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Uvod

Motoricka akce je vysledkem aktivity
dolniho motoneuronu

Dolni motoneuron je soucast lokalniho
reflexniho okruhu

Motorika

Ia afferent

Primary motor cortex

Spinal cord
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Uvod

Motoricka akce je vysledkem aktivity
dolniho motoneuronu

Dolni motoneuron je soucast lokalniho
reflexniho okruhu

Dolni motoneuron integruje informace z
rdznych vstupu
— VysSi etaze CNS
»Horni motoneuron, tectum, n.
ruber, mozkovy kmen
— Propriocepce

Motorika

Ia afferent

=

Primary motor cortex

Spinal cord

http://www.frontiersin.org/files/Articles/42416/fnhum-07-00085-HTML/image_m/fnhum-07-00085-g001.jpg
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Uvod

* Motoricka akce je vysledkem aktivi
dolniho motoneuronu

* Dolni motor

00085-HTML/image_m/fnhum-07-00085-g001.jpg
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Uvod

* Motoricka akce je vysledkem aktivi
dolniho motoneuronu

* Dolni motor

00085-HTML/image_m/fnhum-07-00085-g001.jpg
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Motorika

Dolni motoneuron

a motoneuron

inervace kontraktilniho
aparatu
extrafuzalni vlakna

— svalova kontrakce

Y motoneuron

— inervace svalovych vretének

— intrafuzalni vlakna

— adjustace délky svalového

vieténka

— gama klicka

B motoneuron

Intrafuzalni i extrafuzalni viakna

Supraspinal
Input

Type| alpha
GENGOrY NErve

' T~Q
Sy,
‘/ 3 Quadriceps
@ )

C Gamma Fusimotor
(_B fiber
Extensor . —
http://epomedicine.com/wp-content/uploads/2016/07/gamma-loop.jpg



Dolni motoneuron
Topografie

Motor nuclei Short propriospinal Long propriospinal
interneurons interneurons

Dorsolateral
motor nucleus motor nucleus
(to limb muscle) (to axial muscle)

Ventromedial

8 Motorika http://www.slideshare.net/drpsdeb/presentations
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Motoricka jednotka

e ,Primérny“ sval inervovan asi 100 motoneurony,

které tvori motorické jadro

* Kazdy motoneuron inervuje asi 100-1000

svalovych vlaken a kazdé svalové vlakno je
inervovano pouze jednim motoneuronem

Motorika

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




Motoricka jednotka

e ,Primérny“ sval inervovan asi 100 motoneurony,
které tvori motorické jadro

* Kazdy motoneuron inervuje asi 100-1000
svalovych vlaken a kazdé svalové vlakno je
inervovano pouze jednim motoneuronem

* Soubor svalovych vlaken inervovanych jednim
motoneuronem tvori spolu s témito
motoneurony motorickou jednotku

10 Motorika
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11 Motorika

Typy svalovych viaken

Rychla vlakna Pomala vlakna
» Stavéna na vykon » Stavéna na vydrz
» Rychld unavé odolna vldkna- bézny vykon » 0dolna vidi unavé

» Rychld unavitelnda vlakna — vysoky vykon

(B} (€

200 1000 1500
Time {ms)
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12 Motorika

Typy svalovych viaken

Rychla vlakna
» Stavéna na vykon

» Rychld unavé odolnd vildkna- bézny vykon
» Rychld unavitelnda vlakna — vysoky vykon

Q0 50 100 150 200 250 300
Time (ms)

0 00 1000 1500
Time {ms)

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

Pomala vlakna

> Stavér
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Fast fatigue-resistant
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Nabor motorickych jednotek

m. gastrocnemius u kocky

| Fast
fatigable

~ fatigue-

0 —F Slow
0 25 20 =] 100

Percent of motor neurcn poocl recruited

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

Nervosvalova ploténka

Axon

terminal of
motor neuron at NMJ

© 2013 Pearson Education, Inc

Setting the stage

The events at the neuromuscular
junction (NMJ) set the stage for
E-C coupling by providing
excitation. Released acetyicholine
binds to receptor proteins on the
sarcolemma and triggers an action
potential in a muscle fiber.

Action potential

@ The action potential (AP)
propagates along the
sarcolemma and down the
T tubules.

@calclun ions are released.
Transmission of the AP along the
| Ttubules of the triads couses the
ltage itive tubule proteins to
change shoape. This shape change
opens the Ca’" release channels in
the terminal cisterns of the
sarcoplasmic reticulum (SR),
allowing Ca®* to flow into the
cytosol.

@cuelun binds to
troponin and removes
the blocking action of

When Ca*

o : . ‘o uw'n m';ponln changes
*e s shape, exposing binding
¢ Tty Active sites exposed and sites for myosin (active
X ready for myosin binding sites) on the thin filaments.
g e ——e i
1 @c«vlucuon begins:
S Myosin binding 1o actin
forms cross bridges and
ion (cross bridge
Myosin cycling) begins. At this
cross \ point, E-C coupling is over.
bridge
The aftermath

When the muscle AP ceases, the voltage-sensitive tubule proteins return
to their original shape, closing the Ca?* release channels of the SR. Ca2+
levels in the sarcoplasm fall as Ca?* is continually pumped back into the
SR by active transport. Without Ca?*, the blocking action of tropomyosin
is restored, myosin-actin interaction is inhibited, and relaxation occurs.
Each time an AP arrives at the neuromuscular junction, the sequence of

E-C coupling is repeated.

http://classes.midlandstech.edu/carterp/Courses/bio210/chap09/210_figure_09_11_labeled.jpg
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15 Motorika

Nervosvalova ploténka

Axon terminal of
somatic motor neuron

T-tubule

Z disk + —_— Troponin‘ —
Actin Tropomyosin M line
Myosin head

https://s3.amazonaws.com/classconnection/803/flashcards/9818803/png/initiation-151586429D6310D1C56.png
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16 Motorika

(D¢

Vlakna pricn

0 Myosin heads
hydrolyze ATP and
become reonented
and energized

o Myosin heads
bind to actin,
forming

® crossbridges

Contraction cycle continues if
ATP is available and Ca’" level in
the sarcoplasm is high

o As myosin heads
bind ATP, the
crossbridges detach
from actin

0 Myosin heads rotate
toward center of the
sarcomere (power
stroke)

http://www.sivabio.50webs.com/mus019.jpg

pruhovaneho svalu
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Typy svalove kontrakce

e |sotonicka kontrakce
> Konstantni tonus
> Koncentricka x excentricka

kontrakce
Stimulating Stimulating
electrodes electrodes
s)
Kymaograph __Muscle

ol ) S

onic force
ransducer +

To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM

17 Motorika

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

* |zometrickda kontrakce
> Konstantni délka

* "

No movement

Isometric contraction
Muscle contracts
but does not shorten

(a)

Concentric contraction

/\F:\ . Movement ¥
v
2 (b)

Eccentric contraction

(c)

https://i0.wp.com/colebradburn.com/wp-content/uploads/2013/02/contractions.jpg
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Propriocepce

* Informace o vzajemné poloze jednotlivych
casti téla
(suma informaci o délkach svall)

* Informace o pohybu
(sile a rychlosti svalové kontrakce)

» Reflexni regulace svalové Cinnosti

e Svalova vreténka
— Paralelni zapojeni — informace o délce

 Slachova vieténka
— Sérioveé zapojeni — informace o napéti

18 Motorika

Muscle
spindle

Extrafusal
muscle fiber

— Golgi

7 tendon

organ
Tendon

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

* Kontraktilni struktury ,které neslouzi ke
konani prace
e Kontraktilita slouzi k adjustaci

* Opouzdrena struktura vyplnéna tekutinou

* Intrafuzalni vlakna
— Paralelni ulozeni s extrafuzalnimi vlakny
(Reaguji na kontrakci extrafuzalnich vldken)

— Eferentni spoje (do svalového vreténka)
® ymotoneuron

— Aferentni spoje (ze svalového vreténka)

* |nformace o délce/natazeni svalu
* Reflexni regulace aktivity a motoneuronu

19 Motorika

Intrafusal
muscle

fibers " \

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma
motor
endings

http://www.slideshare.net/CsillaEgri/presentations
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Golgiho slachova vreténka

* Nekontraktilni opouzdrena struktura

* Sit kolagennich vldken oK _ b afferent
* la(Aa) vlakna

 Mechanorecepce
 Sériové ulozeni ke svalu

* Informace o napéti ve svalu/sile kontrakce

~Axon

—Collagen fiber

* Reflexni regulace aktivity o motoneuronu

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

Svalova a slachova vreténka

Bone A

Golg tendon organ
‘inserias” S~

yoneuron
100

- motonaunsn

Muscla spindle
‘in parallel®

Bone B

http://images.persianblog.ir/559630_iXFiuRo0.jpg
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Reakce svalovych vretének a Golgiho slachovych
vietének na protazeni a kontrakci svalovych viaken

B) MUSCLE PASSIVELY STRETCHED
m @

MUSCLE ACTIVELY CONTRACTED

Muscle contracted

re.net/drpsdeb/presentations

.net/drpsdeb/presentations

Muscle g
length £
Protazeni (pasivni) Kontrakce (aktivni)
Odpovéd svalovych vretének Odpoved Golgiho slachovych vretének
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Hierarchicka organizace motorického systému

23 Motorika
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Hierarchicka organizace motorického systému
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Reflex

25 Motorika

Reflexni motoricka odpoved

— Stereotypni (predvidatelna)
— Mimovolni

Proprioceptivni
Exteroceptivni

Monosynaptické
Polysynaptické

Monosegmentalni
Polysegmentalni

The afferent and efferent Sensory cell body

fibers often pass in the same

nerve. white matter

Integration
Sensory neuron center

{ }fﬁ

matter

Motor neurcr

pinal cord (CNS)

2 BENJAMIN/CUMNINGS

Motor céll body

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

* Myotaticky reflex
— Monosynapticky
— Monosegmentalni
— Svalova vreténka
» Homonymni sval - aktivace
» Antagonista - inhibice

v’ Fazickad odpovéd (la)

— Ochrana pred nadmérnym natazenim
extrafuzalnich vlaken

v’ Tonickd odpovéd (la all)

— Udrzeni svalového tonu

26 Motorika

| reflexy

DRG cell

la fiber—

Muscle spindle
Rectus femoris

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

/ Semitendinosus
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" Afferent path: Action
_ """ potential mo mrc::;h’*\ﬁ.__ 4&

" Receptor: Muscle _ sensory neuron.
 spindle stretches
) 3 ‘and fires.
smnulua:""/
" Tapto tendon

The patellar tendon (knee jerk) reflex
illustrates a monosynaptic stretch
reflex and reciprocal inhibition of
the antagonistic muscie.

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. Fig. 13-7

27 Motorika
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Homonymous
muscle
http://www.slideshare.net/drpsdeb/presentations

Increase spindle
afferent discharge

—-

“#.—I‘ll‘i!l!i‘ill A A i S -

(A} Muscle spindle
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Proprioceptivni misni reflexy

* Inverzni myotaticky reflex

— Monosegmentalni

— Di-polysynapticky

— Golgiho Slachova vreténka
» Homonymni sval — inhibice
» Antagonista — aktivace

v Ochrana svalu pfed mechanickym
poskozenim pri velké zatezi

29 Motorika

DRG cell

la fiber—

Muscle spindle
Rectus femoris

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

Golgi tendon reflex protects the muscle from excessively heavy loads by causing the muscle to relax and drop the load.

Neuron from Golgi

Inhibiting
intemeuron \ r ' tendon organ fires.
l Motor neuron

Golgi tendon L
organ |

e

{d) Muscle contraction stretches Golgi
tendon organ.

is inhibited.
? Muscle relaxes.
{e) If excessive
load is placed on

Load is dropped.
muscle, Golgi tendon ‘ ,

reflex causes relaxation,
thereby protecting muscle.

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. Fig. 13-6b

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

* Polysynapticke

* Polysegmentalni

31 Motorika

Arrival of stimulus
and activation of )
receptor

I

4

S\
e

Stimulus

Effector

\~

’/:/- S

Response
by effector

Activation of a
sensory neuron

Receptor ARC

Dorsal

REFLEX /

.,
A Ventral STEP 3:
[] ‘ root

r/f

Information
'fé . proceseing

Activation of a
motor neuron

http://images.slideplayer.com/15/4638059/slides/slide_37.jpg

Sensation
relayed to
the brain by

\collateral

KEY

- Sensory neuron
(stimulated)

= Excitatory

interneuron
(s )
37
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Exteroceptivni reflexy

To motor neurons in other segments of the spinal cord

A AN
1 1
A __l b ~|
- Ll el 5 1= \\\

|1
N s
2 a ) I R
. V4 5 //, . : l : \'
* Polysynaptické | e |
g
8
]
R
’ ’ ﬁ i
* Polysegmentalni 3 : i
= ;
2 i !
) 1 ]
S : ]
= '. ]
S Extensors —»
g [/ inhibited A LA J;
] | ; Flelx?r: .'/'I‘j’ 7 Extensors
2 stimulate 4 i
= . . stimulated
g : \ "™\ Flexors
g 3 \ inhibited
: ‘
g A KEY
3 \\ £ \ — Sensory neuron ===~ Motor neuron
E : ) (stimulated) (inhibited)
b= / é =3 , Excitatory == == Inhibitory
\ v interneuron interneuron

32 Motorika
Painful === [lotor neuron

stimulus (stimulated)
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Hierarchicka organizace motorického systému

33 Motorika




Pohyboveé vzorce a rytmicke pohyboveé vzorce

Fixed action patterns (napr. polykani)
— Neuronové sité zajistujici komplexni motorickou akci gt _ Output

Central pattern generator (napr. chtze, dychani) i . oup
— Neuronové sité produkujici rytmickou aktivitu ~ N
— ,Spontanné opakované fixed action patterns” Fasiton
— Zpétna vazba neni nutna ot ._ outpt

Lokalizace ~__
— Chlize — mozkovy kmen, dolni hrudni a lumbalni micha
— Dychani — mozkovy kmen . caahton
— Polykani - prodlouzend micha/kmen T

put TN Oulpu

e
- =,
A N %
"\r ""I L]
~. W

e | T .+._
= 1 .'I

Xf
.""l I

X

AT

RUzné vyjadrena kortikdlni modulace f'

AT
1 L
= R“'.._

g T,

\ s

o v v VL l""‘-_; v "':-:"'; .':'I .

— Chuze (mozno plné kontrolovat) N\N—/
e i -'

— Dychani (moZno castecné kontrolovat)
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Pohyboveé vzorce a rytmické pohybové vzorce

left leg
right leg
midbrain
stimulation
amplitude
gait velocity
command
from basal MLR
ganglia, _’{_A_\_'_'
hypothalamus

EX‘e"‘s"’“ Slow walk

SN ——»——ee

Fast walk

CPG timer

phase
steps/s duration

L~ S

gait velocity steps/s

sensory
phase

switch

override

CPG pattern
forming
layer

Trot

ext

J\]\h spinal

amplitude

— 3, |motor

n neuron
a1 oo

gait velocity

ext

displacement

—» muscles

A

stretch
reflexes

intrinsic
muscle
propertie

35 Motorika

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

| la, Il, b afferents

[ 2

Fig. 1. Neural control of locomotion. A) Increments in
the intensity of stimulation of the MLR in the high
decerebrate cat increased the cadence (step cycles/sec)
of locomotion. Adapted from Shik et al. 1966.[22] B)
Schematic of the velocity command hypothesis: a
command signal specifying increasing body velocity
descends from deep brain nuclei via the MLR to the
spinal cord and drives the timing element of the spinal
locomotor CPG to generate cycles of increasing cadence.
Extensor phase durations change more than flexor
phase durations. The command signal also drives the
pattern formation layer to generate cyclical activation of
flexor and extensor motoneurons. Loading of the
activated muscles (e.g. supporting the moving body
mass) is resisted by the muscles' intrinsic spring-like
properties. This is equivalent to displacement feedback.
Force and displacement sensed bymuscle

spindle and Golgi tendon organ afferents reflexly
activate motoneurons. A key role of these afferents is to
adjust the timing of phase transitions, presumably by
influencing or overriding the CPG timer. Adapted from
Prochazka & Ellaway 2012.[23]
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Pohyboveé vzorce a rytmické pohybové vzorce

Whelan PJ. Shining light into the black box of spinal
locomotor networks. Philosophical Transactions of the
Royal Society of London B: Biological Sciences.
2010;365:2383-2395.

36 Motorika

Figure 1. Schematic of model by Rybak & McCrea. The
populations of interneurons are indicated by spheres, while
the motoneurons are represented by diamonds. This three-
layer model consists of a thythm-generating layer of extensor
(RG-E) and flexor (RG-F) intemeurons. Both populatons
have recurrent excitatory connections (see also figure 2).
These interneurons in turmn receive mutually inhibitory
input (Inrg cells). The drive projects to a pattern formation
layer (PF), which acts through murtually inhibitory connec-
tions (Inpf cells) to sculpt the patern, which is then
output to the extensor and flexor motoneurons. The final
output of the motoneurons is modulated by a final layer of
[a inhibitory interneurons (Ia-E, Ia-F) and Renshaw cells
(R-E, R-F). Arrows indicate excitatory drive, while the
filled circles indicate inhibitory drive. Reproduced with
permission.

drive (MLR)
CPG RG-E RG-F
rhythm
generator
PF-E 2 PE-F
pattern

formation
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37 Motorika

Planning

Volni motorika

Execution

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

tations
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Volni motorika

* \Vysledek soucinnosti horniho a
dolniho motoneuronu

e Bazalni ganglia

— Motoricky ,,gating” —iniciace
zadoucich a inhibice nezadoucich
pohyb

e Mozecek

— Koordinace pohybu

38 Motorika
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Pyramidova draha

e Horni motoneuron

— Primarni motoricky kortex

* Dolni motoneuron

— Predni roh misni

* Tractus corticospinalis lateralis
— 90% vldken

* Tractus corticospinalis anterior

— 10% vlaken

— Nejkadualnéjsi vlakna zasahuji do hornich
thorakdlni ch segmentu

 Tractus corticobulbaris

39 Motorika

Primary motor area of cerebral cortex

RIGHT SIDE /\ LEFT SIDE
OF BODY > & OF BODY
Internal
capsule
UPPER
MOTOR
NEURONS
Pons \ Crossing
J N in medulla
@ - Left lateral
n corticospinal
. : A tract
Right anterior I
corticospinal j
tract
Crossing in — LOWER
spinal cord 0y MOTOR
g i NEURONS
Spinal —

\
to skeletal
muscles

nerve

Spinal cord

http://images.slideplayer.com/14/4330915/slides/slide_34.jpg
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40 Motorika

Primarni motoricky kortex

Swallowing Primary

motor cortex Intra-

Copyright & Pearson Education, Inc., publishing as Benjamin Cummings.

http://www.emunix.emich.edu
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Kortikalni motorické oblasti

* Primarni motorickd oblast (area 4)
— Somatotopické usporadani
— Kontrola dolnich motoneuront

* Premotoricky kortex (area 6 lateralné)
— Priprava strategie pohybu pohybu
e Sensorimotoricka transformace
* \ybér pohybovych vzorcu

* Suplementarni motorickd oblast (area
6 medidlné)
— Podili se na planovani komplexnich pohybl
* Pohyby pomoci obou koncetin
* Slozité pohybové sekvence

— Aktivovana i pfi predstaveni si komplexniho
pohybu

41 Motorika

Area 4
Area 6 ~  Central P:S;?Qf r
/"/“ M1 sulcus F
PMA S cortex
SMA

Prefrontal
cortex

—
>
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Bazalni ganglia

42 Motorika

Corpus striatum
— Nucleus caudatus
— Putamen

Globus pallidus (Pallidum)
— Externum
— Internum

Nucleus subthalamicus
Substantia nigra

— Pars compacta
— Pars reticulata

Motoricka jadra thalamu

VA/VL complex
of thalamus

and internal

Substantia nigra
pars compacta

Substantia nigra
pars reticulata
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Bazalni ganglia

M, ’ . . Vé v B)Idt ddmt thw
Rizeni motoriky realizovdno dvéma okruhy " drt s

O

v Pfima draha

Aktivace motorického kortexu

v Nepfima draha

Inhibice motorického kortexu

http://www.slideshare.net/drpsdeb/presentations Wl w 1w &
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44 Motorika

Dopaminergic projections

Pro ¢innost corpus
striatum je stézejni
dopaminergni
projekce ze s. nigra
pars compacta

Aktivace primé drahy
» D1 receptory

Inhibice nepfimé
drahy
» D2 receptory

(B) Indirect and direct pathways

Indirect
pathway

http://www.slideshare.net/drpsdeb/presentations
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Bazalni ganglia
« Vedle motorické smycky existuji i daldi smycky, T~ T
ktere jdou pres jina thalamicka jadra Pe |

Caudate
nucleus

e ,Gating”jiného druhu informace

* Asociacni smycka Putamen
* Limbicka smycka

e Bazalni ganglia hraji vyznamnou roli v procesu Globus
v s allidus,
myS|e ni txtw{:r_'nal '
and mterna
segments

* Spoje corpus striatum jsou plasticke, coz
umoznuje uceni a toto melo nesmirny evolucni
Vy,Z Nam Substantia nigra

pars compacta

Substantia nigra
pars reticulata

45 Motorika

VA/VL complex
of thalamus

Subthalamic
nuclei




Mozecek

e Koordinace

 Podobné jako bazalni ganglia hraje
i mozecek nezastupitelnou roli
nejen pri koordinaci pohybu,
ale i pri ,koordinaci“ myslenek

- Vestibulocerebellum

- Spinocerebellum
- Cerebrocerebelum

46 Motorika

Regulation of
muscle tone,
coordination of
skilled voluntary
movement

Planning and
initiation of
voluntary activity

Maintenance of
balance, control
of eye movements

http://www.slideshare.net/HarshshaH103/cerebellum-its-function-and-releveance-in-psychiatry
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