d of feeling

) Threshold of intelligibility
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(k) Loweredthreshol d

(1) Threshol d of pain, tickle or disconfort
(m Threshold of perceptibility

(n) Raised threshol d

(o) Threshold of sensitivity

(p) Threshol d shift

(g) Term nal Threshol d

G ve synonyns for thefollowng: (Tips, are givenin

brackers).

(a) Quter ear ( Two)
(b) Mddle ear (Two)

(c) Inner ear (one)

. Nane the animal s used in ear research. (Tip: Their names
begin with the encircled letter).

A (B (¢ (D E(FH (G (H I I KL (M N
OPQ(R) STUVWXYZ.

. THE ROLE OF LI SRENI NG

(a) what 1S Iistening?
(B) what is hearing?
(O what iSthe gain ia hearing measurnent through

| i st eni ng?



2.5

7. WHO I S FOR WHAT

G ven are sone nanes and parts of th ear. Match them

appropriately.

NAMES: Eustachi, Enpedocl es, Hi ppocr at es, Rufus of
Ephesus, Galen, Vesalis, Sicilian H ppocrates, Politzer,

Tabul ae, Li nnaeus, Rosenthal, Reissner, Kolliker, Corti.

PARTS. Sensory epithlium resting on Basilar Menbrane,
Tectorial Menbrane, Stria Vascularis, the spiral gatglion,
etc; Vestibular Menbrane, first user of the termorgan of
corti, canal of nodiolus, coined the terns endol ynph,
perilynph, Helicotrema, Otolit, Qoconia; Chorda tynpani
nerve, Tensor tynpani, stapes, Malleus and | ncus, Laby-
rinth, given several trens, pinna, concha, |obe, helix etc;

Tynpani ¢ nenbrane Cochl ea, Eustachi an tube.
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CHAPTER- 2

KEYS

1. (a) External Ear : Pinna, Antihelix, Helix, Tragus,
Concha, Darwin's Tubercle, Anti-tragus, Triangular
Fossa, Scaphoid Fossa, Lobule, Hairs, External
Audi tory Meat us.

(b) Mddle Ear : Malleus, Incas, Stapes, Tynpanic Menbrane,
St apedi us, Tensor Tynpani, Eustachian Tube, Chorda
Tynpani, Mastoi d.

(c) Inner ear : Bony Labyrinth, Menbranous Labyrinth,
Vestibule, Superior Semcircular Canal, Lateral sem -
Crcul ar Canal, Posterior Sem circular Canal, Cochi ea,
Oval w ndow, Ductus Endol ynphatius, Anpulla, Cristae,
Modi ol ous, Hamul us, Scala Vestibuli, Scala  Tynpani,
Scala Media, Uricle, Saccule, Reissner's Menbrane,

Basi | ar Menbrane, Tectorial Menbrane, Hair Cells,
Supporting Cells, Raticular Menbrane.

2. TYPES OF EAR (Del k,J.H (1975) in Conprehensive Dictionary of
(a) Artificial Ear  (b) Ear, boilermaker's Audi ol ogy)
(e) Darwanian Ear (d)}Aviator's Bar
(e) Blainville's Ear (f) Aztec's Ear
(g) Cauliflower Ear (h) Lop Ear

(i) Ear Scroll
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3. TYPESOF THRESHOLD( Del k, J. H. (1975) i n Conpr ehensi ve
Di ctionary of Audiol ogy). .
(a) Threshold : The point at which alistener can determ ne

that a sound i s becom ng audi bl e.

(b) Absolute threshold : The mininumlevel of intensity at

whi ch a sound can just be determned to be present.

(c) Threshold, adaptation : Another termfor tone decay or

fast adaptation.

(d) Threshold of audibility : The point on a SPL scal e at
which fifty percent of the stinuli presented to the
ear are heard.
Synonym Threshol d of detectibility, auditory threshold
of sensitivity.

(e) Threshold, auditory : The SPL of the m ninmumacoustic
signal that causes an auditory sensation for a speci-
fied percentage of the nunber of times the signal is
presented to the ear. The Auditory threshold for
spondees, for exanple, is defined as the m ni mum sound
pressure |evel at which a subject can repeat correctly
50%of the spondaic words presented to him Auditory
threshol ds vary with different stimuli and the parti -

cul ar stimul us nust be specified.

(f) Bone Conduction threshold : Level of intensity at

a pure tone can be recognized through a bone oscillator
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pressed agai nst the skull.

(g) Thsreshold of detectibility : The threshold of sensiti-
vity, that is the point at which 50%of the presanta-
tions of a pure tone can be heard. D fferential
threshol d: Some tines called just noticeable difference
or difference linmen (DL) Aud: The snallest Change in

frequaney whi ch can be recogni zed.

(h) Threshol d of disconfort : The mninumlevel of inten-
sity which will produce a sensation of disconfort.
Consi dered to be about 120dB.

(1) Threshold of feeling: The mninmnumintensity |evel at
whi ch sound pressure produces a sensation of feeling
which is distinct fromthe sensation of hearing. The
mni num | evel of intensity at which sound pressure

w || produce the sensation of hearing.

(J) Threshold of intelligibility: Qosolete termfor speech
reception threshold - the intensity level at which

50%of the words presented can be repeated.

(k) Lowered threshold: A better threshold of sensitivity;

that is, one reflecting | ower nunbers on an audi ogram

(1) Threshol d of pain, tickle or disconforts: The m ni mrum
| evel of intensity at which sound pressure wl |

produce sensation of pain, tickle or disconfort.
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(m Threshol d of perceptibility: A seldomused termfor
the level of intensity at which sound begin to be
perceived as words. It is between the threshol d of

detectibility and threshold of intelligibility.

(a) Raised threshold: An indication of |essened hearing
sensitivity - the intensity of sound nust be raised

t o be heard.

(0) Threshold of sensitivity; The faintest sound that can
be heard at 53%of presentations. Fornerly referred

to as threshold of acuity.

(p) Threshold shift: & change in hearing sensitivity such
as may be caused by exposure to noise. It may be
either TTS or PTS. Permanent threshold shift: Asin
reversible loss of hearing sensitivity. The term

usual Iy relates to noi se i nduced hearing | oss.

(q) Termnal threshold: The lowest intensity of sound
pressure whi ch when increased will cause no further
increase in the sensation of |oudness. Al so known as

termnal [imenandtolerancelimt.

4. (a) Auris Externa, Exeternal Ear
(b) Auris Media, Tynpanic Cavity
e

(e) Auris Interna



5. B-Bat; CCat, Chinchilla;
G Gerbil, Guinea Pig;

R- Rabbit, Rat.

. THE RCLE OF LI STENI NG

a) Listening is

attention f ocused

Schar f (1988).

b) Hearing is an

2.10

D Dol phin; F-Fish, Frog;
H Human, Hanmsters; MNMnkey, M ce;

active voluntary process of
on particul ar sounds.

involuntary and passive process of

reception of sounds without selection. Scharf(1988).

c) Listening can | ower
by 3-6 dB. Scharf (1988).

. VWHO I S FOR WHAT

Eust achi
Enpedocl es
Hi ppocr at es

Ruf us of Ephesus

Gal en

Vesal i ns

Sicilian H ppocrates
Politzer

Tabul ae

Li nnaeus

the threshold of the individua

Eust achi an t ube
Cochl ea
Tynpani ¢ nenbr ane

G ven several terns: pinna,
concha, |obe, helix etc.

Labyrinth

Mal | eus and I ncus

St apes

Tensor Tynpani

Chorda Tympani nerve

Coi ned the terns endol ynph,

Peri | ynph, helicotrems,
Golit, Ooconia.



Rosent hal

Rei ssner

Kol I'i ker

Corti

2.11
Canal of Mbdi ol us

Vesti bul ar menbr ane

First user of the term
Organ of Corti

Sensory epithelium resting
on Basilar nenbrane, t he
tectorial nenbrane, the
stria vascularis, the

spiral ganglion etc.

*kkk k%



CHAPTER - 3
DEVELOPMENT, EAR AND HEARI NG

It is well known that “Ontogeny recapitul ates
phyl ogeny”. Information on forerunners of Hearing and
Devel opnental aspects of ear are dealt in two parts:

3.1 - PHYLOGENY
- ONTOGENY

.1



10.

11.

12.

13.

3.

PHYLOGENY
SAY ‘ TRUE' OR ‘FALSE' FOR THE FOLLW NG

Statocysts are the first evol ved organ of hearing in
Jelly fish and many other | ower forns of aninmals.

Statocysts are organs of equilibrium

The lateral line is possessed by fishes and anphi bi ans.
Lateral line helps in hearing in African clawed frog.
The lateral line helps in detecting novenent in the
wat er .

Weberian Gssicles are present in sonme fishes.
Ai rbl adder in fishes help in creating sounds.
Lungs act as resonators for tadpole.

Ear drumis absent in frog after netanorphosis.

Cochlea is absent in frogs where as it is present in
bi rds.

Butterflies and noths have their ears sonetines in the
base of their w ngs.

Thorax or Abdonen or knees al so function as ears in sone
i nsect s.

Jawbones of anphi bians and reptiles has migrated to the
m ddl e ear in mammal s.

2



14.

15.

16.

17.

18.

3.3

M ddl e ear is very essential for aquatic aninals.

Pinna is present only in terrestrial animls evol ved

after aves.

Katydid an insect has its ears below its knees.

G asshoppers have ears on their thorax.

Hearing especially in animals is hel pful for recognition,
for warning, for mating, for knowing their path and

obst acl es present.
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3.4

ONTOGENY

Math the foll ow ng:

Clues on origin: First Branchial arch, Second
Branchi al arch and first pharyngeal pouch.

Cl ues on parts devel oped:

External Ear: External Auditory Meatus, Pinna,
Tynpani ¢ ring, Tragus, and Cuticul ar portion of
t ynmpani ¢ nenbr ane.

M ddl e Ear: Tynpanic Cavity, Auditory tube,
Manubrium of the malleus, |ong process of incus and
superstructure of stapes, stapedius, Head of

mal | eus, body of incus and Tensor tymnpani.

G oup the foll ow ng:

Germ nal Layers: Ectoderm Endoderm Mesoderm

Parts of the Ear: Ossicular chain, Mddle fibrous

| ayer of the tynpanic nmenbrane, M ddle ear nuscles,
Bony labyrinth (Qic capsule), External Acoustic
Meatus, Quter epithelial |ayer of tynpanic nenbrane,
I nner ear and Stat oacoustic ganglion, Eustachian
tube and Tynpanic cavity, Micosal |ayer of the

t ynpani ¢ nmenbr ane.



CHAPTER - 3
KEYS
3.1 PHYLOGENY
TRUE: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 15
FALSE: 4, 9, 14

3.2 ONTOGENY
1) Oigins and Parts devel oped from VI SCERAL ARCHES AND CLEFTS.

Oigin First Second Fi st
Parts Br anchi al Br anchi al Phar ynge:
Devel oped Arch Arch Pouch
Ext ernal Ear Tr agus Pi nna Ext ernal Audi 1
Cuticular portion Tynpanic ring Meat us.
of Tynpanic
menbr ane.
M ddl e Ear Head of Mal | eus, Manubri um of Tynpani ¢ cavi:
Body of i ncus. Mal | eus Long Audi tory tube
Tensor tynpani process of incus
and super structure
of stages.

St apedi us




3.2 (b) GERM NAL LAYERS AND EAR DEVELOWPENT.

Ect oder n

Mesoder n

Endoder m

Ext ernal acousti c meat us.

Quter epithelial |ayer of
t ynpani ¢ nenbr ane.

| nner Ear (Menbranous
| abyri nt h)

St at o-acousti c ganglion.

Gssi cul ar chain

M ddl e fibrous |ayer of
t ynpani ¢ nmenbr ane.

M ddl e ear mnuscl es.

Bony | abyrinth
(Qic capsule)

Eust achi an t ube and
tynpani c cavity.

Mucosal |ayer of the
Tynpani ¢ nenbr ane.




CHAPTER - 4
OQUTER EAR

This chapter deals with the various anatom cal
aspects of the outer ear such as |abeling the parts,
di mensi on, mcroanatomy (in Section-A); Nerve
supply, Blood supply and |ynphatic supply (in

Secti on-B).

Various physiol ogi cal aspects of the outer ear
viz pinna (in Section-C)and External Auditory Meatus
(in Section-D) are al so included.

The classified parts of this chapter are:

4.1 - Anat ony, Quter Ear.

4.2 - Physi ol ogy, Quter Ear.

.1



4.1 ANATOWY, OUTER EAR

SECTI ON- A
1. Label the parts of the External ear in the
di agranms gi ven bel ow

4.2



2. Fill up the “Os in the
anatom cal details.

table and get the

4.3

Structures Pi nna Concha Ear cana
Length
0 0
Di anet er
0 0
Angl e
0
Ar ea
0
Vol une
0 0
Resonant
Fr equency 0 0
Shape based
on the 0 0 0
Engli sh
al phabet

3. Nane the nuscles of Pinna.

4. Mark the layers of the earcana
with their zones.

in this diagram
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SECTION - B
NERVE SUPPLY, BLOOD SUPPLY AND LYMPHATI C SUPPLY

Fill in the bl anks:

1. Thea = t nerve supplies
the upper two third of the lateral surface of the
auricle and anterior wall of the external auditory

Meat us.

2. The g _ _ a nerve supplies the

lower third of the lateral surface of the auricle
and the lower two thirds of ted4h nedial surface of

the auricle.

3. The 1. o _ _ nerve supplies

the upper third of the nedial surface of the
auricle.
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4. The posterior wall of the neatus is supplied by A
________ branch of v _ _ _ _ nerve.

5. The lateral surface of the auricle and the
anterior wall is supplied by s
t artery.

6. The cranial surface of the auricle and the
posterior wall of the neatus are supplied by P
a artery.

7. The m artery supplies the inner

part of the neatus.

8. The posterior part of the meatus as well as the
auricle is supplied by the P a
______ vei n.

9. The venous drai nage of the anterior part of the
nmeatus is by r m vein.

10. The lateral surface of the auricle and the
anterior wall are supplied by p _ _ a
_ _ lynph nodes.

11. The cranial surface and the posterior wall of
the nmeatus are supplied by m
| ynph nodes.
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4.2 PHYSI OLOGY, QUTER EAR

SECTI ON-C

Pl NNA

1. Match the nonauditory functions of pinna.

1. Cartil agl nous (a) Head cushion
Portion
2. Lobe (b) G ves shape and
sonme rigidity
3. Helix (c) Decorative
Pur pose.

2. Point out three auditory functions of Pinna.
EXTERNAL AUDI TORY MEATUS
SECTI ON D

3. Unscranble the junbles to obtain the functions
of the earcanal.

a) PTI RCENTO — of the eardrum and ot her
intraaural structures thereby the entry of
forei gn bodies such as insects can be
prevent ed.

b) SRNCETI EC — of wax.

c) M ORATNI G — Eg. Grommet extrusion.
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4. unscranble the junmbles and find out the
structures hel pful for nonauditory functions.

a)

b)

c)

HSRAI — for obstruction of foreign body
entry.

GDLANS — for secretion.

LERAYS — of earcanal for migration

5. Encircle the correct answer(s)and gain the
general information on Hairs and WAx.

a)

Hairs are |located in

. Cartilaginous portion only
i . Csseous portion of the canal only

i. Quter cartilagi nous and posterosuperior part

of the osseous canal .

The nedial hairs are short and lie obliquely
where as the lateral hairs are nore upright
and this arrangenent is terned:

. trap |like arrangenent
i . Honeyconb |i ke arrangenent
i. both

. none of the above

Wax is to be renmoved nainly because

. It causes hearing | oss
i.to visualize the eardrum

i.to facilitate the normal physiol ogica

cl eansi ng nechani si ns.

7



6.

a)

b)

4.8
Say TRUE or FALSE

The wax is secreted by sebaceous and cerum nous
gl ands of the earcanal.

Local pressure on the skin, clenching of the
teeth, adrenergic stinmuli helps in the
secretion of wax.

The fresh wax has nore |ipid content than the
stal e wax.

The fresh wax has nore |ipid content than the
stal e wax.

Cerunmen is mlky at first but changes into a
brown waxy material soon exposure to air.

. Gve the Characteristics of Dry Wax and Wt WAX

in the table given bel ow

SI. Characteristics Wt wax Dry Wax
No.

1. O her nane

2. Col or

3. Odour

4, Texture

5. Trait

6. Chem cal

composition
7. Br east cancer
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8. Expl ain the phenonenon of mgration.

9.

(a) Name any two auditory functions of the

ear canal .

(b) Match the structures with their respective
gai n.

Sl. Structures Gin

No.
1. Pinna (A) 10dB at 4-5 KHz
2. Concha (B) 3dB at 4 KHz
3. Earcanal (C 20dB
4. Concha + Earcanal (D) At 2.6 KHz

+ Tynpanic
menbr ane




CHAPTER- 4
KEYS

4.1 ANATOWY, QUTER EAR

SECTI ON- A

1. Label the parts:

a) Helix

b) Scaphoi d fossa
c) Triangul ar fossa
d) Darwin's tubercle

e) Anti hel i x

f) Crus of helix
g) Tragus

h) Concha

i) External Auditory Meatus
j) Antitragus

k) Intertragal incisures

) Lobul e

a) External Auditory Meatus

b) Hairs

c) Perichondrium

d) Quter cartil agi nous part

e) I nner bony part

f) Periostium

g) Quter thin skin layer of tynpanic nenbrane
h) Anterior recess

.10



i) Inner bony part fornmed by tynpanic part of

.11

t enpor al bone.
j) Narrowest part
k) I st hrus
2.
Structures Pi nna Concha Ear canal
Lengt h 60-75mMm 2.5cm
D anet er 1-2cn 0. 7cm
Angl e 152 45°
Ar ea 0.3 - 0.5
Cnf
Vol une 2.5Cn’° 1Cnt
Resonant 4-5 KHz 2.6 KHz
Frequency
Shape based
on the
Engli sh C @) S
al phabet

3. Muscl es of Pinna :

superior and Auricularis posterior

4. M cro Anatony :
a) Stratum corneum

b) Stratum | uci dum

Auricularis anterior,
nmuscl es.

Zona Cor nea

c) Stratum granul osum

Auricul ari s
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d) Stratum spi nosum
Zona Germ native
e) Stratum basal e

SECTI ON- B

NERVE SUPPLY, BLOOD SUPPLY, AND LYMPHATI C SUPPLY

(1) Auriculotenporal (2) Geat auricular (3) Lesser
occipital (4) Auricular, vagas (5) Superficial tenporal (6)
Posterior auricular (7) maxillary (8) Posterior auricular
(9) Retromandi bul ar (10) Preauricular (11) Mandi bul ar

4.2 PHYS OLOGY, QUTER EAR
SECTION-C
Pl NNA
1-b, 2-c, 3-a

2. Sound collection; sound source |ocalization;
sound transm ssi on.

SECTI ON-D

EXTERNAL AUDI TORY MEATUS
1. (a) Protection (b) Secretion (c) Mgration

2. (a) Hairs (b) dands (c) Leyers

3. (a) (iii); (b) (i), (c) (i), (ii) & (iii)
(d) to (h) — TRUE St atenents.
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i) Characteristics of dry wax and wet wax.

Sl. Characteristics Wt Wax Dry wax
No.
1. O her nane Honey wax Ri cebran wax
2. Col or CGol den Brown Li ght gray or
Br owni sh
3. Odour Axill ary odour Qdour | ess
4. Texture Moi st & Sticky Dry and fl aky
5. Trair Dom nant Recessi ve
6. Chemi cal Lesser protein Mdre protein
Conposition content, content,
Lysozyne and Lysozynme and
igG igG
7. Br east cancer H gh i nci dence Low i nci dence

4. M GRATION an active process occurring in the deep
| ayers of stratum granul osum stratum spi nosum and
stratum basal e of the external auditory canal. Stratum
corneum noves |l aterally and desquamates. It winkles up

in an accordion |like fashion.

M gration is one of the factors responsi ble for
grommet extrusion. The disturbance of mgration is
found in outer and nmiddl e ear pathol ogical conditions
in which there is accumrul ati on of debris.
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. AUDI TORY FUNCTI ONS

a) To facilitate sound transni ssion; to delay sound
pr opagat i on.

b) 1-B; 2-A, 3-D; 4-C

*kkkk*



CHAPTER - 5

M DDLE EAR

This chapter conprises of two parts:

5.1 - Anat ony, middl e ear
5.2 - Physi ol ogy, m ddl e ear

The first conprises of sections Ato G dealing
with the tynpanic cavity, tynpanic nenbrane,
ossicles, liganents, nuscles, Eustachian tube, nerve

supply and vascul ar supply to the mddle ear.

In the second part, various physi ol ogi cal
aspects, both non-auditory as well auditory
functions including sound transnission to the

cochlea is being dealt in three sections H, | and J.



5.1 ANATOW, M DDLE EAR

SECTI ON- A

TYMPANI C CAVI TY

5.2

1. Draw a schematic diagramof walls of the
tynpanic cavity and | abel the parts.

2. Tabul ate the values of the tynpanic cavity in
terms of volume, width and vertical dinension.

3. Match the walls of the tynpanic cavity, along
with their common terns and | andmarks.

wall (a) Conmon term (b) Landmark (c)
al) Lateral bl) Menbranous cl) Tynpanic
wal | wal | menbr ane and
squanous
portion of the
t emporal bone.
a2) Medi al b2) Mastoid wall c2) Tynpanic
wal | adi tus and
pyr am dal
em nence.

a3) Posterior b3) Carotid wall
wal |

c4) Roof c4) Labyrinthine
wal |

c3) Tegnen

t ynpani
c4) Tensor
tynpani &

auditory tube.
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vall (a)

Common term (b)

Landmark (c)

ab) Anterior
wal |

a6) Fl oor

b5) Tegnent al
wal |

b6) Bony wal |

c5) Oval w ndow,
Round wi ndow,

pronont ory
prom nence of the

facial nerve canal

c6) Tynpanic plate
of temporal bone
and jugul ar bul b.

4. A schematic representation of the mddle

earcl eft showi ng the potenti al

route by which

the nucociliary systemtransports nucus from

the anterior or superior

and the anterior or

portion of the mddle
inferior portion of the

m ddl e ear toward the Eustachian tube is given

bel ow:




5.4

Say whether ciliated epithelium and gobl et
cells are present in these areas - A, B, C, D
If so, to what extent they are present?

. Nane the five types of cells present in the
normal mi ddl e ear.

. Nane the types of mastoid process.

SECTI ON- B
TYMPANI C MEMBRANE

(1) Draw neatly the diagram of tynpanic
menbr ane.
(2) Use the clues to get the | andmarks:

(a) On otoscopy, the major hallmrk of a
heal t hy eardrum seen is

(b) The Maxi mum depressi on caused at tynpanic
menbrane by the manubriumis

(c) Left or R ght, manubriumat 11 O cl ock
position

(d) Left or Right, manubriumat 1 O cl ock
position-

(e) Fibrocartilagi nous ring

(f) Seat of the tynpanic annulus is

(g) Deficient portion of the tynpanic sul cus
is
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(h) Lax area

(i) Tense area __
(3) Fill up t he guadr ant s with their
respective structures.

G ve anatom cal details of tynpanic nenbrane on
the foll ow ng:

(1) Thickness (2) D aneter: vertical

hori zontal (3) Angle: to the floor of the
neatus, to the upper wall (4) Mass (5) Area (6)
Ef fective novable area (7) Mean braking
strength (8)Reflectance.

(1) Nane the layers of tynpanic nenbrane.

(2) Tabul ate the divisions of outer epithelial
| ayer on the basis of : (a) nunber of |ayers
(b) cellular/acellular nature (c) cel

contents.

(3) Explain the mddle fibrous |ayer and inner
nmucosal | ayers.

SECTI ON C

OSSI CLES

1. Draw the diagram of normal m ddl e ear ossicles.
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2. G ve ot her nanes:
(a) Malleus (b) Incus (c) Stapes (d) Incudo
Mal l eal joint (e) Incudo stapedial joint (f) The
triangul ar space encl osed by the crura and the
foot plate.

3. Gve the dinensions of Mlleus, Incus, and Stapes
for ‘Os filled i n Tabl e.

Structure

Mal | eus I ncus St apes
Di mensi on

o
o

Lengt h

o
o
o

Wei ght

Hei ght 0

SECTION-D
LI GAMENTS

Li ganents are highly responsible for the

suspensi on of Gssicular chain within the tynpanic
cavity. This helps the ossicles balanced with very
small inertia. Sone of the principal |iganents are
gi ven bel ow. Match themw th their connection:
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LI GAMENT

CONNECTI ON

1. Superior mall eolar
| i gament

2. Lateral malleol ar
| i ganment
3. Anterior malleol ar

| i ganment

4. Liganment supporting
i ncus

5. Annul ar |i ganent

a. Fromfoot plate to
fenestra vestibul e

b. Connects

C. Anterior process to
anterior wall of the
m ddl e ear

d. Connects malleus to
t egmen tynpani

e. From short process to

fossa incudis

SECTI ON- E

TYMPANI C MUSCLES

The tynpanic nuscles are called the pennate

nmuscl es and t hey have been shown to contribute to

the strength of the Gssicul ar chain.

Fill

br acket s.

in the blanks with the cues given in

(NOTE: Only limted cues are avail abl e)
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(Tensor tynpani, Stapedius, Stapes, Anterior,
Lateral, Medial, Acoustic reflex, Unilateral,
Bil ateral)

1. The smallest nuscle of the body is the
Where as the largest nuscle of the m ddle ear
is

2. The middl e ear nuscle which responds to
acoustic stimuli is . Wiereas the nuscle

to nonauditory stimuli is

3. At 80 or 90 dBSL, the stinulation of the mddle

ear results in acoustic reflex.

4. Tensor tynpani orginates fromthe __ part of
auditory tube and it pulls the tynpanic nmenbrane
_____ and

5. The Stapedius tendon attaches to the of

the stapes and draws the sane.

6. The length of tensor tynpani and stapedi us
nuscl e are and respectively.

SECTI ON- F

EUSTACH AN TUBE

Classify the auditory tube into (1) tw parts, (2)
three portions (3) four portions.
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Tabul ate the values of ‘O s and get anatom ca
details of the auditory tube.

Bony 0
Length
Cartil agi nous 0
Di amet er 0
Angl e made with  Bony 0
hori zont al pl ane
Cartil agi nous 0
Mark “+ if present; ‘-' if absent; and + if not

al ways present, for the follow ng:

The bony portion is always w de open where as
the cartilaginous portion of the auditory tube
has a valve |ike mechani sm

The bony portion is lined with pseudostratified
ciliated epitheliumwhereas the cartil agi nous
portion is lined with respiratory ciliated

col ummar epithelium

There are abundant subnucosal glands in the
bony portion.

The Eustachi an tube can be opened both in
passi ve and active ways, and the opening
pressure varies from
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i ndi vidual to individual, ear to ear, and from
time to tine.

There are four clinical types: Type-A, Type-B,
Type-C, and Type-D based on the open condition
of the auditory tube and thus this helps in

di agnosi ng m ddl e ear effusions.

The positive pressure with reference to mddle
ear leads to Alternobaric Vertigo whereas the
negative pressure | eads to Barotrauma and

| ocki ng.

Politzer and Bezold' s theory deals with the
di ffusi on of the gas, exchange of fluid and
tubal passages with reference to auditory tube.

The nuscl e which hel ps in Eustachi an tube
dilation is Levator veli Palatini.

There is simultaneous contraction of the
pal at ogl ossus and superi or pharyngeal
contrictor nuscles of the Eustachain tube
during the act of swall owi ng and yawni ng.

The openi ng pressure of the tube is 400mm H20
pressure or 4 Kpa and on swall ow ng, the

audi tory tube open for a duration of 0.3 to 0.5
seconds only.

SECTI ON- G

NERVE SUPPLY AND VASCULAR SUPPLY TO THE M DDLE EAR
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1. Match:
Nerve supply Nerve
1. Sensory a. Facial nerve
2. Mdtor b. A ossopharyngeal nerve
i. Tensor tynpani c. Trigem nal nerve
ii. Stapedius
2. Mat ch:
Vessel suppl ying Portion supplied
1. A branch of mastoid a. Superior portion

branch of styl omastoid

artery derived from

auricular artery.

2. A branch of internal b. Inferior portion
maxi |l lary artery and

Ranus tynpani ci

(a branch of | CA)

3. A branch of the c. Anterior portion
ascendi ng pharyngea

artery

4. Superior petrosal, d. Posterior portion

superior tynpani c and
ramus nutrica

i ncudomal | ei (branches
of the m ddl e neni ngea
artery)
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5.2 PHYSI OLOGY, M DDLE EAR
SECTI ONH

Answer the follow ng:

1. Is the middle ear a pressure receptor? If so, give reason
2. Is the mddle ear a gas pocket? If so, give reason.
3. What are the various types of gases present in the mddle

ear cavity? State their percentage.

4. Nane the structures that are helpful in regulating mddle
ear pressure.

5. Explain the classification given by Jacob Sade, M cha
Lunt z and kfar Saba on the assessnent of m ddle ear based
on the amobunt of air.

6. Whi ch layer gives tensile strength to the tynpanic
menbr ane?

7. What is reflectance? State their values at vari ous
frequenci es?

8. Who neasured the displacenent of the tynpani c nmenbrane
first? What was his finding?

9. How is the vibration of the tynpanic nmenbrane neasured in
a three dinmensional manner? Who neasured it? Wiat is
their finding?



10.

11.

12.

13.

14.

15.

16.

17.

18.

5.

Expl ain the nmechani sm of Ossicul ar novenent when there
are no sound. Waves striking the tynpani c nenbrane.

Expl ain the role of Gssicular nechanismwhen the static
air pressure is varied in the external auditory canal.

How do the middl e ear nuscles act on the ossicles for
acoustic transm ssion?

What are the various ways of m ddle ear nodification on
sound transm ssion?

What will be the gain when there is bl ockage of the
adi tus-ad- ant runf

How does the aditus-ad-antrum affect the sound
transm ssion through the mddl e ear?

How does the resection of the tensor tynpani nuscle
af fect the sound transm ssion?

State three functions of the m ddl e ear acoustic refl ex.

State the functions of the auditory tube as per nodern
t heory.

SECTI ON- |

Mat ch the fornul ae:

13

G ven below are a few fornul ae. Match those and state the

formul a for inpedance transformer action of the mddle
ear.
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1.  Acoustic inpedance A
.
2. Area ratio B, 2 = %
T %227
3. Lever ratio c. =2
7 29
4. Vol ume vel ocity D. ™
7y
5. Therefore, the inpedance transformer action of the
m ddle ear is given by the fornmula: ?
Match the foll owi ng sets of formnul ae.
1. | Conpl ex i npedance magnit ude A f = arc tan
?2?7?
2. | Conpl ex 1 npedance phase angl e B) z = 2272 27
3. |Adm ttance magnitude )
C) Y:? 7?7775';7 PR
"2 1S 25
4. [Adm ttance phase angle D) f=arc tan
2—=—=2172272 ?
2792 9
?2? ‘
5. | Resonant frequency E 221
29
6. |Band w dth 2 52




1. For

2.

5.

Match the following with their nunerals:

15

1. Acoustic inpedance of air, A) 60-80%
Acousti c i nmpedance of water

2. Expected | oss of sound pressure B) 2Db
due to reflection at the tynpanic
menbr ane

3. Real loss of sound pressure due C) 15dB
to reflection at the tynpanic
menbr ane

4. Effect area of the tynpanic D) 1: 3470
menbr ane

SECTI ON- J

TRANSM SSI ON OF SOUND BY M DDLE EAR TO COCHLEA

Fill

in the blanks with the clues given in bracket.

perfect transm ssion of sound into the mddle ear
system the | npedance of the middle ear nust be

to the inpedance of the air in the earcanal.
(equal / more/ | ess)

| npedance is a

gquantity as it has both

magni tude and direction and it is strongly dependent on
frequency. (Scal ar/ Vector)
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3. I npedance is the ___of reactance, an inmmginary part

and resistance, the real part. (Square/ Sum | nverse).

4. Admittance is the of i npedance.

(Sum squar e/ reci procal ).

5. Admittance of the nmiddle ear is _ than that of air.
(equal / nore/l ess)

6. Adm ttance is at the resonant frequency.

(‘maxi mum m ni num .

7. At high frequencies, the adm ttance magnitude is
proportional to the of frequency. (Suminverse/square)

8. Admittance increases |leading to a
(greater/lesser/equal)

vol unme velocity.

9. Transfer functionis __ to the input admttance
(proportional /equal)

10. At the resonant frequency, the transfer function is
and in other frequencies it is
(one/two/ | ess than one)

11. Admittance is the of the foll owi ng conponents nanely
t he conductance, the real part and susceptance, the
i magi nary part. (square/power/sum
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12. The effect of mass is inmportant at __ frequenci es.
(1 ow/ m d/ hi gh)

13. Conpliance is the of stiffness.
14. Conpliance is inportant at frequenci es.
(1 ow m d/ hi gh)

15. I n normal human ears, the conpliance of the tynpanic
menbrane is than the conpliance of the m ddl e ear
space and therefore the conpliance of the tynpanic nenbrane
tends to dom nate the total conpliance.

(equal /1 arger/smal | er)
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CHAPTER- 5

KEYS

5.1 ANATOWY, M DDLE EAR
SECTI ON- A
TYMPANI C CAVI TY

1. Schematic representation of the mddle ear.

Tegmea fympani
Forssl n. qaned Feneilre weshbuk
Lat. semsiwinlar soral Yrmsianel fa Yenuar [PETTTS

INlEEIgE

MO TIRIOR "E

S

Fyraemd
(her g me
tympen

Fene1ivg =
coihlege

2. Val ues, Tynpanic cavity:
Vol une : 2cc
W dth : 2-4mm

Verti cal : 15mm
Di nensi on
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3. Match.
val |l (a) Common term (b) Landmark (c)
al bl cl
a2 b4 c5
a3 b2 c2
a4 b5 c3
ab b3 c4
a6 b6 c6

4. M ddl e Ear Mucosa:
A- al ways present; B-usually present; GRarely present; D

never present.

5. Types of cells in the nmddle ear:
(a) Non ciliated cells with secretory granul es
(b) CGliated cells with secretory granul es
(c) Ciliated cells without secretory granul es
(d) Internediate cells
(e) Basal cells
(Ref erence: Hentzer, 1970).

6. There are three types of definite mastoid process:
(a) Cellular, where air cells are | arge and nunerous.
(b) Diploic, where cells are small and | ess nunerous. Marrow
spaces are present.
(c) Sclerotic(or "ivory') where cells and nmarrow spaces are
absent .
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SECTI ON B
TYMPANI C MEMBRANE

(1) Tynpani ¢ nenbrane

1. Cone of light 2. Urbo 3. Handle of nalleus surnounted
by shoot process 4. Anterior horizontal fold 5. Attic
6. Posterior horizontal fold.

2. Landmar ks:
(a) Cone of light (b) Urbo (c) Left (d) Right (e)
Annulus (f) Tynpanic sulcus (g) Notch of Rivinus (h)
Pars flaccida (i) Pars tensa

3. Quadrants and their structures:

(a) Postero-superior quadrant - Oval w ndow
(l'i es opposite)

(b) Postero-inferior quadrant - Round wi ndow
(l'i es opposite)
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(C) Antero-superior quadrant - Openi ng of
Eust achi an Tube
(lies anteriorly)
(d) Antero-inferior quadrant - Swel I'ing forned
by internal
carotid artery.
(lies anteriorly)

. Ant om cal details :
(1) 0.1mm (2) 9-10mm 8 9nm (3) 40° 140° (4) 14ny (5)
0.5 - 0.9 cnt (6)55m? (7) 1.6 x 10° dynes/cn? (8) 0.3
to 0.8

[11. (1) Layers of tynpani c nmenbrane:
- Quter epithelial |ayer (Epiderms)
- Mddle fibrous |layer (Lam na propria)
- I nner mucous | ayer

2. The divisions of the epidermis of the tynpanic nenbrane
are: Stratum corneum Stratum granul osum Stratum
spi nosum and Stratum basal e.

Di vi si ons No. of Cel lular OR Cell contents
| ayers Accel ul ar
nat ur e
Stratum 1-6 Accel ul ar Desnpbsones ++
Cor neum Organel les - -
O her cell --

Cont ent s
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D vi si ons No. of Cel [ul ar Cell contents
| ayers OR
Accel ul ar
nat ure
Stratum 1-3 Cel I'ul ar Ker at ohyal i ne
G anul osum granul es ++
Lanel | ar granul es ++
Cytopl asm
characteristics.
tonofil anents
occasionally ++
Stratum 2-3 Cel [ul ar Bundl es of
spi nosum tonofil anents ++
M tochondria ++
Ri bosomes ++
Stratum 1 Cel | ul ar Pol yhedral cells or
basal e el ongated cells ++
Basenment nenbrane ++
P.S. : ++ : Present Absent

3) Mddle fibrous |ayer and inner
The predom nant feature of the mddle fibrous |ayer

(Lam na propria),

nmucosal | ayer.

in both the Pars tensa and Pars

flaccida is the presence of collagen fibrils. In the pars

t ensa,
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the fibrils closest to the epithelial layer are wusually in
direct contact with the basement nenbrane of the epidernal
| ayer, although in places a thin layer of connective tissue
intervenes. These lateral fibres are radial in orientation,

whil e the deeper ones are circlular, parabolic and transverse.

In The Pars flaccid, lamna propria is |less marked, but
it still contains collagen fibres although they appear to lie

in an al nost random ori entati on.

A loose connective tissue |ayer containing fibroblasts,
macr ophages, nerve fibres (mainly wunnyelinated) and nmany
capillaries, lies between the deep layers of the [|amna
propria and the inner mucosal |ayer. Neither the capillaries
nor the nerves appear to penetrate the basenent nmenbrane or

enter the nucosal | ayer.

The nucosal |ayer of the pars tensa varies in height from
a |low sinple squanobus or cuboidal type to a pseudostratified
columar epithelium In the Pars flaccid, the taller ciliated

cells are not found.

SECTI ON C

GSSI CLES
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2. O her nanes:

(a) Hamrer (b) Anvil (c) Stirrup (d) Double saddle
joint (e) Enarthrodial joint (f)Cbturator foranen.

3. Dinensions:

Structure Mal | eus | ncus St apes

Di mensi on

Lengt h 9rmm 7mm

Wei ght 23-27ny 25-32ny 2.05 to 4.34
g

Hei ght 6mMm

SECTI ON D

LI GAMENT

1-b; 2-c; 3-d; 4-e; 5-a

SECTI ON E
TYMPANI C MUSCLES

1. Stapedius, Tensor tynpani; 2. Stapedius, Tensor tynpani; 3.
Bilateral 4. Cartilaginous, nedially, anterior 5. Head,
posteriorly 6. 25mm 6nmm
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SECTI ON- F

EUSTACHI AN TUBE

Audi tory tube can be classified into: (1) Bony and
Cartil agi nous parts (2) Bony, Cartilagi nous, and nenbranous
portions (3) Bony, Cartil agi nous, menbranous and i sthnus.

Anat om cal details:

Length ony 12mm
Cartil agi nous 18-24mm

Di anmet er 3-6mm

Angle made with Bony 25°

hori zont al pl ane

Cartil agi nous 40°

1(+); 2(-); 3(-); 4(+); 5(+); 6(+); 7(-); 8(=);: 9(-); 10(+)
SECTI ON- G
NERVE SUPPLY AND VASCULAR SUPPLY TO THE M DDLE EAR

-b; 2(i)-c; 2(ii)-a
d; 2-c; 3-b; 4-a

*kkkkkk*k
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5.2 PHYSI OLOGY, M DDLE EAR
SECTI ON-H

1. The m ddl eear acts as a pressure receptor, reacts not
only to acoustic vibrations but also to charges of
static air pressure i.e. gushes of w nd, sneezing,
bl owi ng one’s nose, diving flying as well as
t ympanonetry and pneumati c ot oscopy.

Suppl enent: The pressures surpassing 100cm HO are
nearly always tolerated by the ear w thout damage, as
there is an efficient protective nmechanismin the
joints of the Gssicular chain incudo nalleal and incudo
stapedi al joints.

2. A Physiologic mddle ear is a gas pocket bal anced by
di ffusion of gases into and fromthe tissues as well as

by ventilation through and out of the Eustachi an tube.

Gases Per cent age
Car bondi oxi de 52 nmm Hg
Ni trogen 605 nm Hg
Oxygen 54 mm Hg

4. Structures that are helpful in regulating mddle ear
pressure are Eustachian tube and M ddl e ear

capillaries.

5. The authors Jacob Sade. M chael Luntz and Kfar Saba in
July 1990 has given the follow ng classification on the

assessnent of mddle ear based on the anount of air in



5.28

the m ddl e ear.

Grade O :- Air was present behind the entire tynpanic nmenbrane

as well as in the attic or even beyond it.

Grade 1 :- Air was present behind the entire tynpani c nenbrane
upto the horizontal part of the facial nerve and the facia

ridge, yet the attic and mastoid were devoid of air.

Grade 2 :- Air was present behind the tynmpani c nmenbrane except

for its posterior, superior quadrant.

Grade 3 .- Atleast half of the tynpanic nenbrane including the
regions of the oval wi ndow and round w ndow, was found to be

reclined or adherent to the pronontory. The anterior half was
filled with air.

Grade 4 :- Three quarter of the tynpanic nmenbrane was found
reclined or adherent to the pronontory, yet an anterior

inferior aircrescent was present behind the tynpani c nmenbrane.

Grande 5 :- Anteriorly a cushion or airbubble was seen. The
rest of the drumwas atel ectasis.

Grade 6 :- The tynpani c nenbrane as a whol e was col | apsed,

with no trace of air found behind it.
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6. The mddle fibrous |layer withstands tensile force and

provides tensile strength to the tynpani c nmenbrane.

7. Refl ectance is the acoustic energy reflection co-eficient
measured at the eardrum Here standing waves are anal yzed by

usi ng probe mcrophone. It is denoted by ‘R

Frequency ‘R Val ue
Upto 4 KHz 0.3

4 KHz to 8 KHz 0.8

8 KHz to 13 KHz 0.5to0 0.8

8. G Von Bekesy (1941) measured the displacenent of the
tynmpani ¢ nenbrane first. He concluded that the tynpanic
menbrane vibrated |like a stiff plate hinged superiorly
around the Ossicular axis of rotation.

9. The vibration of the tynpanic nmenbrane in a three
di mensi onal manner was neasured by Nils Gunnar Torenmal m
(1988) by using Laser Doppl er Scanning. Experinments have
been done on human tenporal specinens within 48 hours after
death. The authors used a constant intensity of 113 dBSPL.
The vibration pattern at 578 Hz and 3113 Hz respectively
were conpared at two antagonistic phases.
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9. The tynpani c nenbrane acts as a transfornmer so that at a
given SPL, the anterior and posterior parts of the drum
shows a | arger displacenent than the central part which is
connected to the mall eus.

10.In the regular mddle ear there is no sound actually.
Therefore there is gliding novenent of the incudo nall eal
joint which leads to the gliding novenent of the incudo
stapedial joint. Therefore the stapes and inner ear are
decoupl ed fromthe excessive displacenment of the drum
menbr ane and mal | eus.
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11. Variation of static airpressure in the external earcanal
ranging fromO to + 400 nm HO i nduces an inward and outward
novenent of the malleus. The average unbo di spl acenent
bet ween +400 to - 400 mMm H,0 was 620 Um

The average ratio of malleus:incus:stapes (mi:s) inward
outward novenent ration was deternmained to be 21: 1.8 : 1.
This inplies that the stapes is displaced i nwardly and
outwardly 21 tinmes | ess than the mall eus handl e. Thus
pressures surpassing 100 Cn HO are nearly al ways tol erated
by the ear without danmage, as there is an efficient
protective mechanismin the joints of the Gssicul ar chain,

i ncudo nmal | eal and incudo stapedial joints.

12. The m ddl e ear nuscles keep the ossicles in an opti nmal
vi brating position for acoustic transm ssion. The concept of
m ddl e ear nuscl es bei ng anatom cal antagonists is
genereally accepted. However regarding the directions of the
rotational and the notional axis of the ossicles, it appears
that instead of being exerted in a true antagonistic manner,
the fractions are direction at right angles to each other.

At | oud sounds, tynpanic nuscles cannot protect the
ossicles frombeing torn out by the negative pressure in the
earcanal. Instead this is acconplished by the |iganentous

fixation of the nall eus handl e at the cochl eari form
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process. (Thus the sheath of the tendon of the tensor
tynpani nuscle is exceptionally strong. It mght even

therefore be called the malleo cochleoriformliganment)

13. M ddl e ear sound transm ssion can be changed by
nodi fi cati ons such as bl ocking the auditus-ad-antrum
enlarging the auditus and mastoid cavity, changing the
vol unme of the tynpanic cavity and sectioning the mddle ear

nmuscl es.

14. The audi tus bl ockage case a nean increase of 5.4dB with a
peakage at 2.8n KHz and a nean decrease of 3.4 dB below 1.6
KHz. (In this study human tenporal bones were used as
speci nen and the middl e ear characteristics between 1KHz to
4 KHz range were studied by Kiyofum Gyo, MG, Richard,

L. Goode, MD., Craig Mller, D.C 1986).

15. The air volune in the mddle ear cavity acts as a
conpliance in series with the tynpani c menbrane and O
ossicles. As the large mastoid is connected to the tynpanic
cavity through the auditus-ad-antrum the acoustic
characteristics are explained as follows: At |ow
frequenci es, the conpliance of the cavities acting on the
tynpani ¢ nmenbrane is corresponding to the total volune of
two cavities. Wiereas at high frequencies, the aditus closes
acoustically and the conpliance is that of the tynpanic
cavity al one. Blocking the aditus inproved the sound

transm ssion in the 1KHz to 3KHz range
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by 5Db to 10Db whereas bel ow 1KHz, it decreased the
transm ssion by 5Db Conpared with normal ear. (Onchi, 1961)

16. Cl ubb(1965) reported i nprovenent in speech discrinnation
after tensor tynpani section and peunomassage i n humans with
SN hearing | oss but no change in puretone thresholds.

In the study by Kiyofum Gyo, et al. (1986) resection of
the tendon of tensor tynpani nuscle produces mni mal changes
in unbo vibration, and a slight inprovenent of 1.7Db at
1. 8KHz.

17. Extention of the dynam c range of the auditory systemwth

reference to intensity:

- decrease maski ng of | ow frequency sounds on high are
enhanced.

18. Functions of the auditory tube as per nodern theory.

Di f fusi on of gas —————__—{:
Exchange of quid————————{i
Pr oducti on
uP
Tubal passage ————————4:

Down

Absorption
Li berati on

El i m nation
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SECTI ON- |
. Match.
1-B; 2-D; 3-A; 4-C

| npedance transformer action of the nmddle ear is

2 ol g

2 2, 2,

I1. Match.
1-B; 2-A; 3-C, 4-D; 5-F;, 6-E
[11. Match.

1-D; 2-C 3-B; 4-A

SECTI ON-J
TRANSM SSI ON OF SOUND BY M DDLE EAR TO COCHLEA
1.equal 2. vector 3. sum4. reciprocal 5. less 6. maximm 7.

inverse 8. greater 9. proportional 10. one, |less than one 11
sum 12. high 13. inverse 14. low 15. smaller

*kkkk*



CHAPTER - 6

I NNER EAR

This chapter conprises of two parts nanely :
6.1 : Anatony, |nner Ear
6.2 : Physiology, |nner Ear

6.1: deals predominantly with various anatoni cal aspects of
the inner ear such as parts of the inner ear, their
anat om cal di nensions, cochl ear nmenbranes, hair cells,
supporting cells, stria vascularis, spiral |iganent,
endol ynphati ¢ duct and sac, cochlear fluids, vestibular

appar at us and vascul ar supply in sections Ato I.

6.2: deals with various physiol ogi cal aspects of the inner ear
such as cochlear fluids, hair cells, potentials, and cochl ear

nodel s i ncl uding Ot oacoustic em ssions in sections J to N
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6.2

ANATOWY, | NNER EAR

SECTI ON A

Gve nme a nane (Clue: Geek (G or Latin(L)termis being
provi ded here).

1

7.

I am “hard and stony” (L). | enclose the bony | abyrinth.
| am portion of the tenporal bone.

| amlike a snail shell (L).

I ama dilation of the semcircular canals. | amcalled
as a jug (L).

| amthe pillar. I amthe core. The “Snail shell” go
round on nme. | amcalled the hub (L).

I amthe top of the “snail shell”. Al call me alittle
tub (L).

I amnot an actual “staircase” (L). | ama spiral shaped
duct.

“Coil’ and a ‘hole’ makes nmy nane in G eek

Nane the parts which occur in twos/ threes.

1.

2.

3.

Cavity systens of the inner ear.
Labyrinthine systens of the inner ear.

Parts of the otic capsule.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Per f or ati ons/ openi ngs of the vestibule.

Sem circul ar canal s.
Cochl ea.
Ducts of the bony cochl ea.
Openi ngs of the bony cochl ea.
Labyri nt hi ne fl ui ds.
Menbr anous | abyrinth, parts.
Menbr ane boundaries of scala nedia.
Spiral |amnar |ips.
Spiral lam na, |ayer of bones.
Zones of Basilar nenbrane.
Cells of *Spiral Ogan’.
Pillars of corti.
Tunnel s of corti.
Hair cells.
Phal angeal cells.
Zones of tectorial nenbrane.

Fibrils of tectorial menbrane.

6.3
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M. W NDOWS OF THE | NNER EAR

Unscranbl e the foll ow ng

1.

2.

3.

The shape of the oval wi ndow — DI KYEN

The oval w ndow opens into — ELUBI TSEV

During life the oval wi ndow is occupied by the POOLFETTA
of the PASTES.

Round wi ndow i s thicker at SEDEG and thi nner towards the
RECTEN.

It has an outer THEPI ELUM facing middle ear, a core of
| VCONCNETE ti ssue and an inner THEPI ELUM | ayer boundi ng
the inner ear, thus there are ETERH | ayers.

SECTI ON B

Anat om cal di nensions and their val ues:
State the val ue :

a. Length of the vestibule

b. Length of the cochl ea.

c. Length of the scala nedia.

d. Length of the Basilar nenbrane

e. Nunmber of outer rods of corti.

f. Nunmber of inner rods of corti.

g. Nunber of inner hair cells.



Nunber of outer hair cells.

Wdth of the Basilar nenbrane

Nunber of fibres of the Basilar menbrane.
D ameter of the filanents of parts tecta.

D ameter of the type Afibrils of the Tectori al
nmenbr ane.

D aneter of the type Bfibrils of the tectorial
nmenbr ane.

Area of the round w ndow

Hori zont al Verti cal

Angl e between the plane of the tynpanic sul cus and
pl ane of the vertical part of the round w ndow.

The i nches of oval w ndow and round w ndow are -

Label the parts of the nenbranous |abyrinth :

A\
[ A
|
sn )
P o, -
C U =
e/ GO
A _..':/ d |
i L

.5
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3. Draw the di agram of cochl ear scal ae and | abel the parts

neatly.

4. Neatly draw the diagram of spiral organ and | abel the

parts.

SECTION C
COCHLEAR MEMBRANE

1. List the nenbranes present in cochlea (clue-5).

2. Conpare and contrast the basilar nenbrane, the tectorial

menbrane and the Reissner’s nenbrane based on their.

(a) Structure (b) Attachnment or extention (c) Zones. (d)
Cel l ul ar components (e) O her inportant structures seen
(f) Role.

3. Draw the ultrastructure of Basilar nenbrane, Reissners

menbrane and Tectorial nenbrane and | abel their parts.

SECTION D
HAI R CELSS

1. Draw the diagramof outer and inner hair cells and | abe

their parts.

2. Pointout the differences existing between inner and outer
hair cells with respect to the foll ow ng :
(a) Arrangenment (b) Size and shape (c) Cell contents
(d) Stereocilia (e) Nerve innervation (f) Responses.
(g) Function (h) Resting potential (i) Kinetics
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(j) Metabolism (k) Cochlear transduction process. (l) Tuning

curves (m Tight junction (n)Postnortem changes.

SECTI ON E
SUPPORTI NG CELLS

. Name the supporting cells. There is information given on its
cytol ogy and function :

a. Epithelial cells — secretory in function :

A T _
b. large flat polygonal cells
____S_____ C____
c. Flat cells with nunerous mcrovilli — supporting |nner

Hair cells.

d. Cells having a body and a “finger |ike” process.

e. “ Rods of Corti” — nbst conspicuously seen structure.
P__L__C__ _ _

f. Cell body proper ; slender phal angeal process cup shaped-
Accommpdat e the outer hair cells basalend ; Formthe
reticular |am na.

D__ T _ C
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g. Colummar cells formng the outer tunnel of corti.
H_ _sS__*‘SC_ _ _s

h. Cuboidal cells — secretory or transportation function.
B_TT_ _ _ _ _ c__ _ _

i . Polygonal cells — appears to provide a paracellular
barrier between the endol ynphatic space and the cells of
Bottchers and External sulcus.

C U C

j. A paracellular barrier to the aforenaned pol ygonal cells.
E__ _R__ _S C

k. Epithelial cells — Dark cells — secretion ; Light cells-
Absorption
_oTC_ _ _

2. NUMBER GAME : (Mention the units appropriately)

a. The nucleus of the outer pillar cell is in

di anet er.

b. Inthe Deiter’s cells, Tight junctions are extensive

with to sealing filaments.

c. Hensen's cells consist of to __ rows of

col umar cells.

d. The tight junctions of Hensen’s cells consist of

sealing filanents.
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e. Bottcher’s cells have a di aneter of

f. The clandius cells which are polygonal are

t hi ck and wide with a di aneter of

| STRI A VASCULARI S

Fill in the blanks and conpl ete the paragraph
The stria vascularisis a (1) cell |ayer
(2) ___ epithelium (enriched bl ood supply) that is

not bounded by a basal |lanmina. The stria vascularis is
separated fromthe spiral prom nence and Reissner’s nenbrane
by spi ndl e shaped (3) cells.

Stria vascularis has (4)

cells.

The marginal cells have a |obulated (6) __
dark staing (7) __and contai ni ng nore
(& . There also (9) is their

axi al cytoplasmand (10)

Function : Active in transport.

Active enzynme transport.

Internmedi ate cells have (11) nucl eus and

strai ned cytoplasm Their plasm
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menbranes exhibit interdigitating processes and their
cytoplasmis filled with clear vesides. Internediate cells

al so contain (13) and (14)

The basal surface of the stria vascularis is sealed
agai nst paracellular transport from the underlying spiral
liganent by several layers of fusiform (15)

cells.

Il SPI RAL LI GAMENT :

Say true or false :

1. Spiral liganment is a connective tissue vascular structure

that forns the nost lateral wall of the scala nedia

2. The matrix consists of fibroblast |ike cells, abundance
of extracellular filanents.

3. Bekesy differentiated the cells into type | fibroblast
and type Il fibroblast |ike cells.

4. Takahashi and Kinmura (1970) gave the aforenentioned

cl assification.

5. Type | Fibroblasts are nobst nunerous and has few
cytopl asm c organelles including lipid inclusions.

6. Type |1 fibroblast shows nunerous cytoplasm c organelles

and m tochondri a.
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7. The cells function in fluid transport and carbonic

anhydrase activity.

ENDCLYMPHATI C DUCT AND SAC

Mark the correct answer(s) with a (/)

Endol ynphati ¢ sac and duct were first described by:

(a) Bekesy

(b) Linnaeus

(c) Corti

(d) Bottcher

. The endol ynphati c duct courses

(a) through the cochlear duct.

(b) through the vestibular duct to end in a blind pouch
| ocated near the dura mater.

(c) None of the above.

Endol ynphati ¢ duct and sac function in

(a) Fluid and ion exchange.

(b) Phagocytosis of waste product.

(c) Pressure regul ation of endol ynphatic conpartnent.

(d) Majorsite of antigen processing.

SECTI ON G

COCHLEAR FLUI DS

Match the cochlear fluids with their scal a.
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Fl ui d Scal a
1. Perilynmph a. Scala nedia
2. Endol ynph b. Scal a tynpani
3. Cortilynph or c. Ogan of Corti
Perilynmph like fluid d. Scal a vestibuli

The values of conponents d Perilynph and endol ynph are
given below choose the conponents given in brackets.
(Electrical potentials, Ca*" My?" O, HCO; K, Na*, P
Csnol arity).

Scal a Tynpani Endol ynph Scal a Vesti buli
Peri | ynph Peri | ynph

1. ? 147 1 141

2. ? 3.4 158 6.7

3. ? 0. 68 0. 023 0. 64

4. ? 0.011

5 ? 7.28 7.37 7.26

6. ? 129 136 130

7. ? 19 21 18

8 ? 293 304 294

9. ? 0 90 5
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SECTI ON H

VESTI BULOLOGY

1. What are the structures seen in the receptol organs in
t he vesti bul ar appar at us.

2. Wiich part of the inner ear is responsible for (a) linear
noti on and (b) angul ar noti on.

3. What is cupula ?

4. How is the vestibule different fromthe cochl ear
menbr anous | abyri nt h.

1. The angles of cristae in hunmans are given bel ow find
their deviation fromright angle :

Cristae Angl es

1. Anterior to Poseerior cristae 100. 4°

2. Posterior and Lateral cristae 94. 8°

3. Lateral and anterior cristae 108°

2. The angl e between sem circul ar canals (scc) and cristae

are given, below find their deviations fromright angle
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Sem circul ar canals and cri stae

Angl es

Ant eri or Sem circul ar canals to

long axis of cristae

Lateral Semcircular canals to |ong

axis of cristae

Pot eri or Sem oi rcul ar canals and

its cristae

62.9°
65°

59.6°

The angl es between Sem circul ar canals are given find

t heir deviation.

Sem circul ar canal s (SCC)

Anterior Semcircular Canals to
posterior Semcircular canals

Lateral Sem circular canals to
Anterior Semcircul ar canals

Posterior Semcircular canals
and | ateral sem circul ar canals

Angl es

108. 2°

101. 8°

101. 3°

What do you infer fromthese data

Say true or false :
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. The smal | sphereical saccule is |located posterior to the
utricle.

. A short and narrow canal, the Ductus reunions emanates from
the lower part of the saccule and connects it with
menbr anous cochl ea.

. The Uricle and saccul e are connected by the utriculo
saccul ar duct.

. The endol ynphatic sac termnates in the pia mater of the
posterior surface of the tenporal bone.

. Type | and type Il cells differ primarily in their pattern
of vibration.

SECTI ON |
VASCULAR SUPPLY
Choose the arterial or venous bl ood supply fromthe

abbrevi ations * and choi ces given below. (* These
abbrevi ations are not universal).

(a) Spiral nodiolar artery
1. SMA (chochl ear branch)

(b) Scala nedia artery.

(a) Central ceribellar artery
2. CCA
(b) Common cochl ear artery.

(a) Ventral cochlear artery

(b) Vestibulo cochlear artery.



(a)
4. L A

(b)

(a)
5. AV A

(b)

(a)
6. VCA

(b)

(a)
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Labyrinthine artery

Lanel lar artery.

Anteroventral vestibular artery

Anterior vestibular artery.

Vein of the cochl ear aqueduct

Vein of the cerebell ar anastonpse

Vein of the scala vestibuli and vein of the

7. VSV scal a tynpani

VST
(b)

Vein of the scala tynpani and vein of the

scal a vesti buli.

Choose the correct answer(s)

8. The other veins present in the cochlea are

a) Conmon,

modi ol ar vei n.

b) Vesti bul o cochl ear vein.

c) Posterior vestibular vein.

d) Anterior vestibular vein.

e) Vein of the round w ndow.

f) ALl the above.
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6.2 : PHYSI OLOGY, | NNER EAR

SECTI ON J
COCHLEAR FLUI DS
Read t he passage given below and follow further instructions :

Traditionally, the inner ear is described in terns of
bony labyrinth, an intricate series of fluid filled tubes
runni ng through the tenporal bone, with which is suspended
t he nmenbranous | abyrinth. The nenbranous | abyrinth contains
a fluid of unique ionic conposition, the endol ynph, which is
separated by cellulal structures fromthe Perilynph, a fluid
of typical extracellular ionic conposition. In the cochl ea,
these structures devide the structure into three chanbers : -
scala tynmpani (S.T.), scala nedia (S.M), and scal a

vestibule (S.V.). In humans three chanbers, forma spiral of

approxi matel y ?; turns. S.T. and SV formthe outer
chanbers, which contain Perilynph. Both of these scala have
fenestrae to the mddle ear cavity that are closed by the
round wi ndow nenbrane and f oot pl ate of the stapes,
respectively S T and S V are connected at the cochl ear open
by an opening called the helicotrema. In addition, both
conpartnents are connected to other fluid filled spaces.
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S T Perilynmph of the basal turn is connected to the
cerebrospinal fluid (CS F) of the subarachnoid space by the
cochl ear aqueduct S V Perilynph o the basal turn has w de
conmuni cation with the Perilynmph of the vestibuli. S M
Cont ai ni ng endol ynph, is conpletely bounded by tissues to
that there is no direct fluid connection between endol ynph
and Perilynph. The cells surrounding the endol ynphatic
conmpartnment constitute an endol ynph/ Perilynph barrier,
characterized by specialized tight intercellular junctions
(zonul ae occludentes) to |imt paracellular solute novenent.
In the basal turn, cochlear endol ynph is connected to
saccul ar endol ynph by ductus reunions. Thus all three

cochl ear scal e have ducts allow ng conmunication with other

fluid-filled spaces.

State whether the followi ng are “True” or “Fal se”.

. The cochlea is devided into three chanbers.
.S Tand S V formthe outer chambers.

. Both ST and SV are closed by the round wi ndow and t he
footpl ate of the stapes.

.S Tand S V contains Perilynph.

.S T Perilynph of the basal turn is connected to the CS F
and S Vwth Perilynmph of the vestibuli.
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6. Bot h endol ynph and Perilynph contains sane ionic
conposi tion.

7. S Mforns the outer chanber.

8. There is direct fluid connection between endol ynph and
Peri | ynph.

9. Zonul ae occl udentes limt paracellul ar sol ute novenent.

10. In the basal turn, cochlear Perilynph is connected to
saccul ar endol ynph by ductus reunions.

1. a. What are the functions of cochlear fluids ?
b. What are all the technical difficulties faced in the
study of cochlear fluids ?
SECTI ON K
OUTER HAI R CELL

G ven here is a special section on outer hair cell. Encircle
the right choice :

1. O H C can be naintained for a. two days
b. four days
2. A healthy O H C behaves |ike an a. elastic rod
b. turgid rod
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Turgidity is related to a. positive hydrostatic pressure

b. Negative hydrostatic pressure

Insults to the cytopl smc nenbrane causes often the
ej acul ati on of nucl eus

a. yes

b. no

El ectrical stimulation of OH Cs generates
OHCis a. shortening of the cells

b. elongation of the cells.

The source of energy for the electronotility of

OHCis a. voltage dependent
b. cal ci umi ndependent
c. both.

In the intact cochlea, OH C maintain
a. lowresting potenti al
b. high resting potential .
“OH Cs can nove at rate no nuscle is capable of”

a. yes
b. no

Hyper pol ari zati on causes the OH Cto
a. elongate

b. shorten
c. both.



10. Depol arization causes the OHC to

a. elongate
b. shorten
c. both.

11. OHCis firmy anchored in the reticular |anm na

a. yes
b. no

12. OH C nucleus is eccentrically placed

a. yes
b. no

13. In the stereocilia and Cuticular plate, |ong chained
conmpounds are

a. present.
b. present but |oosely packed
c. present but densely packed

d. not at all present.
14. OH C has

a. tension resisting el enent
b. conpression resisting el ement
c. no such elenments present distinctly.

d. both present.

6.21

15. The conpression conponent is the vol unmous conponent and it

is :

a. the cytoplasm



16.

17.

18.

19.

20.
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b. the Nucl eus
c. the Plasma nenbrane.

The tension resisting elenent is

sub plasma | am na

| ami nat ed ci sternal network
cytopl asm

all the three

eoow

The low ionic strength sugar sol utions

a. depol arize the cel

b. hyperpol arize the cel

c. depol arize or hyperpolarize based
on the concentration of the sugar
sol uti on.

The increase in hydrostatic pressure of the OH Cleads to

a. increase in volunme
b. decrease in vol une
c. change | sunpredictable.

Sust ai ned depol ari zation |leads to
a. decrease in volune due to | oss of
fluid
b. increase in vol ume
c. change in volune is unpredictable.

O H C undergoes changes in the shape



a.
b.
C.
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uni di nensi onal |y
two di nensionally
t hree di nensionally.

21. norphometric anal ysis reveals that both the sugar and
pot assi um mani pul ation lead to

a.
b.
C.

d.

i ncreased all vol une.

decreased all vol une

i ncreased all volune with no
change in surface area.
decreased all volunme with change
in surface area.

22. Turgidity of the OH Cis affected by

23. Aspirin

a.

[oRN @]

[oRN o]

extracel lul ar application of
salicyl ates

i ntracel lul ar application of
salicyl ates

ei ther of the above

none of the above.

bl ocks the electromotility of
OHC

i mproves the electronotility of
OHC

none of the above

bl ocks for a certain and then

i mproves the electronotility.
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24. The substance which inhibits the response of the OH C are

a. cytochalasin B and Inorganic
Bi sphosphat e
b. Trifluoroperezine and Antiactin
c. none of the above
d. all the above.

25. Though the cochlear cells vary fromindividual to
i ndividual, there is an agerel ated decline in the nunber
of hair cells per mm

a. True
b. True but not al ways
c. Fal se.

SECTION L
COCHLEAR POTENTI ALS
Encircle the correct answer(s)
1. Potentials which occur without acoustic stinulation are
a. Action Potentials
b. Resting Potentials
c. Cochl ear M crophonics.
2. Potentials prevailing at rest can be classified into
a. Intracellular Potentials

b. Summating Potentials
c. Endocochl ear Potenti al s.
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bi oel ectric potential prevailing within a cell is

Resting Potenti al

Resting Potenti al

Resting Potentia

a. Cochl ear M rcorphonics
b. Intracellular Potenti al
c. Endocochl ear Potenti al

of inner hair cell is
a. + 45 nv

b. — 45 nVv

c. - 70 nv

d. + 70 nVv

of Quter hair cell is
a. — 45 nv

b. + 45 nV

c. — 70 nv

d + 70 nv

of the supporting cell is
a. — 45 to + 70 nV

b. — 70 to — 100 nVv
c. +45 to - 100 nVv
d + 70 to — 190 nVv

intracel lular potential is caused

a. due to the presence of fluids nore
specifically
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b. due to the presence of ions nore
specifically

both “a’ and ‘b’

due to the properties of the

pl asma nmenbrane and the
concentration of various ions on
ei ther side of the nenbrane

o0

8. The plasma nenbrane has a phospholipid | ayer which

acts as a resistor
acts as a capacitor
both ‘a’ and ‘Db’
acts as ‘a’ or ‘b’

coop

9. In a cell at rest

a. the net current across the
nmenbrane is zero

b. voltage across the nmenbrane is
zero

c. net current is 500 nV

d. the voltage across it is the
resting potenti al

10. The potential difference across a sem perneabl e nenbrane
at which electrochenm cal forces are in
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bal ance and there is no net flux of ions across the nenbrane

is terned

Equati on Potenti al
Action Potenti al
Permeability

Equi li brium Potenti al

ooop

11. The potential difference across the nenbrane
gquantified by this equation

M2
772 072,72 ??7??????7???????7??,

27
Vm= 2.3 . | og

2220222929202 9209909 9,

Ner nst equati on
CGol dman’ s equati on
Ohnis | aw

Mul l er’s principle

o0 T

12. The equilibriumpotential of sodiumion is

a. E[\b — 86 nv
b. Engq + 85 nv
c. Ea— 65 nVv

13. The equilibriumpotential of potassiumis
a. EK:-86W

b. Exk- + 85 nvVv
C. EK=-65|'TV

can

be



14. The equilibrium potenti al

a. Eqg
b. Eq
c. Eqg

15. The pl asma nenbrane of hair

of chlorine ion |

6.28
gi ven by
- 86 nv

=+ 85 nv
= - 65 nv

a. polarized apically
b. depol ari zed basol ateral |y

c. polarized into an apical portion
and basol ateral portion
d. none of the above
16. Tight junctions are
a. those which are present inside the
cyt opl asm
b. special nmenbrane structures

tightly joining the apical

circunference of the hair

cells

to adj acent supporting cells

c. speci al

“karyon” of hair cells

d ‘a and ‘c’

17. The foll ow ng channels are present

menbr ane

in the basol at eral
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cal ciumion channel s and potassi um
i on channel s

cal cium acti vated potassi um
channel s and chlori ne channel s

all the above

none of the above

18. The transducti on channel s

a.

b.
C.

d.

not at all conduct at resting
pot enti al

in a lowconducting state at
resting potenti al

in a high conduction state at
resting potenti al

‘b’ and ‘c’

19. The theory commonly used in explaining the
el ectrophysi ol ogi cal properties of hair cells is

a.

b
C.
d

pl ace theory

t he menbrane t heory

frequency theory

Bekesy’s travel l i ng wave theory



20.

21.

22.

23.

24.
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The endocochl ear Potential (EP) al so bears the other nane

The source of EP is

a.

b.
c.

a.
b.
C.

Cochl ear m crophoni cs

Endol ynphati c potenti al
Rei ssner’s potenti al

Rei ssner’ s nmenbr ane
Basi | ar nenbr ane
Stria vascularis

Though the val ue of EP reduces slightly at higher turns,
t he approxi mat e val ue

EP is

The role of EP

[o RN oIl @ g}

aooo

80 nVv
80 mv
100 nv
100 mv

I+ 1

+

Oxygen dependent

Oxygen i ndependent

i ndependent of hair cells
‘a’ and ‘c’

hel ps is prevention of necrosis of
hair cells



6.31

b. helps in providing an el ectri cal

C.

driving force for the novenent of

posi tively charged ions through
transduction channel s
‘a’ and ‘b’

25. DC fall is the phenonenon in which

a.

b.

C.

EP decreases as long as the sound
i s present

the elicitation of cochlear

m crophoni cs through a speci al

t echni que

base |ine potenti al

26. The stinulus realted potentials are

O 0T

cochl ear m crophonics
summati ng potential s

action potentials
intracellular potentia

27. Stimulus related potentials are

El ectrical responses to acoustic

stinmul ation
Acoustical response to acoustic

stimul ati on



C.

d.
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El ectroacoustic response to
acoustic stinulation
all the above

28. The AC response and the DC response to any acoustic

stinmul ation are
a.

b.

C.

d.

intracellular and summati on
potential s

cochl ear m crophonics and
summati on potentials

cochl ear m crophoni cs and
endocochl ear potentials

all the above

29. Encircle the followwng CM statenents, if found true

0P T

30. CM di sappears when

There is no/real threshold for CM
There is no frequency limts
CMvaries fromturn to turn

CMis not affected by adaptation
and fatigue

there is damage of the inner hair
cel |



b.

C.

d.

6.33

there i s damage of the outer
hair cel

there is damage of stria
vascul ari s

never di sappears

31. Encircle the correct statenent(s)

a.

Upto 80 dB SPL, the magnitude of
CMis proportional to the
stimul us signal

Upto 105 dB SPL, the anplitude of
CMis proportional to the
stimul us signal

Upto 105 dB SPL, there is
nonlinearity in signal to
anplitude ratio

The magni tude of the response wll
vary depending on the frequency
of the acoustic stinulation.

32. Cochlar frequency maps are

a.

ultra high frequency response of
CM
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b. Tonot opogr aphi cal mappi ng tone
from60 Hz to 7500 Hz

c. largest response produced at the
api cal end

d. largest response produced for a
hi gh frequency stimul us.

33. The characteristic frequency is

a. the best frequency which produces
the | argest response

b. the best frequency which produces
the | argest response at the
basal end of the cochl ea.

c. the best frequency which produces
the | argest response for a | ow
frequency stimul us

34. The types of cochlear m crophonics can be abbreviated as
fol | ows:

a. CM and CMg
b. CM and Cw,
c. CM and CWg



35.

36.

37.
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Encircle the correct statenent(s) realted to CM

a. CMis dependent on the bl ood
supply to the ear

b. CMis independent of the blood
supply to the ear

c. CMis oxygen dependent

d. CMis oxygen independent.

The CM hel ps in understandi ng

a. The functional integrity of the
i nner ear

b. The abnormal conditions of the
i nner ear

c. The nechani cal events of the
Basi | ar Menbr ane.

Summat i ng potential s(SP) is the dc response arising as a
conposite, made of a nunber of bioelectric conponents. It
i s being recorded

a. in the scala nedia

b. in the scala vesti bul

c. differentially between the scal a
vestibuli and tynpani

d ‘a and ‘c’



38. At the best frequency, SP is

a. al ways
b. al ways
c. always
d. varies
39. At lowto noderate intensity at
best, SP is
a. always
b. al ways
c. always
d. varies

40. SP helps in

positive

negative

zero

from+ value to — val ue

frequenci es bel ow t he
positive

negative
zero

6. 36

a. understanding the frequency tuning
al ong the cochl ear partition,
to a | esser extent than CM

b. to conpare hair cells

c. understanding the frequency tuning
al ong the cochl ear partition but
to a greater extent than CM

but



41. On acoustic stinulation,

eoow
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stereocilia

bend toward the kinocilia

bend away fromthe kinocilia

swi ngi ng action of the stereocilia
t hi ckens and breaks off

42. Depol ari zation occurs when

[oRN @]

the stereocilia bends towards the
kinocilia

the stereocilia bends away from
the kinocilia

both ‘a’ and ‘b’

no such nmovenent of stereocilia c
occurs.

43. Hyper polarization occurs when

a.

[o RN @]

the stereocilia bends toward the
ki nocilia

the stereocilia bends away from
the kinocilia

both ‘a’ and ‘b’

no such nmovenent of stereocilia
occurs.
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44, On depol ari zation

45.

46.

outward flow of K*
outward flow of Na*

both ‘a’ and ‘b’

outward flow of all ions.

O 0T QD

During depol arization, the fusion of intracellular
menbr anous vesicles is pronoted by

a. all the ions
b. the intracellular increase of Ca®
c. outward flow of Na*

The fusion of vesicles result in the rel ease of
neurotransmtter into the extracellul ar space between the
hair cell and nerve transmtter. The neurotransmitter bind
to receptors |l ocated on the postsynaptic nenbrane of the

nerve fibre and alter the ionic conductance of this
menbrane. Thus this results in

hyper pol ari zati on
depol ari zati on
action potenti al
both “a’ and ‘c’

coow
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47. The action potential conprises of

a. large negative potential N;
occuring due to the synchronous
di scharge of a | arge nunber of
neur ons.

b. large positive potential N;
Cccuring due to the synchronous
di scharge of a | arge nunber of
neur ons

c. the initial negative potenti al
foll owed by a second |esser
potential N

d. ‘a” and ‘c’.

48. Action potentials can be neasured by

a. El ectrocochl eography

b. placing an el ectrode on the wall
of the External Auditory Meatus
directly on the drum nenbrane or
annul ar |i ganment

c. El ectroencephal ography

d. ‘“a’ and/or ‘P

49. “Tuning curve” for the fibre is defined

a. as the frequency and intensity
conbi nation of stimulus



50. The tuning curve is also

51.

52.

The phenonmenon

coow

6. 40

that increase the nean firing

rate above spontaneous |evel of
di schar ge

the frequency to which the fibre
tenporal codi ng phenonenon of the
fibre

t er ned

Frequency Threshol d Curve (FTC)
Spectral Curve

Curve of linearity

Cochl ear Frequency Maps.

in which the discharge rate of cochlear

nerve fibre is maxim
reduction in an exponential fashion is terned

“Phase- | ocki ng”

oo op

a.

at first and afterwards there is a

Phase | ocki ng

Tuni ng curve

Cochl ear frequency mappi ng
Adapt ati on effect

The phenomenon whi ch occurs in
tenporal coding
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b. Phase rel ationshi p between the
spi ke and the stinulus waveform

c. Maxi mal response at the
characteristic frequency

d. ‘a and ‘b’

53. Reduction in firing rate occurs due to

a. Phase | ocki ng

b. Two tone suppression
c. Adaptation

d. ‘b’ and/or ‘c’.

54. Speech sounds are coded in terns of their

a. intensity
b. phase
c. characteristic frequency

55. The speech stimuli is understood by
a. spectral codings
b. tenporal coding
c. ‘a and ‘b’
d. adaptati on.
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SECTI ON M

COCHLEAR MODELS

Cochl ear nodel s help us to understand cochl ear functions.
The designers usually express then norphol ogi cal,

el ectrochem cal, nechanical, acoustical, biophysica

vi ewpoi nts through their nodels. Explain these key words:
(1) Macronechanics (2) Mcromechanics (3) Transduction (PS:
These three are the cl assification on pedagogi cal purpose of
cochl ea)

MACROVECHANI CS

a) Match the Macronmechanical nodels to their respective
researchers.

RESEARCHER MODEL
1. Helmholtz nodel a. Hydrodynam c node
2. Zw sl ocki nodel b. Rectangul ar box nodel
3. Lesser and Berkl ey c. Transm ssion |ine nodel
4 Ranke’ s nodel d. Resonance node
b) Fill in the blanks:
1. Hel mholtz nodel views cochlea as a and it

fail ed because of the om ssion of
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Ranke' s npdel studies the in the cochl ea.

Transmission |ine nodel is a sinplified version of the
nodel .

Transm ssion |ine nodel considers the of the

cochl ea, and t he Basil ar nenbrane.

The transm ssion |ine nodel considers the

portion of the cochlea and cochlea is viewed as a
filter.

M CROMECHANI CS

a.

b.

Nane four m cronechani cal npdels of the cochl ea.
Fill in the bl anks:

In Zwi sl ocki and Kl etsky's nodel |, the resonant reed is
the other nanme of this nodel is

The resonant systemis neant to represent the mass and
the stiffness.

In Zwi sl ocki and Kl etsky’s nodel Il, there are a paralle
bank of resonating reeds tuned to slightly different
frequencies and these reeds are connected al ong the
_______ axis with a nonlinear elastic nediumthat
mechani cal |y coupl es them
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4. Both the Zwi sl ocki’s nmodels are ___ nodel s.
5. Inthe ter Kuile' s nodel, sensing the notion of the
Basi | ar nenbrane is studied by the transformation of the
of the Basilar nmenbrane into a radia

6. The ter Kuile's nodel is equivalent toa t hat
linearly converts the vertical Basilar Menbrane notion
into radial shearing notion appropriate for the excitation

of hair cells.

7. nodel is an extension of the ter Kuile’'s
nodel in which is given a new degree of freedomto
to vibrate in a di rection.

' V. NEURAL TRANSDUCTI ON

Fill in the bl anks:

. nodel is also ternmed the negative resistance
nodel as it calls on the concept of danpi ng or
resi stance in the Basilar Menbrane.

2. This nodel assumes that the _ response and __

response are identical.
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The negative resistance nodel along with the resonant
tectorial menbrane nodel of Allen best fits the tuning
curve between the frequency range of

The use of negative resistance is supported by cochl ear

Zw cker’s nmodel is a hardware cochl ear
- preprocessing nodel with __ f eedback.
The conponents of Zw cker’s nobdel consists of a

conbi nation of and ones along with
| oops.

In Zwi cker’s nodel the inner ear was divided into __
section and the frequency range consi dered was

The Zwi cker’s nodel assunes that the cells act
as a saturating nonlinear nechanical anplifiers which
feedback to the vibration of the nmenbr ane and
while only the cells.

Thi s nodel explains the otoacoustic
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'probabilitie
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Paeudo
spectrum
A conposite inner ear nodel containing the
Basi |l ar Menbrane (BM, Inner Hair Cell (I1HO,
synapses is presented in the flow chart

Guess who proposed the nodel

- Ray Meddis

- Bekesy

Pi ckl es

Li Deng and C. Dani el
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m ddl e ear,
Nerve fibre

depi cted above.

Gei sl er
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SECTI ON N

OTOACQUSTI C EM SSI ONS ( CAE)
Choose the correct answer(s)
1. The presence of QAE indicate

a. The response of mddle ear
mechani smto the sound.

b. the response of preneural cochl ear
recept or mechani sm

c. the matchness of the auditory
brai n stem pat hway

d. cortical response.

2. The QAE are usually elicited in the normal ears

at 30 dB HL
at 44.5 dB HL
at 72.5 dB SL
at 0 dB SPL

[o RN ol @ g )

3. The latency of human OAE at 5 KHz and 500 Hz are

a. 4 nsec. and 20 nsec. respectively.
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b. 25 nsec. approximately
15 nsec. and 45 nsec. respectively
none of the above.

o0

4. The unstinmul ated OAE are

a. the spontaneous nature
b. puretones

c. narrowband noi se

d ‘a and ‘b’

5. The spontaneous QAE is

a. elicited in 100% of the ears
b. requires no stinmuli to elicit
C. requires two tones as stinuli
d

elicited in 40-60% of the nornal
ears.

6. Evoked ot oacoustic em ssions are

a. Transiently evoked OAE ( TEQAE)
b. Unstinul ated OAE



C.

Stimul us Frequency QAE ( SFOAE)

d. Distortion Product OAE

( DPOAE)

7. Clicks are used in eliciting

0T

8. The | ow | evel

0T

short TEQAE
DPOAE

SFOAE

Long TEQAE

puretone stimulus elicits

Short TEOAE
SFOAE

DPCAE

Long TEQGAE

9. Two tones stimulus elicits

o0 Tw

SCAE

SFOAE
DPCAE

Long TEQGAE

10. The incidence of TEQAE and DPOAE are

o O T o

approxi mately 50%
55 - 70%
85 - 94%
approxi mately 100%

6. 49
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11. The incidence of SFOAE is found to be

a. approxi mately 50%
b. 55 -70%

c. 85-94%

d.

approxi mately 100%
12. The characteristic frequency range of QAEs

SOAE 0.5 - 6 KHz

TEOQAE 0.5 — 4 KHz

DPOAE 0.5 — 8 KHz

all the ‘a” ‘b’ ‘¢’ statenents are
false as there is no such
frequency specificity found in
eliciting QAEs

aoow

13. Neonat es

a. do not emt QAE

b. emt uniformy from1l to 5 KHz
c. ‘b’ but w thout deep notches
d. ‘b with deep notches often
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14. Adult responses have

a. mssing frequency bands
b. nonlinear response
c. slowgrowth

15. Neonatal eni ssions

a. have deep notches frequently

b. have fast grow h of response to
t he stinmulus

c. have deep notches very rarely

d. no em ssions prevail.
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CHAPTER 6

KEYS

6.1 : ANATOWY, | NNER EAR
SECTION A

G ve ne a nane

(1) Petrous (2) Cochlea (3) Anmpulla (4) Mdiolus (5) Cupola
(6) Scala (7) Helicotrema

Name t he parts

1. Cavity systenms — one which houses the organs of
equi | i brium and the other which houses the organ of
heari ng.

2. Menbranous and bony | abyrinthine systens

3. Vestibule, semcircular canals and cochl ea.

4. Oval wi ndow, vestibul ar aqueduct and duct us
endol ynphati cus

5. Lateral, superior and posterior.
6. Bony and nenbranous
7. Scala vestibuli and scala tynpan

8. Round wi ndow, helicotrema and cochl ear aqueduct



9. Perilynph and endol ynph

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

1
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Menbr anous sem circular canals, utricle and saccul e and

cochl ear duct (Scal a nedia)

Basi | ar nenbrane and Rei ssner’s nenbrane
Vestibular lip, tynmpanic lip

spiral |inmbus and habenul a perfor ata
| ona arcuata and zona pectinata
supportive cells and receptor cells
Quter pillar, and inner pillar

Quter tunnel and inner tunnel

Quter and inner

Quter and inner

Li mbal , m ddl e and nargi nal zones
Type A and Type B fibrils.

W ndows:

KIDNEY 2. VESTIBULE 3. FOOT PLATE, STAPES 4. EDGES,

CENTER 5. EPI THELI UM CONNECTI VE, EPI THELI UM

THREE.
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SECTI ON B
1. Anatom cal dinensions
a) 8 mfmb) 35 mmc) 34nmd) 31.5 mme) 4000 f) 60000 g) 3500

h) 20,000 i) 150-450 /nmj) 24,000 k) 20 nml) 10nmm 15 20
nmn) 1.01 mt 1.28 mf o) 73° p) 3 Mm

2. Parts, menbranous |abyrinth:

a) Ductus endol ynphaticus e) Canalis reuniens (of Hensen)

b) Uricle f) Cochl ear duct
c) Ampul |l a g) Ductus utriculo sacularis
d) Saccul e h) Endol ynphatic sac.

3. Cochl ear seal ae
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1. Scal a vestibuli 8. Basil ar nenbrane

2. Reissner’s nenbrane 9. Quter hair cells

3. Scala nedia 10. Tunnel of corti

4. Stria vascularis 11. Scal a tynpani

5. Tectorial nenbrane 12. Inner hair cells

6. Supporting cells 13. Gsseous spiral |am na
7. Rods of corti

4. Spiral organ

ey

X

1. tectorial nmenbrane 2. Quter hair cells

3. Hairs 4. inner hair cells 5. Afferent nerve fibres

6. cochl ear nerve fibr es.
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SECTION C

COCHLEAR MEMBRANES

1. The nenbranes of cochl ear are Basil ar nmenbrane, Tectori al
menbr ane, Rei ssner’s nenbrane, Reticul ar nmenbrane, and
Har desty’ s nenbr ane.

2.
"""" Basilar ~ Tectorial menbrane =~ Reissner’'s
menbr ane (BM (T™M menbr ane (RM
~ Acellular, a. Structure Two cell Tayer
connective tissve Acel | ul ar menbr ane.
structure sem transparent,
fi brous gel ati nous
structure

b. Attachnent or

ext ensi on
BMis attached Attached to the Extends fromthe
nmedially to the spiral |inbus nedi al edge of the
spiral |am na and spiral linmbus to
laterally, to the t he upper
spiral |iganment (vesti bul ar edge
thus formng the of the stria
floor or the vascul ari s thus
scal a nedi a form ng the roof

of the cochl ear
duct
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BM ™ RM
S e zones T
Medi al zone 1. Linbal zone

(parstecta)
2. Mddle zone
Lateral zone
(parspecti nat a) 3. Marginal zone

d. Cellul ar
componenet s

Mestothelial cells Fibres and fibrils Squanous or | ow
(at the tynpanic cuboi dal cells and
surface ) and m crovill
ground subst ance
along with
uni dentified

e. Other inportant
structures

Vas-spiral e Har desty’ s M crovill
menbr ane
Heari ng f.Role Purely Secretion of

mechani cal endol ynph
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Figure (3} A schomaltic of the subsirata of the tec-
torial mambrana, llustrating the cover nod, fikrous main
body, and homogenous basal layer (of Hardesty).
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SECTION D

HAI R CELLS

A. Quter hair cells parts

a. Basal body b. Stereo cilia c¢. Mtochondria
d. deiter’s cell e. Nerve endi ngs f. Nucl eus

B. Inner hair cells parts:

a. Stereocilia b. Basal body c¢. Mtochondria d.
Mcrovilli e. Nerve endings f. Nucleus g.
Supporting cells
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2. Differences existing between outer hair cells (CHO

and inner hair cells (IHC

Arranged in 3-5 rows

They are about 20, 000
cells in nunber

Cell is obliquely

pl aced

Cells are arranged such
that there is

i ntercellular space
Towards spiral |igenent

Supported by outer
phal angeal cells

Bordered by Hensen and
Cl audi us cells.

b. Size and shape

Less bul ky
Cylindrical
25 /umin length

Cell surface or cuticle
is flat

Arranged in a single
row

About 3000-4000 cells
i n nunbers

Not obliquely placed

No i ntercellul ar space

Towar ds nodi ol us

Supported by inner
phal angeal cells

Bordered by cells of
Hel d

Bul ki er
Fl ask shaped
35/umin length

Cell surface or
cuticle is oval or
round.

6. 61



OHC

Ki dney shaped at the
base, oval in apex;
Rounded nucl eat ed
base |ike mniature
test tube.

6 — 7 /u mw de,
t hi ckness of cuticle
i's sane

c. Cell contents

Nucl eus i s oval /round

Nucl eus i s situated
at the end of the
cel |

Nucl eus is smaller in
si ze

Lanel | ated body in
t he supranucl ear
regi on seen

I nf ranucl ear portion
contai ns |arge nunber
of m tochondria and
endopl asm ¢ reticul um

| HC

W de at nucl eated base.

10 /um wi de cuticle.

Nucl eus is round

Situated centrally.

Bi gger than that of OHC

Not seen

Supr anucl ear portion
contai ns | arge nunber of
m t ochondri a and

endopl asm ¢ reticul um
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OHC | HC
Has two to three layers 6. Has only one layer of
of di sconti nuous di sconti nuous nenbr ane.
menbr ane
Pl asma nenbrane is 7. Not so snooth as OHC
snoot h.

The central portion is 8. Rich in cytoplasm
free of cytoplasm but
cont ai ns gl ycogen

In all OHCs, cisternae 9. Not in all
are present which

participate in the

production of CM and

gi ve protection.

d. Stereocilia

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

V and Wstereocilia 2. Stereocilia arranged
parallel to each other

Ciliais short and thick 3. Clia is long and thick
Stereocilia decrease 4. Stereocilia decrease
from apex to base from base to apex.
First X 77 10 65

Second X 100 to 90

row X

Third row 80 to 18



©

6.63

OHC | HC
Lesser diameter (0.20 /um) 5. Geater dianeter
(0.45 /um
Length: 55 /umto 0.5 /um 6. Decreases from base
to apex 45 /umto
first row X 20 /um
i ncreases X 35 to
X 55 /um
to fromthird X 55 /um
X
row X
Root | ets are tube |ike 7. Rootlets are thinner
and poi nt ed.
Long extensions of the 8. Not seen.

rootlets fromthe Cuticul ar
plate into the cytopl asm of
the cell is seen.

e. Nerve | nnervation

Afferent fibres inner vate 1. Afferent fibres

in the |ongitudinal innervate radially
di rection.

Type Il nervous give 2. Type | nervous give
afferent innervation afferent innervation

to radial fibres,

| eading to | HC.
These radial fibres
are susceptible to
hypoxi a.



Fol | owi ng transacti on of
VIl nerve, only Type |
Cells remain

A single fibre
i nnervates many hair
cells (1: many)

Efferent fibres
i nnervates the hair

cells radially

No axoaxoni c connecti ons
of nerves

The dendrites of outer
spiral fibres are in the
range of 0.5 /u

The region of neural
contact is limted to
the lower end (afferent)

6. 64

Fol | ow ng transacti on,
Type | cells die and
degenerat e

Many fibres to single
one hair cells (Many: 1)

Efferent fibres
innervation is in the
| ongi tudi nal direction.

Axoaxoni ¢ connection
present.

The dendrites of
afferent fibre to |HC
are largest with an

aver age di ameter of 1
/u.

The afferent fibre
contact the | ower end of
the cell or at the side
and occasional ly high up
al ong the sensory cells
(pl asma nmenbrane of the
sensory cell).



6. 65

OHC | HC
OHC possibly nonitors 9. IHC rather participate
the receptor organ in direct neura
electrically or i nformati on transm ssion
mechani cal | y to Central nervous
system

f. Responses

OHC respond to 1. IHC respond to the

di spl acenment magni t ude velocity of Basilar
menbr ane di spl acenent

OHC respond to radi al 2. IHC respond to

shearing force. | ongi tudi nal shearing
force.

g. Function

Associ ated with spati al 1. Associated with fine
sumat i on di scrimnation of
frequency.

h. Resting potential

The menbrane potenti al 1. Menbrane potential is —
of OHCis -70 nVv 45 mv

(simlar to that of the

supporting cells)



6. 66

OHC | HC
"""""""""""" i. Kinetics
OHC are capabl e of fast Nei t her | HC nor
and slow notile supporting cells display
responses based on the notil e response

polarity of the

el ectrical stinmulation.
Depol ari zati on shortens
t he cel
Hyper pol ari zati on

el ongates the cell.

j . Metabolism

Lesser than that of IHC 1. Mre than that of OHC
Sane | evel inuptake of hi gher uptake of 3H 2- DG
gl ucose during acoustic duri ng noi se exposure.
stimul ation.

The OHC could rely upon 2. ducose netabolismis

am no acids or stored simlar to that of stria
gl ycogen (alternate vascul ari s
sour ces)

k. Cochl ear transuction process

OHC i s consi dered 1. IHC is considered the
nmodul ator of the IE receptor of the IE
mechani cs capabl e of nmechani cs.

fine tuning of the
cochl ear receptive
functi oni ng.
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OHC damage increases the 1. |HC damage increase the

threshol d and change the t hreshol d but not
shape of the tuning changes the shape of the
curves. tuning significantly.

OHC are coupled to 1. IHC are coupled to the
supporting cells by supporting cells by
tight junctions which tight junctions with 5-
are nore extensive then 15 sealing fil anents.

t hose occurring on the
HC with a m ni mum of
10-15 sealing filanents.

These sealing filanents 2. The sealing filanents

arranged mainly in a are arranged in a nore
paral | el fashion but or | ess parallel

certain rounded areas fashi on. Pol ygona
devoid of filanments al so arrangenents nmay al so be
occur with the seen with the junction.

junctions.
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n. Postnortem changes

1. Human — 15 mnutes post nortem

Quter hair cell bundl es Stereocilia of IHC
| ook wel | preserved but shows i nci pi ent
protrusions of cell di sintegration of
surfaces are common CHC surface nenbrane.

show ng good preservation
and retention of sone tip
i nks
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SECTION E

SUPPORTI NG CELLS

1. Nanme the supporting cells.

a. AUDI TORY TEETH

b. | NNER SUL CUS CELLS

c. BORDER CELLS OF HELD
d. PHALANGEAL CELLS

e. PI LLAR CELLS

f. DEIl TER S CELLS

g HENSEN®S CELLS

h. BOTTCHER"® S CELLS

i. CLAUDI US CELLS

j. EXTERNAL SULCUS CELLS

k. ROOT CELLS

2. Nunber Gane:

a) 6 /um b) 5to 15 c) 5to6 d) 3 e) 6/um f) 13, 25,
and 6 /um

SECTI ON F
. STRI A VASCULARI S

1) Three 2) Vascularized 3) Border cells 4) Marginal 5)

I ntermadi at e 6) nucl eus 7) cytoplasm 8) mitochondria 9)
M cr ot ubul es 10) Cell processes 11) Spherical 12) Lightly
st ai ned 13) Lipofuscin 14) Melanin 15) Basal.
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1. SPIRAL LI GAMENT
True — 1, 2, 4, 5, 6, 7
Fal se — 3,
[1'1. ENDOLYMPHATI C DUCT AND SAC

1 (d); 2 (b); 3(a,b,c,d)

SECTI ON G
COCHLEAR FLUI DS
. Match:
1 -bandd;, 2-a 3.-¢c¢

. 1 N"; 2. K 3 c®; 4 wm*; 5 p"; 6 cl
7. HCos ; 8. Osnolarity 9. Electrical potentials.

SECTION H
VESTI BULOLOGY

I.1. Supporting cells, sensory cells, cirstate, mascul ae
nerves, otolithic nmenbranes, and cupul ae.

2. The two macul ae are stinmulated by |inear accel eration and
the effect of gravity. The three cristae anpullares
regi ster angul ar accel ereation in the sane plane as the
sem circular duct is irritated.
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6.71

Cupula is a gelatinous nmenbrane simlar to that of the
otolithic nmenbrane.

The vestibul ar sensory areas are localized in five
specific regions. The two macul ae and three cirstae.

Each of the receptor organs is conposed of sensory and
supporting cells but they are arranged in a conpact nass.
(They are nore like the auditory papillae of reptiles and
birds than the mamual i an organ of corti).

Thus the vestibule is different from cochl ear nenbr anous
labyrinth in two respects, as mentioned above.

1. 1. 4.8° to 18°

2.

3.

25°to0 30.4°
11.3°to 18.2°
The angle (i) between the semi circular canals (ii)

between two cristae (iii) between the semcircul ar
canal and its cristae do not lie at right angles.

True — 2, 3, 5

False — 1, 4
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SECTI ON |

VASCULAR SUPPLY
1. (a); 2(b); 3(b); 4(a); 5(b); 6(a); 7(a); 8(f).
6.2 : PHYSI OLOGY, |NNER EAR
SECTI ON J
COCHLEAR FLUI DS
l. True -1, 2, 3, 4, 5, 9
False — 6, 7, 8, 10

Il. a. Functions of cochlear fluids — Metabolism Elimnation
of waste products, Cochlear transduction

b. Technical difficulties faced in the studyof cochlear
fluids- Total volune of the cochlear fluids is
relatively small; Specialized procedures of sanple
wi t hdrawal , handling and anal ysis are required to get
uncont am nat ed pure sanples; There is a practica
difficulty of gaining access to the cochlear fl uids
W t hout excessive disruption of the normal state
|l eading to variation in results.
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SECTI ON K

QUTER HAI R CELL
Encircl e:

1 (b); 2(b); 3(a); 4(a); 5(a); 6(c); 7(b); 8(a); 9(a); 10(b);
11 (a); 12(a); 13(d); 14(d); 15(a); 16(a b); 17(b); 18(a);
19(a); 20(c); 21(c); 22(c); 23(a); 24(d); 24(a)

SECTI ON L
COCHLEAR POTENTI ALS

Encircl e:

1(b); 2(a and c); 3(b); 4(b); 5(c); 6(b); 7(d); 8(c);

9(a and d); 10(d); 11(b); 12(b); 13(a); 14(c); 15(c);

16(b); 17(c); 18(b); 19(b); 20(b); 21(c); 22(b); 23(a);
24(b); 25(a); 26(a); 26(a,b, and c); 27(a); 28(b); 29(a,b,c,
and d); 30(b); 31(b and d); 32(b); 33(a); 34(b); 35(a, c, and
d); 36(a,b, and c); 37(d); 38(b); 39(a); 40(c); 41(a); 42(a);
43(b); 44(a0: 45(b); 46(c); 47(d); 48(d); 49(a); 50(a); 51(d);
52(d); 53(d); 54(c); 55(c).
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SECTI ON M

COCHLEAR MODELS
|. Key words:

1. Macronechanics — Study of fluid notions of scal ae;
assunes for analysis — mass, stiff-ness
and danpi ng.

2. Mcronmechanics — Here notions of organ of corti
inner hair cells, outer hair cells,
tectorial menmbrane, pillar cells, notions
of fluid in the space between the
reticular |am na and tectorial nenbrane
are concer ned.

3. Transduction - Here the el ectrochem cal response of the
inner hair cell to basilar menbrane
nmoti ons are studi ed.

I'1. Macronechanics:

a) 1-d; 2-c; 3-b; 4-a.

b) 1. Piano cochlear fluids; 2. fluid effect; 3. Ranke's 4.
mass, stiffness, mass per unit; 5. |ongitudinal, band pass.



M cr onechani cs:

6.75

a. 1. Swislocki’s node
2. Zwi sl ocki and Kletsky' s tectorial menbrane nodel
3. ter Kuile s nodel on Basilar nmenbrane di spl acenent
4. Allen’s Tectorial nenbrane nodel
b. 1) mass | oaded, sharpening
2) tectorial nenbrane, stereocilia 3)Iongitudinal
4) non-linear; 5) displacenent; shearing;
6) lever 7) Allen’s; tectoria nenbrane, radial
I'V. Neural transuction:
1. Neely and Kinm's; negative. 2) Neural, Basilar nenbrane;
3) 100 Hz to 30 KHz; 4) Emissions; 5) non-linear, active;
6) linear, non-linear, feedback; 7) 90, 900 Hz to 8000 Hz;
8) Quter hair, Basilar, Inner hair; 9) Em ssion.
V. GQuess who for what:
Li Deng and C. Daniel GCeisler
SECTI ON N

OTOACQUSTI C EM SSI ONS( OAE)

Choose:

1.
d);
c);

(a and b); 2. (a); 3. (a); 4.(d); 5(b and d); 6. (a,

7.

1

3(c); 14(a, b, and ¢); 15. (b and c).

C,

and

(a and d); 8(b); 9.(c); 10(d); 11 (c); 12. (a,b, and
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7.

7.
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CHAPTER 7
CENTRAL AUDI TORY NERVOUS SYSTEM
This chapter contains two parts:
Anat ony, Central Auditory Nervous System

Physi ol ogy, Central Auditory Nervous System The Secti ons
A and B of :

deal s with various anatonical aspects within and outside
the cochlea, towards the cortex. Section C deals with
the efferent auditory pathway.

The Sections D, E and F: of:

deals with the physiol ogi cal aspects involving Neurons,
Neurotransmtters and tonotopicity.



Label the parts in the diagram gi ven bel ow

—T]
=19

-l
.

Fill in the bl anks:
The ___nerve supplies the cochlea and its ot her
nanes are nerve and nerve.

The three innervation conponents of the acoustic nerve
are , , and




10.

11.

7.3

Every afferent nerve has a axonal extension

and a dendrite extention.

Afferent nerve supply fornms the spiral ganglion which |ies

in the has the other nanre

The dendritic extension termnates at the and
forms the (150 A%

The and are the presynaptic

characteristic structures seen

denotes the nunber of nerve fibres per unit

| ength of the organ of corti.

___ base nerve fibres enter through each channel of

t he habenul a perforeta out of which ___ percent age

form fibres and i nnervates hair cells
Quter hair cells are supplied only by of nerve
fibres.

Inner hair cells are innervated in the ratio of

nerves to hair cell whereas the outer hair cells
inratio of to
Quter hair cells supplied by neurons and i nner

hair cells by



12.

13.

14.

15.

16.

17.

18.

19.

20.

neurons are bipolar and neur ons

are pseudo nonopol ar.

Type | neurons are affected by defi ci ency.
Type Il neurons follow the pattern
(nerve)

Ef ferent nerve supply is also terned as

Efferent nerve fibres are classified into and

______ fibres and further they can be classified into

________ and __ fibres.

Inner hair cells are supplied by fibres by
per cent age.

The efferent pathway produces __effect.

The autonom c innervation is assumed to be originating

from gangl i on and

gangl i on.

The function of autonom c pathway is

SECTI ON B

1. Name the auditory structures present in the brainstem

7.

4



2. Match the structures with their |ocation

Structures Locati on
1. Cochl ear nucl ei a. Pons
2. Superior olive b.
3. Lateral I emniscus c. Pontonedul |l ary
junction
4. Inferior collicular d. Thal anus

5. Redial genicul ate body

What are all the divisions of cochlear nuclei?

VWhat are all the types of cells seen in the cochlear

nucl ei ?

Find the common site in VCN for the follow ng cells:
1) Bushy cell 2) Octopus 3) Miltipolar cells.

G ven the striae of cochlear nuclei — Trace their origin
and projection. (Cues: Dorsal stria, internedial stria,
Ventral stria, DCN, AVCN, PVCN, SOC, LL, IC, contral ateral
i psilateral).

7.

5



10.

11.

12.

13.

14.

7.6

What are all the divisions of SOC?

How does LSO and MSO receive their input?
State any two functions of SOC

What are all the branches of LL?

Where does LL get its input fronP

What are all the divisions of |C?

What does the divisions of IC conprise of?

Nane the division of M3B? Wiat type of cells they conprise

of ?
Fill in the bl anks:

The auditory areas enconpass the

s tenporal lobe, I — F _ _ o parietal |obe
and the | N _ parietal | obe.
H_ gyrus is called the primary auditory area

S N fissure contains primary auditory area.
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4. | _ _ _ _ Ais also an aera, or a patch of cortex that lies

medial to the mddle segnment of the superior tenpora

gyrus, which is acoustically responsive in the cortex.

5. CL Mis another narrow strip of grey mater

whi ch seemto be highly responsive to acoustic stinulation.

6. The first major pathway to the cortex originates fromthe V
L M3B and is essentially all auditory fibres.

7. The second pathway from MaB to auditory cortex consists of

A Y, S_ _ _ _ _ C and possibly V_ L
fibres
8. The primary auditory area has both I _ _ and |

hem spheri c connecti ons.

9. The auditory cortical areas as well as nost of the tenpora
| obe, have connection tothe F_ _ T _ _ |obe.

10. A UA F__Cd _ L __ fibre tract connects

wer ni ckes to Broca’'s area.

11.1n primates as well in humans, in the Heschl’s gyrus. The

hi gh frequencies are represented C A UD O

and the low frequencies ROS TRO
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12. In the cortex the cells of the primary auditory area aer
sharply tuned to frequency and _ S = E  E _ Y

strips (contours) can be found.

13. Thereis aS _ _ T _ _ _ conmponent to frequency
representation in the auditory cortex.

14. The main artery that provides the blood supply to the
auditory cortex isthe _ _DD_ _ _ _RE _ _ AL artery.

15. The first major branch that supplies an auditory region is

the O _ _ _ opercular artery.

SECTION C

EFFERENT AUDI TORY PATHWAY

1. What are the other nanmes of efferent auditory pathway?

2. \Were does the efferent auditory pathway originate?

3. What are the divisions of efferent pathway? Were do they

end?

4. \What are the functions of the efferent auditory pathway?
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7.2 : PHYSI OLOGY, CENTRAL AUDI TORY NERVOUS SYSTEM

SECTION D

NEURONS

I. a. Neurons are the basic structural and functional units of
t he nervous system It is well known that a neuron
conpri ses of axons and dendrites. Gven here is
i nformati on on nerve axon. Match themto their exact
numbers.
~ Nerve axon  Number
1. Human nerve axon a. 2,00,000
2. Cat b. 16, 000
3. Marine ani mals c. 30,000
4. Kangar oor at d. 50,000

b. Informati on on phenonena, statistical technique, nerve

response etc. are given as cues.

Mat ch the foll ow ng.
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A B
1. Nerve a. Natural decline of
di schar ge
2. Noise stimuli b. Phase | ocking

i nvestigation
3. Adaptation c. CF.
4. Tenporal coding d. Reverse correl ation

e. Tuning curve.

Fill in the bl anks:

and are the two fornms of discharge or

firing rate of auditory cortical neurons as a function of

intensity.

Many of the neurons in the auditory cortex are sharply

plays a critical role in localization abilities

of the auditory cortex.

tones are nore effective stinmuli for cortica

cells than steady state tones. (Witfield and Evans,
1965) .
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5. Abeles and Goldstein (1972) showed four kinds of responses
of cortical neurons to a 100 nsec. tone.
a) Neurons sustained a response for the duration of the

sti mul us.

b) Neur ons responded only to the onset.

c) neurons responded after the tone was

term nat ed.

d) This type responded both to onset and offset of the tone

but ___sustain a response during the tone.

6. At resting the average firing rate of neurons in the guinea

pi g cochlear afferent nerve is spi kes/ sec on

an average.

7. Liberman classified the spontaneous rate of discharge into

three groups as : and

SECTION D

NEURO TRANSM TERS

Neurotransmitters rel eased on the primary afferent neurons at
the base of the inner hair cell and outer hair cell are called

Af ferent Neurotransmtters.
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Neurotransmtters rel eased on the hair cells by the notor

neurons are called Efferent Neurotransmtters.

Neurotransmtters which are slow in action are terned as

Neur onodul at or s.

Nane the criterion.

The transmtter candi date when applied to the synapse,
should elicit a postsynaptic response that mmcs the
response produced by natural stinulation of the presynaptic
el ement .

Substance that influence the natural postsynaptic response
shoul d al so have the sane influence on the response

elicited by the transmtter candidate.

Stinmulation of the presynaptic el enent should result in the
rel ease of the transmtter candidate and the rel ease shoul d
be dependent on extracellular cal ciumions.

The transmtter candi date nust be shown to exi st
presynaptically associated with structures capable of its
rel ease

Enzynes responsi ble for the biosynthesis of the transmtted
candi date nust be present in the presynaptic el enent of the

synapse.
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6. A nechani sm nust be denonstrated that can either renove the
transmtter candidate fromthe synaptic cleft or inactivate

its physiological influence on the postsynaptic receptors.

Il. Goup — the afferent transmitters; efferent transmtters
and the nodul ators: Adenosine, due, Ach, Asp, Atropine
KA, Taurine, Curare, GABA, QA, KyN, Methionine encephalin.

[11. Fill in the blanks:
1. GABA receptors are of two types, They are and
2. receptor is sensitive to Bicuculline and is

not affected by

3. receptor is sensitive to Baclofen and is not

af fected by

4. Baclofen is a GABA where as picrotoxin is a
GABA

5. The neurotransmitters usually influence the potentials such

as and
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6. has been proved an inportant Neurotransmitter

and neuronodul at or serving not only as an excitatory
transmitter of the first afferent synapse of pain pathways
but as a val uabl e neuronodul ator in the primary cortica

areas of senso sensorial integration in

V. Quess who for what.

The nerve cell transduction nodel is given bel ow This
hel ps in understandi ng action potential. Guess who
proposed this nodel: (1) Ray Meddis, (2) Celfand, (3)
Moore, (4) LiDeng and C. Daniel Geisler.

A. Hair cell response allowing for

nmechani cal ciltering and distortion
Hair cel

rel ease

effects in ternms of changes in

perneability of nmenbrane

""" Transnitter release into cleft
B. Eectrical response of VIl nerve
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SECTI ON F

TONOTOPI C ORGANI ZATI ON AND CHARACTERI STI CS I N AUDI TORY
PATHWAY

Stri ke out whichever “lnapplicable”. (cues) Low Frequency -
LF; Hi gh Frequency — HF, Lower, Hi gher).

1. The apex of the cochlea responds well to the LF / H- and
base to LF / HF.

2. The core of the auditory nerve contains LF / HF fibres and

in the periphery lies the LF/ HF fibres.

3. In AVCN, the CF to which there is response wll be

| ower / higher at the nobst anterior aspect of the dorsal

segment .

4. The LSO has a uni que tonotopic arrangenent with LF / HF
| ocated nedially.

5. M5O has nostly LF / HF representati on when conpared to LSO

6. The dorsal nuclei and the ventral nuclei responds to
LF / HF and LF / HF respectively.

7. Inthe IC LF/ HF are located nedially and LF / HF

progress in a ventrolateral direction.



8.

In the Ventral segnent of the M3, LF / H- are |ocated
laterally and LF / HF are | ocated nedi ally.

In the primates as well in humans, the primary auditory
area has LF / HF represented caudonedially and LF / HF
represented rostrolaterally.

7.

16
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KEYS

7.1 : Anatony, Central Auditory Nervous System

|. Label the parts:
1. Auditory pathway:

(1) Cerebral Cortex; (2) Inferior Colliculus; (3) Lateral
Lem ni scus; (4) Medulla; (5) Superior olive (6) Decussating
fibres; (7) Mdline; (8) Auditory nerve, cochlear division;
(9) Cell bodies; (10) Auditory nerve fibres; (11) Ventra
cochl ear nucl eus; (12) Synapses (13) Dorsal Cochl ear nucl eus;
(14) Nucleus of lateral lamniscus (15) Auditory reflex
fibres; (16) Nucleus of the inferior colliculus; (17) Medi al
genecul ate body of thalanmus; (18) Auditory radiation; (19)
Superior tenporal convolution (gyrus); (2) Lateral sulcus;
(21) Cerebrum

1. Fill in the blanks:

1. Auditory, vestibule cochlear and 8" cranial.
2. Afferent, Efferent and Autonom c nerve supply.
3. Central, peripheral.

4. Spiral ganglion, Canal of Rosent hal

5. Hair cells, Synaptic clefts.



6. Synaptic bars, synaptic vesicles.
7. lnnervation density.

8. 30, 90%, inner hair cells.

9. 10%

10. Many, one, one, nany.

11. Monopol ar, bi pol ar.

12. Type-1, Type-I11I

13. Oxygen

14. Diffuse innervation

15. Centrifuga

16. Inner spiral, outer spiral, uncrossed,
17. Uncrossed, 90

18. Inhibiting

19. Superior cervical, stellate

20. Unknown.

SECTI ON B

crossed.

1. The auditory brain stemconprises of the cochl ear
| ateral | em nscus,

nucl ei, superior olivary conpl ex,
inferior colliculus, and nedi al

2. Match:

1 —-c; 2-a; 3-a; 4-b; 5-d.

3. Cochlear nuclei is divided into:

(i) Dorsa

Anteroventral (AVCN); (iii) posteroventra

geni cul at e body.

(DCN) ;
(PVCN)

7.18

(i)
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4. Cell types of cochlear nuclei (a) Pyramidal; (b) Cctopus;
(c) Stellate cells; (d) dobular and (e) Spherical (bushy)

- Kiang (1975).

5.
S Cells T Common site in VCN
1. Bushy cell ] Rostral pole
2. Cctopus Caudal pole
3. Miltipolar cells Regi on of the nerve
root .
6.
~ Tract of fibres Oigin Projection
‘1. Dorsal stria | DCN  Contralaterally to

SOCC, LL and IC.

2. Internmediate stria PVCN Contralaterally to LL
and 1 C

3. Ventral stria AVCN Contralaterally to SOC
and ot her nucl ei
groups along the LL.

19



10.

11.

12.

13.

14.

7.20

The division of SOC are nedi al superior olive (MO ;
Lateral superior olive (LSO ; Trapezoid body (TB); Lateral
preolivary nuclei (LPO; and Medial preolivary nuclei
(MPO) .

I psilaterally, AVCN supplies LSO via the trapezoid body;
contralaterally both AVCN and PVCN supplies LSO
I psilaterally and contral aterally AVCN supplies MSO.

Functions of SOC - (i) Binaural representation and
interaction; (ii) sound |ocalization.

Branches of lateral |emniscus — (i) Dorsal (ii) ventral.
SOC supplies ipsilaterally and contralaterally to LL.

Division of IC - (i) Central nucleus or core; (ii)
Pericentral nucleus (or belt)

Central nucleus is conposed of purely auditory fibres
whereas the belt conprises of nostly somatosensory and
auditory fibres.

Division of M&B - (1) Dorsal - Somatosensory and acoustic
cells; (2) Ventral — Primarily acoustic responsive cells;
(3) Medial — Somatosensory and acoustic cells.
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Il. Fill in the blanks:
1. SUPERI OR, | NFERO, | NFERI OR
2. HESCHEL’'S 3. SYLVIAN 4. |INSULA 5. CLAUSTRUM 6. VENTRAL

7. AUDI TORY, SOVATIC, VI SUAL 8. INTRA, INTER 9. FRONTAL
10. ARCUATE FASCI CULUS 11. MEDI ALLY, LATERALLY

12. |1 SOFREQUENCY  13. SPATIAL 14. M DDLE CEREBRAL

15. FRONTO.

SECTION C
EFFERENT AUDI TORY PATHWAY

1. Oher names of efferent auditory pathway are centrifuga
pat hway or descendi ng pat hway.

2. Efferent auditory pathway originates at the auditory
cortex.

3. Efferent auditory pathway ends at the M3 and the ot her
branch of the pathway ends at the auditory nuclei in the
brai nstem and hair cells of the cochlea. Therefore there
are two divisions of the efferent pathway.

4. The various inhibitory and excitatory influences of the
efferent systemon the ascendi ng system may
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result in the enhancenment of essential neural signals and
i nhibition of unwanted neural signals ie noise (Noback,
1985) .

7.2 : PHYSI OLOGY, CENTRAL AUDI TORY NERVOUS SYSTEM
SECTION D
NEURONS
1. a:
1-c¢ 2-d;, 3-—a;, 4 -n0h
b:
1 -alcande 2 -d; 3-a; 4-bh
[1.Fill in the blanks:
1. Monotonic, non-nmonotonic; 2. non-nonotonic; 3. Tuning;

4. Frequency nodul ated. 5(b) on; 5(c) off; 5(d) did not 6.60;
7. 1ow, nmedium high.

SECTI ON D

NEURO TRANSM TTERS

. Nanme the criterion:

1. ldentical action (2) Pharnacol ogical identity

3. Stimulus induced rel ease; (4) Presynaptic |ocation
(5) Synthetic enzynmes (6) Inactivation nechani sm



I,
1.
2.
4.
6.

I'V. Guess who for what:

Agoni st ;

Af f er ent
neurotransmtter

Ef f erent
neurotransmtter

At r opi ne
GABA

Adenosi ne

Met hi oni neenc-

ephalin
Tauri ne
Asp

Fill

GABA — A receptor;

GABA — A; Bacl of en;

Subst ance- P, hunans.

4. — LiDeng and C. Dani el

ant agoni st .

in the bl anks:

GABA — B receptor

3. GABA — B Bicuculline

5. CAP, CM

Cei sl er

TONOTOPI C ORGANI ZATI ON AND CHARACTERI STI CS I N AUDI TORY

SECTI ON F

PATHWAY:

1. LF/ F F I/ HF
2. LF/ H F I/ HF

3. Lower / Higher

7.23



F/ HF

LF / F

LF/ F F/HF

LF/ F FHF

LF/ F F/ HF

F/ H LF/ F

7.
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CHAPTER 8
M SCELLANEQUS FACTS
M scel | aneous facts are being organized in this format:
Quter ear
M ddl e ear
| nner ear
Audi tory pat hway

Devel opnment al aspects

.1
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QUTER EAR

* The neonatal canal is nore cartilagi nous, shorter(20m
nore horizontal & nore oval than the adult canal.

* The ear canal is usually wider at its outer end and has
el liptical cross section.

* The velocity of sound at roomtenperature is 350 M Sec.

* The effective acoustic length of ear canal is 30 mm ( 4)
+ 2mm st andard devi ati on)

* At high frequencies, it is essential to give inportance to
the variation of cross sectional area of the canal |ength
and to the curvature of the canal axis.

* Noise in the enclosed ears is attributed to the “ Browni an
Movenent “ of the enclosed air nol ecul es.

* Because of the Danping effect, external auditory neatus
resonates fairly over a wi de frequency range.

*  The 4KHz notch is because of the earcanal resonance and

this can be shifted by doubling the I ength of the ear
canal .

*  The acoustic proerties of the auricle & nmeatus augnent the
sound shadow effect and in addition heighten our
sensitivity to sounds.
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The epidermis of the ear canal is the thinnest of the body
& it has 15 Umthi ckness.

Vi bration applied to the Jaw creates an excess of sound in
the ear canal, conmpared with vibration applied to the
skul I'.

M DDLE EAR

*

Tynpanic Cavity is divided into
(1) Attic or EPitynpani c Recess
(2) Tynpanic Cavity Proper
Attic divided into

(1) Tynpanic aditus

(2) Tynpanic antrum

(3) Head of the Mll eus

(4) Bulk of the Incus

Tynpani ¢ cavity proper consists of 6 walls.

*

The rel ati onshi p between the response to sound of the
tympani ¢ menbrane and the response at the stapes is
referred to as the transfer function of the mddle ear and
it is proportional to the input admttance.

The mass is equal to the weight devided by accel eration due
to gravity; Greater the mass, greater the inertia.
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The bul k of mass closer to the axis of rotation will have
| esser inertia. The effect of mass is inportant at high
frequenci es.

Conpliance is the reciprocal of stiffness. Conplience of
the m ddl e ear systemis contributed mainly by the Tympanic
menmbrane. Qther contributors are the nuscles, |iganents and
Joints. Conpliance is inportant at | ow frequencies.

The band-width is a nmeasure of the range of frequencies for
whi ch the magnitude function is close to its maxi mum val ue.

A flow chart on sound transm ssi on

Sound transm ssi on

L |
Adm ttance | npedance

Suscéptance Conduct ance React ance Resi stance

Physi cal properties related to sound transm ssion are
friction, mass and conpliance.

| NNER EAR

A FLOW CHART ON | NNER EAR

| nner ear
1) GOsseous |abyrinth

2) Menbr anous | abyrinth
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1) Osseous |l abyrinth

Qic %psul e

Vest'i bul e

a) Oval w ndow

b) Vesti bul a-
aqueduct

c) Ductus -
endol ymphati cus

Sem circul ar canal s Cochl ea

a) Superior Semcircular a) Apex (cupol a)
Circul ar canals

b) Lateral Sem b) Base
circul ar canal

c) Posterior Sem - c) Core

ci rcul ar canal
SCALA

a) Scal a Vesti buli
b) Scal a Tynpani
Openi ngs
a) Helicotrema
b) Round w ndow

c) Cochl ear aqueduct
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2) Menbranous | abyrinth
|

CbcHIear Sen#circular Utr”cle and
duct canal s( menbr anous) Saccul e

|

Endol ynph Anpul | a

Crista anpul laris

Cupul a Macul a
Organ of Hearing Organ of Equilibirium
(Kinetic Static)

Border cells of Held has nunerous tall mcrovilli.

Quter pillar cells have a broad base which consists of a
cone shaped network of actin filanments.

Deiter’s cells have abundant Endopl asmi c Reticulumand a
prom nent strand of m crotubules.

Bottcher’s cell has cytoplasmcontaining cell organelles

i ncl udi ng m crotubul es; The cell nenbrane has mcrovillus
structures and intracellular channels. These intracellul ar
channel s contain el ectron-dense materi al s.
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The cytoplasm of External Sulcus cells have a rich

conpl ement of organelles including Endopl asm c Reticul um
M t ochondri a.

In the human organ of Corti, investigation by freeze
fracturing techni que showed tight junction and gap
junctions Hair cells were coupled extensively to the
supporting cells by rather extensive tight junctions. The
tight junction between the Deiter’s cells were conparable
to those of the hair cells while the tight junctions

bet ween the Hensen's cell are less extentive. Gap
junctions are thought to act el ectronic couplers between
cells.

Gap junction can be visualized by Transm ssion El ectron
M croscopy (T.EM

AUDI TORY PATHWAY

*

Danage of Cochlear Nuclei |eads to ipsilateral puretone
deficits and at tinmes may mim c auditory nerve
dysfuncti on.

Hurman Dor sal Cochl ear Nucl ei appears to be quite different
fromthat in the Cat where as the Ventral Cochl ear Nucl ei
of the Cats & Humans show sinmlarities.

The Lateral Lem niscus nerve fibres crosses onto the
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ot her side via the pontine reticular formation.

The reticular formation appears to play a major role in
audi tory alertness, refl exes & habituation.

It requires about 2mm of cortex to enconpass the frequency
range of one octave.

For high frequencies, |less spatial area is needed for
representati on of one octave.

Kei del etal (1933) denonstrated four main types of
tenporal response patterns which may relate to the four
types of neurons observed by Benevents and Coleman (1970)
The response patterns include

1) On effects (response only to onset of stimnulus)

2) Sustained respone (discharge for the duration of the
sti nmul us)

3) Of effects (response after the stinulus) and

4) Inhibition for the entire duration of the stinmnulus.

These were obtai ned by using Post Stimulus Tine
Hi st ograns ( PSTH)

These are three principal ways in which individual neurons
of various brainstemnuclei respond to the intensity of
the stimuli. One classification of intensity response is
Monot oni ¢ whi ch nmeans as the intensity of the stimnulus

i ncreases, the firing rate
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of the neuron al so increases proportionately. The second
type of intensity function is one that is nonotonic for
low intensity but as the stinmulus intensity increases the
firing levels of the neuron levels off. In the third type
of intensity function the neuronal firing rate reaches a
plateau at a relatively low stinmulus intensity. In certain
cases, the firing rate actually decreases as the intensity
of the stimulus increases resulting in a “Rollover
phenomenon “

The acoustic & startle reflexes are mediated in the brain
stem

DEVELOPMENTAL ASPECTS
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Last but not the least is a pieceneal taken fromdi ver
Clenment’s report in the “ Indian Express “ regarding

Bi onics (The word cones fromBio-(life) and teachni que),
the science which goes to the core of life to see how it
works. Nature is mllions of years ahead of us. The real
inventor of the SONAR for instance is the bat. However,
the butterfly invented *antiradar janmmng' , particularly
agai nst the bat’s SONAR By contracting its muscles a
butterfly can operate a kind of mini ultrasound drum which
is located near its third pair of legs. The chitin patch
covering the drumstarts to vibrate and em ts ul trasounds
on the sanme wavel ength as the bat. The bat becones

di sori ented and gives-up the chase. Thus Scientists have
still a long way to go before they beat the wonders of
nat ur e!
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