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Uvod

Motoricka akce je vysledkem aktivity
dolniho motoneuronu

Motorika |

Ia afferent

Primary motor cortex

- Corticospinal tract

a Motor neuron

. Spinal cord
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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

A
% :

N

Primary motor cortex

&—— Corticospinal tract

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
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Uvod

* Motoricka akce je vysledkem aktivi
dolniho motoneuronu

* Dolni motor

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

o

Type| alpha
SENGOrY NErve

Quadriceps
e 8

http://epomedicine.com/wp-content/uploads/2016/07/gamma-loop.jpg
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Dolni motoneuron
Topografie

Motor nuclei Short propriospinal Long propriospinal
interneurons interneurons

Y
; Proximal ﬁ i
Distal g
limb ki
ial
muscle
<\ 41

(’0‘

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

Ventromedial
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Motoricka jednotka

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

Motor
neuron Al

250 ym

Motor Motor
nucleus A nucleus B

Tendon

Aponeurosis

Muscle A

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

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

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

11 Motorika |
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Motoricka jednotka

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

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

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

12 Motorika |
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Typy svalovych vlaken

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

» Rychld unavitelna vldkna — vysoky vykon

(B} (€

S00 1000 1500
Time {ms)
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Typy svalovych vlaken

Rychla vlakna Pomala vlakna
» Stavéna na vykon 5

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

fatigable
|||||Illr' o
Fast fatigue-resistant
‘H ‘HHH ‘HHHHHMH‘ T
Sloaw
¢ 50 100 150 200 250 300 0 500 1000 1500 % 2 4 6 0 I\IIUNI
14 Motorika | Time (ms) Time (ms) Time {min) I\/| E D
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Nabor motorickych jednotek

m. gastrocnemius u kocky

| Fast
fatigable

— fatigue-

0 I Slow
0 25 a0 7o 100

Percent of motor neuron pocl recruited

http://www.slideshare.net/drpsdeb/presentations
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16 Motorika |

Nervosvalova ploténka

Steps In E-C Coupling:

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
sarcolomma and down the
T tubules.

@ Calcium ions are released.
Transmission of the AP along the
| Ttubules of the triads couses the
voltage-sensitive tubule proteins to
change shope. This shape change
opens the Ca® release channels in
the terminal cisterns of the
sarcoplasmic reticulum (SR),
allowing Ca** to flow into the

@cnclun binds to
troponin and removes
the blocking action of

When Ca™

: % . ‘. binds, tropon in changes
e e shape, exposing binding
b N s Active sites exposed and sites for myosin (active
o T ready for myosin binding sites) on the thin filaments.
g e ——r et
l @c«m!ueucn begins:
T Myosin binding 1o actin
forms cross bridges and
ion (cross bridge
Myosin cycling) begins. At this
cross X 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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Nervosvalova ploténka

Axon terminal of
somatic motor neuron

e,

+,
-4+
2.1+
3 M
T -1+
K
e 2 | B
T-tubule - -

Y » : - e st L

: | poa A reficulum
Lok 3 — — Troponin
REl Tropomyosin M line

Myosin head
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Vlakna pricne pruhovaného svalu

o Myosin heads
hydrolyze ATP and
become reonented
and energized

© 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

Myosin heads rotate
toward center of the

— sarcomere (power
stroke)

http://mww.sivabio.50webs.com/mus019.jpg
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Typy svalové kontrakce

e |sotonicka kontrakce
> Konstantni tonus
> Koncentricka x excentricka

kontrakce
Stimulating Stimulating
electrodes electrodes
5)
Kymograph __Muscle

~ o S

A 5] / |

Electronic force
Weights transducer ,’

To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM

19 Motorika'l

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

* |zometricka kontrakce

> Konstantni délka

Isometric contraction
Muscle contracts
but does not shorten

T~

Concentric contraction

. Movement l ) I

Eccentric contraction

No movement

(b)

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

 Slachova vieténka
— Sériové zapojeni

20 Motorika |

Muscle
spindle

Extrafusal
muscle fiber

Golgi
tendon
organ

Tendon
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Svalova a slachova vreténka

Bone A

Golgi tendon organ
‘inserias” S~

gneuron

o

o motonaunen

Ventral

root Muscle spindle

‘in parallel®

Bone B

http://images.persianblog.ir/559630_iXFiuRo0.jpg
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Svalova vreténka

e Kontraktilni struktury ,které neslouzi ke

konani prace

e Kontraktilita slouzi k adjustaci
* Opouzdrena struktura vyplnéna tekutinou

 Intrafuzalni vlakna

22 Motorika |

Afferent ,
axons \

Efferent
axons
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Svalova vreténka

e 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)
* Yy motoneuron

— Aferentni spoje (ze svalového vreténka)

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

23 Motorika |

Intrafusal
muscle

fibers " \

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma
motor
endings
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Svalova vreténka

e Staticka vlakna
 Dynamicka vlakna

* Aferentni spoje (z vieténka)
— 11 (AB) - staticka vlakna (AB)

* informace o klidové délce (poloze)

— la (Aa) - staticka i dynamicka vlakna
* informace o kontrakci (pohybu)

— Reflexni regulace aktivity a motoneuronu

e Eferentniinervace (do vieténka)
— Statické y motoneurony
— Dynamické y motoneurony
— Adjustace

24 Motorika |

B Intrafusal fibers of the muscle spindle

Static nuclear
bag fiber
Dynamic nuclear /
bag fiber M)

9

T

_~Nuclear
chain fiber

Static

Dynamic

—
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Aferentni signhalizace ze svalovych vretenek

Sinusoidal
Linear stretch Tap stretch Release

ﬁc X
stimulus /reSp°”Se A NS\

111 A 0
Group It | || [{[[[LLIFLA LELUE O DO [

Il — Static fibers
» Static response

.net/CsillaEgri/presentations

Group la |

http://www.slideshare

la — Static and dynamic fibers

* Static and dynamic response

25 Motorika |
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Eferentni signalizace do svalovych vretének

* y motoneurony adjustuji délku
intrafuzalnich vilaken

e Udrzeni senzitivity

* o ay koaktivace

The CNS co-activates alpha and gamma motoneurons

: Muscle spindle

26 Motorika |

{A) « Motor neuron activation without y

(B) « Motor neuron activation with 4 4

Extrafusal Intrafusal
muscle muscle
fibers e fibers

Stimulate o
motor neuron

Tl } Record | !
’ | \ — — | l,
Stimulate ot T /i ; it 1}
motor neuron
Wil Spindle \
W afferent I
' I'fl

Stimulate y
motor neuron

Spindle
afferent

la response "filled in"

Y v
i LLLLLLLLLYY Afferent LUy Afferent
oy 1) activity ) 77

' activity

Muscle / N Muscle
force — T . - force

Contraction

Contraction
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Golgiho slachova vreténka

* Nekontraktilni opouzdrena struktura

* Sit kolagennich vldken R _ 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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Reakce svalovych vretének a Golgiho slachovych
vietének na protazeni a kontrakci svalovych viaken

28 Motorika |

B) MUSCLE PASSIVELY STRETCHED
m @

Protazeni (pasivni)

Odpoveéd svalovych vietének

re.net/drpsdeb/presentations

http://www.slidesha

I

MUSCLE ACTIVELY CONTRACTED

0 Muscle contracted 2 Muscle contracted

.net/drpsdeb/presentations

Shorten

http://www.slideshare

Kontrakce (aktivni)
Odpovéd Golgiho Slachovych vretének
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Hierarchicka organizace motorického systemu
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Hierarchicka organizace motorického systemu
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Reflex

31 Motorika |

Reflexni motoricka odpoved

— Stereotypni (predvidatelna)
— Mimovolni

Proprioceptivni
Exteroceptivni

Monosynapticke
Polysynapticke

Monosegmentalni
Polysegmentalni

The afferent and efferent Sensory cell body

fibers often passin the same

nerve. white matter

Integration
Sensory neuron center

{ }%b

matter

Motor neurar

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

32 Motorika |

| reflexy

DRG cell

la fiber—

Muscle spindle
Rectus femoris

http://www.slideshare.net/CsillaEgri/presentations
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" Afferent path: Action
_ """ potential travels through

 Receptor: Muscle ~ sensory neuron.
~ spindle stretches
_ 3 ‘and fires.
-~ Stimulus: /
' Taptotendon
- . T Vm o _,r

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
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(A} Muscle spindle

<)

Q

Increase spindle
afferent discharge

Muscle spindle

Homonymous
muscle
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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

35 Motorika |

DRG cell

la fiber—

Muscle spindle
Rectus femoris

http://www.slideshare.net/CsillaEgri/presentations
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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 tendon organ fires
Motor neuron

is inhibited.

? Muscle relaxes.
20 |
‘ ' ? Load is dropped.

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

Golgi tendon L
organ |

{d) Muscle contraction stretches Golgi
tendon organ.

{e) If excessive
load is placed on
muscle, Golgi tendon '
reflex causes relaxation,
thereby protecting muscle.

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

* Polysynaptickeé —www \ | e S
and activation of ) )
receptor /
[
* Polysegmentalni W 4
~(;?S’;;t’r‘t:lus

37 Motorika |

STEP 2:

Activation of a
/ sensory neuron

Activation of a
motor neuron

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

Sensation
relayed to
the brain by

*\collateral
. A

KEY

- Sensory neuron
(stimulated)

= Excitatory
interneuron

— M on
(s )
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Exteroceptivni reflexy

To motor neurons in other segments of the spinal cord

A A
- S EREIR
DT HIE TN
1 r 1k \
* Polysynaptickeé [ & ~
* Polysegmentalni : H
i !
:

i
‘ \
Extensors — ‘

http://www.easynotecards.com/uploads/920/77/1c7a7974_150bb922c9b__8000_00004383.png

/ inhibited A LA J;
‘ Flexors £ i‘ ; / ./ Extensors
stimulated : stimulated
\ [ —— Flexors
inhibited
A) KEY
\\ / \ — Sensory neuron - -« Motor neuron
' ) (stimulated) (inhibited)
/ & : = 3 K Excitatory == == Inhibitory IVI U N I
. \\ % v interneuron interneuron
38 Motorika |
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Hierarchicka organizace motorického systemu
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79. Horni a dolni motoneuron, nervosvalove spojeni a
svalova kontrakce

* Horni vs. dolni motoneuron - lokalizace a funkce * Horni motoneuron
e Dolni motoneuron * Primarni motoricky kortex, homunculus

-

* Vlyhradné zodpovédny za svalovou kontrakci Motoricka jednotka — definice, vyznam

* Soucast lokalniho reflexniho oblouku

Neuromuskularni spojeni
e Strucny prehled struktur a drah kontrolujicich dolni

motoneuron (protpriocepce, vy&éi etése CNS veéetné * Svalova kontrakce - popis
horniho motoneuronu, medialni systém, lateralni
systém tr. corticospinalis, corticobulbaris...)

 Typy dolnich motoneuron (alfa, gama, beta)

40 Motorika |
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80. Hierarchicka organizace motorického systému —
reflexni vs. volni pohybova aktivita

-

* Hierarchie pohybové aktivity
* Reflex — ekonomicky, uniformni, rychly

* Rytmicky — ekonomické reseni pro uniformni
komplexni pohyby (dychani chize...)

* Volni — neekonomicky, unikatni, relativné
pomaly

» Klasifikace a zakladni popis reflexu

41 Motorika |
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