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Sluchovy system

* Prevod zvukovych vin na receptorovy a akcni
potencial

* Prevod do CNS

e Zpracovani informace ze ziskaného signalu

— Interpretace zvuku
— Interpretace vyznamu pro organismus
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Sluchovy systém

* Prevod zvukovych vin na receptorovy a akcni
potencial

* Prevod do CNS

e Zpracovani informace ze ziskaného signalu

— Interpretace zvuku
— Interpretace vyznamu pro organismus
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http://www.slideshare.net/drpsdeb/presentations

= =
m e

4  Sluch a rovnovaha



Zvuk

* Vznika vibraci pevného objektu ve vzduchu
Ci vode

» Charakteristiky vinéni
— Frekvence — vyska tonu
— Amplituda — intenzita

— Barva — dana zastoupenim harmonickych
kmitoctu

* Jednoduchy zvuk Distance —3
o SIOie ny ZVU k http://www.slideshare.net/drpsdeb/presentations
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Zvuk

* Jednoduchy (Cisty)

* Slozeny
— Hudebni
* periodicky
— Nehudebni (hluk, Sum)

* neperiodicky

6 Sluch a rovnovaha

Pure Tone (sine wave)

AN
VAA!

Complex Waveform (Sum of Pure Tones)
Amplitude

Time

Moise

http://www.earmaster.com/music-theory-
online/ch03/chapter-3-2.html

http://www.acoustics.salford.ac.uk/acoustics_info/sound_synthesis/

Dristance —
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Sluch a rovnovaha

Slys

HUMAN
20-20,000Hz

ELEPHANT
5-12,000Hz

DOG
50-45,000Hz
CAT
45-65,000Hz
MOUSE
1,000-100,000Hz
BAT
2,000-120,000Hz

BELUGA WHALE
1,000-120,000Hz

DOLPHIN
75-150,000Hz

10

itelné spektrum

100 1,000 10,000 100,000

http://www.slideshare.net/drpsdeb/presentations
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Intenzita a hlasitost zvuku

* Intenzita zvuku
— Dana amplitudou
> Sepot—20dB
» Mluvené slovo - 65 dB
» Tryskovy motor — 100 dB
» Prah bolesti— 120 dB
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Intenzita a hlasitost zvuku

* Intenzita zvuku
— Dana amplitudou
> Sepot—20dB
» Mluvené slovo - 65 dB
» Tryskovy motor — 100 dB
» Prah bolesti— 120 dB

* Hlasitost - subjektivné vnimana
intenzita
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Zevni ucho

v Pfevedeni akustického signalu ve vnéjSim prostfedi na bubinek

http://www.slideshare.net/drpsdeb/presentations
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Stredni ucho

v Pfevod signalu z bubinku na ovalné okénko a perilymfu - osikularni vedeni, kostni vedeni

11 Sluch a rovnovaha
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Stredni ucho

e Znacny rozdil akustickych impedanci
vzduchu a perilymfy

e Zesileni signalu
— Plocha bubinku/ovalného okénka
— Pakovy mechanismus stfredousnich klstek

e QOchranna funkce
— m.stapedius a tensor tympani
— Eustachova trubice

12 Sluch a rovnovaha

Malleus } ;-

Manubrium

of Malleus Stapedial

Stapes Footplate

Oval Window
: _ (Small Area)
Tympanic

Membrane Q
(Large Area) 77/ /\|
. 11 Smaller Area
“ﬁ// ;:E:’F’:rri‘: Same Force
oL/ ] HIGHER

PRESSURE
Force applied to a larger
area is concentrated
onto a smaller area

http://slideplayer.com/slide/3433153/
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Vnitrni ucho

v Pfevedeni mechanického vinéni perilymfy na nervovy signal

Cross section of cochlea

http://www.slideshare.net/drpsdeb/presentations
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Tonotopické usporadani

*  Proximaini konec (baze) PR A _

— vysokeé frekvence -
froquency o —

. Vé 7 000 Hz
e Distdlni konec (apex) Medum  F =3 —
— nizké frekvence 10,000 Hz
:‘IE:LHIH;',' _<3 —
RO:"“H v'”ndn“r \l CUH]L‘I'L‘K 13 ) —

ﬂl}}))) /; sound i B et —

http://www.slideshare.net/drpsdeb/presentations
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Bazilarni membrana

* Bazalni c¢ast
— Uzkd a tuha
v’ Vysoké frekvence

* Apikalni ¢ast

— Siroka a mékka
v" Nizké frekvence

15 Auditory and vestibular system

ww, BrainConnection. com
P Slembill Lesning Comparalion

AVATAVAVATAY

High frequency Basilar membrane

Hair cells

byl l ||Il IIi |
|"I}|'I|'|||III |

Base: narrow and tight

A

Basilar
membrane

Decoding high frequency Decoding low frequency Frequency producing
with maximum wave with maximum wave maximum amplitude in
amplitude at the base B amplitude at the apex C the basilar membrane

https://www.semanticscholar.org/paper/Mass-and-Stiffness-Impact-on-the-Middle-Ear-and-the-Kim-
Koo/16a2a6b5ffd1c963efd906ceal09277bfbf0d7e3/figure/3
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Cortiho organ

P Helicotrema —e
> Vnitini vlaskové burky
> cca. 3 500

Owval window

Scala
Malleus

vestibuli

Incus

»\Vnéjsi vlaskové burky N
> CCa. 12 OOO Tympanum

Scala
media

»Membrana tectoria

tympani

Round window

http://www.slideshare.net/drpsdeb/presentations
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Vnitrni vilaskove bunky

» Vlastni smyslové buriky

Afferent  membrane  hair cells of Corti

17 Sluch a rovnovaha

http://www.slideshare.net/drpsdeb/presentations

= =
m e
O =



Vnejsi vilaskove bunky 4) PR _
o 0)) e, @ =
* Modulace signalu ‘n))% o -
v" Amplifikace signalu pozadovanych frekvenci T —
ﬂ)))) fremcency = ==
e PocCet roste smérem k apexu (nizké frekvence) al) w i=—
Stereocilia %
™
Electromotile
Response
N4
\5#

A\

Nucleus

Afferent  membrane  har cells of Corti

axons The Outer Hair Cell

http://www.slideshare.net/drpsdeb/presentations

18 Sluch a rovnovaha http://www.neurophys.wisc.edu/auditory/johc.html
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Inervace Cortiho organu

Quter hair cells

Inner hair cells

Spiral ganglion
cells

To cochlear
nucleus (afferent)

From superior
olivary complex
(efferent)

http://www.slideshare.net/drpsdeb/presentations
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Zpracovani signalu

* Nucleus spiralis cochleae
* Nucleus cochlearis ventralis
— Informace o intenzité
— Casova prodleva pro smérové sly$eni
* Nucleur cochlearis dorsalis
— Informace o vysce
e Olivarni jadra
— Analyza sméru
— Modulace (zvyseni) citlivosti zevnich vlaskovych bunek

e Colliculi inferiores
— Integrace informace z nizSich struktur
— Ddlezité centrum akustickych reflext

* N. corporis geniculati medialis
— Thalamus

* Primarni sluchovy kortex

20 Sluch a rovnovaha

Caudal
midbrain

Pons-
midbrain
junction

Mid-pons

Cochlear nuclei
Daorsal

Pasteroventral
Anteroventral

http://www.slideshare.net/drpsdeb/presentations
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Nucleus olivaris superior medialis

v’ Lokalizace zvuku na zadkladé analyzy ¢asového zpozdéni

! ! Loudspeaker

Sound reaches
right ear a little
later

Action potential
A

begins traveling
toward M5O

Left ear \
leading neuron

Action potential
begins traveling

toward MSO MSO \\ i E J
Action potentials conver,
on an M50 neuron that = Cochlea and
responds most strongly if cochlear nucleus
their arrival is coincident

http://www.slideshare.net/drpsdeb/presentations
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Nucleus olivaris superior lateralis

v’ Lokalizace zvuku na zakladé analyzy intenzity

(A)

Output of LSO

70 40 20 0 -20 40 -70

Left > right Right > left
Relative loudness
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https://www.earth.com/news/bats-

https://en.wikipedia.org/wiki/Nu

mammal-longevity/

bian_ibex
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Colliculi inferiores u ruznych zivoc€ich

DOLPHIN

ECHOLOCATING BAT

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of Technology: MIT

p OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-NC-SA
Sluch a rovnovaha P )r hitp:/ ( )
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https://www.thesun.co.uk/tech/3543919/hum
ans-communicate-with-dolphins-by-2021/

https://www.animalfactsencyclopedia
com/Tarsier-facts.html
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Sluchovy kortex

http://www.slideshare.net/drpsdeb/presentations
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Vestibularni systém

* Asociace se sluchovym systémem
— Anatomicka lokalizace
— Vlaskové bunky

Informace o poloze
Informace o zrychleni

— Linedrnim
— Uhlovém

25 Sluch a rovnovaha

endolymph : f##,supgﬂpr
ﬁa&. semicircular canal bany
pemlgmph ; labyrinth
¥ superior
s

membranous

semicircular duct
Tabyrinth

harizantal - i
sernicircular
canal

vestibule

horizontal cochlea
sern1c1rcular____ /#///

duct

pnsterlnr
semicircular
canal

: armpullae
posterior

semicircular
duct

round
s ind oy

cochlear duct

oval window =1997 Encyclopaedia Britannica, Inc.
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Vestibularni systém

* Asociace se sluchovym systémem
— Anatomicka lokalizace
— Vlaskové bunky

v Informace o poloze
v Informace o zrychleni

— Linedrnim
— Uhlovém
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endolymph supe_ri_clr
semicircular canal bany
perilymph labyrinth
: : suUperior
h-:ur1_2|:|_ntal i_ cemicircular duct memt!r'annus
semicircular labyrinth

vestibule

canal \ il

horizontal i \ cochlea
semicircular—— M :

duct - i

posterior ——— . _: s " 4

semicircular
canal

: armpullae b
posterior o

semicircular

S round

_ wwindosy
oval window cochlear duct
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Informace o poloze a
linearnim zrychleni

utricle

macula

saccule

i . AAT iy - L enlargement
* Utriculus ot f—\ i
— Macula horizontalné : = W

- _._.;__._..-'—I:Iil.'.lhthlﬂ

° M acu |a Backward
— Krystalky CaCO, |

° Deceleration \ Fembrane
Sacculus . h T} stersccie
— Macula vertikalné . Ly kinocilium IE LS
1 . i } Type @
THFIE'] , & " g Fiair caell
hair cell [ ] & " # w
A -T ‘-\%EUDDDHIHQ

nerve fibre basement membrane cells

http://www.slideshare.net/CsillaEgri/presentations
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28 Sluch a rovnovaha

Mechanismus recepce signalu

Ohnuti smérem ke stereocilii
— otevreni mechanicky aktivovanych K+ kandl(i —depolarizace

Ohnuti smeéerem od stereocilie

— uzavreni kanall - hyperpolarizace

Receptor potential

Merve impulses

_______________ -

http://www.slideshare.net/CsillaEgri/presentations

-
W
Hyperpolarization
Depolarization
oo LU L NNt [ 4 [ L0y | 1 L]
Resting Increased Decreased
discharge impulse impulse
frequency frequency
Excitation Inhibition
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Informace o uhlovém

zrychleni

 Ampulla

* Semicirkularni kanalky
— Horni

— Horizontalni
— Zadni

29 Sluch a rovnovaha

Cupula displacemant

Inertial flow
of endolymph

Rotation of semicircular
canal (angular acceleration)

vegtibular system

crista

ampulla

enlargemant
af crista

cupuls

hair
bundles

nerve fbre

-

£ 997 Encyclopssdis Brit snnios, Ino

http://www.slideshare.net/CsillaEgri/presentations



Vestibularni jadra

v’ Integrace vestibularnich,
vizudlnich a
somatosenzorickych informaci

v’ Projekce
* Cerebellum

Okulomotoricka jadra

Jadro of n. Accessorius —
kréni svaly

RGzna spinalni jadra

Thalamus - kara

30 Sluch a rovnovaha

Vestibular area in
cerebral cortex

Ventral posterior
nucleus in thalamus

Vestibular branch of
vestibulocochlear

(VII) nerve
Vestibular
ganglion \
.:.'\ :' - .

Oculomotor nerve
(1) nucleus

Trochlear nerve
(IV) motor nucleus

i \ Abducens nerve
(V) motor nucleus

Cerebellum

Accessory nerve (XI) nucleus
r;
Spinal cord -—% g

http://www.slideshare.net/CsillaEgri/presentations
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MUN I
ME D

76. Zaklady fyziologie sluchu a rovnovahy - strucna
charakteristika dané modality, zakladni informace o
detekci a zpracovani signalu

* Sluchovy a vestibularni systém spolu souviseji * Strucny prehled struktur zapojenych do zpracovani
’ : P signalu a lokalizace zdroje
obdobnym mechanismem recepce signalu
(“vlaskové bunky” aktivované mechanickym * Vestibularni systém
draZdemm) * Strucny prehled anatomie s ohledem na funkci (detekce
o SIuchovV systém polohy, linearniho a uhlového zrychleni)
e Struéna charakteristika zvuku * Hlavni projekce vestibularnich jader
* Strucny prehled anatomie a fyziologie ucha  Nystagmus (prezentace Zrak ”)

* Stredni ucho vice do detailu
* Vnitfni ucho detailné (anatomie, fyziologie...)

31 Sluch a rovnovaha






