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Regenerace svalove tkane. Stavba svalu,
slachy. Pomocna svalova zarizeni,
Motoricka jednotka



Zkouskove otazky

12. Stavba svalu. Motoricka jednotka.
13. Cévni a nervove zasobeni svalu. Stavba slachy.
14. Pomocna svalova zarizeni.
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Embryologicky vyvoj kosterni svaloviny

— myoblast - jednojaderna vretenovita
bunka bez myofibril

— splyvanim myoblastu — myotuby

— myotuby - mnohojaderné valcovité
bunky v nichz se jiz zaCinaji tvorit
myofibrily

— v dalSim prubéhu - jadra k periferii a
myofibrily k centru — rhabdomyocyt

https://upload.wikimedia.org/wikipedia/commons/8/88/Myoblast
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Satelitni bunky
&P~ 4

Myoblasts

sarkolemou rhabdomyocytu o

develop through

— kmenové buriky svalové tkané e

called myoblasts.

— lezi mezi lamina basalis a g’ \

(a)
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muscle fiber

Normal
myofiber

Myofibril_

o
satellite ce ’

Sarcolemma

Basal
lamina

(c) External organization

Sarcoplasm MUSCLE FIBER

Eccentrically located
myonucleus

Copyright © 2003 Pearson Education, Inc., publishing as Benjamin Cummings.
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https://www.apsubiology.org/anatomy/2010/2010_Exam_Revie
ws/Exam_3_Review/CH_09_General_Muscle_Terminology.htm
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Regenerace kosterni svaloviny

Satellite Basal
Myofiber Cell Lamina

. . . e I | pronicens
— do znacné miry opakuje embryonalni vyvoj w
— satelitni bunky proliferuji l Broliferation
— ze satelitnich bunék — myoblasty
— myoblasty — fuzuji v myotuby cO 3°og°
_ myoblasty/myotuby flzuji mezi sebou a SESNese
také s pah)ﬂy rhabdomyocytfj l Migration, Adhesion, Fusion o

— svalova vlakna regeneruji (daji se odliSit © op
podle centralne umisténych jader) #%

Fusuon Growth

https://www.frontiersin.org/articles/10.3389/fnagi.2015.00190/full



Normal Regenerating

myofiber myofiber
Quiescent Activated
satellite cell $?¥ satellite cell
Basal Myofibril
lamina
Eccentrically located Centrally located i R
myonucleus myonucleus | Myonucle
Satellite Cell Myoblast Myofiber

v

Quiescent Activated Proliferative = Commitmentto Fusion into  Maturation into
differentiation myotube myofiber

B Mitotically Active Satellite Cells
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Regenerace srdecni svaloviny

— kardiomyocyty se nedeli

— chybi satelitni bunky

— existence srdecCnich kmenovych bunek — kontroverzni téma
— srdecni tkan — minimalni regenerace (~1 % rocne)

_ VaZ|VOVé J | ZV a Inflammatory phase Proliferative phase Maturation phase
T P —— PETET_————

— hypertrofie zbylée tkane

. E| - althy cardiomyocyte =S brobi
* Macrophag, TR crotic cardiomyoc! * brol
A N h Collagen fiber . Matrifibrocyte

Fig. 9.1 Phases of healing post-myocardial infarction

https://www.springer.com/gp/book/9783030312602
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Regenerace hladke svaloviny

— leiomyocyty jsou schopné deleni
—regenerace je mozna
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Regenerace svalove tkane - shrnuti

— vysoce diferencovana tkan (zejmeéna pricne pruhovana)
— nizka schopnost regenerace

— kosterni sval se hoji jizvou + lehce regeneruje ze satelitovych bb.
— srdecni sval se hoji vazivovou jizvou
— hladké svalove bb. se deli a snadno regeneruji
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Sval

Orbicularis oris

Pectoralis major

Deltoid

(a) Circular

d

— masita ¢ast svalu .

[b) Convergent

Ligament Iliopsoas Muscle (;)' e
v iy (., \‘1 i,‘ o ultipennate
— S I a C h a Tens_or o < e Blceps brachll
Fasciae
v ’ V4 Latae
— nervove-cevni svazek Nl

Rectus
Femons
Muscle

Pectineus Muscle

Adductor Longus ™ |
Muscle f "
Gracilis Muscle

Sartorius P
Muscle \ |

— pomocna svalova
zarizeni e

Muscle
— povazky (fascie) Quaiceps ———|\§
— Slachove pochvy patella I paen w
—_ SynOV|é|n|’ Vééky (Knee Cap) | Ligament |
—_ kl ad ky Adapted fiom Corel Draw 9 Library

{d) Unipennate {g) Bipennate
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{c) Parallel (f) Fusifarm

Vastus Medialis «ensor digitorum longus Rectus femoris




Masita cast svalu

— tvar — ruzny, barva — ¢ervenohnéda

— primarni svalove snopce - svazky
10-50 rhabdomyocytu

— sekundarni snopce — seskupenim
primarnich

— terciarni snopce — seskupenim
sekundarnich

— sval

11

Epimysium
Endomysium
(between

fibers)

CONN 72— Muscle fiber
(cell)
(a)

Perimysium
Blood Endomysium

Fascicle
vessel

(wrapped by
perimysium)
Copyright @ 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Inc.
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Masita cast svalu

Vazivo svalu
— endomysium — obaluje jednotlive
rhabdomyocyty v ramci primarnich snopcu -

jemné vazivo, kolagenni a retikularni vliakna,

ojedinélé fibrocyty

— perimysium — obaluje svaloveé snopce
(svazky) - ridké kolagenni vazivo, céevy,
nervy, tukove bunky

— epimysium — obaluje cely sval - husté kolag.

vazivo neusporadang, plynule prechazi do
fascie (coz je pomocné svalove zarizeni)
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Epimysium
Endomysium
(between

fibers)

-5, .,'2' !
a e [ 5 o |
NN T l@—— Muscle fiber

(cell)
(a) Perimysium s
Endomysium
Fascicle B'°°d| y
(wrapped by  VESS€
perimysium)
Copyright @ 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Inc.




Flexor and extensor muscles
work antagonistically to
operate the joint.

Slacha

Z (biceps |l

femoris) g~ Extensor

Jj/  muscle
¥/ (quadriceps)

— pripojuje masitou Cast ke kosti
— uzka nebo rozprostrena do plochy
(= aponeuroza)

Patella
(kneecap)

— husté kolagenni vazivo usporadaneho
typu

LIFE 8e, Figure 47.20 LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinacer Associates, Inc. and W. H. Freeman & Co,

— svazky kolag. vlaken typu | (fibrae
tendinae)

— fibrocyty oplostélé (kridlaté bunky)

— peritenonium — povrchovy obal Slachy



http://bcs.whfreeman.com/thelifewire8e/pages/bcs-main_body.asp?s=00010&n=47000&i=47010.01&v=category&o=%7C00080%7C&ns=0

Husté kolagenni vazivo usporadaného typu - slacha
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Slacha

— primarni snopce kolagennich viaken
(fibrae tendinae) — obaluje je
endotenonium

— sekundarni snopce — svazky
primarnich — obaluje je peritenonium

— terciarni — svazky sekundarnich -
obaluje je peritenonium

— Slacha — jeji obal epitenonium
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Outer
Peritendineum

' fiber bundle
W (subfascicle)

N /
Collagen

_/ fiber
. . LS 4 \
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4 fiber bundle Collagen
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Slacha

Zdrava Slacha

— protahlé a oplostélé fibroblasty
homogenné rozptylené

— paralelné jdouci a tésné na sebe
nakupena kolagenni vlakna

Patologie

— zakulacené fibroblasty,
nehomogenneé rozptylené

— organizace kolagennich vlaken se
zhorsuje

— zvySuje se mnozstvi amorfni hmoty

— vrustaji kapilary

Lo .\
\\
Healthy tendon \\
\
\ .

\
\
\
\
\
Flattened,
elongated
fibroblasts N o B S :El;r;?;dts
uniformly —). ) &
distributed n A unevenly

distributed
throughout the
tissue

throughout the

y Capillary
ingrowth

Densely packed, T

: . ground - ;
highly aligned substarics Disorganized type
type | collagen I and Il collagen
fibrils \t fibrils

https://www.mendcolorado.com/physical-therapy-blog/2018/4/14/updates-
on-the-successful-management-of-tendon-pain |\/| U |\| I
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Slacha

Spojeni slachy s masitou casti

— V miste prechodu ma kazdy konec
rhabdomyocytu dlouhé tubularni
Invaginace sarkolemy, do kterych se
jednotlive nebo ve skupinkach
vsouvaji konce kolagennich viaken

— z nich se odvetvuji kolagenni fibrily,
které konci v siti retikularnich viaken
na povrchu sarkolemy, tedy v lamina
basalis

_ Slachova vieténka

17

https: //ww.sciengedirectcscience
/article/pii/S0968432810000703
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Slacha

Spojeni slachy s kosti (enthesis)
— kolagenni vlakna prochazi skrze
nasledujici zony

— husté kolagenni vazivo
usporadaného typu (Slacha) —
nemineralizovana vazivova
chrupavka — mineralizovana
vazivova chrupavka — kost

https://www.s
ciencedirect.co

. . /¥ m/science/arti
_ patologie - entezopatie 0 g isiviepla
( b 56816301918
147 /& - Py ‘
{2 L ARSTT G )
Fig. 1. A and B. A physiologic structure of an enthesis consists of 4 zones which are visible in the left picture I\ll U I\I I
18 (A, 500 pm). Details of the enthesis (B, 100 um) with the tendon (T), the unmineralized fibrocartilage (FC) the
mineralized fibrocartilage (cFC) and the bone (B). The tidemark (TM) as the transition from cartilaginous to I\/| E D

calcified fibrocartilage is marked with a black line.
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Slacha

— regenerace Slach - dobra
— nutno prilozit/sesit pretrzené pahyly k sobé
— srust a obnova funkce
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Nervove-cévni zasobeni svalu

— Cévy I nervy se vetvi ve vazivu svalu
— privodna tepna — vetve probihajici v perimysiu — arterioly vstupujici do
primarnich svalovych snopcu — kapilary (cca 4-5 kapilar na 1 svalové viakno)

— zilni system — obdobné vetveni

— mizni cévy nejsou prilis pocetné — probihaji spolu s cevami
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Nervove-cévni zasobeni svalu

— Cévy i nervy se vétvi ve vazivu svalu

—>» ToCNS
—>» From CNS

— motorické nervy - myelinizované axony motoneuronu .

— 5
-V

(kofenovych bunék, multipolarni neurony, a a y) S R E—
z pfednich rohu misSnich koncCi ve svalu jako o>
. J r . . P Tendon Alpha motor neuron to
— m0t0r|Cke plotenky —> pOJem mOtO”Cka Jednotka organ extrafusal muscle fibers
(a motoneurony inervuji motoricky extrafusalni sv. vlakna, e i coriete /
y motoneurony inervuji intrafusalni sv. vlidkna svalovych vietének)

— senzitivni nervy — pseudounipolarni neurony Sy e
spinalnich ganglii a konci jako
— Golgiho Slachova vietéenka (napéti svalu)
- v oblasti prechodu masité Casti ve Slachu
— nervosvalova (svalova) vieténka (délka svalu) g Ton i
— volna nervova zakonceni (bolest) oangs ot

Tendon organ capsule
(connective tissue)

Figure 16.04 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

nerve
Intrafusal endings
muscle fibers

Extrafusal
Tendon fascicles muscle fibers
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Motoricka plotenka

— specialni velkoplosné synapse mezi axonem

motoneuronu a rhabdomyocytem

— axon motoneuronu ztraci myelinovou pochvu,
rozpadne se v nékolik paliCkovité rozsirenych
terminalnich arborizaci, které obsahuji synapticke

vacky s mediatorem — acetylcholin

— arborizace se vkladaji do miskovité prohloubeniny

na rhabdomyocytu

— sarkolema je poskladana v Cetné zahyby -
,Subneuralni aparat” — obsahuje acetylcholinové

receptory

— arborizace shora kryty Schwanovymi bunkami

Myelin

Axon
i\ /
< Endoneurium
L \ /
A

Endomysium

Sole plate <

N )
| LioH
o AR
gLette
Y PR
0 oo 200!
e s

F Schwann cell with myelin

Schwann cell without myelin

Axolemma

Sarcolemma
Axon in sarcoplasmic trough
Subneural clefts

Myofibrils <

!:l:l:l:!:!:!:!.!i iiﬂ:l:l:lil'l'lill-

https://veteriankey.com/lower-motor-
neuron-spinal-nerve-general-somatic-
efferent-system/



1 -
Neurotransmitter molecules

are synthesized and N
packaged in vesicles.

il

!

0 ———

An action potential arrives |
at the presynaptic terminal.

A rise in Ca™ triggers fusion
of synaptic vesicles with the
presynaptic membrane.

Synaptic
Tmunmrrdi /
across the synaptic cleft and
bind to specific receptors on
the postsynaptic cell.
Z. A neurotransmitter breaks down,
~ | s taken up by the presynaptic
terminal or other cells, or diffuses
away from the synapse.
* P z L . .
subneuralni aparat s Ach-receptory https://doctorlib.info/physiology/medical-

physiology-molecular/9.html
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Motoricka plotenka

— akéni potencial na axonu — acetylcholin se uvolni ze synaptickych vacku

— prestupuje pres synaptickou sterbinu

— navaze se na acetylcholinové receptory na sarkolemé — depolarizace

— depolarizace se Sifi pomoci T-tubulu dovnitf svalového viakna

— aktivace iontovych kanall na sarkoplazmatickém retikulu — vyliti Ca®* —
kontrakce

— prenos je ukoncen odstranenim acetylcholinu pomoci acetylcholinesterazy
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Motoricka jednotka

— terminalni arborizace jsou vetvené —
prikladaji se k ruznym svalovym
viaknum (rhabdomyocytum)

— soubor vsech svalovych vilaken,
ktera inervacné nalezi jednomu
motoneruonu se oznacuje jako
motoricka jednotka

— vSechna sv.vlakna inervovana timto
motoneuronem se budou
kontrahovat spoleCné/jednotné



http://www.dominika-svehlova.cz/nemoci23.asp

Motoricke ploténky v motorické jednotce
- e e '\.. telodendrie .

LR A /
A AN S ST T TR TV A
-\

SRR A AN -

_ Kosterni w#
sval.
vlakno

——————

—

Sval. vreténko

Kazdé sval. vlakno
(rhabdomyocyt)

ma jen jednu motorickou
ploténku

. Motoricka \

plotenka ——— |
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http://www.dominika-svehlova.cz/nemoci23.asp
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Golgiho slachové vretéenko a Nervosvalove vreténko

—>» ToCNS
—>» From CNS

Muscle / / 4
spindle  Gamma motor neuron to ' S Sensory neurons
‘ L=

Tendon Alpha motor neuron to
organ extrafusal muscle fibers

Muscle spindle capsule
(connective tissue)

Sensory axon

nerve
Intrafusal endings
muscle fibers

Extrafusal
Tendon fascicles muscle fibers
(collagen fibers)

connected to muscle fibers

Sensory
nerve
endings

Tendon organ capsule
(connective tissue)

Figure 16.04 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.
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Golgiho slachové vreténko

— Vv oblasti prechodu masité casti
ve élachu Sensory fiber

— registruje napeti svalu a tlakove
podnety na Slachu

Myelin sheath

BN,
. A
Connective tissue )
capsule &

— = primarni slachovy snopec, na e
némz kond&i kefickovité formace R (%
aferentnich nervovych vlaken = .’/ V/f/
(SenZitivn |’Ch) e Tendonous area %

— obaleno tenkou vrstvou fidkého =~ e Muscle -

Copyright © John Wiley and Sons, Inc. All rights reserved.

kolagenniho vaziva
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Nervosvalove (svalove) vretenko

g s v . Axons of
— v masité c¢asti svalu Extrafusal  ymotor Group Land I
muscle fibers neurons 5t afferent axons

— kontroluje délku svalu, svalove napeti

.\l LI LLLLMAGCL L LLLLLL
TSI PP LLLLLLLL

T e e e e \ —tm___ & N N N N K |

— = svazek intrafuzalnich svalovych
vlaken (fusus=vreténko) obaleny
vazivovym pouzdrem N = - —————

— intrafuzalni vl. nemaji pficné pruhovani ‘i“f’.i" |"l"f AL LR LLLLLL L

e

_ motoricky inervovana y-motoneurony L riE e i i r i N b n by
—_ JeJ|Ch pOVFCh je Op‘l‘eden konCOV)'Imi Intrafusal Nuclear Subcapsular  Nuclear  Capsule
rOZVétvenl’mi aferentn |’Ch (SenZitivn |’Ch) muscle fibers chain fiber space bag fiber su;rou.nding
spindle
vlaken

http://drknight-kinesiology.blogspot.com/2012/09/neural-control-of-
movement-part-ii.html |\/| U I\I I
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Nervosvalové (svalové) vreténko
B e e telodendrie .

LR A /
A AN S ST T TR TV A
-\

SRR A AN -

_ Kosterni w#
sval.
vlakno

——————

Kazdé sval. vlakno
(rhabdomyocyt)

ma jen jednu motorickou
ploténku
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http://www.dominika-svehlova.cz/nemoci23.asp
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Volna nervova zakonceni

1

Volné nervové zakonceni

— Bolest

=
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Pomochna svalova zarizeni

— vazivove struktury

— povazky (fascie)
— Slachoveé pochvy
— synovialni vacky
— kladky

=
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Povazky (fascie)

— ruzné silné blany, které obaluji
jednotlivé svaly nebo skupiny svalu
— zabezpecuji jejich polohu

— navazuji plynule na epimysium
— husté kolagenni vazivo

neusporadaneho typu, obsahuje
take elasticka viakna

33




Slachové pochvy

— pridrzuji slachu ke skeletu

-—1

N
| g

— povrchova fibrézni vrstva (vagina fibrosa) i | N
— hluboka synovialni vrstva (vagina synovialis) 4
— 2 listy - mezi nimi je synovialni tekutina,

.
!

listy misty spojeny vazivovymi poutky T ke -——3
(mesotenonium) a pfi okraji pochvy v sebe TN /‘Z . vaona-ilioed
pfechazi e ) o
— visceralni — srusta s povrchem Slachy |
— parietalni — srusta s fibré6znim kanalkem
vagine_l << visceralni list
synovialis parietalni list
. MUNI
MED
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Synovialni vacky (burzy)

— stejna stavba jako kloubni pouzdro
— stratum fibrosum
— stratum synoviale

— vyplnéné synovialni tekutinou
— v mistech styku svalu a Slach s kostnim

podkladem
— minimalizuji tfeni a usnadnuji posun kloubu
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Kladky (trochleae)

— obloucCky z hustého kolagenniho vaziva
usporadaného typu

— pridrzuji slachy u skeletu

— v misté kladky se ¢asto méni smér prubehu

MU N
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