Vestibulocochlear
Apparatus

1. The ear — embryonic development
2. The external ear — auricle and ear canal
3. The middle ear — tympanic cavity

4. The internal ear:
v' the osseous labyrinth
v' the membranous labyrinth

5. Auditory and vestibular pathways




Anatomy of the ear

auris, Gr. us, wro = genitive for ear:

v external (outer) ear, auris externa
» auricle (pinna)
» external auditory meatus (ear canal)

v" middle ear, auris media
» tympanic membrane (ear drum)
» tympanic cavity
» auditory (Eustachian) tube
» auditory ossicles

External

v internal (inner) ear, auris interna = .7~
auditory and vestibular portions: "
» 0sseous labyrinth
» membranous labyrinth
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. Phylogenesis of the ear

= The vestibular system - Y T
antedates the cochlear system: ,,  «<8HHE
v invertebrates — statocyst

v’ vertebrates — appearance
of semicircular ducts

v fishes - internal ear, c)
primitive cochlea (lagena) ;ﬁﬂ‘.;tui"i'.'.
v amphibians — middle eatr,
sound conduction apparatus
%’T v"mammals - external ear,
— auricle and ear canal

inner ear

articular
Eustachian tu he/
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Ontogenesis of the ear

= first appearing sensory structure in developing embryo
= 31d week - ectodermal thickenings = otic placodes = otocyst:

v" internal ear: Cochlear maturation End of CNS
i | auditory maturation
» endolymphatic duct — 4 week I l ol
Sensory cell Onset of End of
> three semicircular ducts differentiation  function maturation
> membranoug labyrinth — 1-3 months Ei{th 1 GLYS . !;“5 ..
O Y —— a—
I _gth
» Osseous Iabyrlnth 6% month 3 months 4 1/2 months Birth 6 years
. {in utero) (in utero)

= head mesenchyme

v middle ear:

» tympanic cavity and auditory tube
— derived from the first pouch in 15t month

» auditory ossicles — derived from
first and second branchial arches

v external ear - first and second arches
» auricle — six mesenchymal hillocks
» external acoustic meatus — begin of development: 8t week

Prof. Dr. Nikolai Lazarov 4



% External ear , auris externa

= the first structure of the sound conduction apparatus serves to

collect and conduct the air vibrations
to the tympanic membrane

auditory

tiny bones
in m:ddle ear-

sou eard rum
ave in

Eﬂl‘ canal

Outer Ear

| <)
v" auricle (pinna) — auricula B 3’@
v external acoustic meatus ’“’r “: i \:\%
(ear canal) - meatus acusticus mmlemrr:bm )
externus @
)
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Auricle, auricula

" pinna - Lat. pinna, a feather: 3 cgjiects and funnels the sound waves

into the meatus

e

v" thin skin with fine hairs

v elastic fibrocartilage

v lobule of auricle A

v" auricular tubercle |
(of Darwin)

v" ligaments of auricle,
extrinsic and intrinsic,

v" auricular muscles —
extrinsic and intrinsic,
n. facialis

Helix — i}

Scapha — —| e i — Crura antihelicis

Fossa triangularis — — B8 i ' = Ji_ - Cymba conchae

(Tuberculum auriculare) — — gl 37 iy — — Crus helicis

Antihelix — — i ikt — — INCisUra anterior

Helix — — —— Cavitas conchae

Concha auriculae — | Tragus

» = Cavitas conchae
Helix —~ :
-~ ) - .

= Incisura intertragica

-
Antitragus <~

-

; ~
Lobulus auriculae ~

Crura of
Scaphoid antihelix
. ¢ ; il fos
Auricularis Obliquus Auricularis 3 Temparo- i THiostar
superior auriculae superior ! parietalis fossa
(posterior
part of temporo- o
- - arietalis Helicis Cymba conchae
Auricularis Transversus P ) major
anterior auriculae Helix External
Helicis auditory canal
Auricularis -C minar Tragus
External Insertions of posterior o
auditory auricularis auditory Intertragic
canal posterior canl incisure

Antitragus

N Antitragus AN\
3 g \\ Trgw Antihelix
_ . Concha karlobe
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Auricle, auricula

= Arterial supply of the auricle:
v' anterior auricular artery
v' posterior auricular artery
v' perforating branches ,
= Lymphatic drainage - three zones = deep cervical lymph nodes:
v' anterior zone _— reoratng — 98

L) branches

Superficial
temporal artery

Anterior

v’ posterior zone

¢ 4 : auricular arteries
v" lower zone ol o
= = l|
= Sensory innervation: ‘ .
- - I audwtoEr;Temn:: ( ~ ;:rp:l::lda' au:?:el:::rrarmy
v trigeminal nerve it '\\ s ke
- es " —
\/ faCIaI nerve (retroauricular) \\ \ (4 ::!“’d:‘d artery
d
v glossopharyngeal&vagus nerves | g
/ . I I Lower zone ‘x 4 L‘ S 3::"9:3:3
cervical plexus s VY
gland
Tﬁgcminal nerve, Trigeminal nerve,
:::vceu!ntemporal n:::: letemporal P e;foral:'ng
ranches
Auriculari
Facial nerve Vagus nerve and Vagus nerve and ::sc:e::: )
glossopharyngeal glossopharyngeal Anastometic
nerve nerve arcades

Facial nerve

Posterior
auricular artery

Cervical plexus, lesser occipital Cervical plexus, lesser occipital
nerves and great auricular nerve b nerves and great auricular nerve

L
_ b w External carotid artery
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External acoustic meatus
meatus acusticus externus

= external auditory meatus (ear canal),
Lat. meo, a passage » conducts the sound waves to the ear drum

v length ~ 2.5 cm; 7 mm in diameter
v S-shaped curve (1409

= structure —two parts: ™

Banypart nfm ernal \

v' cartilaginous part —outer s (~8 mm Iong)
cartilago meatus acustici

osseous part — inner % (~16 mm long),
meatus acusticus externus

thin skin; the thicker cerumen-producing ear canal
skin has fine hairs, tragi

sebaceous glands = in the hair follicles
ceruminous glands = ear wax, cerumen

- Malleus
Incus

Lateral igament
of malleus

Stapes
Handle
(manubrium)

~ Tympanic
membrane

AN N NN

Inbamia| accsiic meaales
‘|miaakkin BousiRcLEs FlarmiLEs]

G}dl sebac

Bony axtarnal Eooushic maats
|IFEERUE BCUEIRCLEE G HES QESdEs)

I.'..:lrll:.'-;rlu:-l.r: pKlecnaEl oOLEST moaius
|maafus BOURTcLS Bxiormus aarfilagineu sy
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Middle ear , auris media

= a structure of the sound conduction apparatus ‘} Ossidles
= primary functions: ﬂ}*{{} ]
v’ transmission of the vibrations of the B
tympanic membrane to the internal ear o N
v efficient transfer of acoustic energy Ear . |/ S Cochlea
from compression waves in air to fluid — ™7 "
membrane waves within the cochlea e 1 e
v tympanic membrane — ‘ #

membrana tympani (tympanica)

tympanon

Bones Eardrum

v' tympanic cavity —
cavitas (cavum) tympani Sy N .
v" auditory (eustachian) tube — ..

tuba auditiva D :
(auditoria) @\ N =
v auditory ossicles — || 5 L 1

O S S I (.: u I a.. au d I t u S I_:; ‘ Niddle “gr ! ;iglje Eustachian | ;!;:__ > lﬂgfﬁva
(au d Ito rl a) s e Meatus  Membrana
| acusticus tympanica
_ Quter ear externus
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% Tympanic membrane , membrana tympani

= ear drum - thin, semi-transparent, nearly oval in form:
v" longest diameter d=10-11 mm :
v" shortest diameter d=8-9 mm
= pars flaccida - (o
Schrapnell’'s membrane
= pars tensa = umbo
v cuticular layer

v fibrous layer —
absent in pars flaccida:

» radiate fibers
> circular fibers
v’ mucous layer

%) 1}

Eardrum

Malleolar
prominence

Posterior Pars flaccida

malleclar fold

Anterior
malleolar fol

Incus

Pars tensa

Stapes

Malleolar stri

Cone of light
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Tympanic cavity , cavum tympani

= volume — 1.5 cm3, air-filled oty

= diameters: e
v" vertical — 15 mm cocte
v transverse - 6-4-2 mm -
v’ antero-posterior — 15 mm  ene

Tympanic cavity
Malleus
Incus

Anterior semi-
circular canal Epitympanum Stapes

External
auditory canal

Lateral semi-

= two parts: sy e
v' tympanic cavity proper - MR s -
v' epitympanic recess -l - -

= three clinically important levels: g smot g e
V' epitympanum | e

mesotympanum |
v hypotympanum o

Lesser petrosal
nerve
Lig. mallei superius - Caput mlllzai1 , Paries tegmentalis, Recessus epitympanicus

| | ——— Faclal nerve

Malleus -

Paries 1 tali & » Chorda tympani; Plica mallearis anterior
aries teagmentalis, < | fa : 7

Pars cupularis - iy 4 )

; ﬁ\ 2 Tms 3 —~ Manubrium maliel Incus

e

Corpus incudis — — — ._.T

Praminence of lateral
semicircular canal

R

_ = M.1ensor tympani, 7
= Al E T Tendo Chordsa tympani Prominence of
Lig. mallel laterale —— — — _‘_;-' A - ’ fackal canal
v b . ——— M. tensor tympani Tensor tympani
_ ; Stapes
Ha!ﬁfns:::mr;gmsg;?ﬁ:er 3 cosriaaae 4 E#' L e cochsariformis Tendon of insertion
1 7 &m r of stapedius Promontory
Chorda tympani =~ . ‘ T
(ﬁ £ —— Promantorium Tympanic Tympanic
= membrane plexus
Meatus acusticus externus =~ i
Ll -
8 = Cavitas tympani Extemal
Stapes auditory canal Tympanic
e nerve

rd e
Umbo membranae tympanicae = Canalls caroti

o
Membrana tympanica ~~ Anulus fibrocar
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Walls of the tympanic cavity

= six walls, lined with mucoperiosteum: .- @,

mmmmm

Stapedius.

v lateral wall — paries membranaceus: = 5/ = ..

membrana tympani et recessus epitympanicus " el
v" medial wall — paries labyrinthicus i

Tensor tympani

Tenden of insertion

v superior wall, roof — paries tegmentalis: ...
tegmen tympani = otogenic meningitis —— o

v inferior wall, floor — paries jugularis B o

nnnnn r Semi- » Facial nerve
circular canal Pl M

Ty e

& - L

. pea =

L] - -

- = . s s -

= canaliculus tympanicus 9
- ."ﬁ//- Lesser petrosal nerve

N
o >
nr T Semicanal of

— > "_’__..-'ﬂ“" tensor tympani

Internal carotid artery

v anterior wall — paries caroticus =~ =~

Pharyngotympanic

Promontory {auditory) tube

v' posterior wall — paries mastoideus ==

Mastoid air cells

Intemal
carotid plexus

Anterior wall of
tympanic cavity
Chorda tympani

= antrum mastoideum

anic cavity

Facial nerve Round Tympanic Internal Tympanic nerve
hexus jugular vei
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Auditory tube , tuba auditiva

= Eustachian ( pharyngotympanic ) tube,
links the pharynx to the middle ear, ~3.5 cm long:

v ostium tympanicum . tubae
v ostium pharyngeum }auditivae .
= two parts: j Vi ®rF
v cartilaginous part - %: (cartilago tubae auditivae) -24 mm | % p » ba
v bony part - % (in semicanalis tubae auditivae) — 12 mm 7 Y
v" isthmus tubae auditivae s
v mucous membrane — ciliated columnar epithelium —
Q - _ : Internal carotid artery ‘NPMWHM: ‘,\jj
spheno > — , 'T‘ o @

M g 3] s Ll Tympanic membrane

Supenor r - e
meatus r % —— 5._‘ Pharyngeal tonsil

Middle i . _'-1-' :
meatus 4 - y .M

Ossicula auditus

» Cavitas tympani
7

_ —— Labyrinthus vestibularis

Auricula —_ __

——— Labyrinthus cochlearis

Levator vell palatini

Phalfyngo'lympanic tube, M. tensor -~
cartilaginous part ympani, Fascia

inferior “

meatus ‘"

£
W
i

_—,
T
=

A Pharyngeal orifice of

Pllaﬁ"‘*ﬂﬂt?mwmﬁ tube Pars ossea /
CE e

N =
#5 %
ar
n B
5, A

“_ Pharyngotympanic tube,
ks 5 membranous lamina Tuba auditiva -
I8,

Tensor veli palatini Lalpingopharyngeus
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L Auditory ossicles

ossicula auditus

malleus - Lat. = mallet, hammer; the largest, 8-9 mm long:

v head, caput mallei
v" neck, collum mallei

v handle, manubrium mallei
v" anterior and lateral processes

Incus — Lat. = anvil:
v body, corpus incudis

v" long process, cruslongum

= lenticular process

v" short process, crus breve

stapes - Lat. = stirrup:
v head, caput stapedis

v" limbs (crura)
» anterius
» posterius

v’ base, basis stapedis

N\
Neck
\\\

Lateral
process

Short ——
process

t - Articular
i surface

for incus \“\ Neck Malleus

Head

- | Lateral ncus
! process Stapes
\ Handle
\ . Oval windoy
Anterior with annula
& b process Tympanic stapedial

membrane ligament

Tympanic
cavity

surface for

i Z50) =
Body i FEIE abrae g
\\ Articular —% \¢( a TRl Nog N L
M malleus Short
process
pyramidal A u A U
Lang eminence { | ——— Oval window o 34

Head .

Posterior
crus

e

m. tensor tympani (Eustachii)

m. stapedius
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Base

Short process

Incudo-
stapedial joint

Posterior

,I ; Neck i
LAY
‘ 1 Anterior I
- R crus \i J /

Body of incus j‘\

process &1 with annular 2. 3
Stapedius / stapedial b
tendon S} ligament el

Len:icular . .
process b A ¢ p 3]

4 \ L Incus

Malleus

Incudomalleolar Auds of — Oval
Joint maovement y (—:7 window

Head of malleus

Neck of d
malleus

i
L

Anterior
process

\ Handle

A

ligg. et artt. ossiculorum auditus ‘f-"_ e D -

Base
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Internal ear , auris interna

= |ocation — in pars petrosa ossis temporalis

= main functions:

v' converts sound waves into nerve impulses
v registers changes in equilibrium

= composition:
v' osseous labyrinth,
labyrinthus osseus

v" membranous labyrinth,

labyrinthus membranaceus

Temperal bone,
petrous part

Internal
acoustic meatus

Cochlea

Anterior
semicircular
canal

Lateral
semicircular
canal

Posterior
semicircular
canal

Facial nerve,
vestibulocochlear nerve

Prof. Dr. Nikolai Lazarov

superior

semicircular canal bony
Tabyrinth

endalyrph

perilymph :
superiar

‘semicircular duct | membranaus

harizontal Al |
(7 labyrinth

semicircular

canal \ il W .(\' yestibule
) : I \ J L\

horizontal S T = ™ T\ —— cochlea

semicircular_;-' ‘2 el 7

duct 1 4

pbstjerior,—-—-""d-'h‘ =
semicircular W
i /

. ampullae k
posterior

semicircular

duct
aval windayy cochlear duct 1297 Encyclopaedia Britannica, Inc.
Lateral Posterior Anterior Anterior semi-
semicircular semicircular semicircular circular canal
duct duct duct

Dura mater

i3

= &, / Endo-
R / lymphatic sac
/

Ampullary
crests

Endolymphatic
duct

Utride

Macula
af utricle

: _j 2 ‘— Macula

= of saccule

— Sacaule
|| p—— Cochlea

Ductus
reuniens

WA | .
A )
Cachlear /
aqueduct

Scala Helice- Scala Cochlear
tympani Lrema vestibuli duct




% Osseous labyrinth, labyrinthus osseus

= yvestibule, vestibulum ANATOMY OF THE INNER EAR
= three semicircular canals, = B
canales semicirculares: (+, J«&

v' canalis semicircularis lateralis
v" canalis semicircularis anterior
v' canalis semicircularis posterior

= cochlea
= filled with perilymph

S

N. cochlearis
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Vestibule , vestibulum

= lateral wall - T —
. . . 7 Eraies SemicirCUEre | 1¥]
paries labyrinthicus: e
‘/ feneStl‘a VestibUIi = TR ,;:,a Ampulia ossea lateralis
closed by basis stapedis,
fixed with lig. annulare stapedis ) ,
| —= Cupula cochleag
v’ fenestra cochleae = anatis samicroulas ——
membrana tympani secundaria — o i
. Canatis ssmicireularis —— IS
= medial wall: poserio ; I .
.. ] ulla GEssR posterior ™ Basis cochleae
v elliptical recess = utriculus Ll - iR L S e
/ VeSthUIar Crest ;> , Ji'r.‘armhg,5,.-:.~|1-|||:||-|::-|_|l.1r—z.'5.§||11|§|ﬂa|:|r
aqueduct Of the VestibUIG ] ; Fenestra vestibul
. Crista vastiouli ! R L FiCLIS
v spheroid recess = sacculus I bl g
B ] SRR
v cochlear recess Canalis somicreslaris — __ [ Scalavestibui
. Iteralis . -~ Seala tympani
v" maculae cribrosae < AR
pars vestibularis Macuta crioroea modia ~— 8 '

= Hamulus lamine
spiralis

n. vestibulocochlearis: |
> macula cribrosa superior  Ganas semcruiaris posteriar — <8
» macula cribrosa media o P

) ) ) Ampulla assea poslanor = ; | \g i —
» macula cribrosa inferior ! SRS

!
_ Fossula lenestrae cochleas ' Grista fenasiras cochiaan
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y 7
P — = | aming 5.|;|-I"3]I5. ossea

\ T~ Lamina speralis secundaria



% Semicircular canals, canales semicirculares

v lateral semicircular canal (14 mm) — directed horizontally
v" anterior (superior) semicircular canal (18 mm) — vertical in direction
v posterior semicircular canal (22 mm) — directed saglttally backwards

% of a circle

Ampulia ossea anteéror
| .

Macula cribrosa super mr..l 18
' 1

» Gfus 0sseum communa

Crista frangveren <. - Crug ogseum simplex
=

diameter = all ~ 1 mm

P LTI .

=B- — Canalts semicircularis posteric

Area cochleans — = Canalis semicroulans lateralis

located in three  (~
perpendicular plane

T = Ampulla ossea poslenior

Cochiea © "v stipulum labyrinthi

I |
| Fenastra cochiens

Macula cribrosa media !

Canalis semicircularis ant. .

filled with semicircular ducts

; !
Canalis | |
spiralis cochleae \| ;'

Initial portion — ampulla ossea

A, Ampulla
L~ osseaant.

, Crus osseum
/" commune

Fenestra ,

vestibuli \\ _- Ampulla

ossea lat.

- Crista
nali vestibuli
spiralis N &

end part — crus osseum: iy o

Canalis |

semu:lrcularis
Canalis

lat.
spiralis

. ~ Canalis ‘
v" simplex — for lateral canal contese s p.

spiralis / j S
coc?'uleaa / L Vestibulum \ Ampuls

v' commune — for anterior&posterior CanalS scoymsi // /i e Forestecostiess  post.

L Lamina spiralis

&
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= gspiral canal, canalis spiralis cochleae —

Osseous cochlea

Lat. cochlea, snail shell

.Hamulus
laminae spiralis _

aaaaaaa

2Y2-2%4 turns (length ~ 3 cm):

v height — 4-5 mm g T A

v’ base -89 mm ..
v basis cochleae .- gEmkeds =

modioli
tympani
Canalis longitudinalis modioli ——

v cupula cochleae ...

~
3
foraminosus \ Meatus ~Fundus meatus

n
; ici i i Cupula cochleae
acusticus Acustiel. intern| laminae f ke

v/ structure: g

» modiolus — Lat. the hub of a wheel: <% ™"

> basis modioli =
tractus spiralis foraminosus

> |am i n a m Od i OI i Trfﬂclus spiralis

> canalis spiralis modioli =
ganglion cochleare

» lamina spiralis ossea = hamulus

helicotrema membrana basilaris
» lamina spiralis secundaria =

o0ssea

JScala vestibuli

/

h_Lamina spiralis
ossea

—Scala tympanl

Tractus spiralis S
foraminosus s

5|
sssss
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% Cochlear canal , canalis cochlearis

v'scala vestibuli Lat. scala, stairway
‘/Sca a tympanl Sent vestibul

) mimd
v'scala media (ductus cochlearis)
= organum spirale Corti

BeizbelaEtkiant SEa e B

ascula .35 *atad,
o LN
i
- oty
ol A,
]
B i

cochlear  ,%a

duct -
_tectorial

— membrane

spiral
— limbus

narve

spirsl ~\B,
ligament

Dﬁe’i‘{ar
membrane

™ scala tympani

91997 Encyclopaedis Britannics, Inc.

spiral limbus

T OSSe0US
=—__ spiral lamina
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% Membranous Iabyrinth, labyrinthus membranaceus

channels (sacs) of ectodermal origin
location — within the bony labyrinth
filled with endolymph

surrounded by perilymph —
perilymphatic space
v labyrinthus vestibularis —

> within the osseous vestibule —
utriculus and sacculus

» endolymphatic duct and sac
» three semicircular ducts

v labyrinthus cochlearis —

> membranous cochlea
(cochlear duct) s

» spiral organ of Corti
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% Vestibular labyrinth , labyrinthus vestibularis

= utriculus — in recessus ellipticus:
v ductus utriculosaccularis s

v'macula utriculi — % mm: pars L
utricularis n. vestibulocochlearis

= sacculus — in recessus sphericus:

v"ductus reuniens =
ductus cochlearis

wviith lateral
ampullary nerve

v"macula sacculi — pars saccularis g —

lymphatic
sac

n. vestibulocochlearis e

= ductus endolymphaticus oo
= saccus endolymphaticus
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% Vestibular labyrinth , labyrinthus vestibularis

semicircular ducts:
v" ductus semicircularis lateralis
v" ductus semicircularis anterior
v" ductus semicircularis posterior

Y4 of the semicircular canals
ampulla membranacea

Crus membranaceus:
v simplex — for lateral duct
v' commune — anterior&posterior ducts

anterior canal

wall — thickened, three layers:
v" inner — simple squamous epithelium
v" middle — vascular connective tissue

v outer — fibrous tissue with blood vessels
clothed by flattened perilymphatic cells
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Vestibular system

Statoreceptor spots:

v macula utriculi and macula sacculi:
* neuroepithelium:

» epitheliocyti sensorii pilosi — 2 types e g
= 40-80 stereocilia; 1 kinocilium "% et
» epitheliocyti sustentantes

e membrana statoconiorum —

otoliths, statoconia
(Gr. oto-, ear + AIBog¢, lithos, a stone)

____ v cristae ampullares: 4
* neuroepithelium: [ -\

uuuuu

> epitheliocyti sensorii pilosi — type | and | . s
- epitheliocyti sustentantes e G s
| |,. n ol tride
| V™ g e s
-]y

Afferent nervé ending Cochlear

duct
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@ Cochlear labyrinth

labyrinthus cochlearis

Greater
petrosal nerve

= cochlear duct,
ductus cochlearis:

Modiolus

Westibular
L e‘;ser ) Scala (Relssner) Cochlear
petrosal nerve vestibuli membrane duct

Helico-
trema

K, Limbus
3 . of spiral )
. Cochlea ' y, / ;;::;:2:“' lamina Eirs':uhm
/ I d — ,I, g \ Cachlear nerve .
S C a a m e I a Cochlear nerve % ‘I 2:?!?"'( Spiral ;r:flt‘:t:::m
e n d O I m h Facial nerve s e Spiral ligament
y p \u’esn'nh;:!:; e e Chorda ; ::3 Organ of Corti
= v %\\ tympani famina
v length ~35 mm |"""4 ;
meatus - '.‘: *
v cecum vestibulare — BN
a Petrous bone Semicircular canals pr e B %
A A TN
- - - e Vestibular (Reissner)
IN recessus cochlearis Lo s " membrn
_‘%‘ — '_\ / Spiral ligament
\&g 1 a‘ i x \ Stri .
v cecum cupulae — graons BB s :
in cupula cochleae e e
p amina )__‘ \
Spiral 7 o i :,)L:'er
ganglion ! . aircells
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Basilar
membrane

,“-x.___ Bony wall

Internal

g Corti tunpel
spiral sulcus

Scala tympani

25



cochlearis

@ Cochlear duct, ductus

xembrane

= paries vestibularis — vestibular
(of Reissner) — two layers:

v' basal lamina
v simple squamous epithelium

= paries externus: o, T
v lig. spirale cochleae ; D) e

Membranavestibuli ",

Scala vestibuli

Membrana tectoria

Interdentalzellen

v' stria vascularis: three cell types: :
marginal, intermediate and basal — secrete endolymph |

»= paries tympanicus — basilar membrane —

(membrana spiralis):

v" internal zone — sulcus spiralis internus,
limbus spiralis (tympanic and vestibular lips =
membrana tectoria),

v" middle zone — spiral organ of Corti
v’ external zone — sulcus spiralis externus

Reissner's membrane

scala media stria vascularis

torial membrane

<)
2
5
8
=T organ of
o 2 B\
oy

orti

M?an" -

tunnel tunnei outer hair basilar
fibers cell nerves membrane

cochlear
nerve fibres scala timpani
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Alfonso Corti ]
(1822-1876) v/ |ocated onto basilar membrane: 100 pm basal, 500 pm apical turns

= receptor (sensory) and supporting cells:

v" internal and external rod (pillar) cells of Corti
= cuniculus internus (inner tunnel of Corti)

= cuniculus medius (space of Nuel)

v" internal phalangeal cells of Deiters — 1 row and
external phalangeal cells of Deiters — 3 rows Q@

v internal (inner) hair cells — 1 row and {2
external (outer) hair cells — 3 rows

= cuniculus externus (outer tunnel)

v' epitheliocyti limitantes externi
(cells of Hensen) — 3-4 rows

v' epitheliocyti sustentantes externi _ Pl _
(cells of Claudius) ot S/ | Tomina

v" supporting cells of Boettcher — beneath ' > AR
Claudius cells in the lower turn of the cochlea ‘.. 7' = iy RS
v’ epitheliocyti limitantes interni — 1-2 rows

v' epitheliocyti sustentantes interni — 2-3 rows nasilar nered fibres

membrane Deiters

;
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% Hair cells , epitheliocyti sensorii pilosi

= inner (internal) hair cells:
v' ~ 3500 in number
v arranged in a single row
v" carry 50-60 linear stereocilia
v' damaged by diuretics, ototoxic
antibiotics (aminoglycosides)
= outer (external) hair cells:
v" longer cells, 12 000-20 000 in number

arranged in three rows (basally) and
in 4-5 rows (apically)

carry stereocilia, arranged in V or W-forms

v
v
v

Prof. Dr. Nikolai Lazarov 28



Cochlear innervation

= Afferent innervation — from spiral ganglion (in modiolus):
v large bipolar type | cells - ~ 95% of all afferent neurons = ° "= v

= inner hair cells spiral ganglion .. :

» about ten fibers to each cell o

v small pseudounipolar type I ceIIs
= outer hair cells ‘

> one fiber to about ten ceIIs

W

% Efferent mnervatlon — tractus
el i olivocochlearis (Rasmussen’s tract)
_s»wffz’:«’ﬁ"‘ = chollnerglc |nh|b|torz sxnaeses
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Tectorial membrane ,
membrana tectoria (Cortil

overlies the sulcus spiralis internus and the spiral organ of Corti

secreted by the epithelial cells of the Outer Hair Cels
vestibular lip of the limbus laminae spiraliS .o verbrane w Outer Phalangesl
colorless fibers embedded in a jelly-like matrix: g - &

v 4 mm filaments of soft keratin o P ot

= et ’

v glycosaminoglycans Nerve Fibers
covers the hair cells in organ of Corti, (g ,,_.-R i
making contacts with their stereocilia o e
the vibrating mechanism in the cochlea OuterPilar Cel ¢

Tectorial membrane
Hair cells

|"'
Stereocillia ——=LLL_LI T,

L

Basilar membrane Nerve fibers
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External auditory

Oval window canal D 5 Oval window

. Scala vestibuli Scala medi
o
2 media Helicotrema

Georg von Békésy -

Basilar membrane

(1899'1972) Sound 8 Scala tympani

- 7

i | iy & ww. BrainCe tio

Pl pe 99 Scient Comp T . ) .
- mpan .
The NObeI Prlze G Auditory tube
EXTERNAL EAR | MIDDLE E.AR ! INNER I'/fR
Sound collection and amplification; | Amplification of s z; al ( fore ¢ Mechanical and neural filtering and
mpede dance an

ignah by spiral organ;
ction by xensory

st rrd
i eells; action potential initiatio

In Physiology or Medicine 1961 L

. . . . . ' reflex a la pin I atsvnap etieen co J.!earnerz:e
“for his discoveries of the physical mechanism gee Y S
of stimulation within the cochlea" :

= Helmholtz resonance theory

= Rutherford telephone theory

= travelling wave theory of Bekesy:
v' basilar-membrane "resonance” | '
I NB: The human ear can nomina[[z hear sounds in the range 12 Hz
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v
Y
G_JI i

b» ISt neuron — - ol

Areadl,

I'— C-M"}f . n transverse \{ &
~" spiral ganglion: ' " Sy

v' true bipolar neurons —
30000-33000 cells

» cell bodies in the spiral

Nucleus of medial
geniculate body

Inferior
!

structure of the cochlea (N SN
» peripheral processes ewaies | /T / \6’%— e
= spiral organ of Corti ——
> central processes i ]

Nuclei of lateral

= cochlear part of the o ‘5
vestibulocochlear nerve / SR e cotir

~—— e
Mm;]t":.:?. \/ ﬁ . Corti organ
= ||"d neuron — e =
cochlear nucleil:

200 Hz

olivary nudeus Spiral ganglion hair cells

Nucleus of ’ Cochlear nerve

trapezoid body

Anterior

v" dorsal cochlear nucleus

} lateral lemniscus
v" ventral cochlear nucleus

;
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Central auditory pathways

111" neuron — inferior colliculus nucleus Primary auditory cortox

S e

SR T o
" V" neuron — medial geniculate nucleus 7 Y/
v" acoustic radiation = primary auditory

“r
/ ‘:Ennm._ ATEX

\_ ' o /J// TEMPORAL
cortex (A-1) = Brodmann’s area 41 \SM//
(upper part of the superior temporal gyrus) RABEAT 1643

)
GUADS I GEMIMAL --hl"' HELFLAL

GEN [ CLLATE
SUPERLOR COLLICULIS .— M‘.“' ¢" BIBY

IHFERTOR COLLICULLE = BRACHELS OF THE
"" TECTEM IHFEREGE DOLL [CUL s

& u,
WOCLEUS OF THE 1 - LATERAL
LATERAL LEMsiscus € 13 -I'..!.h :-'1.Erlr:'5{1
L

FUPERIOR

i _— *‘ DL1VARY

COMPLEX

-E.- -I-ll-
COCHLEAR Tit.lrr:i:-uln mu'r
HERYE
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Vestibular pathways

= IStneuron—-
vestibular ganglion (of Scarpa):

v’ situated in the upper part of the outer
end of the internal auditory meatus
v true bipolar neurons — 72
~20000 cells

» peripheral processes =
statoreceptor spots in:

Dorsal cochlear Vestibular
nuclei nuclei

Ventral o

Superior division of coch]]eg}r Lo
" 5

vestibular nerve RuCe il

Inferior division of
vestibular nerve

* maculae utriculi et sacculi — P
linear acceleration Y e
* semicircular ducts — ™ &
angular acceleration e L e 7 ek M
» central processes = » ¥ - i s
vestibular part of the s e
vestibulocochlear nerve S ;)
= |Ind neuron — vestibular nuclei: e - N i
v’ superior (Bechterew) e AT N /)
v inferior (Roller) }lateral lemniscus O A
. Medial ( .
v medial (Schwalbe) @
v lateral (Deiters) < tractus spinocerebellaris posterior — wgui vt
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Central vestibular pathways

= |lI'd neuron — medial geniculate nucleus i

= |Vt neuron — vestibular cortex s

v" rostral part of
gyrus temporalis superior (Ovischentsch e

Interstitial nucleus
(Cajal nucleus)

-

Red nucleus

Nudeus of - ;I
v tractus vestibulothalamicus — \*\ '
nucleus s
» nucleus ventralis posterolateralis gl //2
> nucleus ventralis posterior inferior i e
Vestibulocerebellar
fibers

v" tractus thalamocorticalis — M\// &J
internal capsule = vestibular area in
gyrus postcentralis (area 3a) —f-f*‘:ﬂ\

and around sulcus intraparietalis N | 1 C\‘ 3
l.ateraI:::::::-s —< 2 | ; _ : F"I’
R :-pinlm Ir.:artl / | | m_/f
tract l\
T To sacral cord
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B Thank you. . .

| r GLASBERGEN
“Your chart showed a broken cochlea inside
vour ear, but we fixed it with Photoshop.”
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