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endoens; apeNEURGSES, NeUre-vascularrhnum (moeter poeint)
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Motoneurones terminate on muscle fibers in motor end

visualization of motor end plates and axons (Ag) by
detection of acetylcholinesterase (AChE) in the subneural
apparatus (SNA)



SHEPE:
delterd (= triangular), guadratus (= sguare), rhemnoeid
(= diamoend-shaped), teres (= round), gracilis (= slender);
rectus (= straight), lumbrical (= worm-like)

Size : majoer, miner lengus (= long), brevis (= short),
latissimus (= broadest), lengissimus (= longest)

Number ofi Heads o1 Bellies:

PIcepPS (= 2 heads), trceps (= 3 heads), quadrceps (= 4 heads)
digastric (= 2 bellies), biventer (= 2 bellies);

POSINONE ARIERNDN, POSIENOL, INtEFOSSEUS (= Between Bones)
supraspinatus (= albeve spine of scapula), miraspinatus (=
pelow spine), dorsi (= of the back), abdeminis (= of the
abdemen), pecteralis (= of the chest), brachil (= of the armm)
femoris (= of the thigh), eris (= of the moeuth),



INSRIRENERIVIUSEIESHI
Depth:
superficialis (= superficial), prefundus (= deep),
externus (er externi), Internus (or Interni)
Attachment:
sternocleidomastoid
(fremi sternum and clavicle to mastoid pProcess)
ceracobrachialis (from the coraceld pPrecess te the anm)
FURCHORIEXIENSEIIEXGNE 2lE UKIGRE 2C AUCION PIeRHALIG)N;
SURINELE I EV AL GERIESSEY; SPIRCIER aIlaler;



Epitenonium
Peritenonium
Mesotenonium

retinaculium musculorum extensoernum
synoevial'sheath, synovial'bursae




Fascia, intermuscular septum, 0Steofibrous spaces




R biceps brachii

———————— — brachialis

a. et . v. profunda brachil = _
et n. radialis

— — n. medianus

— — a. et v. brachialis
g — — — n. ulnaris

m. triceps brachil, _ —
C. laterale

— V. basilica

~ m. triceps brachii,
c. mediale

m. triceps brachii, _ —
c. longum

Cross section of the arm, MRI



) 9
stea
f"
. ors
vt
.'?

9
Y
8
| 9
10
P
14
22
15

16 1

11

12 13 15 18

20




‘= ORI e e
-

Bres

g e i

Sarcomere

| HE |
)

Z-  band & M-

< line line line



Z dizsc M line Z dizsc

thick filament (nmyosin)
thin filament (actin)




MUSCle fIbEr;
myofibril;
SalCOMErE
sarcoeplasmic
reuculum,
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ZONES O MOter end-plates

Synaptic terminals at
neuromuscular junctions

Copynght © Pearson Education, inc., publishing as Benjamin Cummings.

Neurovascular Qnum



. visualization of motor end plates
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A muscle that Is not innervated
undergoes atrophy (degeneration)



alfa moteNEeURGNS,
(Slewrandifast)iinnenvate
extratusal fivers

gamma moIeNneUrRens
INNERVate Intrarusal fers
ofimuscle spindles

(BrOpPriGCEPTIVE NEUNGNS)
INnervate muscle
[ECEPTOrSH mMUSCcle spindles,
Golgrtendoeniergans

MOteREUrenS, Moter Units,
motoer end- plates; acetylchoeline, proprieceptive NEUronS,
muscle spindles; Golgi tendon ergans



Somatotopic distribution of motoneurons
Innervating groups of muscles of the upper limb and trunk

on the transversal section of the cervical spinal cord




Types of muscle contraction




postural muscles (antigravity) are muscles
that secure an upright posture

(they are stretched due to the gravity of the
earth — eg. back mscles, extensors of
lower limbs)

Postural stability is the ability to maintain
upright posture - a position of a person's
body when standing or sitting
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Synaptic VesICIes containingacetylcholine
(Reuroetransmitten)inraxen terminal i motor end=plate;
curare BIGCKS the transmission




Elektromyegraphy (EMG)




A young women with sensory neuropathy of unknown
origin who completely lost proprioceptive sensation:
She could not stand without watching her feet,

she could not held anything in her hands, and they
wandered around without her awareness...

,oomething awful’s happened, | can't feel my body.
| feel weird-disembodied®, she said, and ,| may lose
my arms. | think theyre one place and | find they're
another”.
After having proprioception explained, she said:
.And If it goes, as it’s gone
with me, it’s like the body is blind...so | have
to watch it - be its eyes. Right?”



Take home message

Muscle without proprioception is not under control
and the body doesn't know about it



Firfre Tyoss of Sikeletel] Vitsels

o [ype 1 fibres are slow-contracting and fatigue-resistant

o Jype 2A fiprES are fast-contracting and fatigue-resistant

o lype 2X (B)fibres are fast-contracting and susceptible
o fatigue
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* Fast twitch * Fast twitch * Slow twitch
» High force * Moderate force * Low tension
* High fatigue * Fatigue resistant * Fatigue resistant
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Three basic muscle fibers types occur
In a certain ratio in each muscle.

Usually, fast muscle fibers (FG) are
localised closer to the muscle surface
and slow muscle fibers (SO) In the
deeper parts of the muscle.



Gen for speed

ACTNS3 gene encodes alpha-actinin-3 and has two alleles (R,
X). Only the R allele allows the synthesis of alpha actinin 3, a
protein that is predominantly contained in the FG (lIx) muscle
fibers responsible for rapid and profound muscle contraction.

At least one R allele is carried by 95% of elite sprinters and
50% of them even have both R alleles - each from one
parent.

In Kenya, 99% of the population carries at least one R allele,
In Jamaica it is 98% of the population, but in the European
population it is only 82% of individuals.

Non-alpha-actinin-3 homozygotes X / X are believed to be
15-25% of the population worldwide.



Diffarentizition of Skalegtal Viusels =mnyeacenasis
Praocjenitor egslls

VIyGGENIC Determination Factors

VIyI=5, myoegenin, MyoDrand Myf=6 (herculin)
Praoliferaitine myoolisis

Viyostatin' BIGCKS proliferation

Posimitoie myoolasis - myocyiss

VIUSCIE PIOLEINIGENE EXPLESSION

VIyoRlasts sior

VIVOIURES

IVIUSCGIE fIRErS

Growth ofiSkeletal Muscle;

(hypErtrephy; net nyperplasia)

Reejenaraicion of Sikalsiel Viusels

(@activation efisatellite cell-'stem cellsTefimuscle fibers



myogenic
determination
factors (MyoD, Myf5,
myogenin)

myostatin blocks
proliferation of
myoblasts

Satellite cell

mesenchymove buriky
Z paraaxialniho mesodermu

progenitorové bunky
myogenni linie

proliferujici
myoblasty

fusion of
myoblasty myoblasts

(myocyty)
myotube

satelitni
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Spontaneous mutation (Belgian blue) of
the myostatin gene leads to excessive .
proliferation-of muscle cells:

It is reported that, -
individuals with ar inborn
defect of myostatin may be
~among the weightlifting
champions




Development of skeletal muscles

Formation of muscle blastema
Splitting of muscle blastema into
muscle primordia

Migration of myogenic cells into
the periphery

Local diferentaiation of muscle
within myotomes



Myogenic cells
from mesoderm

Nonsegmented
mesoderm
In the head

Somites in the
trunk

Migration

of myogenic
cells from
somites

Into the body
wall and limb
primordia

bndy wall







Extensor muscle
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*‘,.‘ Dorsal primary

Outer,
intermediate
and inner
muscular
layer of
hypomere
as found
in wall
of thorax
and
abdomen

Epaxial and hypaxial musculature and its innervation
from dorsal and ventral branches of spinal nerves




epimera

septum mezi

epimerou a hypomerou =

SN
spinalni ganglion - | i3
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ramus anterior
misniho nervu

coelomova dutina
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predni podéiny

2
svalovy sloupec o

Hypomeras splitting in three layers of muscles in the
abdominal wall; ventral and dorsal muscle blastema in
limb primordium
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Limb bud formed by mesenchymal cells covered
& by the ectoderm (lower extremity of chick embryo
B in the stage HH22 ( 3.5 — 4 days)

D..v »
. 3 -
_ ! .
W ! i ™
it
-~ A \
- . . o, e
. 3o A
- .
' et
‘e
i . A .
. . ,
“y o o P
. 1 e " N
: .
»~ ”
~
% ]
: -
’ 1 )
.
' ’
4 ’
B .
: -~
-
N
A




Colonization

of the limb bud
(myogenic cells,
Schwann cells,
angioblasts,
Ingrowing

......
—~




Chick(C) = guall (@) embryonic chimera, semite gramting,
migration efisemitic cellsiinteithe limb prnmordium

Somite origin of
myogenic cells

QCPNAb |



Development of [imb muscles

Lbx 1

doatdel
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Ventral and dorsal muscle blastema in limi: prmordivum



Morphogenesis of head muscles

(Innervation IlI.,1V. VI.)

(BA
adsX ilesldo v N 1,2.' V., V”)

uuoldo

(BA1-V)

(BA 2 -VII.)
Musculi palati mollis et at faucium
(IX., X.)

Musculi linguae (XII.),

Musculi laryngis (X.)

M. trapezius,

M. sternocleidomastoideus (XI.)




recjenagraion of skelal musels



Activation of satellite cells durng muscle regeneration




Ttime course of skeletal muscle regeneration in laboratory rat

Intact muscle

(muscle was grafted and its vascular supply interrupted)



Cranialinenves, Spinal’nenves; AUtGNOGMIC NERN/OUS System:-
Ssympatnetic and parasympathetis: part

General structure ofithe spinalinenve andits branches; spinal
NENVE PIEXUSES, auteNOMIC PIEXUSES, PERVASCUlar PIEXUSES
Neuren; neureglia(Schwann cells) nernve fibres,
ENdoneUrRUmM, PEMNNEURUM, EPINEURUM, Synapse, ganglion

Neutral crest cellS andiIts dernivatives
Segmentaliinenvation; radictlar areas, dermatemes, Headr's

ZONES (ZONES Ol reffered Visceral pain), SENSONY IECEPLOSS,
PErIpheral nen/e regeneration



Development ol neErnVeus system - neurulation

Neural plate

BMPs Slug  Neural crest

Neural tube

Neural tube
Brain vesicles
Neural crest
Neural placodes

Future neural
crest

B.M. Carlson (1999)

Roof plate

Alar plate

Basal plate

Motoneurons




Neural tube

Induced
floor plate

Grafted

notochord

Floor plate
Floor plate

Notochord

notochord Normal



trunkeefispinalinenve - mixed nenve; rootiets;
aNterior et -"Mole eot,
POSTIENON OO - SENSONY OGL, SpInal ganglion




Saejnenizl innarvaicion — raciculer csirezs (derrnziionss)

Area innervated by
tngeminal nerve

Kandel et al:
Principles of neural
science,

2000 McGraw-Hill




spinalinerve pPlexXyuseEs,
aluteneMIC PIEXUSES,
PErVascular pleXuses




Derivatives ofineural crest cells
trunk head

Pigment cell

Neural crest
Schwann cell
Dorsal root
ganglion ;
Satellite cell

Pigment ; :
3 Uniploar (sensory)

J  neuron

Multipolar
neuron in
sympathetic
ganglion

Chromaffin
cells in
adrenal medulla

‘ | '
Sympathetic Prevertebral plexus
ganglion

Plexus in

gut wall Parasympathetic

Developing ] < (submucosal)

adrenal gland “ plexus in gut eCtomesenChyme

Neurens efispinal ganglia; effautenemic ganglia, ENtERC NEUNGNS,
Schwann cells; pigmentcells; cells offadrenalmedulla




Peripheral nerve regeneration, suture
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PErpPhEeral nenve; endeneurum,; PEMNEURIUM,
epNeurum

RECONSTRUCTIVE MICROSURGERY

Nerve gramt-bradging the partial 'defect,
SUtUre ol perneurum



Ceaneral zinejiolac)y

bleed vessels,

alteres, veimns, capillares,
nepatic portalivein,

fetal circulation

arterioyenous anastomaosis,
collateral vessels,
collateral circulation,




develepment of bleod vessels

VASKULOGENEZE ANGIOGENEZE
DIFERENCOVANE

Obr. 1. Schéma vyvoje krevnich a lymfatickych cév
Primarni cévni pletené vznikaji procesem vaskulogeneze z angioblastl pod viivem ristového faktoru VEGF. Teminem angiogeneze je
oznacovan vznik diferencovaného recisté remodelaci a ristem primamich pleteni. Ve sténé vétsich cév se objevuji pericyty a hladké
svalové bunky. Lymfatické cévy vznikaji vétSinou puéenim z venézniho endotelu. Zkratky jsou vysvétieny v textu ¢lanku.

Vasculogenesis, angioblasts, vascular endothelial growth factors,

primary vascular plexuses, remodelation, angiogenesis,
formation of blood vessels




\/enous valves
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