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Kosteny labyrint (labyrinthus osseus)
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Predsin (vestibulum)

ccaS5x3mm

* recessus ellipticus
(utricularis)

e apertura int. canaliculi
vestibuli

: : N
* macula cribrosa superior ¢

Recessus elliplicus

Recessus spheericus

* crista vestibuli (pyram|§@w

vestibuli) Ry
* recessus sphericus =

(saccularis) :
* macula cribrosa medig

* recessus cochlearis
Orifice of aqueductus vestiouly

* macula cribrosa inferior Orifice of aquaductus cochleac

Fossa cochlearis
Cochlear fenestra
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Polokruhoveé kanalky (Canales semicirculares)

 canalis semicircularis anterior (superior) (kolmy na
dlouhou osu pyramidy) — eminentia arcuata

* canalis semicircularis posterior (soubézny)

* canalis semicircularis lateralis (vodorovny) —
prominentia c.s.|.

ampulla ossea (3)
crus commune — c.s. ant. + post.
crus simplex — c.s. lat.







Hlemyzd (Cochlea)

 cupula, basis (2 a Y2 az % zavitu,
délka 34 mm)

e scala vestibuli — helicotrema
— scala tympani

e canalis spiralis cochleae
* |amina spiralis ossea

* |lamella vestibularis + spiralis

 hamulus Il.s. (konec v helicotrematu)
* lamina spiralis secundaria (jen v prvnim zavitu)
e apertura interna canaliculi cochleae
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Vreténko (Modiolus)

basis

lamina

canalis spiralis — ganglion
cochleare

canales longitudinales — n.
cochlearis

Vestibular \g
membrane
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Vnitrni zvukovod (Meatus acusticus internus)

* porus acusticus internus

e fundus m.a.i.

e crista transversa + verticalis
* area n. VII.

 area cochlearis — tractus spiralis

culoam pullaris n. vestibularis
a vestibularis sup.

 area vestibularis sup. + inf.

fez pyramidou

e foramen singulare

en singulare (n.
ampullaris posterior)

ccularis n. vestibulocohlearis
area vestibularis inf.

processus styloideus




Blanity labyrint (Labyrinthus membranaceus)

ampullae of semicircular
canals

_ saccus endolymphaticus
macula of utricle

. d. utrjeulosacular;
d. semicirculares

e anterior s . endolymphaticus
e posterior = macula of saccule
» lateralis utriculu
accu
d_ reuniens d COChleariS
organ of Corti

of cochlea



Blanity hlemyzd' (ductus cochlearis,
scala media)
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PRUREZ COCHLEOU

_labium vestibulare

scala vestibuli

crista membranae vestibularis- membrana
stria vascularis-- --- vestibularis -,
ductus e
cochlearis -

ligamentum spirale cochleae

-
-

prominentia spiralis-—~

-

-
- -
-

sulcus spiralis externus

-
-

crista mcmbﬁ;ao basilaris

labium tympanale



Reissner’s membrane

Stria vascularis

Spiral limbus

Spiral prominence

Organ of Corti

Basilar
membrane



* Alfonso Giacomo Gaspare Corti
e 1822 -1876
* Markyz (Marchese de San Stefano Belbo)
e organum spirale
e ganglion cochleare

* Ernst Reissner
e 1824 - 1878
* membrana vestibularis

* Antonio Scarpa

* ganglion vestibulare i

* 1752 -1832

* jeho hlava je vystavena v historickém muzeu
univerzity v Pavii

e Otto Friedrich Karl Deiters

* 1834 — 1863
* zevni falangové bunky, nucl. vestibularis lat.
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(vestibularni) -
membréna'--’\—-—' =




Reissnerova (vestibularni) membrana

perilymph of scala vestibuli i W mesenchymal cell

5
endolymph of scala media epithelial cell
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bazilarni membrana (lamina basilaris)

zona pectinata zona arcuata (cevy)
0,42-0,65 mm v apexu kochley, méné napnuta, nizké frekvence
0,08-0,16 mm v bazalnim zavitu, pevna, vysokeé frekvence
kolagen Il, proteiny podobné keratinu



Cortiho organ

zevni vldskové buiixy
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OSS = sulcus spiralis externus  OT = zevni tunel TM = membrana tectoria

CC = Claudiusovy burky OPh = zevni falangové b. (Deiters) IH = vnitini vlaskova burika
CH = Hensenovy buriky OH = zevni vlaskové bunky IS = sulcus spiralis internus
CB = Bottcherovy bunky PP = vybézek Deitersovy bunky Bc = hrani¢ni buriky

CD = lumen ductus cochlearis SN = Nuelovy prostory IPh = vnitfni falangova b.

SL = ligamentum spirale  OPC = zevni Cortiho sloupec =~ CNF = dendrity neuronu z g. spirale

BM = membrana basilaris ITC = Cortiho tunel IC = epitel sulcus spiralis internus
ZP = zona pectinata IPC = vnitfni Cortiho sloupec VL = labium vestibulare
ZA = zona arcuata TL = labium typanale

NF = nervové vlakno OL = lamina spiralis ossea



vnitrni viaskova bunka




zevni
vlaskoveé
bunky







Apical
cuticular

zevni vlaskova bunka plate

Phalangeal
process

IFacet for
outer hair
cell

zevni falangova
(Deitersova) bunka

s - Basement
i 3T membrane









vlaskové

podptrna buiika buriky tektoridlni membrana

stereocilia

bazildrni membrana sluchovéa nervova vlakna

vstup K+

zavieny
kanal otevieny

kanal

spojovaci
vidkno

pfima poloha naklonéna poloha

100 nm



Rovnovazneé bludiste (Labyrinhtus vestibularis)
; AT Subdural space

Subarachnoid
space

Semicircular ducts
et e e e Mt u s e het e Endo|ymphatic SaC

Endolymphatic
: duct
- “< N 7 ; O, I :
\ - (i T . \\“' ".. ~'-\':‘ ': ) A ) ) ’ '| b \
: — Perilymphatic duct

K4

Hehcotrema 77

.....

h‘ Sca|a medla

Iy

Mastoid cavities

Auditory tube

Tympanic membrane




EAR-2_HISTO_40X.svs

saccule




%
>
o)
c
o =
— O
O >
(O 1

S
O
-
4
S
4
\§
S
-
O
()
vy
S
>
-
S

Otoliths

/

é organy

Vd

Otolitick

Receptor cells Nerves

Supporting cells









WY Ny

{ - b ’:{ e b } o
' “ .A-. :\‘;’ % ?‘ ' : l *o
: S . o

s
K

) {

- s e .
. :
;‘.};& ' HC A L

Tt Sep s B VST Y I |







Polokruhové chodbicky (ductus simicirculares)

Semicircular duct
(containing endolymph)

Interglobular
spaces containing
cartilage cells

Semicircular
canal (containing

perilymph)

Endosteum

Blood wessel
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Vlaskove bunky

Stereocilia 7 Kinocilium

| Hair cells:
Cuticular —, ‘
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Mechanical deformation
toward the kinocilium
opens K* channels

in the stereocilia.

Low [K*]

Ca2+

Y

Ca?* enters the cell,
allowing vesicle fusion
and the release of
neurotransmitter.

Afferent
axon

A

Mechanical deformation
away from the kinocilium
closes K* channels

in the stereocilia.




Endolymfa a perilymfa

* Endolymfa: podobna nitrobunécné tekutiné

stria vascularis — scala media — ductus endolymphaticus
(aqueductus vestibuli) — saccus endolymphaticus (slepy)
— fl'ly

Saccus endolymphaticus — cylindrické bunky, mikroklky,
pinocytarni vesikuly, fagosomy

Bony and Membranous Labyrinths
Schema

e Perilymfa: podobna MMM
canalicus (aqueductus) cochleae propojen

se subarachnoidalnim prostorem
ductus perilymphaticus ? QA Y



Vyvoj vnitrniho ucha

Neural fold

Pericardial
bulge

Otic
placode

Somite

Cut edge
of amnion



Invaginating neural tube

B Endoderm Pharynx



vytvoreni otické plakody v ektodermu indukuje FGF signalizace
v prilehlém mesodermu a rhombencefalu

SHH indukuje diferenciaci akustické slozky blanitého labyrintu,
Wnt signalizace indukuje vestibularni slozku
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Cut line forB-D

Optic vesicle

Otic vesicle




Endolymphatic

Endolymphatic
appendage

- Endolymphatic sac
',. appendage

Endolymphatic

i QOtic
i vesicle

Utricular

region Utricular

region
Saccular

,.- Condensing :
region

. Saccular
mesenchyme

region

Ossicle
conden-
sations

Developing
external 2 -
auditory TR 5 Meatal
meatus /

Tubotympanic
recess

B 29 days C 32 days



Endolymphatic Tubular outgrowth / |

i Saccule
and duct of saccule
N Ductus reuniens
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Cochlear duct
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_ Superior
Walls of central portion of semicircular Crus commune

outpocketing are apposed canal nonampullare

Posterior

Crus -
Flattened .
: ampullare | ateral semicircular
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$=_ Apposed G\
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outpocketing Semicircular
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Ligaments

Incus Incus Petrous bone

Malleus

Perilymphatic
space

Wall of
inner ear

Meckel's
cartilage

Stapes

Styloid process

Stylohyoid Oval window
ligament Malleus 7 N Stapes
‘ Eardrum
Hyeidl Bano Ectomesenchyme Tympanic
~ | \cavity
A B A.
Ectodermal epithelium “~Endodermal

epithelium



Auricular
hillocks

Cymba conchae
Helix
Concha

Antihelix



Vnitfni ucho — cévni zasobeni

Tepny: a. basilaris — a. cerebelli inf. ant. — a.
labyrinthi

Zily:
* vv. labyrinthi — sinus petrosus inf.

* v. aqueductus vestibuli, v. agueductus cochleae
— v. jugularis int.

Miza: mizu nahrazuje endolymfa a perilymfa




Vnitrni ucho — nervy

Nervus vestibularis — ggl.
vestibulare Scarpae

* pars superior
* n. utriculoampullaris

e pars inferior
* n.saccularis
* n. ampullaris posterior

Nervus cochlearis — ggl.
cochleare Corti

bipolarni neurony






drazdéni / obrna

e porucha slyseni (= hypacusis = anacusis )
* hluchota (= surditas)

usni Selesty (= tinnitus) — huceni, piskani, zvonéni...
e zavrate (= vertigo)

vuli neovlivnitelné pohyby o¢i (= nystagmus)
* pomala slozka — silnéjsi strana pretlacuje slabsi
* rychla slozka — kompenzacni pohyb zpét — podle ni se
popisuje smer nystagmu B >

- | |

» poruchy stoje a chlze (= ataxie)


http://www.youtube.com/watch?v=4afQwZyb9e4&feature=related

Sluchova draha l.

* Projekéni — Vzestupna — Senzoricka
* 4 —neuronova

e zkiizena 1 nezktizena draha

1. neuron:

bipolarni bunika v ganglion cochleare Corti ve tvaru
spirdly =» n. cochlearis = n. VIl =» draha se dé¢li na
2 Cast1 do nucle1 cochleares ant. + post.



Fr

lobus tempnralﬁ
area 41,42
4. neurony

thalamus

.I
-
g

corpus geniculatum mediale

hlem ¥zd’ 3. Reuron

colliculus inferior

lemniscus lateralis

|| 2 newrony

nucleus cochlearis anterior corpus trapezoideum



Sluchova draha Il.

2. heuron: pons

bunky v nucleus cochlearis posterior (vyska ton) et
anterior (intenzita téna) — oddéleny pedunculus
cerebellaris inferior =» kiizeni = lemniscus lateralis
=» colliculus inferior

odbocka:

nucleus olivaris superior (€ kontralateralni je
inhibovano z ncl. v corpus trapezoideum) =» urceni
prostorove orientace sluchu




Sluchova draha

Spiral ganglion

Cochlear nerve

Medial longitudinal
fasciculus

Lateral lemniscus

Corticospinal tract

Dorsal cochlear nucleus

Inferior cerebellar peduncle

Ventral cochlear nucleus

Inhibitory neuron in trapezoid body



Sluchova draha lll.

. mesencephalon

bunky v colliculus inferior =» brachium
coll.inf.

tonotopické usporadani
commissura colliculi inferioris
. diencephalon - metathalamus

bunky v corpus geniculatum mediale =» lobus

temporalis - gyrus temporalis transversus
Heschli, area 41, 42




Frontal horn of lateral ventricle
Primary auditory cortex in

Third ventricle transverse temporal gyrus

Cerebral aqueduct

Acoustic
radiation

Medial

Temporal horn geniculate
of lateral ventricle body

Inferior brachium

Inferior colliculus

Trapezoid body

Cochlear nuclei :

Lateral lemniscus

Fourth ventricle




Rovnhovazna draha |.

* Projekéni — Vzestupne — Senzoricke
o 3-neuronova, zktrizena draha

: bipolarni bunika ganglion vestibulare
Scarpae =» n. vestibularis = n. VIII

 Cast vlaken jde jako tractus
vestibulocerebellaris directus bez pfepojeni do
mozecCku

: buniky nuclel vestibulares pontis =»
axony do ruznych struktur



gyrus postcentralis
area 3 g

vestibulirni ustroji

vnitiniho ucha iy .
3. neurony a dalsi korove

£ oblasti ...

1yl

area 41,42 ;
gyri temporales transversi

nuclei thalamus

vestibulares

I neuron

u \ tractus vestibulocerebellaris

r _,__\ indirectus
l{[:;; mozedteks- vermis
¥y %

tractus vestibulonucleares

tractus
vestibulocerebellaris
directus

tractus vestibulospinalis medialis

tractus vestibulospinalis lateralis
fasciculus longitudinalis medialis

posturalni svaly



Rovhovazna draha ll. — kam?

* mozkova kura

* mozecek

* RF - facilitacni descendentni systém
* micha

e jadra okohybnych svalu
* pres paramedianni pontinni RF
* reflex hlava-oko a dalsi vestibularni reflexy



Rovnovazna draha lll. — do kury

: bunky nuclei ventrales thalami = mozkova
kura

e |obus parietalis - gyrus postcentralis (area 2) —
primdrni ktra

e parieto-inzularni kdra (gyrus insularis longus) + lobus
temporalis - gyrus temporalis transversus Heschli
(area 41,42)

e ...a dalsi korové oblasti



Rovnhovazna draha lll. — do mozecku

* Tractus vestibulocerebellaris directus

vestibulum = corpus juxtarestiforme (v pedunculus
cerebel. inf.) =» nodulus + uvula (ipsilat.)

* Tractus vestibulocerebellaris

vestibulum =2 ncl. vestibulares =2 corpus juxtarestiforme
(v pedunculus cerebel. inf.) = lobulus flocclulonodularis
+ vermis (bilat.)



Rovnovazna draha lll. — do michy

* Tractus vestibulospinalis lateralis

* Ncl. vestibularis lat. Deitersi (bilat.) =¥
=>» alfa + gama-
motoneurony extenzoru (posturalni svaly)

e Tractus vestibulospinalis medialis

* Ncl. vestibularis medialis + inferior =» fasciculus
longitudinalis medialis =2 interneurony (+ a -) v kréni
mise

reflex hlava-oci



