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Hierarchicka organizace motorického
systému

SPINAL CORD AND
BRAINSTEM CIRCUITS
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Hierarchicka organizace motorického
systému
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Reflex

Reflexni motoricka odpoved
— Stereotypni (predvidatelnad)

— Mimovolni The afferent and efferent i i
fibers often pass in the same
i ivni e white matter
Proprioceptivni
., Integration
Exteroceptivni Sensary neuron center
L, Stimulus # & Y A
Monosynaptické a /A B
. 1z ( /Assaciation
Polysynaptické | ‘neuron y
Response - > N
Monosegmentalni Motor neuran/ QI sray
Polysegmentalni pinel cord (CNg) ™!

2 BENJAMIN/CCUMNINGS

Motor céll 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
natazenim extrafuzalnich vlaken

Tonicka odpovéd (la a ll)

— Udrzeni svalového tonu

DRG cell

la fiber— \ | S .

Muscle spindie —#5
Rectus femoris —¢= 3
A

/ Semitendinosus
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" Afferent path: Action
" potential it mm%';h”*\h.m_

" Receptor: Muscle _ sensory neuron,
~ spindle stretches
S . andfires.
- Stimulus: /
5’ Tap to tendon

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

Fig. 13-7

Copynight © 2007 Pearson Education, Inc,, publishing as Benjamin Cummings.
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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

la fiber—
Rectus
Golgi
tendon
organ "

femoris /

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

Muscle Inhibiting Neuron from Golgi
: interneuron \ tendon organ fires.
Motor neuron

Golgi tendon /o
organ |

{d) Muscle contraction stretches Golgi
tendon organ.

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

N\ Load is dropped.
muscle, Golgi tendon \ '

reflex causes relaxation,
thereby protecting muscle.

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

Polysynaptické

Polysegmentalni

sTep:

Arrival of stimulus
and activation of
receptor

Response
by effector

D I Sensation
\ ' Activation of a st relayed to
/ ' sensory neuron the brain by
/ / ‘\collateral
/ A

‘\\

REFLEX

\Reoeptor ARC

root
Information — Sepsory neuron
processing (stimulated)
in CNS

= Excitatory
interneuron

=== Motor neuron
(stimulated)

Activation of a
motor neuron

37
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To motor neurons in other segments of the spinal cord

? ?A

inhibited

Flexors
| stimulated

/N

Painful
stimulus

Extensors
stimulated

‘L Flexors

inhibited

KEY

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

~—— Excitatory == =« Inhibitory
interneuron interneuron

====_[lotor neuron
(stimulated)
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Subkortikalni (kmenové) drahy pro
kontrolu dolnich motoneuronu

Medialni systém Lateralni systém
Kontrola axidlnich svalu e Kontrola distalnich svalu
Tr. Vestibulospinalis e  Reflexni” motorika

— Reflexni kontrola rovnovéhy a koncetin
posturalni motoriky e Pavodni funkce nahrazena
Tr. Reticulospinalis tr. corticospinalis

— Regulace svalového tonu

(posturalni motorika)

Tr. Tectospinalis * Tr. Rubrospinalis

— Koordinace pohybu hlavy a
oCi

 Tr.rubrobulbaris



Pohybové vzorce a rytmické pohybové vzorce

* Fixed action patterns (napf. polykani)
— Neuronové sité zajistujici komplexni motorickou akci

* Central pattern generator (napr. chlize, dychani)
— Neuronové sité produkujici rytmickou aktivitu
— ,,Spontanné opakované fixed action patterns”
— Zpétna vazba neni nutna



Pohybové vzorce a rytmické pohybové vzorce

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

Central pattern generator (napr. chuze, dychani)
— Neuronové sité produkujici rytmickou aktivitu
— ,,Spontanné opakované fixed action patterns”
— Zpétna vazba neni nutna

Lokalizace
— Chlize — mozkovy kmen, dolni hrudni a lumbalni micha
— Dychani — mozkovy kmen
— Polykani - prodlouzena micha/kmen

RUzné vyjadrena kortikdlni modulace
— Chuze (mozZno plné kontrolovat)
— Dychani (mozno ¢astec¢né kontrolovat)
— Polykani (mozno zahajit)



A Extension Slow walk Fast walk Trot Gallop
left leg
Flexion
right leg
midbrain
stimuation KRR
; s =0
amplitude
—
05s
CPG timer CPG pattern
gait velocity phase forming ext
command steps/s  duration SoEy MU lever N h spinal force displacement
from basal MLR [ ‘ i oxt phase —— | amplitude ——», |motor I . |
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hypothalamus flex °Ve%['de LU AN pools
gait velocity steps/s gait velocity -
A
stretch intrinsic
reflexes | muscle
propertie
| A
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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. 1966.1221 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 2012.123]
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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.

Figure 1. Schemartic 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 rhythm-generating layer of extensor
(RG-E) and flexor (RG-F) intemeurons. Both populadons
have recurrent excitatory connections (see also figure 2).
These interneurons in turn receive murtually inhibitory
input (Inrg cells). The drive projects to a partern 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 exdtatory drive, while the
filled circles indicate inhibitory drive. Reproduced with
permission,

drive (MLR)
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Kortikalni drahy pro kontrolu dolnich
motoneuronu

Tractus corticospinalis
Tractus corticobulbaris

Volni motorika



Volni motorika

Planning Execution
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Volni motorika

Vysledek soucinnosti horniho a
dolniho motoneuronu

Bazalni ganglia

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

Mozecek

— Koordinace pohybu

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



Pyramidova draha

Horni motoneuron

— Primarni motoricky kortex

Dolnhi motoneuron

— Predni roh misni

Tractus corticospinalis lateralis
— 90% vlaken

Tractus corticospinalis anterior

— 10% vlaken

— Nejkadualnéjsi vlakna zasahuji do hornich
thorakalni ch segment(

Tractus corticobulbaris

Primary motor area of cerebral cortex

RIGHT SIDE /\ LEFT SIDE
OF BODY L OF BODY
Internal
capsule
UPPER
MOTOR
NEURONS
Pons \ Crossing
z \ in medulla
€ - Left lateral
; corticospinal
) . la tract
Right anterior 2119
corticospinal j
fract |
Crossing in — bis LOWER
spinal cord ® 'y MOTOR
i : NEURONS
Spinal
nerve — to skeletal
/ muscles

Soinal cord
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Primarni motoricky kortex

Swallowing Primary

motor cortex Intra-

abdominal *Q ﬁ
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Kortikalni motorické oblasti

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

Premotoricky kortex (area 6 lateralné)
— Priprava strategie pohybu pohybu
* Sensorimotoricka transformace
e Vybér pohybovych vzorcl

Suplementarni motoricka oblast
(area 6 medialné)
— Podili se na planovani komplexnich pohyb
* Pohyby pomoci obou koncetin
* Slozité pohybové sekvence

— Aktivovana i pfi predstaveni si komplexniho
pohybu

Prefrontal
cortex

Area 4 ,
Area6 A~ central Posterior
(//\ M1 sulcus parietal
SMA Area 5
& "N Area 7
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