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Primary motor cortex

Uvod

 Motoricka akce je vysledkem aktivity
dolniho motoneuronu /

Corticospinal tract

Spinal cord

la afferent
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Primary motor cortex

Uvod

Motoricka akce je vysledkem aktivity |
d0|n|,ho motoneuronu l-—-Con‘ticospinaltrac:t

Spinal cord

Dolni motoneuron je soucast lokalniho
reflexniho okruhu

« Motor neuron
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Primary motor cortex

Uvod

Motoricka akce je vysledkem aktivity
d0|n|,ho motoneuronu / ;’—Corticospinaltract

Spinal cord

Dolni motoneuron je soucast lokalniho
reflexniho okruhu

Dolni motoneuron integruje informace
z ruznych vstupu
— Vyssi etaze CNS
»Horni motoneuron, tectum, n.
ruber, mozkovy kmen

— Propriocepce
‘ ~r
o
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Uvod

* Motoricka akce je vysledkemn
dolniho motoneuror
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Uvod

* Motoricka akce je vysledkemn
dolniho motoneuror
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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

Supraspinal
Imput: |

Type | alpha

' SENGOry Nerve
T~
\f;‘_
(Quadriceps

b et

o Gamma Fuslmator —
e‘_ fiber

tensor —

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



Dolni motoneuron
Topografie

Motor nuclei Short propriospinal Long propriospinal
intemeurons nterneurons

Dorsolateral Ventromedial
motor nucleus maotor nucleus
(to limb muscle) (to axial muscle}
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Motoricka jednotka

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




Motoricka jednotka

,Pramérny“ sval inervovan asi
100 motoneurony, které tvori
motorické jadro

Kazdy motoneuron inervuje
asi 100-1000 svalovych viaken
a kazdé svalové vlakno je
inervovano pouze jednim
motoneuronem
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Motoricka jednotka

,Pramérny“ sval inervovan asi
100 motoneurony, které tvori
motorické jadro

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

Soubor svalovych vlaken
inervovanych jednim
motoneuronem tvori spolu s
témito motoneurony
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Typy svalovych vilaken

Rychla vlakna Pomala viakna
» Stavéna na vykon » Stavéna na vydrz
» Rychld unavé odolna vildkna- bézny vykon » 0Odolna vidi unavé
» Rychla unavitelna vlakna — vysoky vykon
(A) ®) ©
100
| & f\ |||||‘ -
fatigable fatigable
g o |||||I||n- "
g ‘E 100 Fast fatigue-resistant
= /—\g
g g
5 | fe 5
r:“ﬁ“’e' E 0 T
100 Sl
ﬂ;w_\
Ll
0 500 100 10 200 250 300 0 500 1000 1500 ﬂﬂ 2 4 3] a6l
Time (ms) Time (ms) Time {mirn)
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Typy svalovych vilaken

Rychla vlakna Pomala viakna

» Stavéna na vykon » Stavénar

> Rychld Gnavé odolna vlakna- b&2ny vykon » - \a\ge“

» Rychld unavitelnd vlakna — vysoky vykon \Ic\‘
() (B) 3\0\|

60 . ’ C\\ S\| S\|3\“

50 l oﬁ\a\‘ v “' \\0 Fast

’ ast , “ a Q . v 1\ S\“S || fatigable

10 c\‘\‘c \‘c\ @‘ E 0 i - fmm

POt [
- T & i) T

EN\ L= i

0 50 100 150 200 250 300 a 00 1000 1500 0 2 4 f 6l

Time (ms) Time (ms) Time {mirn)
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Nabor motorickych jednotek

m. gastrocnemius u kocky

| Fast
fatigable

Fast

~ fatigue-

0 —_F Slow
0 25 50 =] 100

Percent of motor neurcn pool recruited

http://www.slideshare.net/drpsdeb/presentations
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Setting the stage

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

Axon terminal of
mmolar neuran 81 MM

Action potential
is generated

Nervosvalova ploténka

Steps in E-C Coupling:

(1) The action patential (AP}
| propagates along the
| sarcolemma and down the
T tubiiles,

| @'Eilﬂum ions are reloased.
| Transmission of the AP along the

T tubules of the triads couses the
voltage-sensitive tubule proteins 1o
change shape, This shape change
opans the Co™ relesse channels in
e terminal cistems of the
| sarcoplasmic reticulum (SR),

allowing Ca®* 1o flow into the
cytosel,

- -
-
Tropon Tropomyosin
"8 ; blocking active sites
v . Myosin @) calcium binds to
s " = troponin and removes
a " . l the blocking action of
. s o o—0at [l yosin. When Ca®
- B & binds, troponin changes
LT shape, exposing binding
- ., ! R Active sites sxposed and sites for myosin (active
* e rmady for myosin binding sites) on tha thin filaments.
* e
1 @cqﬂimwun bagins:
-— Myosin binding 1o actin
forms cross bridges and
Z =| contraclion (cross bridge
Myosin cyeling) bagins. At this
Cross L1 paint, E-C coupling is owver,
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, Ca?-
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

15



Nervosvalova ploténka

Axon terminal of
somatic motor neuron

Muscle fiber

T-tubule

https://s3.amazonaws.com/classconnection/803/flashcards/9818803/png/initiation-151586429D6310D1C56.png
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Vlakna pricné pruhovaného svalu

@ Myosin heads
hydrolyze ATF and
become reanented
and energized

9 Myasin heads
bind to actin,
forming

crosshridges

Contraction cycle confinues if
ATP is available and Ca® level in
the sarcoplasm is high

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

a Myosin heads rotate
toward center of the
sarcomere {power
siroke)

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

* |sotonicka kontrakce * |zometricka kontrakce
» Konstantni tonus » Konstantni délka
» Koncentricka x excentricka Isometric contraction
kontrakce oo
s

{

No movement

Stimulating Stimulating | —
electrmdes electrodes iy =
Concentric contraction
Kymograph Muscle /\O ;‘
o
’/:\ Movement

b @@
/ \

U "j
Electronic force (b)
Weights transducer + _ _
Eccentric contraction
To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM {

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

Informace o vzajemné poloze
jednotlivych casti téla

(suma informaci o délkach svall)

Informace o pohybu Muscle
spindle

(sile a rychlosti svalové kontrakce)

Extrafusal
muscle fiber

Reflexni regulace svalové Cinnosti

Svalova vreténka

Golgi
— Paralelni zapojeni

tendon
organ

Tendon

Slachova vreténka
— Sé riOVé 73 pojenl' http://www.slideshare.net/CsillaEgri/presentations
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Svalova a slachova vreténka

Bone A

Ealgl tendon ofgan
*in sEnes" ——

Dorsal
T

yoneuron
]

e FrEOhOnanan

root

Muscle spindla
"In paralbal™

Bone B

http://images.persianblog.ir/559630_iXFiuRoO0.jpg



Svalova vreténka

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

Opouzdrena struktura vyplnéna
tekutinou

Intrafuzalni vlakna

Intrafusal
muscle
fibers

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma

motor
endings

21
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Svalova vreténka

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

Opouzdrena struktura vyplnéna
tekutinou

Intrafuzalni vlakna
— Paralelni ulozeni s extrafuzalnimi vlakny
(Reaguiji na kontrakci extrafuzalnich vlaken)

— Eferentni spoje (do svalového vieténka)
°* Yy motoneuron
— Aferentni spoje (ze svalového vreténka)

* Informace o délce/natazeni svalu
* Reflexni regulace aktivity a motoneuronu

Intrafusal
muscle
fibers

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma

motor
endings

22
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Svalova vreténka

B Intrafusal fibers of the muscle spindle

Staticka vlakna
Dynamicka vlakna

Aferentni spoje (z vieténka)
— |l - staticka vlakna

* informace o klidové délce (poloze)

— la —staticka i dynamicka vlakna

* informace o kontrakci (pohybu)

— Reflexni regulace aktivity a
motoneuronu

Eferentni inervace (do vreténka)
— Statické y motoneurony

— Dynamické y motoneurony

— Adjustace

Dynamic nuclear

bag fiber ~__

Static nuclear
bag fiber

%

~

_~Nuclear
chain fiber

T

Static

Dynamic

]

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



Aferentni signalizace ze svalovych
vretének

Sinusoidal
Linear stretch Tap stretch Release
_f.;"'{.:.Dynamic \
Stimulus  —" /“ESF’O“SE s I
Group ta || [ [[[(NMMFLTEAL LA COR L0 A0 JO L0
Group it | | ||| [I[[{III1]] i i

|l - staticka vlakna
» Staticka odpoved

la — staticka i dynamicka vlakna
* Staticka i dynamicka odpoved’

http://www.slideshare.net/CsillaEgri/presentations
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Eferentni signalizace do svalovych
vretének

(A) o Motor neuron activation without (B) o Motor neuron activation with

Yy motoneurony
adjustuji délku
intrafuzalnich vldken

Extrafusal Intrafusal
miscle musche

Stimulate o
o or neLron

Stimulate o
rrokor NELron

Spindle

Spindle
afferent

afferent

Udrzeni senzitivity

Stirmulate y
motor neron

o a y koaktivace @w

The CNS co-activates alpha and gamma motoneurons

Ia response illed in”

1 ,
Afferent { Afferent
111 LLRLrnenntl i LORCnrenpnrnenenRLRLL oo
activity activity
Muscle _/L Muscls
Sduscle spindle
: force T foroe
Comtraction Contraction

http://www.slideshare.net/CsillaEgri/presentations 5c



Golgiho slachova vreténka

A

Nekontraktilni opouzdrena struktura

Sit kolagennich vlaken
la vlakna

Mechanorecepce
Sériové ulozeni ke svalu

Informace o napéti ve svalu/sile
kontrakce

~Axon

Reflexni regulace aktivity a
motoneuronu

Collagen fiber

http://www.slideshare.net/CsillaEgri/presentations
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Reakce svalovych vretének a Golgiho slachovych
vretének na protazeni a kontrakci svalovych viaken

Protazeni (pasivni)

Kontrakce (aktivni)

Odpoveéd' Golgiho slachovych

Odpoveéed svalovych vretének o,
vietének

27
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Hierarchicka organizace motorického
systému

SPINAL CORD AND
BRAINSTEM CIRCUITS

http://www.slideshare.net/drpsdeb/presentations
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Hierarchicka organizace motorického
systému

http://www.slideshare.net/drpsdeb/presentations 29



Reflex

Reflexni motoricka odpoved
— Stereotypni (predvidatelnad)

Sensory cell body

white matter

— Mimovolni The afferent and efferent
fibers often pass in the same
. . ’ nerve.

Proprioceptivni

Exteroceptivni

L, Stimulus #

Monosynaptické

Polysynaptické

Monosegmentalni
Polysegmentalni

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

Integration
center

/ N
— Association
| :'ﬁeuron-/

_
T gray

oinal cord (CNg) Matter

Sensory neuran

Response —

Motor neurg

T BEMUAMIMACLIANIMGS

Motor cell body
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Proprioceptivni misni reflexy

Myotaticky reflex
— Monosynapticky
— Monosegmentalni
— Svalova vreténka

Homonymni sval - aktivace
Antagonista - inhibice
Fazicka odpoved (la)

— Ochrana pred nadmérnym
nhatazenim extrafuzalnich vlaken

Tonicka odpovéd (la a ll)

— Udrzeni svalového tonu

DRG cell
lafiber—] \ "] oL
Muscle spindle «f?f;
Rectus femoris—<= 7 &
> e}‘(\\}
<

%— Semitendinosus
/_/'
Y

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



Afferent path: Action
" potential travels through  ———, 4

Receptor: Muscle SEnsory neuron. center:
mln::dwﬂnhu Sensory neuron

synapses in

%

~ Stimulus: /'

Tap to tendon I":::'
stretches ( ?
muscle. L 'E"'-!‘;_. #
N, .

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

_#" Efferent path 2: Interneuron
- nhibiting somatic motor neuron

[Hﬂpmna:ﬂmﬂmpi _ — S /
contracts, swinging lower B
leg forward. ’ : z:Hmh'Ing]
muscle

o

f Response: Hamstring
c : ! |stays relaxed, allowing
: P extension of leg
\ ' E " | (reciprocal inhibition).
Copynight © 2007 Pearson Education, Inc., pubishing as Benjamin Cumemings. Fig. 13-7

http://www.slideshare.net/drpsdeb/presentations
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(A) Muscle spindle

<)

Increase spindle
afferent discharge

Muscle spindle

Homony mous
muscle

Synergist
Antagorist

A & AW

L. 1. 1 % 1 0 0 0 R

http://www.slideshare.net/drpsdeb/presentations
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Proprioceptivni misni reflexy

Inverzni myotaticky reflex
— Monosegmentalni
— Di-polysynapticky
— Golgiho Slachova vreténka

Homonymni sval — inhibice
Antagonista — aktivace

Ochrana svalu pred
mechanickym poskozenim pfi
velké zatézi

"
AW
|a fiber = 1
Rectus
femoris /
. ay o
i L
organ—\o

% Semitendinosus
y
r

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



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

Muscle L | B _—Inhibiting o/' | Neuron from Golgi

interneuron \ tendon organ fires.
Motor neuron
Golgi tendon L i is inhibited.
organ BT
] f Muscle relaxes.
{d) Muscle contraction stretches Golgi
tendon organ. {e) If excessive

muscle, Golgi tendon
reflex causes relaxation,
thereby protecting muscle.

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

Polysynaptické
Polysegmentalni

STEP 1: | EEE Sensation

Dorsal
Arrival of stimulus Activation of a t relayed to
| ' e the brain b
and activation of !; Sensory neuron Y

receptor /
|IJ! Jlll.l
i / ' REFLEX
e Receptor ARC
Stimulus Coibs
|
Eraoe | Al STEP 3: KEY
- ~ roo
-fé? —— J Information o— Sepsory neuron
T | processing (stimulated)
STEP 5: ) in CNS === Excitatory
Response . Activation of a interneuron
by effector motor neuron = Motor neuron
A (stimulated)

X7
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To motor neurons in other segments of the spinal cord
A |

Extensors — (;‘
" inhibited #®
Flexors £
stimulated

Extensors

stimulated

Flexors
inhibited

7 %

Painful
stimulus

KEY

- Sensory neuron ---- Motor neuron
(stimulated) (inhibited)

= Excitatory = === Inhibitory
interneuron interneuron

=== [lotor neuron
(stimulated)

http://www.easynotecards.com/uploads/920/77/1c7a7974_150bb922c9b__8000_00004383.png
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Hierarchicka organizace motorického
systému
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