MOZECEK



Mozecek = Cerebellum

10 % hmotnosti celého mozku
vice nez 2 neuronu celého mozku

Ya - ¥ plochy mozku




Mesencephalon

Pons

Medulla oblongata

Medulla spinalis

Cerebellum




Cerebellum



Mozecek — déleni

 dle vyvoje:
— archicerebellum
— paleocerebellum
— neocerebellum

* dle funkce:
— vestibulocerebellum
— spinocerebellum

— cerebrocerebellum
(= pontocerebellum)

e dle funkéniho

—vermis alo
flocculonoo

umisténi:
IS
ularis

— paraverma
(intermedia

ni
Ini) zéna

— hemisféry (lateralni zéna)

 dle vnejsi stavby:
— lobus anterior
— lobus posterior
— lobus flocculonodularis




Mozecek — popis

folia cerebelli (/istky) NS
fissurae cerebelli (Sterbiny)
vermis (¢erv) — neparovy uprostred —
hemispheria (polokoule) — parove

3 lobi (laloky)

— mensi casti
« 10 v Cervu [l - X] — napf. nodulus
* 10 v polokoulich [H | - H X]

— tonsilla — pfi otoku se vsouva do foramen magnum a
utlacuje kmen

— flocculus




MozecCek — zadni pohled




Mozecek — predni pohled
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Mozecek — dolini pohled

VERMIS

.t
I TONSILLA



Anterior inferior
cerebellar artery

Anterior spinal
artery

Superior cerebellar
arteries

" Posterior inferior
cerebellar artery

Vertebral artery




Mozecek — funkcni ¢asti
3 podelné zony
« vermis + lobus flocculonodularis

e paravermalni kura
* hemisféry
1




VYVOJ MOZECKU

dorzalni pohled (pohled shora) laterdlni pohled
RYBY *vestibulncerebellum EJE;E\
|

= —+ spinocerebellum

mozkova kura

<~

SAVCI neocerebellum




Mozecek — vyvojove Casti

* |obus anterior [I-V+ H |- H V]
= spinocerebellum = paleocerebellum
fissura prima

* |lobus posterior [VI-IX + H VI - H IX]

pontocerebellum = neocerebellum
fissura posterolateralis

* |lobus flocculonodularis [X + H X]

= vestibulocerebellum = archicerebellum




SCHEMA FYLOGENETICKEHO VYVOJE MOZECKU

pohled na sagitalni ez skrz vermis cerebelli

culmen

lobulus centralis )
declive

lingula folium

nodulus tuber

uvula

pyramis

Puvonﬂj PLAZI SAVCI
HYPOTETICKY STAV

CLOVEK

zelené - vestibulocerehellum
modie - spinocerebellum
cervené - neocerebellum



Mozecek

fissura prima
N

— lobus anterior
- Fizeni svalového

napéti _—
- koordinace

ziskanych volnich
pohybli

— lobus posterior

planovani a iniciace
volni motoriky

lobus flocculo-
nodularis

- Fizeni rovnovahy

o o . . - vestibulocerebellum
- Fizeni o€ni pohybu




Vermis

Human Infermediate Mammals
zone in general

Anterior Hemisphere

lobe

Horizontal
fissure | Ansiform
lobule
Inferior
semilunar
tolitle:
Posterior

lobe

Flocculonodular

lobe



MozecCkovy homunkulus

PROJECTIO SOMATOSENSORIA




MozecCek — stopky

» pedunculus cerebellaris inferior
—corpus restiforme
—COorpus juxtarestiforme

» pedunculus cerebellaris medius
(= brachium pontis)
— AF: tractus cortico-ponto-cerebellaris
» pedunculus cerebellaris superior
(= brachium conjunctivum)



Mozecek — predni pohled
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Mozecek — vnitrni stavba

- cortex cerebelli (kiira mozecku): strata g, = o
(3 vrstvy) — arbor vitae : ,

— stratum moleculare
— stratum purkinjese
— stratum granulosum

» corpus medullare cerebelli: nuclei cerebelli &
4 parova jadra (,Don't Eat Greasy Food") R

— nucleus dentatus (= lateralis cerebelli)
— nucleus emboliformis (= interpositus anterior)
— nucleus globosus (= interpositus medialis)

— nucleus fastigii (= medialis cerebelli)




MozecCek — jadra

I - nucleus dentatus

ncl. lateralis cerebelli)

2 - nucleus emboliformis
(ncl. interpositus anterior)
3 - nucleus globosus

(ncl. interpositus posterior)
4 - nucleus fastigii

(ncl. medialis cerebelli)




Interposed nucleus:

Fastigial Globose Emboliform  Dentate
nucleus nucleus nucleus nucleus
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Dentate
nucleus

Globose and emboliform
nuclei



MozecCek — jadra a zapojeni

Cerebellar Output

spinocerebellum : ~ medial
sial descending
systems

via pedunculus crbl. inferior

execution
lateral /

 interposed — descending
systems

motor

areas motor

cerebellum dentate — 4& 6 planning

via pedunculus crbl. superior

vestibular balance &
*
nuclei eye movements

via pedunculus crbl. inferior

vestibulocerebellum



Mozecek — vrstvy kury

stratum moleculare
— neuron stellatum (hvézdicova burika)
— neuron corbiforme (koSi¢ova burika)
— neurofibra parellela (soubézné/paralelni viakno) — axony
zrnickovych bunek
stratum purkinjese
(= drive stratum neurium piriformium; stratum gaglionicum)
— neuron purkinjese (Purkyrnova bunka)
 corbis neurofibrarum (bohaté vétveni do stratum moleculare)
« axony k jadrum mozecku
stratum granulare
— neuron granulosum (zrni¢kova/granularni burika)
— neuron stellatum magnum Golghi (Golgiho bunka)
— dalSi 3 typy bunék
— glomerulus cerebelli

— aferentni vlakna: neurofibra muscosa (mechové viakno - Glu) +
ascendens (Splhave viakno - Asp)
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Glomerulus cerebelll

; Mossy fiber rosette
/ :

: .‘. ‘ "
/ : "
\ ; “
Golgi cell axon

Golgi cell dendrite J ,

Granule cell dendrites

p

Glial capsule

Mossy fiber



Golgi cell Granular cell

Basket cell

Cerebellar cortex

Purkinje cell - Molecular layer

__~ Purkinje cell layer

~ Granular layer

White matter

Mossy fiber

Cerebellar nucleus

Climbing fiber
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Precerebellar
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(spinocerebellar
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Zapojeni bunek

Py amotonsche

Pracerebellare
Keme ()



OBECNA STAVBA MOZECKU - REZ KUROU

L

| - Purkynovy buiiky (inhibice mozeckovych jader)
2 - kosickove bunky (inhibice Purkyiovych bunek)
3 - hvézdicovité buiky (inhibice Purkynovych bunék)
4 - Splhava vlakna (excitace Purkynovych bunék)

5 - mechova vlakna (excitace Purkyiiovych bunék)
6 - granularni bunky

7 - mozeckové glomeruly

8 - mozeckova jadra

9 - mozeckove aferenty

10 - mozeckové eferenty

GABA - gama-aminomaselna kyselina

OLIVA| |9




Mozecek — aferentace
rovnhovaha

e tractus vestibulocerebellaris directus

vestibulum =» corpus juxtarestiforme (v PCIl) =»
nodulus + uvula (ipsilat.)

miji ncll. vestibulares a vede primo do mozecku !
» tractus vestibulocerebellaris indirectus

vestibulum =» ncl. vestibulares =» corpus
juxtarestiforme (v PCI) = lobus
flocculonodularis + vermis (bilat.)

e tractus trigeminocerebellaris
Informace z hlavy




MozecCek — aferentace
pasivni propriocepce (polohocit)

* tfractus spinocerebellaris posterior
ncl. thoracicus post. Stilling-Clarke
= medulla oblongata =» pedunculus crbl. inf. =»

vermis + paravermalni kura (ipsilateralni)
polohocit z trupu a DK

e tractus cuneocerebellaris

=>draha zadnich provazcu = nucleus cuneatus
accessorius = pedunculus crbl. inf. =

vermis + paravermalni kura (ipsilateralni)
polohocit z HK a hrudniku




Mozecek — aferentace
aktivni propriocepce (pohybocit)

 fractus spinocerebellaris anterior

ncl. thoracicus post. Stilling-Clarke =» krizeni na
misni urovni = mesencephalon = pedunculus
crbl. superior = kfizeni v mozeckoveé kure =»
vermis + paravermalni kura (oboustranné) — DK

 tractus spinocerebellaris rostralis

ncl. thoracicus post. Stilling-Clarke =» pedunculus
crbl. inferior = vermis + paravermalni kura
(ipsilateralni) — HK

* tractus spinoolivaris
— kontralateralne
— motorické uceni (napr. lezeni do strmych schodu)




Mozecek — aferentace z kury

« tractus cortico-ponto-cerebellaris (17.000.000
vlaken)

lobus f,p,0,t =» capsula interna =» ncll. pontis =» fibrae
pontis transversae = krizeni =» pedunculus crbl.
medius =» kura mozecCku (kontralat.)

e tractus cortico-olivo-cerebellaris

lobus f,p,0,t = capsula interna =» complexus olivaris
Inf. (bilat.) =» krizeni =» pedunculus crbl. inferior =»
kira mozecku

e tractus cortico-reticulo-cerebellaris

lobus f,p,0,t (hlavné senzorimotoricka kura) =» capsula
interna =» precerebellarni jadra RF (bilat.) = krizeni
=>» pedunculus crbl. medius + inf. = kura mozecku

volni motorika, priprava pohybu, nastaveni
spravnéeho svaloveho tonu




Mozecek — eferentace

ncl. fastigil

1. = PCI =» ncl. vestibularis lat. Deitersi (bilat.) =
tr. vestibulospinalis

2. = PCIl = RF (bilat.) = tr. reticulospinalis
3. =» hlavove nervy, svalstvo krku
ncll. interpositi (globosus + emboliformis)

= PCS = krizeni =» ncl. ruber (pars
magnocellularis) =» tractus rubrospinalis =»
Kfizeni =» micha (ipsilat.)

ncl. dentatus

= PCS = krizeni =» ncl. VA+VL thalami =» area 4
=> tr. pyramidalis =» kfizeni =» micha (ipsilat.)




Mozecek — dolni stopky
pedunculi cerebellares inferiores

 corpus restiforme

— AF1: tr. spinocerebellaris posterior + rostralis, tr.
cuneocerebellaris, tr. spinoolivaris

— AF1: tr. spino-reticulo-cerebellaris

— AF|: tr. cortico-reticulo-cerebellaris, cortico-olivo-
cerebellaris, cortico-arcuato-cerebellaris

e corpus juxtarestiforme
— AF1 tr. vestibulocerebellaris directus + indirectus

— EF|: tr. cerebello-reticulospinalis, -
cerebellovestibularis, cerebellospinalis,
cerebellonuclearis (vse z ncl. fastigii)




Mozecek — stredni a horni stopky
pedunculi cerebellares medii et superiores

« pedunculus cerebellaris medius
AF | : tractus cortico-ponto-cerebellaris

 pedunculus cerebellaris superior
AF1: tr. spinocerebellaris anterior +
tectocerebellaris
EF|: tr. cerebello-rubro-thalamo-
corticalis + tr. cerebello-rubro-spinalis
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optimalizace a korektura

opérne a pohled motoriky

(tonus, drieni, rovnovaha)

koordinace opérne a cilené
motoriky, korektura sméru
cilene motoriky

viz ez str 289
B2—-8B4

pohybove programy
pro cilenou motoriku

(podle R F Schmidta)




Aferentace do mozeceku
somatotopicka organizace

2 mapy téla fissura prima

D Head . Information from auditory and visual cortex

somatosenzorika a motoricka projekce z micha a mozkové kury je do stejnych mist



Function | Movement | Visually- Working
parameters guided memory
movements
Cortical
area M1 PMy PFC
Thalamic | yp g X MDA/Le
nucleus
Cerebellum DN DN DN
Deesal Lateral ventral

Fig. 4 Output channels in the dentate nucleus. Schematic
diagram indicating the cerebello-thalamocortical connections
of three output channels in the dentate (DN dorsal, Iateral and
ventral). It also illustrates the observation that neurons within
individual output channels appear to be involed in different
aspects of motor and non-motor behavior, consistent with the
areas to which they project. (M1, primary motor cortex; MD,
medialis dorsalis; PFC, prefrontal cortex; PN, ventral premotor
cortex; VLc, ventralis lateralis pars caudalis; VPLo, ventralis
posterior lateralis pars oralis; X, area X))




Mozecek — hlavni okruhy

 okruh: mozkova kura-mozecek

mozkova kura — most / oliva / RF (oliva) — ncll.
pontis / complexus olivaris inferior — krizeni —
kira — ncl. dentatus — kfizeni — thalamus (ncl.
VL) — mozkova kura

« Papezuv mozeckovy kontrolni okruh:

ncl. dentatus — krizeni — ncl. ruber (pars
parvocellularis) — oliva — krizeni — ncl.
dentatus

— uceni se nejen motorickym, ale i kognitivnim a
Jazykovym dovednostem

« mozkova kura — mozecek: vzdy kontralaterané
* mozecek — télo: vzdy ipsilateralneé



Archicerebellum
(vestibulocerebellum)

* lobus flocculonodularis + vermis
* rovnovaha
* nystagmus

 spojeni s ncll. vestibulares
(inferior + medialis)

nejCastejsi pricina: meduloblastom






Paleocerebellum
(spinocerebellum)

lobus anterior

AF: tractus spinocerebellaris anterior +
posterior

polohocit a pohybocit (informace o reflexech)
kolateraly primo na mozeckova jadra

EF: Cinnost antigravitaCnich svalu,
koordinace Cinnosti agonistu/antagonistu

postoj (chuze)



Neocerebellum
(cerebrocerebellum)

lobus posterior

AF: tractus cortico-ponto-cerebellaris
kolateraly k mozeCkovym jadrum

EF: motoricka kontrola

— koordinace jemnych pohybu koncetin

— zpetnovazebna uprava motoricke aktivity

— spole¢né s mozkovou kurou planuje pohyby



MozecCkovy syndrom

svalova hypotonie (zvyseny rozsah a pasivita
pohybu)
ataxie (porucha koordinace)

— hypermetrie — dysmetrie
* makrografie, skandovana re€, megafonie, bradylalie

— adiadochokinéza

— asynergie (,opilecka chltze")
Intencni tremor

nystagmus a zavrate

(hyporeflexie elementarnich posturalnich reflexu)



Mozeckova ataxie

ataxicka chuze a
pOSto]

nador mozecku
vievo

* ve stoje padani
doprava

* pevny stoje na
prave noze

 vratky stoj na
levé noze

o atakticka
chuze




Mozeckovy kognitivne-afektivni syndrom

kognitivni dyzmetrie

— chybejici predstava pohybu

porucha exekutivnich (vykonnych) funkci
postizeni prostorovych uloh

osobnostni zmeny

— oplosténi (snizena emocCni reaktivita), desinhibice,
neadekvatni chovani

metalinguistické (jazykové) obtize
— dysprosodie, agrammatismus, mirna anomie
— nenachazi logické vazby mezi vyroky

(Schmahmann a Sherman, 1998)



Mozecek — shrnuti

rovnovaha

prevazné motoricka funkce

— tvorba, podpora a udrzovani svaloveho napeti
— soucinnost s kurou pfi planovani pohybu

— slozité a jemné pohyby: tanec, rec, psani
,komparator®

jiné funkce — kognice, senzorické vnimani,
pamet



Alcohol Damages the
Cerebellum

Control Alcoholic

nedostatek thiaminu (B1) zpusobuje degeneraci lobus anterior cerebelli
Sulllvan etal., Meuroprychology, INpran



Agenesis cerebelll

* vzrozene chybeni mozecku
* jen mirna ataxie a mirna mentalni retardace




Doplnkoveé informace



1000

H. LEINER, A. LE|

———» CEREBRAL CORTEX

Pontine
Thalamus Nuclel

Nucleus

Inferior ¢ :
Olive

!

;

CEREBELLUM

Figure 3. Major cerebro-cerebellar loops in the human brain. (From
the cerebral cortex, two major sets of projections descend to the
cerebellum via enlarged structures in the brainstem, i.e., via pontine
nuclei and via rubro-olivary nuclei. The pontine nuclei project mossy
fibers to the cerebellum, and the inferior olive projects climbing
fibers—a dual input that seems to be a basic pattern of cerebellar
organization. The conjunctive activation of mossy fibers and climb-
ing fibers may enable learning to occur in the cerebro-cerebellar
loops, leading to the acquisition of new procedural skills, which could
include not only motor but also cognitive and language skills.)



AFERENTY MOZECKU

micha

nucleus ruber =

retikulami formace
mozkova kira

splhava viakna

CEREBELLUM

tractus vestibulocerebellans
tractus spinocerebellares (ant.+ post )
/z DK a dolni poloviny trupu/
tractus cuneocarebellars
!z HE. a homi poloviny trupu/
tractus reticulocerebellaris
tractus pontocerebellans
'z mozkové kiry/
tractus nuclescereballaris

mechova vidkna

EFERENTY MOZECKU

VERMIS > nuclel fastigii > nuclei vestibulares ———3 axtenzory kontetin a trupu

PARAVERMALMN KURA = nuclei Embahl'mmm_} retikulami formace —— proximdlni svaly kondetin

&l globosus nucléus ruber

[HEMISFERY | > nucleus dentatus mozkovi kira distalni svaly kondetin

AR /

thalamus tractus corticospinalis




Ataxia refers to disordered contractions of
agonist and antagonist muscles and lack of
coordination between movements at
different joints typically seen in patients
with cerebellar lesions. Normal movements
require coordination of agonist and
antagonist muscles at different joints in
order for movement to have smooth
trajectory. In ataxia movements have
irregular, wavering course consisting of
continuous overshooting, overcorrecting
and then overshooting again around the
intended trajectory.

Dysmetria = abnormal undershoot or
overshoot during movements toward a
target

finger-nose-finger test).

2002 Sinawer Associates, Inc



A. fissura prima (neni prvni ) B.

fissura
postero-lateralis
(vznika jako prvnij

C.

fiss. horizontalis

O
W

9!”

fissura prima

fiss. prepyramidalis

? fiss. secunda ?

fiss, postero-lateralis



Medial zone of anterior and posterior lobe
=paleocerebellum=spinocerebellum=fine tune body and limb movement

Lateral zo@ of anterior and posterior lobe =

cerebrocerelRllum=neocerebellum = ?? Plannning movement,
cognitive fun Hemispere Vermis

Anterior Lobe
ary Fissure

».

Posterior Lobe
Horizontal Fissure .

Posterior Fissure i i

Flocculonodular :

Lobe

Flocculus

Nodulus
=vestibulocerebellum=archicerebellum=balance and gait



Cerebellum: 3 layered cortex

Climbing fibers: excite the Purkinje cells
Mossy fibers: excite the granule cells
Granule cells: make excitatory contact with the Purkinje cells
Purkinje cells: Tonic inhibition on the activity of the neurons of the
cerebellar nuclei
=> All excitatory inputs will be converted to the inhibition
=> Removing the excitatory influence of the cerebellar
inputs (erasing)
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