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Ridici pohybovy systém ¢lovéka

skripta M. Janura, FTK UP:

Uvod do biomechaniky pohybového systému ¢lovéka



Motor Control System of Humans

Literature: M. Janura, FTK UP:

Introduction to Biomechanics of human locomotor
system (Uvod do biomechaniky pohyboveho systému

clovéka)
http://aleph.vkol.cz/pub/svk01/00067/94/000679439.htm



Opakovani: Pohybovy systém Clovéka

Umoznuje pohyb
Ziakladni podsystémy:
- Ridici
- Svalovy

- Kosterni (véetné mezilehlych prvku) -
pasivni

il - Energeticky >

V biomechanice je malo informaci (vynechavan)




Repetition:
Motion system of humans

Subsystems allowing movement :

- Motor Control
- Muscles

- Skeleton (bones and connecting elements) - passive

il - Energy supply >

Not much information in biomechanics (usually omitted)



Opakovani: Pohybovy systém Clovéka

Umoznuje pohyb
Ziakladni podsystémy:

- Ridici

- Svalovy

- Kosterni (véetné mezilehlych prvku) -
pasivni

Probrano

- Energeticky



Repetition:
Motion system of humans

Subsystems allowing movement :

- Motor Control

- Muscles
Qeleton (bones and connecting elements) - passiv>

- Energy SUpply Already gone through




Opakovani: Pohybovy systém Clovéka

Umoznuje pohyb
Ziakladni podsystémy:
- - Ridici >

- Svalovy

- Kosterni (véetné mezilehlych prvku) -
pasivni

- Energeticky



Repetition:
Motion system of humans

Subsystems allowing movement :

< - Motor Control >

- Muscles

- Skeleton (bones and connecting elements) - passive

- Energy supply



RIDICI SYSTEM (angl. Motor Control)
(zajisSt'uje nervova soustava) :

Ridici systém - rozhodujici subsystém, ktery ¥idi optimalni
provedeni pohybu pomoci koordinace sily svaltu

Zéakladni stavebni jednotkou nervoveé soustavy je neuron.

Tt1 zakladni funkce neuronu:
a) recepce informace

b) ,,vyhodnoceni‘ vstupniho signalu pro
ur¢eni moznosti jeho prenosu

c) prenos signalu



MOTOR CONTROL SYSTEM
(Operating via nervous system):

Motor Control System — a critical subsystem that controls
optimal execution of movement by coordinating muscle
activity

The basic building block of the nervous system is a neuron.

Neuron has three basic functions:

a) reception of information

b) "evaluation" of the input signal to determine the possibility
of 1ts transmission

c) signal transfer



Funkc¢ni déleni neuronu:

a) aferentni — senzorické
Predavaji informace ze senzoru — receptoru (vnéjsiho 1 vnitiniho
prostiedi) do centralni nervove soustavy (CNS). Axon aferentniho
neuronu vstupuje do zadnich rohii nebo zadnich provazct miSnich

nebo je veden prisluSnymi hlavovymi nervy (nervy vedouci do
mozku).

c) eferentni — motorické (motoneurony)

Prenaseji informace z CNS do vykonneho efektoru — svalu. Jejich
axony vystupuji z prednich rohtt miSnich nebo vlakno probiha
v motorickych hlavovych nervech. Tvori drahu, kterou musi
probéhnout vSechny vzruchy, bez ohledu na svij ptivod, jestlize
maji zapusobit na svalova vldkna, ke kterym vedou.

b) interneurony — vinezerené

Tvori 99 % vSech neuront. Jejich funkce je velice rozmanita. Jsou
soucasti reflexnich oblouku, které tvoti pohybové programy;
vytvareji spojeni mezi aferentnim a eferentnim neuronem; mohou
pusobit tlumiveé na alfa-motoneurony (Renshawovy burnky);
vytvareji spojeni mezi segmenty (napt. prava a leve strana), apod.



Functional classification of neurons:

a) afferent — sensory neurons

They transmit information from sensors - receptors (in external
and internal environments) to central nervous system (CNS).
Axons of afferent neurons enter the spinal cord from the posterior
side or enter the cranial nerves (nerves leading to the brain).

¢) efferent - motor neurons

They transmit information from the CNS to the effector executive
muscle. Their axons come out of the anterior part of spinal cord or
from the cranial nerves. They form the paths for all the impulses,

regardless of their origin, in order to activate the connected muscle
fibers.

b) interneurons — intermediate neurons

99% of all neurons. Their function i1s very diverse. They take part
in reflex arcs responsible for physical activity programs; form
connections between afferent and efferent neuron; can supress

activity of alpha motoneurons (Renshaw cells); form connections

between segments (eg. right and left side), etc.



3 typy neuront (senzorické, interneurony a motoneurony) zapojené do

reflexniho oblouku:

SVALOVE
VRETENKO

AFERENTNI
(SENZORICKY
NEURON)

excitace

micha
vlastniho svalu

Zadni roh
misni

EFERENTNI
MOTORICKE
NEURONY

excitace
synergisty
(aktivace svalu
pomahajiciho
vlastnimu svalu)

Predni roh miS$ni

excitacni a inhibiéni
vinezerené neurony

(INTERNEURONY, predavajici

¢i potlacujici pfenos vzruchu do
motoneuront)

inhibice (potladeni aktivace)
antagonisty (svalu piisobiciho proti pohybu

vlastniho svalu)

Janura, Obr. 71 Schéma inervace svalu — reflexni oblouk (upraveno podle Hamill & Knutzen, 1995)



Three types of neurons (sensory, motor neurons and interneurons) involved
in the reflex arc:

Muscle
spindle

Afferent (sensory
neurons)

Spinal cord
Excitation of the

effector muscle

Posterior horn
of the spinal
cord

Efferent
motor

Excitation of the

synergy muscle

(activation of the
muscle that helps the
main effector
muscle)

Anterior horn of
the spinal cord

Excitatory and inhibitory
intermediate neurons

(Interneurons, transmitting or
suppressing transmission of P
impulses to motor neurons) ,-" T

33 antagonist muscle 1uscle acting against the
movement caused by the

Janura, Fig. 71 Scheme of muscle innervation - reflex arc  effector muscle)

(adapted from Hamill & Knutzen, 1995)



Janura, Obr. 69 Zakladni ¢asti neuronu

Morfologie motoneuronu (obr. 69):

Télo bunky (soma) - umisténa v mozku nebo v Sedé hmoté misni
Vybézky: axon - dlouhy 1 pies 100 cm, odstfediveé vedeni vzruchu

(od téla bunky)

dendrity - vedou vzruchy do téla bunky (dostfediveé vedeni)
Presynaptické vétveni (terminal): vétveni pro propojeni s dalsimi bunkami

dendrity

presy
K

..\ telo bunky
myelinova *
pochva

axon
Ranvieruv
zarez o
presynapticke

e “5\% vétveni

motoricky
(eferentni)

http://en.wikipedia.org/wiki/Sciatic_nerve

Nerv:
Soubor axontl obalenych vazivovou tkani.

NejdelSi neuron:

BéZi v sedacim nervu (nervus ischiadicus, sciatic
nerve, also known as the ischiatic nerve) od dolni
Casti patete k palci u nohy.

Superior pluteal
arfery

N1 Iuferior plutecl
artery

Talernal pudendal
arfery




Motoric Neuron Morphology :

Soma - Cell body: located in the brain or spinal gray matter
Projections: axonm - length up to over 100 cm,
- impulse conduction outwards the cell body
dendrites — impulse conduction towards the cell body
Synaptic terminals: branches for interconnection with other cells

Nerve: Number of axons wrapped in a connective tissue.

Longest neuron:
Runs in the nervus ischiadicus (ischiatic

Dendrite . )
A?(on nerve) from the bottom of the spine to the big
' terminal
, ! toe.
' ‘ | Node of
' Ranvier .
I Soma \
I\
\I
Axon ._ Superior pluteal
Q y arlery
Schwann cell Inferior plates]
. artery
Myelln f-d!:rh:ﬂ pudendal
arfery
Nucleus sheath

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

http://en.wikipedia.org/wiki/Sciatic_nerve



Morfologie neuronu (obr. 69):

Synapse — funk¢ni spojeni mezi membranami dvou bungk,
z nichz alespon jedna je neuron.
Pro tizeni Cinnosti kosterniho svalstva maji vyznam tlumivé a budive
synapse.
Kazdy motoneuron prednich rohti miSnich ma asi 6 000 synapsi.

, Hcylenduty = ) axon (centralni ¢ast vlakna’

== ..—-.—/-_'

-
-ﬁﬁ_&._ R

= 7 . 3” telo bunky

S—

presy napncke Jﬁ g
vetveni d

podlva axon (periferni ¢ast vlakna)

axon
Ranvieriv dendrity
zaiez

presynapticke R /\?E N, L
—

i -
vetveni . <

5 b\fé T x 7=
motoricky senzoricky
(eferentni) (aferentni)

Janura, Obr. 69 Zakladni ¢asti motorického a senzorického neuronu



Neuron Morphology (Fig. 69):

Synapse - a functional link between two membranes of cells, where at least one of them is a
neuron.

The term comes from a Greek word ““synapsis” meaning conjunction.
There are different kind of synapses — see fig. below

Activities of skeletal muscles are controlled by inhibitory and non-inhibitory synapses
between neurons
Each motor neuron coming out of the anterior horn of spinal cord has about 6000 synapses.

/ N ] N // .\.-./, \(\ ~— ,' "f

Axodendritic Axoextracellular Axosomatic

Axosecretory
Axon termenal Axon terminal Axon terminal Axon with no Axon terminal
secreles directly secreles nto ends on a dendnile conneclion ends on soma
into bloodstream another axon spine seccretes into Axosynaplic

extraceliular Muid Axon terminal
ends on ancther

https://en.wikipedia.org/wiki/Synapse axon terminal



Prenos vzruchu z nervu do svalu:

K prenosu vzruchu z nervu na sval dochazi na nervosvalové ploténce
(obr. 70).

privodny axon  Pozndmka: Nazev ,ploténka“ je uréen
tvarem presynaptické membrany, ktera
vytvari silngsi desticku. Z hlediska
unavitelnosti 1 rychlosti pfenosu je
nervosvalové (neuromuskuléarni) spojeni
nejslabsim ¢lankem v motorické jednotce.

nervosvalova ploténka

myofibrily

Janura, Obr. 70 Napojeni neuronu na
svalové vlakno v nervosvalové ploténce
(Dylevsky, 1994)

Ptenos signalu se realizuje chemicky pomoci acetylcholinu, ktery je pii aktivaci vyloucen a putuje Stérbinou mezi
nervovym vybézkem a membranou svalové bunky (myocytu). V membrané svalové bunky je acetylcholin zachycen
receptory a zpusobi chemickou reakci v buiice svalu vedouci ke svalové kontrakci.

Poruchy prenosu vzruchu z nervu do svalu

Nemoc myasthenia gravis - autoimunni reakce proti receptortim acetylcholinu zabrani ptfenosu vzruchu. Projevi se
jako svalové ochablost a inava.

Rzné toxiny, napt. botulinum toxin zabraiiuji uvolnéni acetylcholinu a zptisobi svalovou paralyzu (obrnu).




Transmission of impulses from nerve to muscle:

The conduction of the impulse from nerve to muscle occurs at the
neuromuscular end plates (Fig. 70).

Incoming axon

Note: The name “end plate" is
determined by the shape of the
presynaptic membrane, which creates a
thicker plate. In terms of fatigue and
the speed of neuromuscular
transmission this connection presents
the weakest link in the motor unit.

Neuromuscular end plate

Muscle fibers

Janura, Fig. 70: Connection of the neuron to the muscle fiber (after Dylevsky 1994)

Signal transmission is carried out chemically by means of acetylcholine, which is expelled upon activation and
travels through the gap between the axon terminal and the muscle fiber (myocite) membrane. The myocite
membrane captures the acetylcholine through acetylcholine receptors and causes a chemical reaction in the muscle
cell, causing the muscle contraction.

Disorders of neuromuscular junction:

Myasthenia gravis - an autoimmune reaction against acetylcholine receptors. It prevents impulse
transmission. It manifests itself as muscle weakness and fatigue.

Some toxins, such as botulinum toxin (Botox) prevent the release of acetylcholine and cause muscle
paralysis (no muscle activity).



Motoricky neuron (motoneuron):

Spoustécim mechanismem pro vznik svaloveé kontrakce je akéni potencial (iontovy
piesun na vzruSiveé membrang), ktery se $ifi na membrané svalového vlakna.

Depolariza¢ni vina na povrchu membrany ma v priibéhu svého trvani stale stejnou
amplitudu, jeji velikost neklesa. Jestlize dojde k vzniku vzruchu, jedna se o nevratny dé¢;j,
ktery probéhne vzdy az do konce. Reakce membrany na podrazdéni bud’ neprobéhne,
nebo se vyznacuje maximalni amplitudou. Jeji Cinnost se tedy fidi zakonem ,,vSe nebo
nic*.

dendrity

i ‘;/

\\/

\ _I”'
= . !

Rychlost pfenosu vzruchu je pfimo imérna
pruméru vlakna,

pres Jeji hodnota se méni s mirou myelinizace

"g . \\"Eé:v o (,,izolace*) vldkna.
velinovs 2 telo builky Myelinizovanym vldknem se depolariza¢ni
pochva | vlna §ifi skokem pies Ranvierovy zafezy,
i axon které myelin pierusuji.
Ranvieruv -+ Z4kladni typy neuronovych vlaken a rychlost
e * presynaptické ~ vedeni vzruchu jsou uvedeny v tabulce 9 (viz
e "";;.t{ vétveni dale).

Janura, Obr. 69 Zakladni c¢asti motorického

motoricky s
a senzorického neuronu

(eferentni)



Motor neuron:

The triggering mechanism causing muscle contraction is the action potential (ion transfer on
excitable membranes) that travels across the membrane (myelin sheath) of the nerve fiber.

Depolarization wave on the membrane surface keeps the same amplitude during the travel.
When impulse is excited, it is an irreversible process which is normally carried out fully.
Reaction of the membrane on irritation either not occurs at all or it occurs with a maximum
amplitude. This activity fulfils the law "all or nothing".

The conduction velocity of the action potential is directly proportional to nerve fiber diameter.

Its value varies with the amount of myelination ("isolation") of the fibers.

The depolarization wave jumps across the nodes of Ranvier, which are interrupting the myelin

sheath.
Dendrite Axon
‘ terminal
‘ Node of
Ranvier ‘
I Soma '.
Axon {
Schwann cell
Myelin
Nucleus sheath

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

Basic types of neural fibers and

conduction velocity are shown in
Table 9 (see below).



Typy nervovych vlaken a rychlost vedeni ak¢niho potencialu

Zékladni typy neuronovych vlaken a rychlost vedeni vzruchu jsou uvedeny v tabulce 9.

Typ vidkna | Inervace Pramer Rvehlost vedeni
vidkna (um) | vzruchu (m.s”)
Eferentni - motoneurony
Aal kosterni sval 15 100
AR kosterni sval. svalove vietéenko 8 50
Ay svalove vietenko 5 20
B sympatikus — pregangliova vlakna 3 7
% sympatikus — postgangliova nemyelinizovana |1 |
vlakna
Aferentni - senzoricka
Ia svalove vieténko 13-20 80-120
Ib Golgiho telisko 13-20 80-120
I1 svalove vieténko 6-12 35-75
111 tlakové senzory ve svalu, 1-5 5-3
ostatni mechanorecepce
IV bolest (nemyelinizovana), teplota 0,2-1,5 0.5-2
Janura, Tab 9

Pozn: sympatikus — nervovy systém plisobici na organy téla, reguluje nervovy a hormonalni
stres (napf. ,,fight or flight response*), roztazeni pupily, moceni atd.



Types of nerve fibers and of the action potential conduction velocity

Basic types of neural fibers and conduction velocity are shown in Table 9.

Fiber type Innervation Diameter Conduction
(um) velocity (m/s)

Efferent Motor neurons

Aa Skeletal muscle 15 100
AP Skeletal muscle, muscle spindle 8 50

Ay Muscle spindle 5 20

B n. sympaticus — preganglionic fibers 3 7

C n.Sympaticus — postganglionic nonmyelinized fibers 1 1
Afferent Sensory neurons

Ia Muscle spindle 13-20 80-120
Ib Golgi tendon organ 13-20 80-120
II Muscle spindle 6-12 35-75
11 Pressure receptors in muscles, other mechanireception 1-5 5-30
v Pain (nonmyelinized fibers), temperature 0,2-1,5 0,5-2
Janura, Tab 9

Note: n. sympaticus = nervous system acting on the internal organs of the body, it also
regulates the nervous and hormonal stress (eg. the "fight or flight response"), pupils’
dilatation, urination, etc.
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Paravertebralni ganglia:
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s Cesty vegetativniho nervstva
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Paravertebral ganglia:
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o ey - Nerve nodes around the spine
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Motoneurony

Typy motoneuront:

o-motoneurony - nejvetsi prumér, inervuji extrafuzalni
svalova vlakna (vlakna urCena pro produkci sily, kontrakci
zpusobujici pohyb), nejrychlejsi vedeni vzruchu

B-motoneurony — mensi prumer, inervace extrafuzalnich a
intrafuzalnich svalovych vlaken. Jejich funkce neni zcela
zrejma.

y-motoneurony - neymensi prumer, inervace intrafuzalnich
vlaken (vldkna svalového vieténka), urCena pro nastaveni
citlivosti detekce napéti svalu




Motor neurons
Types of motor neurons:

o. motor neurons — of largest diameter, innervate extrafusal
muscle fibers (fibers for the production of force, causing
contraction movement), fastest conduction velocity

B motor neurons — of medium diameter, innervate extrafusal
and intrafusal muscle fibers. Their function is not
completely clear.

v motor neurons — of smallest diameter, innervate intrafusal
fibers (sensory fibers of muscle spindles), designed to
adjust the sensitivity of muscle tension detection




Extrafuzalni a intrafuzalni svalova vlakna

Extrafuzalni svalova vlakna (extrafusal muscle fibers) :
- Typ svalovych vlaken inervovanych alfa-motoneurony.
- Produkuji silu, mechanickou praci a dovoluji pohyb v disledku kontrakce

- Extrafuzalni svalova vlakna a ptisluSné motoneurony vytvaii motorickou
jednotku (motor unit).

- Spojeni mezi alfa-motoneuronem and extrafuzalnim svalovym vlaknem se nazyva
nervosvalové spojeni (neuromuscular junction).

- Neurotransmiter zodpovédny za kontrakci je acetylcholin.

Intrafuzalni svalova vlakna (Intrafusal muscle fibers):
- Svalova vlakna tvofici svalové vieténko (muscle spindle).
- Jsou to vlakna senzoricka a jsou inervovana gama-motoneurony.

- Intrafuzalni vldkna jsou obalena sensorickymi receptory (sensory receptors).

- Tyto vldkna jsou oddé€lena od zbytku svalu kolagennim pouzdrem (collagen sheath) 0
vietenovitém tvaru ("fusiform" shape, hence the name "intrafusal,,)

O protazeni svalu a o rychlosti protazeni poskytuji informace tyto dva senzorické druhy
nervovych vlaken:

Typ Ia sensorické vldkno (reaguje na protazeni a rychlost zmény)
Typ II sensoricke vlakno (reaguje na protazeni)

> excitace

http://en.wikipedia.org/wiki/Intrafusal muscle fiber vlastniho



Extrafusal and intrafusal muscle fibers

Extrafusal muscle fibers:

- Type of muscle fibers innervated by alpha-motoneurons.

- Produce force, mechanical work and allow movements due to contraction
- Extrafusal muscle fibers and motor neurons together form the motor unit.

- The connection between the alpha-motoneuron and extrafusal muscle fiber is
called neuromuscular junction.

- The neurotransmitter responsible for muscle contraction is acetylcholine.

Intrafusal muscle fibers:
- Muscle fibers in the muscle spindle.
- Sensory fibers which are innervated by gamma-motoneurons.

- Intrafusal fibers are inside sensory receptors.

- These fibers are separated from the rest of muscle by collagen sheath with a spindle
shape ("fusiform" shape, hence the name "intrafusal")

The muscle elongation and elongation velocity are detected by these two types of
sensory nerve fibers:

Type Ia sensory fiber (responds to elongation and the velocity of elongation)
Type II sensory fiber (responds to elongation)

> excitace

http://en.wikipedia.org/wiki/Intrafusal muscle fiber vlastniho



Typy nervovych vlaken a rychlost vedeni akéniho potencialu

Zékladni typy neuronovych vlaken a rychlost vedeni vzruchu jsou uvedeny v tabulce 9.

Typ vidkna |Inervace Primer Rychlost vedeni
- motonedrony vidkna (um) |vzruchu (m.s”)
Eferentni )
Aa kosterni sval k5 100
AP kosterni sval, svalove vieténko 8 50
Ay svalové vieténko 5 20
B sympatikus — pregangliova vlakna 3 7
G sympatikus — postgangliova nemyelinizovana | 1 1
vlakna
Aferentni - Sgnzoricka
< svaloveé vreténko 13-20 80-120
| Golaiho telisko 13-20 80-120
@ svalové vieténko 6-12 35-75
111 tlakové senzory ve svalu, 1-5 5-30
ostatni mechanorecepce
IV bolest (nemyelinizovana), teplota 0,2-1,5 0,5-2

Janura, Tab 9

Pozn: sympatikus — nervovy systém ptlisobici na orgdny téla, reguluje nervovy a hormonalni

stres (napt. ,,fight or flight response*), roztaZzeni pupily, moceni atd.




Types of nerve fibers and of the action potential conduction velocity

Basic types of neural fibers and conduction velocity are shown in Table 9.

Fiber type Innervation Diameter Conduction
(um) velocity (m/s)

Efferent Motor neurons
Aa Skeletal muscle 15 100
AP Skeletal muscle, muscle spindle 8 50
Ay Muscle spindle 5 20
B n. sympaticus — preganglionic fibers 3 7
C n. sympaticus — postganglionic nonmyelinized fibers 1 1
Afferent Sensory neurons
< o Muscle spindle — 13-20 80-120
Ib Golgi tendon organ 13-20 80-120
<. 1] Muscle spindle — 6-12 35-75
11 Pressure receptors in muscles, other mechanireception 1-5 5-30
v Pain (nonmyelinized fibers), temperature 0,2-1,5 0,5-2

Janura, Tab 9 : . . .
’ Note: n. sympaticus = nervous system acting on the internal organs of the body, it also

regulates the nervous and hormonal stress (eg. the "fight or flight response"), pupils’
dilatation, urination, etc.



Biomechanické vlastnosti nervové tkané

Velké zatizeni miZze zplsobit mechanickou deformaci perifernich nervi,
ktera se projevi v zhorSeni jejich funkce. Pfi dalsim nartstu dochazi ke
strukturdlnim zménam. Hlavnimi zptisoby namahani perifernich nervi je
tah a tlak. Maximalni protaZeni, které umozni navrat do ptivodniho stavu,
se pohybuje kolem 20 % klidové delky. Pti protaZeni, které zptisobi
zménu delky asi o 30 %, dochazi k pretrZzeni nervu. Vlastnosti vybranych
nervl jsou uvedeny v tabulce 10.

Nerv Me:z pevnosti v tahu (MPa) | Maximalni protaZeni (%)
n. 1schiadicus 12.8 18,2

n. femoralis 13,0+£0,1 18,5+0.1

n. intermedius 13,2 18.3

n. intercostalis 13,0+ 0.1 18,4+0.1

n. phrenicus 13.,5+0.2 18.4+0,1

1. vagus 13.2+0.2 18.4+0.2

nn. sympathici 13.5+0,1 18.3+0.1

Janura, Tab. 10 Mez pevnosti v tahu a maximalni protaZeni nékterych nervii (upraveno podle Valenta a
kol., 1985)

Vlastnosti nervoveé tkané se méni vlivem véku. Po pozvolném poklesu na zacatku dospélosti se vétsi dysfunkce objevuji
kolem 70. roku Zivota. Zatimco rychlost vedeni vzruchu v nervovych vlaknech se u mladych jedincti pohybovala mezi 50
az 70 m.s’!, doslo ve v€ku mezi 60. az 80. rokem k poklesu asi 0 10 m.s"! (Nordin & Frankel, 1989).



Biomechanical properties of nerve tissues

High loads can cause mechanical deformation of the peripheral nerves, which is
reflected in deterioration of their function. Upon further increase structural
alterations occur.

The main types of stress in peripheral nerves are elongation and pressure. The
maximum elongation, which allows the nerve to return to the original state is
around 20% of resting length. Elongation with a change in length by about 30%
causes rupture of the nerve. Properties of selected nerves are shown in Table 10.

Nerve Tensile yield strength (MPa) | Maximum strain (%)
n. 1schiadicus 12.8 18.2

n. femoralis 13.0+0.1 18,5+0,1

n. intermedius 3,2 18.3

n. mtercostalis 13.0+0,1 18.4+0,1

n. phrenicus 13,5+0,2 18,4+0,1

1. vagus 13,2 £0.2 18.4+0.,2

nn. sympathici 13,5+0.1 18.3+0.1

Janura, Tab. 10 Tensile strength and maximum elongation of certain nerves (edited by Valenta et al., 1985)

The properties of nerve tissues changes due to age. After gradual aging starting from early adulthood, larger dysfunctions
appear around 70th year of life. While the speed of conduction of the nerve fibers ranges between 50 to 70 ms™! in young
subjects, there was a decrease by about 10 ms-! between 60th to 80th year of age (Nordin & Frankel, 1989).



Zpétnovazebné receptory

Nedilnou soucasti fizeni pohybu je okamzZita a nepietrzita informace o pritbéhu
kontrakce a o velikosti vyvijené sily.

Tato informace je pfedavana do CNS na zaklad¢ udaji zpétnovazebnych receptort,
umisténych pfimo v masité nebo §lasité ¢asti svalu.

Receptory miZeme charakterizovat jako specializované bunky nebo struktury, ktere
meéni své vlastnosti na zdkladé vné;Sich stimulti (Latash, 1998).

V ptipad¢ fizeni svalové kontrakce jsou zakladnimi receptory:

Q) svalova vieténka Modifikovana svalova vlakna, paralelné se svalovymi vlakny)
b) Golgiho téliska

Dalsi vybrané receptory:
c) Paciniho téliska (Pacinian corpuscles) — v hlubkeé vrstvé klize, reaguji na dotek, tlak a
vysokofrekvencni vibrace (vjem vibraci, lechtani)

¢) Meissnerova téliska (Meissner’s corpuscles) - na prstech, dlanich, chodidlech, rtech, jazyku -
dalezita pro hmat a také detekuji nizkofrekvencni vibrace (vjem poklepavani, chvéni) [pozor,
take existuje Meissneriv plexus, ktery ma jinou funkci — nervova pleten ve sténé travici trubice
— reguluje traveni]

d) Ruffiniho téliska (Ruffini corpuscles) — v kiizi a kloubech, reaguji na protazeni kiize a na
polohu a rychlost pohybu kloubu



Feedback receptors

An integral part of the motor control is an instantaneous and continuous monitoring of the
course of contraction and the magnitude of forces applied.

This information is passed to the CNS on the basis of signals from feedback receptors located
directly in the muscle or in the tendons.

Receptors can be characterized as specialized cells or structures that change their properties
based on external stimuli (Latasha, 1998).

In ca trol muscle contraction the following receptors are essential:
a) muscle spindles (pAodified muscle fibers, parallel to the muscle fibers)

b) Golgi tendon organs

There are also other feedback receptors:

c) Pacinian corpuscles - in deep layer of the skin, react to touch, pressure and high-
frequency vibrations (sensation of vibration or tickling)

d) Meissner corpuscles — located on the fingers, palms, soles, lips, and tongue — important
for touch sensation and for detecting low-frequency vibrations (sensation of tapping-flutter).
[Note: There is also the Meissner’s plexus, which has a different function — it is a nerve
plexus in the wall of the digestive tract that regulates digestion. ]

¢) Ruffini corpuscles - in the skin and joints, respond to skin stretch and to joint position and
velocity



Svalova vreténka (zpétnovazebné receptory)

Protahlé utvary delky 2-10 mm, ktere jsou tvoreny intrafuzalnimi svalovymi
vlakny.

Jejich pocet ve vieténku se podle riznych autorii pohybuje mezi 4 az 6, resp.
2 az 12.

Intrafuzalni vldkna jsou orientovana rovnob&zné s extrafuzalnimi vlakny
kosterniho svalu.

Svalova vieténka reaguji na velikost protazeni svalu — zménu délky.

Jejich mnoZstvi ve svalu je relativné stalé a pohybuje se od nékolika vietének az
po nékolik desitek.

Inervace intrafuzalnich svalovych vlaken je pomoci gama-neuront - slouzi pro
modifikovani citlivosti svalového vieténka na protazeni svalu.

aamimia [yl

MOTOr ninel

A muscle spindle, with y motor and Ia sensory fibers (http://en.wikipedia.org/wiki/Type Ia_sensory_fiber)



Muscle spindles (feedback receptors)

Elongated bodies of 2-10 mm length, created by intrafusal muscle fibers.

According to different authors, their number in the spindle varies between 4-6, or
2-12

Intrafusal fibers are oriented parallel to the extrafusal fibers of skeletal muscle.

Muscle spindle responds to the change of length.
There are several spindles to few tens of spindles inside of the muscle.

Innervation of the intrafusal muscle fibers is accomplished through gamma motor
neurons — these are used to modify the sensitivity of muscle spindles to muscle
strain.

aamimia [yl

MOTOr ninel

A muscle spindle, with y motor and Ia sensory fibers (http://en.wikipedia.org/wiki/Type Ia_sensory_fiber)



Svalova vreténka (zpétnovazebné receptory)

intrafuzalni vlakna se dé€li na dvé skupiny, podle uspofadani bunéénych jader
(obr. 72):

- ,huclear BAG* (B) — delsi, jejich nazev vznikl podle usporadani jader do
shluki. Dale se déli na vlakna:

a) staticka (Bs)
b) dynamicka (Bd).

- ,,huclear CHAIN* (CH), ve kterych miZeme uspofadani jader oznacit jako
linearni.

extrafuzalni vlakna

| — —
Ia
C / L / / ) vlakna typu BAG staticka
(/ 00883/ ) vlakna typu BAG dynamicka

Janura, Obr. 72 Schematické znazornéni svalového vieténka a typl vlaken



Muscle spindles (feedback receptors)

Intrafusal muscle fibers can be divided into two groups depending on the
arrangement of cell nuclei (Fig. 72):

- "Nuclear BAG'" (B) — longer length, they obtained their name due to
arrangement of nuclei into clusters. Furthermore, these fibers are divided into:

a) static (Bs)
b) dynamic (Bd).

- "Nuclear CHAIN" (CH), where the nuclei are positioned along a line.

Extrafusal muscle fibers

( / e / f ) BAG type fibers, static
( o*3ss ’ ) BAG type fibers, dynamic
® & & & o

I ¢ & & & o

Janura, Fig. 72 Schematic illustration of the muscle spindle and the types of fibers



Svalova vreténka (zpétnovazebné receptory)

Vystupy ze svalovych vietének jsou predavany pomoci dvou typl
aferentnich nervovych zakonceni.

Vlakna Ia - jsou citliva na zménu delky (protazeni) i na rychlost téchto
zmén. Jejich zakoncenti je béZn¢ pro vlakna typu BAG 1 CHAIN.

Axony vldken II reaguji pouze na zménu delky Jejlch zastoupeni na
intrafuzalnich vlaknech typu BAG-dynamicka je vyjimecne.

Aferentni neurony, které spiralovité obtaceji intrafuzalni vlakna, pokracuji
dale jako vlakna miSniho nervu a vstupuji do zadnich rohti michy. V mise
se tato vlakna napojuji pfimo na a-motoneurony piednich rohti misnich,
nebo prostfednictvim interneuronli na motoneurony antagonistickych

svalu. —
O&rmHETEA L} )

"|'| :.iTI-II FiCiE|

A muscle spindle, with y motor and Ia sensory fibers (http:/en.wikipedia.org/wiki/Type Ia_sensory_fiber)



Muscle spindles (feedback receptors)

Outputs from muscle spindles are transmitted using two types of afferent nerve
endings.

la fibers - sensitive to change in length (stretching) as well as to the speed of these
changes. Their termination is common in fibers of type BAG and CHAIN.

Axons of type II fibers respond only to change in length. Their representation in
the intrafusal fibers of BAG-dynamic is unusual.

The afferent neurons helically encircle the intrafusal fibers. The further they
continue as spinal cord fibers. The enter the posterior horns of the spinal cord. In
the spinal cord they directly connect to the fibers of a-motor neurons in the
anterior horn of the spinal cord, or they connect via interneurons to the motor
neurons of the antagonistic muscles.

aamimia [yl
mator fibe

A muscle spindle, with y motor and Ia sensory fibers (http:/en.wikipedia.org/wiki/Type Ia_sensory_fiber)



Svalova vreténka (zpétnovazebné receptory)

Citlivost svalového vieténka je nastavena pomoci y-motoneuront, které jsou mnohem
mensi nez a-motoneurony. y-motoneurony zpusobuji kontrakci prislusnych
intrafuzalnich vlaken, ¢imz se zméni citlivost vieténka na zmény ve svalu.

- Dynamicka BAG vlakna jsou inervovana pomoci ,,dynamickych® y-motoneurontl,
pro staticka BAG vlakna a pro vlakna typu CHAIN slouzi ,,staticky“
y-motoneuron.
- Rychlost vedeni vzruchu je pro oba typy y-motoneurony podobna (asi
20 m.s™") a odpovida asi 1/3 az 1/5 rychlosti vedeni vzruchu o.-
motoneuronem.

Vieténka jsou natahovana zaroven s prodlouzenim svalu. Dochazi ke
zpétnovazebneému drazdéni a.-motoneuront, které vyvolavaji svalovou kontrakei.
Svalova vieténka tedy funguji jako autoregulacni systém, ktery nastavuje citlivost
receptoru — tzv. y-smycka.

aamma (y)

MEGr Nige|

A muscle spindle, with y motor and Ia sensory fibers (http://en.wikipedia.org/wiki/Type Ia_sensory_fiber)



Muscle spindles (feedback receptors)

The sensitivity of the muscle spindle is set using y-motoneurons, which are much smaller than
a-motoneurons. Gamma-motoneurons cause contraction of the specific intrafusal fibers in the
muscle spindle — that changes the sensitivity of the muscle spindle to muscle changes.

Dynamic BAG fibers are innervated through the "dynamic" y-motoneurons,
Static BAG fibers and CHAIN fiber types are innervated through "static" y-motoneurons.

Conduction velocity for both types of y-motoneurons is similar (about 20 ms') and
corresponds to about 1/3 to 1/5 the speed of conduction of a- motoneurons.

Spindles are stretched simultaneously with the muscle. This causes feedback irritation of a.-
motoneurons, which trigger muscle contraction as the response. Muscle spindles thus serve as
a self-regulating system, which adjusts the sensitivity of the receptor - this is called the
,Zamma-loop.*

aamma (y)

mator fibe)

A muscle spindle, with y motor and Ia sensory fibers (http://en.wikipedia.org/wiki/Type Ia_sensory_fiber)



Patelarni reflex/Patellar reflex:

Uder pod koleno zptisobi pies ¢ésku natazeni
Slach stehennich svall (quadriceps tendon).

Toto nataZeni je registrovano receptory,
zejména svalovymi vieténky.

Tato posilaji signal aferentnimi vlakny
femoralniho nervu do bederni ¢asti patete.

Vzruch je pres pfimou synapsi pfeveden do  passs

e ]

motoneuronu vedouciho ke stehennimu svalu
(quadriceps femoris muscle), ktery se
kontrahuje.

Zaroven je vzruch pfes vmezefené
interneurony pieveden do antagonistickych
svalii (hamstring muscles, ischiokruralni svaly
- od kolena vzadu) zptisobujici jeho relaxaci.
(Inhibi¢ni synapse).

Tato ¢innost svalli zptisobi vykopnuti nohy.

Tento reflex napomaha udrzeni vzpiimené
polohy, dovoluje chlizi bez premysleni.

Zpozdéni vykopnuti za stimulem — disledkem
omezené rychlosti vedeni vzruchu nervem.

Tento reflex 1ze vybavit 1 pi1 uderu pfimo na
Slachu stehenniho svalu nad kolenem.

Vsechny svaly reaguji na natazeni jejich
Slachy.

Svalova vieténka (zpétnovazebné receptory)

irna e

caretro-agenal Bl

By
| i)
FRnLIAo

Obr. Patelarni reflex. (VSimnéte si, ze v tomto
obrazku je nespravné zahrnut interneuron na
nervové draze svalu agonisty. Interneuron ale
je na draze k antagonistickému svalu, ktery zde
neni ilustrovan). Ponauceni — na wikipedii
néekdy mohou byt chyby.

(http://en.wikipedia.org/wiki/Patellar reflex)

Patelarni reflex je klasicky ptiklad
monosynaptického reflexniho oblouku. V draze
vedouci k flexi stehenniho svalu neni Zadny
interneuron. Ale inhibi¢ni interneuron je pouzit
pro relaxaci antagonistického svalu (hamstring
muscle).

P P



Patellar reflex:

Muscle spindles (feedback receptors)

A hit just below the knee moves the patella down distally and stretches the tendon of the thigh
muscle (quadriceps tendon).

This stretch is registered by receptors, especially muscle spindles.
They send a signal through afferent fibers of the femoral nerve into the lumbar spine.

The stimulus is transmitted through a direct synapse to the motoneuron of the thigh muscle (m.
quadriceps femoris), which contracts (Excitatory synapse).

Simultaneously, this stimulus is transmitted through the interneurons into the antagonistic muscles
(hamstring and ischiocrural muscles — at the back of the knee) causing these to relax (Inhibitory
synapse).

These events causes the leg to perform a kick.

caretro-arenal B

Fig. Patellar reflex. Note that this image
wrongly includes an interneuron in the pathway
ety oo to the agonist muscle. Interneurons are there on
the path to the antagonist muscles which are
not illustrated here.

(http://en.wikipedia.org/wiki/Patellar reflex,
image downloaded in 2007)

Beware of wikipedia — not all the information there
is necessarily correct!

Fig: Patellar reflex. (http://en.wikipedia.org/wiki/Patellar reflex)



Patellar reflex:

Muscle spindles (feedback receptors)

A hit just below the knee moves the patella down distally and stretches the tendon of the thigh
muscle (quadriceps tendon).

This stretch is registered by receptors, especially muscle spindles.
They send a signal through afferent fibers of the femoral nerve into the lumbar spine.

The stimulus 1s transmitted through a direct synapse to the motoneuron of the thigh muscle (m.
quadriceps femoris), which contracts (Excitatory synapse).

Simultaneously, this stimulus is transmitted through the interneurons into the antagonistic muscles
(hamstring and ischiocrural muscles — at the back of the knee) causing these to relax (Inhibitory
synapse).

These events causes the leg to perform a kick.
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H }/ interneuron ...
~— ¢ Ventral horn

V
v alpha motor neuron to
Quadriceps femoris \ Quadriceps femoris
muscle (agonist muscle) Patella
Tendon hammer L i inatie Flg Patellar reflex.

neuron supplying (http://en.wikipedia.org/wiki/

\__, the Hamstrings Patellar reflex)
Femur

Image downloaded in 2019.
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Patellar reflex:

Muscle spindles (feedback receptors)

The patellar reflex is a classic example of the monosynaptic reflex arc. There is no interneuron on the
path leading to the agonist muscle. But an inhibitory interneuron is used to relax the antagonistic
muscle (hamstring muscle).

Patellar reflex is related to the feedback loop which helps to maintain an upright position - allows
walking without thinking.

Delay of the kick after the hit stimulus — caused by the limited speed of nerve conduction.
This reflex can also be elicited with a hit directly on the thigh tendon above the patella.

Similar reflexes occur all over the body -generally, all striated muscles react when their tendon is
stretched.

Dorsal Root Ganglion Spinal Cord
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R Gray matter
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Zpétnovazebné receptory

Nedilnou soucasti fizeni pohybu je okamzZita a neptretrzita informace o
prub¢hu kontrakce a o velikosti vyvijene sily.

Tato informace je predavana do CNS na zéaklad¢ Gidajti zpétnovazebnych
receptord, umisténych pfimo v masité nebo slasite ¢asti svalu.

Receptory miizeme charakterizovat jako specializované buiiky nebo

struktury, které méni své vlastnosti na zaklad¢ vnéjSich stimulti (Latash,
1998).

V ptipadé¢ fizeni svalové kontrakce jsou zakladnimi receptory:

Q) svalova vi‘eténka Pnodifikovana svalova vlakna, paralelng se svalovymi
vlakny),

D) Golgiho téliska. >

Dalsi vybrane receptory:

c¢) Paciniho téliska (Pacinian corpuscles) — v hlubke vrstvé klize, reaguji na dotek
a tlak

d) Ruffiniho téliska (Ruffini corpuscles) — v kuzi a kloubech, reaguji protazeni
ktiZze a na polohu a rychlost pohybu kloubu

e) Meissnerova téliska (Meissner‘s plexus) - koordinuji pohyby a kontrakci stiev



Feedback receptors

An integral part of the motor control is an instantaneous and continuous monitoring
of the course of contraction and the magnitude of forces applied.

This information is passed to the CNS on the basis of signals from feedback
receptors located directly in the muscle or in the tendons.

Receptors can be characterized as specialized cells or structures that change their
properties based on external stimuli (Latasha, 1998).

In case of control muscle contraction the following receptors are essential:

muscle spindles (moyified muscle fibers, parallel to the muscle fibers)
Golgi tendon organ

There are also other feedback receptors:

c) Pacinian corpuscles - in deep layer of the skin, react to touch and pressure

d) Ruffini corpuscles - in the skin and joints, respond to skin stretch and joint
position and velocity

¢) Meissner's plexus - coordinates movement and contraction of the bowel



Golgiho téliska (zpétnovazebné receptory)

Golgiho télisko je tvofeno svazkem kolagennich vldken v jemném
vazivoveém pouzdre, kterd se nachazeji na prechodu Slachy a svalu a ve
kterych jsou nervova zakonceni.

Jsou citliva na mechanickou deformaci, tedy na zménu velikosti vystupni
sily (obr. 73).

Vedou z nich aferentni vlakna typu Ib, nemaji eferentni inervaci.

Neplést s Golgiho
aparatem v burikach!

nervosvalova iia
Zadni roh plotélma '\’ [

Golgiho
telisko

Pi‘edni roh

. Aferentni nerv?
misni

vlakna typu Ib /"'

c-motoneuron slacha

T /1! Il IJ|
LTI
a o /

Janura, Obr. 71 Schéma inervace svalu — reflexni oblouk (upraveno podle Hamill & Knutzen,
1995)



Golgi tendon organs (feedback receptors)

Golgi tendon organs are created by bundles of collagen fibers wrapped in a thin
ligament housing, which are located at the border between the tendons and
muscles, at the same location where nerve endings are.

They are sensitive to mechanical deformation (stretch), 1.e. to the change of the
magnitude of the muscle force (Fig. 73).

They are connected to afferent (sensory) fibers of type Ib; they do not have

efferent innervation.
Do not confuse with

the Golgi body (Golgi 1

Apparatus) in cells! Posterior Neuromuscular b
horn of the end plate ——— =
spinal cord

Anterior horn
of the spinal

o.-motoneuron  cord

: Golgi tendon
A/ organ
Afferent nerve. Nilrinm

fiber type Ib i
/ Tendon

Janura, Fig. 71 Scheme of muscle innervation - reflex arc (adjusted Hamill & Knutzen, 1995)



Typy nervovych vlaken a rychlost vedeni akéniho potencialu

Zékladni typy neuronovych vlaken a rychlost vedeni vzruchu jsou uvedeny v tabulce 9.

Typ vidkna | Inervace Pramer Ryehlost vedeni
- motdneurony vidkna (um) | vzruchu (m.s™)
Eferentni
Ao kosterni sval 15 100
AP kosterni sval. svalove vretenko 8 50
Ay svalove vieténko 5 20
B sympatikus — pregangliova vlakna 3
C sympatikus — postgangliova nemyelinizovana |1
vlakna
Aferentni - s¢nzoricka
Ia svalove vieténko 13-20 80-120
10 Golgiho telisko 13-20 80-120
B Svalove vretenko 6-12 35-75
111 tlakove senzory ve svalu, 1-5 5-30
ostatni mechanorecepce
IV bolest (nemyelinizovana), teplota 0.2-1.5 0.5-2

Janura, Tab 9




Types of nerve fibers and of the action potential conduction velocity

Basic types of neural fibers and conduction velocity are shown in Table 9.

Fiber type Innervation Diameter Conduction
(um) velocity (m/s)

Efferent Motor neurons

Aa Skeletal muscle 15 100

AP Skeletal muscle, muscle spindle 8 50

Ay Muscle spindle 5 20

B n. sympaticus — preganglionic fibers 3 7

C n.Sympaticus — postganglionic nonmyelinized fibers 1 1

Afferent Sensory neurons

Ia Muscle spindle 13-20 80-120
e Golgi tendon organ e 13-20 80-120

II Muscle spindle 6-12 35-75

11 Pressure receptors in muscles, other mechanireception 1-5 5-30

v Pain (nonmyelinized fibers), temperature 0,2-1,5 0,5-2

Janura, Tab 9

Note: the sympathetic nervous system = nervous system acting on the internal organs of the
body, it also regulates the nervous and hormonal stress (eg. the "fight or flight response"),
pupils’ dilatation, urination, etc.



Golgiho téliska
(zpétnovazebné receptory)

spinalni ganglia

Golgiho telisko

slacha

svalova vlakna

Janura Obr. 73 Umisténi Golgiho téliska

v komplexu sval-Slacha (upraveno podle Watkins,
1999)

V porovnani se svalovymi
vietenky je struktura
Golgiho télisek jednodussi.
Obsahuji jednoducha
aferentni spojeni — vlakna
typu Ib.

Golgiho téliska jsou
umisténa v serii za skupinou
extrafuzalnich vlaken a
reaguji na zmeény napeti,
generovane pouze témito
vldkny.

Je-l1 sila produkovana
vlakny, ktera leZi mimo tuto
oblast, aktivita Golgiho
téliska nenarusta.

Vztah mezi nartstem sily a
,,reakci® Golgiho téliska neni
linearni. Na rozdil od
svalového vreténka dochazi
k aktivaci téliska 1 v pripadé
zkraceni svalu.



Golgi tendon organ
(feedback receptors)

Spinal ganglia (neural centers
in the spinal cord)

Golgi tendon organ

Tendon
Muscle fibers

Janura Fig. 73 Location of Golgi organ at the muscle-
tendon boundary (modified after Watkins, 1999)

Compared to the muscle
spindles, the structure of the
Golgi tendon organ is simpler.
There are simple afferent

connections with fibers of type
Ib.

Golgi tendon organs are
placed in series with a group
of extrafusal fibers and
respond to force/tension
changes generated only by
these fibers.

If some force 1s produced by
fibers, which lie outside this
locality, it is not reflected in
the activity of the Golgi organ.

The relationship between the
increase in force and
"reaction" of the Golgi organ
1s not linear. In contrast to
muscle spindle activation,
Golgi activation occurs also
when muscle 1s shortened.



Vyuziti zpétnovazebnych receptoru pro rizeni svalové kontrakce

Viz Schéma

Pozn: Informace, které ptichazeji z receptorti, nekonci pouze u motoneuronti prednich rohti
miSnich, ale jsou predavany i do retikularni formace mozkového kmene, do mozecku,
thalamu, mozkove kury.
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CNS — centralni nervovy systém: o. — motoneuronova inervacni sit

v — system; v, — dynamicKky y-motoneuron; y, — staticky y-motoneuron

SVE — svalovy efektor; SV — svalové vieténko; GT — Golgiho télisko; SL — $lacha

B, — BAG dynamicka mftrafuzalni svalova vlakna

B, — BAG staticka intrafuzalni svalova vlakna

CH — CHAIN intrafuzalni svalova vlakna; F — velikost vystupni sily; | — délka svalu
Janura Obr. 74



The use of feedback receptors for muscle contraction

See the diagram

Note: The information coming from the receptors, does not end only at the anterior horn
motoneurons, but is passed also further in the CNS into the reticular formation of the brain
stem, cerebellum, thalamus, cortex, etc.
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CNS - central nervous system, o - innervation network of motoneurons,

Y - system (sensitivity regulator): yp, — dynamic y-motoneuron, yg — static y-motoneuron,
SVE — muscle effector, SV — muscle spindle, GT — Golgi tendon organ, SL — tendon
B, — dynamic intrafusal muscle fibers,

B — static intrafusal muscle fibers

CH - CHAIN-type intrafusal muscle fibers; F — input force; 1 — muscle length
Janura, Fig. 74



DalSsi receptory

Dalsi receptory, ktere prispivaji k fizeni Cinnosti svalil, jsou umisténé v kloubech a v kiizi
— Paciniho téliska (v hluboké vrstvé kiize, reaguji na dotek, tlak a vysokofrekvenéni
vibrace), Meissnerova téliska (hlavné na prstech, diilezita pro hmat a nizkofrekvencni
vibrace), Ruffiniho téliska (hluboko v kiiZi a podkoZi, reaguji na nataZzeni kiize a
dlouhodoby tlak, vnimaji polohu a rychlost pohybu kloubu — napf. u prstii a ruky) a apod.
(obr. 75) .

‘Ruffiniho téliska
(poloha kloubu a rychlost zmeén)

% volna nervova zakonceni

' (bolest)

Paciniho téliska
(tlak)

Janura Obr. 75 Zndzornéni kloubnich a koznich proprioreceptortt umisténych v okoli synovialniho kloubu
(upraveno podle Hamill & Knutzen, 1995)



Other receptors

Other receptors, which help to control muscle activity, are located in the joints and skin
—Pacinian corpuscles (in the deep layer of the skin, responsive to touch, pressure and
high-frequency vibration), Meissner corpuscles (mamly on fingers, touch receptors,
also detect low-frequency vibration), Ruffini’s corpuscles (deep in and under the skin,
detect skin stretching and long-term pressure, sense position and velocity of joints —

e.g., on fingers an hand), etc. (Fig. 75) .

| Ruffini’s corpuscles
(joint position and speed of changes)

Pacinian corpuscles

(pressure)

Free nerve endings L

(pain)

b

Janura Fig. 75 Illustration of the receptors of the joints and skin placed around the location of a synovial
joint (after Hamill & Knutzen, 1995)



