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Svalovy tonus: definice

* napéti v relaxovaném svalu
* odpor vnimany pfi pasivnim protazeni relaxovaného svalu
* EMG DEFINICE: klidova EMG aktivita relaxovaného svalu

* MATEMATICKO-FYZIKALNI DEFINICE:
zmeéna odporu/sily na jednotku zmény délky

celkovy odpor = setrvacnost + odpor pri protazeni + tlumeni

Ganguly 2021



Svalovy tonus: definice

* CARPENTER 2012: konstantni svalova aktivita
potrebna jako pozadi aktualniho pohybu za ucelem
udrzeni zakladni atitudy, zejm. proti gravitaci

* BERNSTEIN 2016, 2018:

Adaptivni funkce nervosvalového aparatu reagujici
na prikazy z vyssich urovni fizeni motoriky tim, ze
ladi excitabilitu senzorickych a motorickych bunék
za UCelem pohybové/posturdlni kontroly

Ganguly 2021



Svalovy tonus
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Svalovy tonus: klasifikace

Posturalni tonus

¥

* Na axialnich svalech

* Podkladem klidoveé
protazeni svall

\ 4

prolongovana
kontrakce

o3

Fazicky tonus

¥

* Na svalech koncetin

* Podkladem rychlé
protazeni svalll

¥

rychla, kratka
kontrakce

Ganguly 2021



Svalovy tonus: komponenty

* AKTIVNI KOMPONENTA: tonicky napinaci reflex

PASIVNI KOMPONENTA: viskoelastické vlastnosti tkani
mustky mezi aktinem a myozinem v sarkomere

viskozita, elasticita a extenzibilita kontraktilni slozky

spoje mezi nekontraktilnimi slozkami (napr. desmin a titin)
osmoticky tlak v bunkach a okolnim pojivu

Ganguly 2021



Svalovy tonus: rizeni

SPINALNI

1. Svalové vreténko
2. Micha

SUPRASPINALNI

3. Kmenovy retikularni systém
4. Mozecek

5. Bazalni ganglia

6. Kortex

Ganguly 2021



Svalovy tonus: opakovani vreténka

Detekce rychlosti zmény délky svalu

Detekce absolutni délky svalu

y dynamic

v static

Primary la

Intrafusal fibers

Neurologicka klinika a Centrum klinickych neuroved
-ﬂl.il

Universita Katlova v Praze, 1. 1ékafska fakulta a VSeobecna fakultni nemocnice v Praze
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Svalovy tonus: spinalni rizeni
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Svalovy tonus: spinalni rizeni

Dorsal root ganglion——

Posterior hormn \

Intermediate zono\

Anterior hom /

Gamma motor neuron

Reflexni aktivace

Alpha motor neuron

Motor end plate
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Golgi tendon organ

Muscle spindie

Dynamicky myotaticky reflex

Rychlé protazeni




Svalovy tonus: spinalni rizeni

Dorsal root ganglion ——

Posterior hormn \

Intermediate zone ~.

Reflexni aktivace
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Svalovy tonus: spinalni rizeni

Role interneuront e Reciprocniinhibice

* Presynapticka inhibice
e Zpétna (Renshaw) inhibice

* Inhibice z Golgiho télisek
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Neurotransmitery

inhibiéni
interneuron

excitaénf
interneuron

TIZANIDIN

BENZODIAZEPINY

(GABA,)
o-motoneuron
Vysvétlivky
GLU glutamat ACH

ACH acetylcholin
ASP aspartat
GLY glycin

inhibi¢ni
GABA kyselina y-aminomaselna /

interneuron
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Svalovy tonus: poruchy

SNIZENY TONUS < ZVYSENY TONUS
\ 4 \ 4
* hluboké kdoma * Rigidita
* spinalni Sok  Dystonie / Atetdza
* neocerebeldrni syndrom * Paratonie
* hyperkineticko-hypotonické ) Sval.o'vé hyp.er,aktivi'Fa
synaromy i oo o
* onemocneéni predniho rohu « Stiff-person syndrom
* neuropatie * (Neuro)myotonie
* Katatonie
L Neurologicks klinika a Centrarn Klinicljch nearovéd

Universita Karlova v Praze, 1. lékafska fakulta a VSeobecn4 fakultni nemocnice v Praze
Jech 2015
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Spasticita

* Mot. porucha s rychlostné vazanym narlstem tonu na podkladé 1
drazdivosti napinacich rr.; NEni vidét (klonus!); NEmusi ovlivhovat funkci

Main features of spastic paresis, with their deforming and disabling properties and their clinical measurability. FRA, [lexor reflex allerents.

Symplom name Condition Trngger Deforming Disabling Measurability at
of detection capacilty level bed side
Muscle disorder Spastic Myopathy Rest MA High High Estimation possible
Neurological disorder
Paresis Stretch-sensitive paresis Effort MJA Mone Moderate Mo
Muscle overactivity types Spasticity Rest Phasic stretch None Lioww Yes |
Spastic Dystonia Rest Mone High High Mo
Spastic Cocontraction Effort Effort directed to agonist MNone High Mo
Extrasegmental cocontraction Effort Effort Moderate Moderate Mo
(synkinesis)
Mociceptive (FRA) spasms Rest or effort FRA stimulation Moderate High Mo

Baude 2019



Spasticka dystonie

e zvysené svalové napéti vedouci k az fixni posture
T riziko kontraktur; rusi pohyb

Main features ol spastic paresis, with their deforming and disabling properties and their clinical measurability. FRA, [lexor rellex allferents.

Symplom name Condition Trigger Deforming Disabling Measurability at
of detection capacily level bed side
Muscle disorder Spastic Myopathy Rest M/A High High Estimation possible
Meurological disorder
Paresis Stretch-sensitive paresis Effort M/A MNone Moderate Mo
Muscle overactivily Lypes Spasticily Hesl Phasic stretch MNone Low Yes
| Spastic Dystonia Rest MNone High High Mo |
Spastc Cocontrachon Ellort Effort directed to agonist MNone High Mo
Extrasegmental cocontraction Effort Effort Moderate Moderate Mo
(synkinesis)
Mociceptive (FRA) spasms Rest or effort FRA stimulation Moderate High Mo

Baude 2019



Spasticka dystonie
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Spasticka ko-kontrakce

* mimovolni kontrakce (antagonistl) pri volni kontrakci (agonistu),

tj. ,presmeérovani“ pokynu k jinym svalim; rusi pohyb

Main features ol spastic paresis, with their deforming and disabling properties and their clinical measurability. FRA, [lexor refllex allerents.

Symplom name Condition Trigger Deforming Disabling Measurability at
of detection capacily level bed side
Muscle disorder Spastic Myopathy Rest M/A High High Estimation possible
Meurological disorder
Paresis Stretch-sensitive paresis Effort M/A MNone Moderate Mo
Muscle overactivily Lypes Spasticily Hest Phasic stretch None Low Yes
Spastic Dystonia Rest Mone High High Mo
| Spastic Cocontraction Effort Effort directed to agonist MNone High Mo |
Extrasegmental cocontraction Effort Effort Moderate Moderate Mo
(synkinesis)
Mociceptive (FRA) spasms Rest or effort FRA stimulation Moderate High Mo

Baude 2019



Spasticka ko-kontrakce

Hamstringy °*

Pohyb kolene
(nahoru = flexe)

Rectus femoris

— L1

Esquenazi 2010



Spasticka synkinéza (asociované reakce)

* mimovolni kontrakce vzdalenych svalovych skupin pri volni

kontrakci, tj. ,,preteceni” aktivity do jinych svalovych segmentu

Main features ol spastic paresis, with their deforming and disabling properties and their clinical measurability. FRA, [lexor refllex allerents.

Symplom name Condition Trigger Deforming Disabling Measurability at
of detection capacily level bed side
Muscle disorder Spastic Myopathy Rest M/A High High Estimation possible
Meurological disorder
Paresis Stretch-sensitive paresis Effort M/A MNone Moderate Mo
Muscle overactivily Lypes Spasticily Hest Phasic stretch None Low Yes
Spastic Dystonia Rest Mone High High Mo
Spastic Cocontraction Effort Effort directed to agonist MNone High Mo
Extrasegmental cocontraction Effort Effort Moderate Moderate Mo
(synkinesis)
Nociceptive [FRA) spasms kest or ellort FRA stimulation Moderate High No

Baude 2019



Co je to spasticka paréza?

Main features ol spastic paresis, with their deforming and disabling properties and their clinical measurability. FRA, [lexor rellex afferents.

Symplom name Condition Trigger Deforming Disabling Measurability at
of detection capacily level bed side
Muscle disorder Spastic Myopathy Rest MA High High Estimation possible

MNeurological disorder

Paresis | Stretch-sensitive paresis EfTort MJA MNone Moderate Mo |

Muscle overactivily Lypes Spasticily Hest Phasic stretch None Low Yes
Spastic Dystonia Rest Mone High High Mo
Spastic Cocontraction Effort Effort directed to agonist MNone High Mo
Extrasegmental cocontraction Effort Eflort Moderate Moderate Mo
(synkinesis)
Mociceptive (FRA) spasms Rest or effort FRA stimulation Moderate High Mo

Baude 2019



Zkraceni svalu a kontraktury

e atrofie
e zkraceni délky svalu
* | extenzibility

DeByuada 2019



Patofyziologie: spinalni uroven

Descending
pathways
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Patofyziologie: kmenova uroven

* dysbalance mezi motorickymi obl. RF
» dysbalance mezi RF a ncl. vestibularis lat.

e Porusena aktivace
inhibicnich center

- Pre-Motor
- Supplementary Motor
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Souhrnny pohled: kmenova uroven

e vétsSi zapojeni a noveé spoje descendentnich drah
s IN siti a MN

* 7 aktivace mimo-pyramidovych drah — tendence ke

konstantni aktivité

Descending tracts s
o B SRR S s SR S S - Cortex eMotol
- Supplementary Motor
-Fr-"">« @ @% Internal capsule
PA B et e Ventromedial Bulbopontine| | Vestibular
s i Reticular Formation| | Tegmentum | | Nucleus
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Lateral

Corticospinal
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Vestibulospinal Tract

|Spinal Interneuronal Network |

Chen 2002, Raineteau 2002, Gracies 2005, 2010, Maier 2008, Pierrot-Deseilligny 2012, Lorentzen 2018



Souhrnny pohled: korova uroven

» kortikalni reorganizace: intaktni motorické oblasti prebiraji
funkci poskozenych — prekryti kortikalnich poli

e setreni hranic mezi korovymi motorickymi poli; podminky pro
mimovolni ,asociaci“ pohybu s volnimi pohyby

* prevedeni rizeni pohybu na mimopyram. drahy

Motor and descending (efferent)
pathways (red)

Pyramidal tracts

contralesional 1psilesional

Gracies 2005, Gracies 2010, Pierrot-Deseilligny 2012, Lorentzen 2018, Dewald 1993,Stétkatova 2012



Patofyziologie sv. hyperaktivity: souhrn

rubr. dors.ret.sp.

Presynaptic
inhibitio
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lb ...........

abnormalni aktivace hyperexcitabilnich motoneuront zesilenymi reflexnimi
mechanismy (porusenad inhibice na Urovni interneuronalni sité) a descendentnimi
drahami (nové spoje rubro-, vestibulo-, tecto- a retikulospinalnich drah s
interneuronalni siti a motoneurony; 1 aktivita mimopyramidovych drah, protoze
neni fizeni z kortikospinalni drahy-chybi selektivni pohyb)

Gracies 2005



Vysetreni: pro¢ ne AS/MAS ?

0: svalovy tonus nezvysen

1: mirné zvyseni svalového tonu zachytitelné na konci
rozsahu pohybu vysetrované casti koncCetiny

1+: mirné zvyseni svalového tonu patrné po priblizné
polovinu doby rozsahu pohybu vysetrované casti
koncCetiny

2: vyraznéjsi zvyseni svalového tonu patrné v celém
rozsahu pohybu, pasivni pohyb je vSak snadny

3: zretelné zvyseny svalového tonu, pasivni pohyb obtizny

4: postizena Cast je v trvalém abnormalni postaveni (flexi Ci
extenzi), pasivni pohyby obtizné do vSech sméru



Vysetreni: pro¢ ne AS/MAS ?

Nepouzivat: MAS

Nemeéri spasticitu!
Nerozlisi spasticitu, zkraceni/
dystonii

Pouzivat: Modifikovanou
Tardieho skalu




Dalsi skaly a testy

3-item hypertonus measure

Adductor Tone Rating Scale

Ankle plantarflexors tone scale

Spastic Paraplegia Rating Scale

Australian Spasticity Assessment Scale
Composite Spasticity Scale/Index

Duncan-Ely Test/Root-Ely Test

Fugl-Meyer Assessment

Hypertonia Assessment Tool

Motor Assessment Scale

Spasticity Test

Spinal Cord Assessment Tool for Spastic Reflexes
Tendon Reflex Scale/NINDS Myotatic Reflex Scale/Mayo Clinic Scale
Tone Assessment Scale

Triple Spasticity Scale

Wartenberg Pendulum Test



Lécba svalové hyperaktivity

FARMAKOLOGICKA:

— peroralni (baclofen, tizanidin, tetrazepam, klonazepam,
gabapentin

— lokalni (BTX, fenol/alkohol)
— intrathekalni (ITB)



Lécba svalové hyperaktivity

CHIRURGICKA:
* Neurochirurgicka

— hyperselektivni neurektomie
— DREZotomie, dorzalni rhizotomie

* Ortopedicka
— tenotomie
— aponeurotomie/fasciotomie
— prolongace
— transfery slach

FYZIOTERAPIE A FYZIKALNI LECBA



