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Svalovy pohybovy systém Cloveéka

skripta M. Janura, FTK UP:

Uvod do biomechaniky pohybového systému Clovéka
http://aleph.vkol.cz/pub/svk01/00067/94/000679439.htm

Elektronicka verze: Janura, M., & Bizovska, L. (2023). Biomechanika: pohybovy

systém. Univerzita Palackeho, Fakulta telesné kultury.
https.://www.skoladiagnostiky.sk/pohybovy-system/



Muscular motion system

Literature: M. Janura, FTK UP:

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

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

Elektronic version: Janura, M., & Bizovska, L. (2023). Biomechanika: pohybovy systém.
Univerzita Palackého, Fakulta télesné kultury. https://www.skoladiagnostiky.sk/pohybovy-system/



Pohybovy systém Clovéka
Umoznuje pohyb
Z:akladni podsystémy:
- Ridici
GSVaIOVD

- Kosterni (véetné mezilehlych prvku) -
pasivni

- Energeticky



Human motion system

Allows movements
Subsystems:
- Motor control system

C Muscular system >

- Skeletal (including intermediate elements) -
passive

- Energetic system



SVALOVY SYSTEM CLOVEKA

SVAL (musculus /angl. muscle): kontraktilni tkan jejiz funkci je
produkovat silu a umoznovat pohyb.

Svaly maji schopnost preménit chemickou energii zZivin v
Kinetickou energii (u¢innost 30%) a teplo.

Jsou rozliSovany 3 typy svali:

Pri¢né pruhované (kosterni), hladké a srde¢ni

Skeletal muscle Smoath muscle Cardiac muscle
http://en.wikipedia.org/wiki/Image:Illu_muscle_tissues.jpg



Muscular system of humans

Muscle (lat. musculus) - contractile tissue whose function is
to produce power and allow movement.

Muscles have the ability to convert chemical energy from
nutrients into kinetic energy (efficiency 30%) and heat.

There are three types of muscles:

1) Striated (skeletal) muscle, 2) smooth and 3) cardiac

Skeletal muscle Smoath muscle Cardiac muscle
http://en.wikipedia.org/wiki/Image:Illu_muscle_tissues.jpg



SVALOVY SYSTEM CLOVEKA - typy svali

Pri¢né pruhované (kosterni) svalstvo : ovladatelné vuli. Je fizeno

mozkovymi a miSnimi nervy. Je ukotveno Slachami ke kostem. Je
pouzivano pro kosterni pohyb a pro udrZzovani vzptimené polohy
(posturalni svaly). Ackoli posturalni kontrola je udrzovana podvédomym
reflexem, zodpovédne svaly reaguji na volni podnéty stejné jako
neposturalni svaly.

Hladké svalstvo : nelze voln€ ovladat. Jeho ¢innost je pomala a tidi jej

vegetativni neboli autonomni nervy spolu s hormony. Nachazi se v
utrobach (jicen, Zaludek, stteva, prudusky, uterus/déloha, uretra/mocova
trubice, mocovy méchyt) a v krevnich cévach.

Srdecni svalstvo (myokard) : take nelze volné€ ovladat. Specializovny
sval, ktery se nachazi pouze v srdci.

www.wikipedia.com, www.wikipedia.cz



Muscular system of humans - types of muscles

Striated (skeletal) muscles: controlled freely by the brain and the spinal
nerves. It 1s anchored by tendons to bones. It is used for skeletal motion
and for maintaining an upright position (postural muscles). Although
postural control 1s maintained by a subconscious reflex, the postural
muscles react to voluntary stimuli similarly as the non-postural muscles.

Smooth muscles: Cannot be controlled freely. Their activity is slow and
1s controlled by vegetative or autonomic nerves along with hormones.
Located, e.g., in internal organs (esophagus, stomach, intestines,
bronchi, uterus / womb, urethra, bladder) and around blood vessels.

The heart muscle (myocardium) also can not be freely controlled. It is a
specialized muscle that is found only in the heart.

www.wikipedia.com, www.wikipedia.cz



KOSTERNI SVALOVY SYSTEM CLOVEKA

- usporadan asi z 600 pricné pruhovanych svalii (rozdiina éisla z riznych zdrojii -

arbitrarni déleni v ramci anatomické klasifikace)

- u muzu tvori v priméru zhruba 40-50 % hmotnosti lidského téla, u
Zen asi 30-40%.

- z toho piipada 55 % na dolni koncetiny a 30 % na horni koncetiny
- jediny aktivni subsystém pohybového systému Clovéka, pro ktery je
typickym jevem produkce sily (energie) pri zkraceni svalu
- kazdy sval se za normalnich okolnosti vyznacuje klidovym napétim (tonus)
- vySSi tonus maji svaly antigravitacni — posturalni
- klidové napéti svalu stabilizuje spojeni kosti v kloubu

- u dlouhych kosti vytvareji svaly ,,fyziologické vyztuhy*



Skeletal muscle system of humans

- composed from about 600 striated muscles (different numbers from
different literary sources — arbitrary divisions in anatomical
classifications)

- In humans, it forms, on average, about 40-50% of the total mass of
human body; in females 30-40%.

- 55% of the muscles are on the lower limbs and 30% on the upper
limbs

The only active subsystem human locomotion system, for which it
1s typical the production of tension (energy) through muscle
contraction (shortening).

Every muscle normally has some resting tension (tone)
- The muscles with higher tone are antigravitational - postural
- Resting muscle tension stabilizes the bone connection in the joints

- In long bones the muscles act as their physiological reinforcements



KOSTERNI SVALOVY SYSTEM CLOVEKA
Skeletal muscle systems of humans
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KOSTERNI SVALOVY SYSTEM CLOVEKA

Sval, ktery je pfesn¢ ohrani¢enou
anatomickou jednotkou, nemusi byt take
jednotkou funkcni.

To zalezi na tvaru svalu a jeho tponech.

U dlouhych svalu (napf. m. rectus femoris)
maji vSechna vldkna jednu steynou funkci.

U plochych svalt maji jejich rizné Casti
ruzné funkce, nékdy 1 antagonisticke.
Ve vétsSiné pripadu vSak pracuji ¢asti svalu
samostatng, vytvareji tedy samostatne
funkc¢ni celky (Vele, 1997).

Koleno



Skeletal muscle systems of humans

A muscle that is well defined as an anatomical
unit may not act as a functional unit.

This depends on the shape of the muscle and its
attachment to tendons.

For long muscles (e.g. m. Rectus femoris) all
muscle fibers have the same function.

In flat muscles, their various parts can have
different functions, sometimes even antagonistic.

In most cases, however, parts of muscles operate
independently, thus creating a separate functional
units (Véle, 1997).

Knee




KOSTERNI SVALOVY SYSTEM CLOVEKA

Enoka (1994) uvadi tyto zakladni vlastnosti svalového subsystému:
iritabilita (drazdivost) — odpovéd’ na podnét,
konduktivita (vodivost) — vedeni vzruchu,
kontraktilita (stazlivost) — aktivni zména délky,

adaptabilita — prizpiisobeni podminkam a mozZnost regenerace
SVALOVA NADBYTECNOST (REDUNDANCE):

Z mechanického hlediska by pro pohyb v kloubu stacil dvojndsobny pocet
svall, nez je pocet stupniii volnosti.
Pro ovladani kycelniho kloubu by téchto svalti mohlo byt 6 (ve
skutecnosti 22), pro kolenni kloub 4 (15), pro loketni kloub 4 (16) apod.

NadbytecCnost svalll neni negativnim jevem v pohybovém systému, slouzi
napft. pro zvyseni stability, koordinaci, nahrazeni funkce poskozeného
svalu, odleh¢eni kosti apod.



Skeletal muscle systems of humans

Enoka (1994) identifies the following basic properties of the muscle
subsystem:

irritability - response to a stimulus,
conductivity — conduction of a stimulus,
contractility - active change of length,
Adaptability - adaptation in shape and the possibility of regeneration

MUSCLE redundancy:

From a mechanical point of view, to perform movement in a joint, we need double
of the number of muscles compared to the number of degrees of freedom of the
joint.

To control hip motion, this would need 6 muscles (but 22 are there); for the knee
joint 4 muscles (15), for the elbow joint 4 muscles (16), etc.

Muscle redundancy is not a negative phenomenon - in the locomotor system, it 1s
used, e.g., to improve stability, coordination, to replace function of damaged
muscles, to reduce bone load, etc.



KOSTERNI SVALOVY SYSTEM CLOVEKA

Na provedeni pohybu se obvykle podili slozite skupiny svali, kterée
spolupracuyji.
Dale se zapojuji jejich antagonisté, fixatory a svaly s neutralizacni
funkci (obr. 45).
Neutralizac¢ni svaly svoji kontrakci oslabuji nebo rusi vlivy, kterée

plsobi proti sméru pohybu, zptisobenému kontrakci hlavnich a
vedlejSich svali.

fixace — m. trapezius

,Synergista — m. supraspinatus
agonista — m. deltoideus Janura, Obr. 45:

=N Zjednodusené znazornéni

= ~ funkce svali pii abdukeci v

P e e ramennim Kkloubu (upraveno

neutralizace — m. teres minor podle Hamill & Knutzen,
1995)

antagonista — m. latissimus dors1



Skeletal muscle systems of humans

To perform movement, usually a complex group of cooperating muscles is
involved.

Furthermore, also their antagonists, fixators and muscles with neutralizing
function are involved (Fig. 45).

Neutralization muscles weaken or eliminate the effects which work against
the direction of movement caused by the contraction of the major and minor
muscles.

Janura, Fig. 45: Simplified representation of muscle functions during abduction of the shoulder
(modified after Hamill & Knutzen, 1995)

|  fixace —m. trapezius
. ,Synergista — m. supraspinatus

L . -
" ,agonista — m. deltoideus

neutralizace — m. teres minor

antagonista — m. latissimus dorsi



KOSTERNI SVALOVY SYSTEM CLOVEKA

Kosterni sval je tvofen dlouhymi svalovymi vlakny (az 40 cm), tvoiené
v podstaté jednou, ale mnohojadernou buiikou, takzvanym
rhabdomyocytem. [rhabdo- fec.prouzky, myo- sval, cyte — buiika; tento
termin se v angli¢tiné nepouZziva — pouze ,,myocyte‘)

Vlakna jsou obalena fidkou vazivovou pochvou (endomysium).
Jadra (rhabdo)myocytu jsou na periferii bunky, zatimco ve stiedu jsou
podéln¢€ ulozena pti¢né pruhovana vlakna, ktera se nazyvaji myofibrily,
a ktera umoznuji kontrakci.

Svalova vlakna se spojuji ve snopecky a snopce (10-100 svalovych
vlaken), které jsou kryté silnym vazivovym obalem (perimysium).

Snopce se poji ve svaly kryté pevnou a pruznou vazivovou blanou -
fascii (povazkou/epimysium).
Na obou koncich svalu prechazi fascie ve Slachy, ktere jsou pevné
napojeny na kosti jako zacatky a ipony svali.
Svalova 1 vazivova vlakna jsou elasticka, umoznuji az 100-procentni
protazeni své délky.

www.wikipedia.com, www.wikipedia.cz



Skeletal muscle systems of humans

Skeletal muscle 1s composed of long muscle fibers (up to 40 cm) formed essentially
by single, but multinucleated, cells called myocytes. [myo — Greek for muscle, cyte —
cell]

The fibers are wrapped in a thin fibrous sheath (endomysium).

Nuclei of the myocyte cells are on the periphery, while in the middle there are the
longitudinal striated muscle fibers that are called myofibrils and allow contraction.

Muscle fibers are combined in bundles (10-100 muscle fibers), which are covered by
a thick fibrous sheath (perimysium).

Fascicles govern the muscles covered firm and elastic connective membranes - fascia
(fascia / Epimysium).
At both ends of the muscle fascia passes in tendons, which are rigidly connected to
the bone as muscle origin and insertion.

Muscle and connective fibers are elastic, enabling up to 100 percent elongation of its

length.

www.wikipedia.com, www.wikipedia.cz



Fascie (povazka/epimysium)

stk - husté vlaknité pojivo svalu
sval Perimysium — pojivo
svalového snopce

(obsahuje svalové 1 mm

snopce z 10-100
svalovych vlaken,
obaleny perimysiem)

Svalové vlakno — (rhabdo)myocyt, obalen
S endomysiem (Fidké pojivo),
GO Tﬁ/ (jedna burika s vice jadry a Zihanymi

mezostruktura vlakénky- myofibrilami)
soubor svalovych 100
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myofibrila 1.6 pm
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Janura, Obr. 46 Struktura pfi¢né pruhovaného svalu (upraveno podle Komi, 1992)



Fascia (Epimysium)
Macrostructure of the - Dense fibrous cover of the muscle

muscle

(contains muscle
fascicles of 10-100
muscle fibers, coated by
perimysium)

Perimysium — wrap, binder of the muscle fascicles

1 mm
p—

Muscle fiber - myocyte, wrapped

in endomysium (thin binder)

(one cell with multiple nuclei and multiple
striated fibers - myofibrils)

100 pm

Structure with
muscle fibers

(part of a muscle capillary

fascicle)

Myofibrils - divided longitudinally into sarcomeres
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Microstructure
of the myofibrils
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Janura, Obr. 46 Struktura pfi¢né pruhovaného svalu (upraveno podle Komu, 1992)



Myofibrily — tenka a tlusta filamenta

troponinovy
komplex

aktin tropomyozin

ICT

10 pm

Janura, Obr. 48 Tenké filamentum (upraveno podle Komi,
1992)

hlavicka
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\
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X
ZaVes/
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150 pum

Janura, Obr. 49 Molekula myozinu (upraveno podle Komi,
1992)

Tenka filamenta jsou
tvorena aktinovymi
vlakny (s primérem do 5
nm), troponinem a
tropomyozinem (obr. 48).

Tlusta filamenta —
tvorena molekulou
myozinu. Sklada se ze
Sesti proteinovych
retézcu. Dva propletené
téZke jsou doplnény v
okoli hlavicek o ¢tyfi
lehké. V tomto misté také
dochazi k vlastni ATP
aktivité (obr. 49).



Myofibrils - thin and thick filaments

troponinovy
komplex

aktin [ CT tropomyozin

10 um

Janura, Fig. 48 Thin filament (after Komi, 1992)

head

light
chains "

tail
2 U [ o=

suspensio/
[

150 pm

Janura, Fig. 49 Molecule of a myozine (modified after
Komi, 1992)

Thin filaments -
composed of actin
filaments (diameter 5
nm), troponin and
tropomyosin (Fig. 48).

Thick filaments - made
up of myosin molecule.
It consists of six protein
chains. Two intertwined
heavy chains are joined
by four light chains at
the position of the
heads. At this place the
ATP activity takes place
(Fig. 49).



Pri¢né pruhovany sval

Svalové vlakno (jedna burika,
mnoho jader — az nékolik set)

Pojivo
kolem
svalového
snopce o
Ko_St Svalovy l flf(apllara
snopec o
b i **  Svalové vlakno

Slacha Pojivo kolem svalu
pojici svalové
snopce




Striated muscle

Muscle fiber (one cell, many cores
- up to several hundred)

myofibrils

o e pw




Pri¢né pruhovany sval / Striated muscle
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Pri¢né pruhovany sval

Schéma zihaného svalu (Barnes a kol.)
od ultrastruktury myofibril (vlevo dole a
uprostied) pres svalove vldkno jako
jednotku zihané svaloviny (uprostred)
az po sval (vlevo nahote). Svalové
vlakno je obklopeno endomysiem z RV
pojiva, snopce vladken jsou obaleny
perimysiem a sval kryje tzv. svalova
povazka — epimysium, z hustého
vldknitého pojiva plstovitého, které
ptechézi ve Slachu, a ta pak v okostici na
povrchu kosti. Vpravo nahote jsou
myofibrily svalového vlakna obklopené
hladkym endoplasmatickym retikulem
(cisterny pro Ca2+ ionty) a pticnymi
(tranzverzalnimi tubuli, které se vchlipuyi
od povrchu CPM a vedou depolarizaci
CPM dovnitt svalového vlakna —
jednorazoveé podrazdeni celé struktury.

http://www.sci.muni.cz/ptacek/H
ISTOLOGIE2.htm#svalove



Nervosvalové propojeni

Axon
Nervosvalova ploténka jednorazové podrazdéni celé struktury.

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



Svalova kontrakce

Zékladni kontraktilni jednotkou je sarkomera (obr. 46 a 47).
Jeji délka — vzdalenost mezi dvéma Z-liniemi — se pohybuje od 1,5 um
(pln¢ kontrahovany sval) do 4 um pfti plném protazeni (Winter, 1990).
Svalové kontrakce -> posun tenkych (aktinovych) a tlustych

(myozinovych) filament, pfi¢emz délka té€chto filament se neméni (kluzna
teorie svalové kontrakce — ,,sliding-filament mechanism®).

Pt1 zkraceni sarkomery dochazi ke zkraceni zon [ a H, zona A zlstava

konstantni.
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L5um 0.8 um : -
l 1 A — anizotropni usek

I —izotropni tsek
Z — vrstvicka oddelwjici sousedni sarkomery
H - usek, ktery neobsahuje tenka filamenta

Janura, Obr. 47 Graficke znazornéni sarkomery ve stavu relaxace



Muscle contraction

The basic contactile unit is the sarcomere (Fig. 46 and 47).

Its length 1s the distance between the two Z-lines. It ranges from 1.5 micron (fully
contracted muscle) to 4 microns at full extension (Winter, 1990).

Muscle contraction -> shift between the thin (actin) and thick (myosin) filaments;
the length of these filaments remain unchanged (,,sliding filament theory* of
muscle contraction).

Sarcomere shortening -> shortening of zones I and H, zone A remains constant.

Z }Lf}ﬁj Z
I %EHE%/I
=

LSum 08 um A — anisotropic section (both thin and thick filaments]
I — isotropic section (no thick filaments)
Z — layer separating adjacent sarcomeres
H — section with no thin filaments

Janura, Fig. 47 Graphical representation of the sarcomere in a relaxation state



Svalova kontrakce

Ptipojeni myozinovych hlavicek k aktinu - vytvofeni pri€éného mustku - je
vysledkem uvolnéni molekul Ca?",

Jedna globularni hlavicka slouzi k vlastnimu ptipojeni, druha obsahuje enzym ATPazu. Ten
je katalyzatorem pro spusténi hydrolyzy, ktera slouzi jako zdroj energie pro cyklus piicného
miustku. K pohybu dochazi rotaci hlavicek.

Tento pohyb lze zjednodusen¢ prirovnat k pohybu vesla a lodi. Po jejich uvolnéni se cely
cyklus opakuje. Svalova kontrakce predstavuje pfreménu energie chemickeé na mechanickou.

piipojeni
tenke klidova faze myvozinovvch hlavicek
filamentum

tlusté ﬂm’ 7 " /39‘)‘3 ,,4

filamentum

o _ rotace
odpojeni hlavicek hlavicek —
e, =< o,

ADP + P + energie (teplo) ATP

Janura, Obr. 50 Cyklus pri¢ného miistku (upraveno podle Enoka, 1994)



Muscle contraction

Attachment of the myosin heads to actin - the ,,crossbridge® - is the result of the
release of CaZ" molecules.

One of the myosin heads is used for connection, the second head contains the ATPase
enzyme. That one is the catalyst for hydrolysis, which serves as an energy source for the
crossbridge cycle. The motion is done through rotations of the myosin heads.

This movement can be roughly compared to the movement of the boat and oars. After
release, the cycle repeats. Muscle contraction is due to the conversion of chemical energy

into mechanical energy.
gy attachment of

Thin release phase myosine heads

filaments | ,

Thick , >

filaments e /8@ Z

heads heads
_de_tachment rotation
__JﬁoﬁléL <« /—\ /‘0999//

ADP + P + energy (heat) ATP

Janura, Fig. 50 The crossbridge cycle (modified after Enoka, 1994)



V klidovém stavu je prekryti Svalova kontrakce

aktinovych a myozinovych vlaken
takové, ze umoziuje interakci
vSech ptricnych mistkd.

S rostoucim protazenim svalu se
jejich pocet zmensuje. (KLESA
SILA SVALU)

P11 rychlé kontrakei je frekvence
pfipojeni a odpojeni myozinovych
hlav asi 5 Hz (pfi¢né mistky ale
nepracuji synchronng).

Cely d¢j se cyklicky opakuje, pti
kazdém cyklu dojde ke zkraceni
svalu asi o 1 %.

Prumérna velikost zkraceni
lokomoc¢nich svalu u obratlovcu se
pohybuje kolem 25 %.

Aclin  pMyosin flament Titin

Na mozZnosti vzniku pfi¢nych
mustkl se podili take pridruzena
filamenta titinu (je fixovan k
myozinu) a nebulinu (udrzuje tvar

: g http://en.wikipedia.org/wiki/Muscles
aktinovych filament).



At rest, the actin and myosin filaments
overlap — this enables attachment of all
crossbridges .

With increasing muscle elongation the
overlap decreases — this reduces the

number of possible crossbridges.
(MUSCLE STRENGTH DECREASES)

In fast contraction, the frequency of
connections and disconnections of
myosin heads is about 5 Hz (but the
crossbridges do not work
synchronously).

The whole process is repeated cyclically.
each cycle causes about 1% shortening
of the muscle.

On average, the muscle length reduction

in locomotor muscles of vertebrates is up
to c. 25%.

In the process of formation of
crossbridges there is also participation of
the associated titin filaments (fixed to the
myosin) and nebulin (maintains the
shape of actin filaments).

Muscle contraction

Acline pyosin flament Titin

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



Motoricka jednotka je mnoZina svalovych vlaken Motoricka jednotka

inervovanych jednim motoneuronem.

Jedna se o nejmensi Cast svalu, kterd mize \
.. /‘w ////
kontrahovat nezavisle (obr. 53).

-

télo L_‘/ ?‘i

(Pozn.: Zde se jedna pouze o tzv. extrafuzalni bunky 3/\ -

, , . ., . , , C e 4o VO =
svalova vldkna. Existuji 1 svalova vlakna jejichz a\,on—yq\a
funkci neni kontrakce ale monitorovani stavu ‘

svalu. Ta se nazyvaji intrafuzalni svalova vlakna.)

Ranvieruv |
zafez —4

Pocet svalovych vlaken, ktera tvoii motorickou |

jednotku, se lisi v zavislosti na velikosti svalu a A
myelinova

pochva = |

na jeho funkeci.
Pohybuje se v rozmezi jednotek (3 vlakna u svala
ovladajicich pohyb prstili, u okohybnych svalil) az
po vice nez 2 000 (m. glutacus maximus).

. o 5 zakonceni nervove bunky
Vztah mezi motorickym neuronem a poctem na svalovvch vlaknech

svalovych vldken jim inervovanych se nékdy
udava ve tvaru podilu a oznacuje se jako

i o 5 Janura, Obr. 53 Motoricka jednotka.
Imervacnl pomer.



A motor unit = a set of muscle fibers innervated by a
single motor neuron.

It 1s the smallest part of the muscle that can be
contracted independently (Fig. 53).

(Note : Here we deal only with extrafusal muscle
fibers. There are also intrafusal muscle fibers
devoted not necessarily to contraction but to

monitoring the status of the muscle).

The number of muscle fibers forming the motor
unit varies depending on the size of the muscle and
its function.

The motor unit size ranges from a few fibers (3

fibers in muscles controlling movement of the

fingers, also in eye muscles) to more than 2000
fibers (m. glutacus maximus).

The relationship between number of motor neurons
and the number of muscle fibers innervated by these
1s sometimes stated as the innervation ratio.

Motor unit

N N

N Y
~\ / _ N ’,'/_7

body of “//:{/ K

the cell gy \

A
axon

Ranvier’s -
notch

Terminations of the nerve
cells in muscle fibers

Janura, Fig. 53: Motor unit.



Zpravidla je kazdé svalove vlakno
inervovano jednim nervovym vldknem
prisluSného motoneuronu.

Mensi pocet svalovych vldken ovladanych
jednim motoneuronem zvysuje piesnost
pohybu.

Napft. m. interosseus dorsalis (v dlani)
obsahuje asi 41 000 svalovych vlaken ve 120
motorickych jednotkach (inervacni pomér
pomgér je asi 340), ve dvojhlavém svalu
lytkovem ptipada na 1 120 000 vldken 580
motorickych jednotek (1 900).

Motoricka jednotka pracuje na principu ,,vSe
nebo nic*. Svalova vlakna se tedy kontrahuyji
bud’ maximalné nebo viibec ne.

Vlakna kazde motoricke jednotky jsou
,,rozptylena* na vétSim prostoru mezi vlakny
dalsich motorickych jednotek. Proto pti
podrazdéni jedné motoricke jednotky
probiha kontrakce v rozsahlejsi ¢asti svalu.
Z hlediska motorickych jednotek dochazi ke
zmen¢ napéti po Castech, z hlediska svalu
jsou tyto zmény plynulé.

Motoricka jednotka

Lo Tl Dy i b |
B TR R S fi M BN
Spinal cord |
L BT |

e leks)

B MOTOR UNIT

https://is.muni.cz/el/med/jaro2018/ZLPF0622p/um/9
ZL Neuro pato fyziologie 1.pdf



Typically a single muscle fiber is innervated
by one respective motoneuron.

A smaller number of muscle fibers controlled
by one motoneuron increases the accuracy of
motion.

E.g., m. interosseus dorsalis (palm) contains
about 41,000 muscle fibers per 120 motor
units (innervation ratio is about 340), in
gastrocnemius muscle (double-headed calf
muscle) there are about 1,120,000 fibers per
580 motor units (innervation ratio 1900).

Motor unit works on the principle of "all or
nothing". Muscle fibers thus either contract
fully or not at all.

The fibers of each motor unit are "scattered"
across larger space, and are placed in between
fibers of other motor units. Therefore, when a

single motor unit is excited, the contraction

takes place in a larger portion of the muscle.
From the viewpoint of the motor units, the
contraction occurs stepwisely, but the overall
changes across the whole muscle appear to be
smooth.

' Sm— Iveis)

Motor unit

Sy Pl B wid bl
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https://is.muni.cz/el/med/jaro2018/ZLPF0622p/um/9
ZL Neuro pato fyziologie 1.pdf



Motoricka jednotka — zaskub (,,twitch*)

Silova odpovéd’ jedne motoricke

jednotky na jeden nervovy vzruch se
nazyva zaSkub (,,twitch®).

Enoka (1994) charakterizuje zavislost
sily, kterd vznika pti zaSkubu, na Case
pomoci tii zakladnich parametrii:

doba kontrakce (zacatek nartstu sily —
dosazeni maxima),

maximalni velikost sily,
polovi¢ni doba relaxace (obr. 54).

Mezi podrazdénim a zacatkem narlstu

sily dochazi ke zpozdéni — doba latence.

F_..— maximalni hodnota sily
DL — doba latence
DK — doba kontrakce

0.5 DR — polovicni doba relaxace

1:/\

max

N

% K g
DL DK 0,5DR

Janura, Obr. 54 Zavislost sily na Case pfi
zaSkubu



Motor unit twitch

The response of one motor unit to one
nerve impulse is called the "twitch".

Enoka (1994) characterizes the time
dependence of the force during a twitch
using these basic parameters:

- contraction time (from the start of
force increase up to the force maximum)

- maximum force,
- relaxation half-time (Fig. 54).

There is a delay of the force build-up
behind the moment of excitation —
latency time.

F, . — maximum force
DL — latency time
DK — contraction time

0.5 DR — relaxation half-time

1:/\

A

X o g
DL DK 05DR

Janura, Fig. 54 Time dependency of the
force during a twitch



Motoricka jednotka — prechod zaskubu v tetanus

Zvyseni frekvence vzruchu (7-10 Hz) = nenastava tplna relaxace motorické
jednotky.

K dalSimu naristu sily tedy dochazi v okamziku, kdy nebylo dosazeno klidove
hodnoty. V tomto ptfipadé¢ mluvime o neuplném (vinitém) tetanu.

Pti dalSim zvySeni frekvence (okolo 30 Hz) je vysledek dale sumovan, dochazi
k vyhlazeni dil¢ich maxim a netplny tetanus se méni na hladky (obr. 55).

a) s

) C)
cas

Janura, Obr. 55 Zavislost sily na ¢ase pii zaSkubu (a), vinitém tetanu (b) a hladkém tetanu (c).

sila
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Motor unit - transition from twitches into tetanus

Increasing the frequency of excitation impulses (7-10 Hz) = complete relaxation
does not occur in motor units.

Next build-up of a force occurs before the relaxation has been reached. In this
case we are talking about incomplete (unfused, wavy) tetanus.

Further increase in frequency of impulses (about 30 Hz) = the results sum up, the

dips between the maxima disappear and the incomplete tetanus becomes complete
(fused, smooth, - Fig. 55).

a) b)

NS

Janura, Fig. 55 Time dependency of the muscle fiber force during a twitch (a), incomplete tetanus (b) and
complete tetanus (c).
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Typy svalovych vlaken (motorickych jednotek)

V jedné motoricke jednotce jsou svalova vlakna pouze jednoho typu.
Zakladni typy vlaken: Typ I, Typ lIA a Typ IIB. (Tabulka 6)
Tyto typy se liSi v zavislosti na rlizném stupni aerobni kapacity a ATP aktivity.

Vliv téchto faktora se projevuje v rizné rychlosti kontrakce, ve velikosti vyvijené sily a
v rozdilné unavitelnosti.

Sval zpravidla obsahuje vSechny skupiny vldken v rizném sloZeni, které¢ je urceno
geneticky.

Typ vlaken DalSi nazev Primér | Rychlost Velikost Prah
kontrakce 31\% unavy

I, SO, S Pomala Cervena, maly pomala nejmensi vysoky
(slow oxidative) (tonicka vlakna)

ITA, FOG, FR (fast Rychla bila sttedni rychla stfedni vysoky
oxidative glycolitic)  (twitch fibres)

IIB, FG, FF (fast Rychla ¢ervena  velky rychla nejvetsi nizky
glycolitic)

Janura, Tab. 6 Typy svalovych vlaken (motorickych jednotek)
https://www.vedantu.com/biology/difference-between-red-and-white-muscle + https://ftvs.cuni.czZ/FTVS-1430.html




Types of muscle fibers (motor units)

In muscles, there are different types of muscle fibers.

The basic fiber types are: Type I, Type IIA and Type IIB. (Table 6)

These types differ depending on the varying degrees of aerobic capacity and ATPase
activity.

These factors are manifested through different speeds of contraction, different amount of
force and different fatigability.

A muscle usually contains all groups of fibers in various configurations, which are
determined genetically.

A single motor unit connects to muscle fibers of the same single type.

Fiber type Diameter Contraction Force magnitude | Treshold of
speed fatigue

I, SO, S small slow smallest high
(slow oxidative)

ITA, FOG, FR medium fast medium high
(fast oxidative
glycolitic)

IIB, FG, FF (fast large fast largest low
glycolitic)

Tab. 6 Types of muscle fibers (motor units). After Janura.



Motoricka jednotka — zaskub (,,twitch*)

Rozdil v zasSkubu u riznych typi svalovych vlaken

82 FunpamMenTALs OF BioMECHANICS
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Figure 4.9. The twitch response of fast-twitch (FG) and slow-twitch (SO) muscle fibers. Force output is essential-
ly identical for equal cross-sectional areas, but there are dramatic differences in the rise and decay of tension be-
tween fiber types that affect the potential speed of movement.

Zaskubova odpovéd’ rychlého (FG — fast glycolytic) a pomalého (SO — slow oxidative) svalového vlakna.

From Diane Knudson. Fundamentals of biomechanics, New York, NY: Springer, 2007



The difference in the twitch response in different types of
muscle fibers
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Figure 4.9. The twitch response of fast-twitch (FG) and slow-twitch (SO) muscle fibers. Force output is essential-
ly identical for equal cross-sectional areas, but there are dramatic differences in the rise and decay of tension be-
tween fiber types that affect the potential speed of movement.

From Diane Knudson. Fundamentals of biomechanics, New York, NY: Springer, 2007



Typy svalovych vlaken (motorickych jednotek)

Pti vétsiné dennich volnich aktivit jsou nejprve zapojeny motorické jednotky tvofené
svalovymi vlakny I. typu.

S nartistem vykonu se zvySuje pocet jednotek s vlakny typu ITA.

Pti nejrychlejsich a reflexnich pohybech jsou aktivovany jednotky s vlakny IIB.
V¢étsSina posturalnich svalti ma prevahu motorickych jednotek I; u svali, které jsou
nezbytné pro rychly pohyb — kopy, tdery, ... pfevazuji motorické jednotky typu IIA,
IIB.

Komi (1992) uvadi navic vlakna typu IIC, ktera fadi mezi vlakna I, II.

Atleti sprinter a vytrvalec - potfebuji primarné jiné typy vlaken.

Typ vlaken DalSi nazev Primér | Rychlost Velikost Prah
kontrakce sily unavy

I, SO, S Pomal4 Cervena, maly pomala nejmensi vysoky
(slow oxidative) (tonicka vlakna)

ITA, FOQG, FR (fast Rychla bila stfedni rychla sttedni vysoky
oxidative glycolitic)  (twitch fibres)

IIB, FG, FF (fast Rychla ¢ervend  velky rychla nejvetsi nizky
glycolitic)

Janura, Tab. 6 Typy svalovych vlaken (motorickych jednotek)
https://www.vedantu.com/biology/difference-between-red-and-white-muscle + https://ftvs.cuni.cz/FTVS-1430.html




Types of muscle fibers (motor units)

Most of the voluntary daily activities at first involve the motor units formed by the muscle
fibers of Type I.

With the increase of effort, more units of type IIA become involved.

The quickest movements and the reflex movements are done by activating the motor units
with [IB type fibers.

Most postural muscles predominantly contain motor units I; in muscles that are essential for
rapid movement - kicks, punches,..., there are predominantly the motor units of type IIA, IIB.

Komi (1992) also distinguishes type IIC fibers, with properties in between the types I and II.

Fiber type Diameter Contraction Force magnitude | Treshold of
speed fatigue

I, SO, S small slow smallest high
(slow oxidative)

ITA, FOG, FR medium fast medium high
(fast oxidative
glycolitic)

[IBm FG, FF (fast large fast largest low
glycolitic)

Tab. 6 Types of muscle fibers (motor units). After Janura.



ZvysSovani svalového napéti

2 zékladni mechanismy:

1) Prostorova sumace (,,motor unit recruitment*) —
postupne pridavani motorickych jednotek svalu

2) Casova sumace (,,stimulation®, ,,discharge rate*) —
zvySovani frekvence vzruchu




Increase of muscle tension

Two basic mechanisms:

1) Spatial summation (""motor unit recruitment") - gradual
addition of muscle motor units

2) Temporal summation - increasing frequency of the
excitation impulses



ZvysSovani svalového napéti

Ad 1) PROSTOROVA SUMACE:

Adrian-Bronkiuv zakon — se zvySenim pozadavki na velikost svalové sily se zvétSuje
pocet vzruSenych motorickych jednotek. (obr. 57).

Nové¢ napojena motorickd jednotka zistava aktivni az do okamziku, kdy dojde k poklesu
sily.

K této inaktivaci a odpojeni dochazi v opaéném poradi, nez ve kterém byl provadén nabor
jednotek, tzn., Ze posledni pfipojena jednotka bude odpojena jako prvni.

- Zapojeni motorickych jednotek se 1iSi u riznych svali.
- V nékterych svalech (m. adductor pollicis, m. interosseus dorsalis, ...) dochazi

k naboru motorickych jednotek do okamziku, kdy sila dosahuje okolo
50 % maxima.

- Naopak u m. biceps brachii se tento mechanizmus uplatiiuje 1 po 85 % maxima.
Dalsi nartst sily za touto hranici je dosaZzen zvySenim frekvence vzruchi.

Ani pfi maximalnim 0sili nejsou zapojeny vSechny motorické jednotky.

60-
.

i

L |
P IR

LLLLEETE e
L EECATEAVIRIET T ey

L b 1
WL LECEIRE LR IR

LT L
SCORCEE THTT TR TR T

-;g-

O~ ————L SESTER

0

o

0

sila (% maxima)

0-; ERses.

0 2 4 6 8 1012 14 16 18
cas (s)

Janura, Obr. 57 Princip prostorové sumace pro pet motorickych jednotek (upraveno podle Enoka, 1994)
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Increase of muscle tension

1) Spatial summation:

Adrian-Bronk law - with increased demands on the muscle force the number of
excited motor units increases. (Fig. 57).

The newly connected motor unit remains active until the moment when a drop in
force occurs.

This inactivation and removal of units occurs in a reverse order compared to the units
recruitment. This means that the lastly connected unit will be disconnected first.

- Recruitment of the number of motor units varies among different muscles.

- Certain muscles (m. Adductor pollicis, m. Interosseus dorsalis, ...) recruit more
motor units until about 50% of the force maximum.

- In contrast, m. biceps brachii recruits motor units also after 85% of maximum.

Further increase in force beyond this, is achieved by increasing the frequency of
impulses.
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ZvySovani svalového napéti

Ad 2) CASOVA SUMACE

Zvyseni sily = zvyseni frekvence vzruchi, které prichazi k aktivovanym
motorickym jednotkam.

Frekvence, ktera je nutna pro dosazeni maximalni sily, se 1i$i pro rtizné svaly.
Pro dlouhé svaly jsou jeji hodnoty mensi nez pro kratke svaly.

Enoka (1994) uvadi, Ze pocatecni narust sily asi do maxima 50 % je zplisoben
soucasnym naborem motorickych jednotek a zvySenim frekvence vzruchi. Pii
stanoveni moznosti ¢asoveé sumace vSak musime piihlizet k tomu, Ze rychlé
opakovani vzruchti zplisobuje rychlé ,,vycerpani* neuronu.



Increase of muscle tension

2) Temporal Summation

Force increase = increase in frequency of impulses exciting the activated
motor units.

The frequency, which is needed for reaching maximum force, is different for
different muscles.

In long muscles these frequencies are smaller than in short muscles.

Enoka (1994) states that the increase from initial to about 50% force maximum
is done by simultaneous recruitment of motor units and increasing the
frequency of impulses.

When considering the possibilities of temporal summation, it is also important
to think about the fact that the rapid repetition of impulses causes rapid
"exhaustion" of the neurons (neural fatigue).



Maximalni uroven svalového napéti (svalove sily)

Kombinace prostorove a ¢asové sumace

Obecna ptiblizna posloupnost je v Tab. 8.

Urovern Zpiisob gradace

svalového napeéti

10-30 % Narust frekvence vzruchu 2-30(40) Hz u maleho poctu motorickych
jednotek.

30-70 % Narust poctu zapojenych motorickych jednotek.

70-100 % Zvyseni frekvence vzruchi u zapojenych motorickych jednotek.

Janura, Tab. 8 Zpiisob gradace svalového napéti pomoci mechanizmu ¢asové a prostorové sumace

Odchylky u rznych svali

Velikost a zplisob zapojeni zavisi na druhu pohybu

U menSich a ,,rychlych® svali je vétSina motorickych jednotek zapojena jiz pti 50 % maximalni sily.
U velkych svalt dochazi po narlistu napéti casovou sumaci k dalSimu zvySeni prostorovou sumaci.

Ani pf1 maximalnim usili nejsou zapojeny vSechny motorické jednotky.



Reaching the maximum level of muscle force/tension

Combination of spatial and temporal summation

The usual approximate sequence is showed in Tab. 8:

Muscle tension | Manner of execution

10 —30% Increasing the frequency of impulses 2-30(40) Hz in a small amount of
motor units

30 —-70% Increasing the amount of activated motor units

70 — 100% Increasing the frequency of impulses in the activated motor units

Janura, Tab. 8 The way of increasing the muscle tension through temporal and spatial summation

Difterences in different muscles
The size and the way of units involvement depends on the type of movement
In smaller "fast" muscles most muscle motor units are engaged already at 50% of maximum tension.

In large muscles, after the increase of tension through temporal summation there is further increase through
spatial summation.

Even at maximum effort not all motor units are activated (there is some reserve for highly threatening, life-
endangering situations).



ZvysSovani svalového napéti (svalové sily)

Sila svalu (muscle power) se zvétSuje kombinaci zvétSovani poctu pracujicich
motorickych jednotek, a zvySovanim frekvence jejich zapojovani.

Svalové vlakno nemitize pracovat (byt v kontrakci) neustale. Musi mit prestavky na
obnovent sil, béhem kterych je necitlive k elektrickym vybojim nervovych vladken
(refrakterni faze).

Sila svalu je ptimo umérna velikosti prifezu svaloveho btiSka A (muscle belly —
crossection). Na CtvereCni centimetr prafezu miize sval vyvinout silu mezi 16 a 30 N.

Pozn.: Pfi zjiStovani plochy prifezu zalezi na misté, ve kterém je fez veden, a na obsahu vazivové tkané.

Podle toho, zda cely sval zajistuje spise polohu (posturu) nebo spiSe pohyb
(lokomoci), rozliSujeme svaly posturalni A (postural muscles) nebo fazickeé A (phasic
muscles). Prvni z nich maji vétsi vydrz a maji sklon ke zkracovani. Druhé jsou
rychleji unavitelné a maji sklon k ochabovani. Oba typy jsou sloZzen¢ z obou
zakladnich typu svalovych vlaken 1 kdyZ jejich pomér bude samoziejmé odlisny. S
vékem se navic tento pomér take upravuje.

Zdroj: https://ftvs.cuni.cz/FTVS-1513.html



ZvySovani svalového napéti

HENNEMANOVO PRAVIDLO (PRAVIDLO VELIKOSTI):
Zapojeni motorickych jednotek uvnitt svalu probiha od nejmensich k nejvétSim.

Pti zvySovani trovné svalového napéti jsou zapojeny vétsi motoneurony, které
slouZzi pro aktivaci vétSiho mnozstvi svalovych vlaken.
Pocet motoneuroni (,,pool*), které inervuji jednotlivé svaly, je rlizny.

Napf. m. tibialis anterior je inervovan asi 445 motoneurony, které reprezentuji
velikost poolu.

Jestlize je nutné vyvinout silu, je nejprve zapojen nejmensi motoricky neuron
z tohoto poolu.

Pi1 nékterych volnich pohybech nebo pti poZadavku na rychly nartst sily mize
dojit k poruseni uvedeného principu.

Pti poklesu napéti dochazi k reverznimu procesu, nejdiive se snizuje frekvence
vzruchll u posledni zapojené jednotky.

Z hlediska velikosti motorickych jednotek dochazi nejdiive k odpojeni vétSich
celk?l, nasleduji mensi motorické jednotky.

Nabor motorickych jednotek vSak nezavisi vyhradné na velikosti motoneuronu.
Je ovlivnén takée soustavou dalSich vnitinich (citlivost receptord, ...) a vnéjSich
(pocet synaptickych terminalii, prostorove rozmisténi synapsi, ...) faktord.

Sekvence naboru motorickych jednotek je predeterminovana.



Increase of muscle tension

HENNEMAN’S SIZE PRINCIPLE:
Under load, motor units are recruited from smallest to largest.

In practice, this means that slow-twitch, low-force, fatigue-resistant muscle fibers are
activated before fast-twitch, high-force, less fatigue-resistant muscle fibers.

It was proposed by Dr. Elwood Henneman.

At increased levels of muscular tension larger motoneurons become involved, which
activate larger amount of muscle fibers.

The number of motor neurons ("pool"), which innervate individual muscles, 1s different.

E.g. m. tibialis anterior is innervated by about 445 motoneurons, which represent the
size of the pool.

When force 1s needed, the smallest motor neuron from this pool is involved first.

In some voluntary movements, or when rapid increase in strength is needed, this
principle may be infringed.

In tension reduction, the process is reversed - first the frequency of impulses of the last-
connected unit 1s decreased.

In terms of size of motor units, at first the large units are deactivated, followed by
smaller motor units.

However, recruitment of motor units does not depend solely on the size of the motor
neuron. It is also influenced by other, internal (receptor sensitivity, ...) and external
(number of synaptic terminals, spatial distribution of synapses, ...) factors.

The sequence of recruitment of motor units is predetermined.



Z.akladni typy svalové kontrakce

Zéakladnim kritérium déleni: zména délky svalového vlakna.

1) Izometricka (staticka) kontrakce — délka svalu se neméni, zacatek a konec
svalu jsou fixovany, tenze svalu je rovna puisobeni vnéjsi zatéze

2) Anizometricka kontrakce — dochazi ke zméné délky svalu, 0Cinek
(moment) Slachove sily svalu je riizny od plisobeni (momentu)
tihové sily bfemene.

2a) koncentricka — sval se zkracuje, vyvijena sila ma zrychlujici u€inek
2b) excentricka — sval se prodluzuje, vyvijena sila ma brzdici u€inek

Izometricka svalova kontrakce je typicka pro staticka cvi€eni (poloha — vydrz
v poloze), slouzi také pro vytvoreni pevne opory (zpevnéni dané Casti téla) pii
cvicenich Svihovych.

Pt1 vlastnim Svihu se uplatiiuje zejména koncentrickd kontrakce.

Poznamka: 1zotonicka svalova kontrakce (zvlastni ptipad anizometricke kontrakce):
Charakterizovana konstantnim svalovym napétim.
Teoreticky mozZna ale neni béZna (je nefyziologicka).




Basic types of muscle contraction

Basic criterion for categorization: change in length of the muscle fibers.

1) Isometric (static) contraction - muscle length does not change, both ends of
the muscle are fixed, muscle tension is equal to that of an external load

2) Anisometric contraction — muscle length changes, muscle force (torque) is
different from that of the external load.

2a) concentric - muscle shortens, the muscle force causes motion acceleration

2b) eccentric - muscle elongates, the muscle force causes deceleration (slowing
down the motion)

Isometric muscle contraction is typical for static exercises (position holds), it
also serves to create a solid support (hardening of the body) in swing exercises.

In the swing itself, concentric contraction is mostly applied.

Note: Isotonic muscle contraction (a special case of anisometric contraction):

- Characterized by constant muscle tension.
- Theoretically possible, but not common (non-physiological).



Hilluv triprvkovy model svalu

Vyjadiuje ¢innosti svalu pfi riiznych typech svalove kontrakce. Nékdy byva oznaovan jako
,,svalove Slachova jednotka®. (obr. 59)

Kontraktilni element (KE) — (aktinovd a myozinova vlakna)
Vyjadtuje silové-rychlostni moznosti svalu (sarkomery).

Sériovy elasticky element (SEE) — (Slacha, mala ¢ast take v pticnych mustcich)
Ma funkei pruZiny. Pfenasi mechanickou energii produkovanou KE na okolni prvky a Castecné ji

pohlcuje. Pti pohybech, které jsou typické rychlym stfidanim svalové kontrakce, je rozhodujicim
cinitelem pro ukladani elastické energie.

Paralelni elasticky element (PEE) — (vazivové struktury svalu — epimysium, perimysium,
sarkolema, ...)

Jeho vliv na velikost vyvijené¢ sily narasta pfi zvétSeni delky svalu. Je zdrojem sil, které mohou
pusobit proti protazeni pasivniho svalu. To umozni zabranit pfetrzeni svalu (pfi nedostatedné
aktivit¢ KE) pfi nadmérném piisobeni vnéjSich sil.

PEE .
\/\/\/\/\/ KE — kontraktilni element
SEE — sériovy elasticky element
PEE — paralelni elasticky element

@.—- LT > F — tahova sila svalu
F; — sila biemene, pusobeni vnéjsiho
_\/\/\M/ (=5 prostiedi
=
SEE KE

Janura, Obr. 59 Hillav tfiprvkovy model svalu




Hill's 3-element model of muscle

Expresses muscle movements in different types of muscle contractions. Sometimes referred to as
the "muscle-tendon unit." (Fig. 59)

Contractile element (KE) - actin and myosin filaments
It determines the force-speed possibilities of the muscle (sarcomere).

Serial elastic element (SEE) - tendon, small part also in the crossbridges

It serves as a spring function. Transmits and partially absorbs the mechanical energy to and from
the surrounding elements. In movements with rapidly alternating muscle contractions, it is the key
element for storing elastic energy.

Parallel elastic element (PEE) - fibrous structure in the muscle - epimysium, perimysium,
sarcolemma, ...)

Its influence increases with increasing length of the muscle. It serves as the source of forces that
counteract passive stretching of the muscle. It prevents muscle rupture (in insufficient activity of
KE) in case of excessive external forces.

\/\/\/\/\/ KE — contractile element

SEE — serial elastic element
: B, LB 5 PEE — parallel elastic element
F — tensile muscle force
— MAA = Fy — loading force, influence of
= external environment

SEE KE

Janura, Fig. 59 Hill’s 3-element model of muscle



Hillav triprvkovy model svalu

[ZOMETRICKA SVALOVA KONTRAKCE

Pti izometricke svalové kontrakci dochazi s nartistem napéti k prodlouzeni SEE.
Konstantni délka svalu je tak zachovana zkracenim KE a prodlouzenim SEE

(obr. 60).
D¢lka paralelniho elastického elementu PEE ziistava nezménéna
d — delka svalu

s,, 5, — delka SEE
k.. k, — délka KE

vetsi tenze

iy

W
o

mensi tenze

W

.x...

"'“'7&'
S A -

k;

N
[ = ]

Janura, Obr. 60 Zména v délce KE a SEE pfti izometrické svalové kontrakci



Hill's 3-element model of muscle

Isometric muscle contraction

During isometric muscle contraction increase of tension extends the SEE.
Constant muscle length is preserved by KE shortening and SEE extension (Fig.

60).

The length of the parallel elastic element PEE remains unchanged

d — muscle length
s;» S, — SEE length

Iy

E Larger tension kla kz _ KE length
A
S, 1\:
i_\/\/\N\/ ; E] ; Smaller tension
€ , O s >
! S, 1\: :
] i

Janura, Fig. 60 Change of KE a SEE lengths in isometric muscle contraction



Zavislost velikosti svalové sily na parametrech svalu:

Vysledna svalova sila je souctem aktivni a pasivni sily.

Aktivni sila - podminéna vytvofenim pficnych mustkii mezi aktinem
a myozinem.
Jeji velikost je urCena poctem miustkl, pocatecni delkou
svalovych vlaken, rychlosti kontrakce, plochou fyziologického
pri¢ného priufezu svalového vlakna.

Pasivni sila - zavisi na tfeni v kloubu; na odporovych silach vazi,
kloubniho pouzdra a kiize; na stlaCovani a protahovani
interartikularnich svali.

Zékladni parametry ovliviiuyjici velikost svalove sily:
a) Délka sarkomery

b) ProtaZeni svalu

c) Rychlost kontrakce

d) Doba kontrakce



Dependence of muscle force on muscle parameters:

The muscle force 1s the sum of the active and passive forces.

Active force — based on forming crossbridges between actin and
myosin.
Its magnitude 1s determined by: number of crossbridges, initial

length of the muscle fibers, contraction speed, physiological cross-
sectional area of the muscle.

Passive force - depends on the friction in the joint; on resistive ligament
forces, on joint capsule, skin; compression and elongation of
interarticular muscles.

Basic parameters affecting the size of muscle strength:
a) Sarcomere length

b) Muscle elongation

c) Speed of contraction

d) Contraction time



Zavislost velikosti svalové sily na parametrech svalu:

Ad a) Velikost sily versus délka sarkomery:

Maximalni tenze svalového vlakna — v klidové delce (délka sarkomery je kolem 2,0 az
2,5 um).

Klidova délka - dochazi k vytvoreni maximalniho poctu pficnych mustki.
Rostouci protazeni svalového vlakna - pocet pfinych mustki klesa = snizeni tenze.
Je-11 délka vlakna asi 3,6 um, dochazi ke ztraté tohoto prekryti, klesa napéti ve svalu.

2.25-3.6 i epiwiiig___ PTi zmenSeni delky
sarkomery pod 2 um se
aktivni tenze snizuje,
protoze dochazi k prekryti
tenkych filament na

iy e opac¢nych koncich
sarkomery, které jsou
opacné polarizované.

1004 |

sila (% maxima)

S dal§im zmenSenim délky
je pokles napéti strmy (obr.
ol N 65). To se tyka sarkomery
0 10 15 20 25 30 35 jako aktivni komponenty
délka sarkomery (jum) svalu.




Dependence of muscle force on muscle parameters:

a) Sarcomere length:

The maximum force of a muscle fiber 1s achieved at resting length (sarcomere

length around 2.0 to 2.5 pum).

Resting length allows creating the maximum number of cross-bridges.
Elongation of the muscle fiber - the number of cross-bridges decreases = force

decreases.

At sarcomere length of about 3.6 micron, there is no overlap of the thin and thick
filaments and no possibility of forming the crossbridges = no contraction force.

2.25-3,6 M emfptmmnra
100+ | 2,0-2,25 I e oty o e

< 1,65 i e Sl
———

50

sila (% maxima)

014 i | i T "
0 10 1,5 2,0 2:2 3.0 3.5
délka sarkomery (uum) Fig. 65. (from Janura 2007)

Reduction of sarcomere length
below 2 microns also reduces
active force because the thin
filaments at opposite ends start to
overlap and the thick filament
may form non-functional
crossbridges with the wrong thin
filament.

Further reduction of the length
causes a steep decline of the
active force (Fig. 65).

This 1s valid for the sarcomere as
an active component of the
muscle.



Zavislost velikosti svalové sily na parametrech svalu:

Ad b) Velikost sily versus protazeni svalu:

Pisobeni ,,pasivni tenze “ - vliv spojovacich tkani (SEE, PEE), podilejicich se na
elasticité celeho svalu.

S narlistem protazeni svalu se zvySuje pfirGistek elastickych komponent na jeho
celkové tenzi.

Zatimco tvar kitvky aktivniho napéti je pro rtizné svaly podobny, pasivni a celkova
kfivka teéto zavislosti je ovlivnéna mnoZstvim elasticke tkané ve svalu.

N .
Zatéz = pasivni napéti ve svalu

N Janura, Obr. 64 Zavislost velikosti zatéze
na velikosti protaZzeni u pasivniho svalu
(upraveno podle McGinnis, 1999)

zat

protazeni (deformace)



Dependence of muscle force on muscle parameters:
b) Muscle Elongation (strain):

Influence of "passive tension" — stiffness of the connective tissue (SEE, PEE),
contributes to the stiffness of the entire muscle.

With increasing elongation, the elastic components of the muscle become more
tensed.

The shape of the relationship is similar for the various muscles, but the exact
contribution of the passive tension is influenced by the amount of elastic tissue in
the muscle.

N : :
Load = passive muscle tension

Load

Janura, Fig. 64 Dependence of the load size on passive
elongation of muscle (adapted after McGinnis, 1999)

Elongation



Zavislost velikosti svalové sily na parametrech svalu:

Ad ¢) Velikost sily versus rychlost kontrakce:

S rostouci rychlosti kontrakce se zmensSuje velikost vyvijené sily (Obr.66)
Nejvétsi sily se dosahuje pri izometricke (staticke) kontrakci (vydrze).

Fo F_ —velikost sily pr11zometricke kontrakei
1Z0 -
V... — maximalni rychlost kontrakce

Vi v [ms']

Janura, Obr. 66 Zavislost mezi velikosti sily a rychlosti kontrakce u izolovaného svalu



Dependence of muscle force on muscle parameters:

¢) Speed of contraction:

With increasing speed of contraction the force decreases (Obr.66)
Greatest amount of force is achieved during isometric contraction.

Fa F_, - Force in isometric contraction

1Z

Vaus - Maximal speed of contraction

Vi v [ms']

Janura, Fig. 66 Relationship between the force and the speed of contraction in an isolated
muscle.



Zavislost velikosti svalové sily na parametrech svalu:

Ad d) Velikost sily versus doba kontrakce:

Izometricka svalova kontrakce:
Prvni faze — zvétSovani velikosti svalove sily.
Dalsi pribéh - setrvaly stavu nebo pokles sily (obr. 67).

I kdyZ je maximalni tenze v KE dosazeno asi za 10 ms, trva podstatné dele nez
dojde k ptenosu sily do SEE a PEE.

F [N’]A

max

Janura, Obr. 67 Zavislost sily na ¢ase pii izometrické svalové kontrakci



Dependence of muscle force to muscle parameters:

d) Contraction duration:

Isometric muscle contraction:
Initial phase — increase of the force.
Further phase - steady state or force decrease (Fig. 67).

Although the maximum tension in KE is reached in c¢. 10 ms, it takes considerably
longer before it is transmitted to the SEE and PEE.

F [N]A

max

Janura, Fig. 67 Muscle force versus time in an isometric muscle contraction



Prace pri svalové kontrakci:

Prace vné¢jsi — vysledkem je prekonanl pusobeni VneJ31 zatéze,

W W * W

Price vnitini - pfesun segmentil

Monitorovani elektrické aktivity svalii:

Metoda elektromyografie (EMG)



Work during muscle contraction:

External work - overcoming external loads, including moving the
center of gravity of the body to another height.

Internal work — change of the positions of segments (no change of
the position of the center of gravity of the body)

Monitoring electrical activity of muscles:

Method of Electromyography (EMG)



ELEKTROMYOGRAFIE:

UmozZnuje monitorovani aktivity svali bud’ pomoci
a) povrchovych elektrod, které se ptikladaji na kiizi, nebo
b) jehlickovych elektrod, které se vpichnou do svalu

Jehlickove elektrody umoznuji sledovat akéni potencial jedné motoricke jednotky
Povrchové elektrody vzdy zaznamenavaji signaly mnoha motorickych jednotek

SINGLE
MOTOR —l- 1r .l, l,f—lzoopv

UNIT
MANY
MOTOR 1500pv
UNITS

0 0.25 0.5

Figure 4.13. The interference pattern represented in the lower part of the figure reflects the summed activity of
many motor units. Both single motor units and complex muscle activity may be recorded by electromyography.

From Borden G, Harris KS, Raphael LJ: Speech science primer. Physiology, acoustics, and
perception of speech, Baltimore, MD:Lippincott Williams & Wilkins, 1994.



ELECTROMYOGRAPHY:

Allows monitoring of muscle activity via:
a) Surface electrodes (attached on the skin), or
b) Needle electrodes (inserted inside the muscle)

Needle electrodes allow monitoring the action potentials of a single motor unit
Surface electrodes always monitor signals from many motor units

SINGLE
MOTOR —l, ,L J, J,_—] 200 pV

UNIT
MANY "
MOTOR L ISOOpV
UNITS
. L I
0 0.25 0.5
Figure 4.13. The interference pattern represented in the lower part of the figure reflects the summed activity of

many motor units. Both single motor units and complex muscle activity may be recorded by electromyography.

From Borden G, Harris KS, Raphael LJ: Speech science primer. Physiology, acoustics, and
perception of speech, Baltimore, MD:Lippincott Williams & Wilkins, 1994.



ELEKTROMYOGRAFIE:

Ptiklad EMG signalu pii zvySovani intenzity kontrakce svalu z klidu az do
maxima

Se zvétSujici se intenzitou kontrakce nartsta pocet impulzit motorickych jednotek
svalu zachycenych elektrodou.

Rest : Voluntary Contraction |

Weak Strong

L
|

0.5s

500 uV

4

Fig. 2.5. An example of laryngeal electromyograph. When the muscle is at rest,
no electric pulses are observed. The frequency of the electrical pulses, each is called a
motor unit, increases as the intensity of voluntary contraction of the muscle increases.

After Sataloff et al. [76, 78].

From: Chen CJ. Elements of human voice. New Jersey: World Scientific, 2016



ELECTROMYOGRAPHY:

Example of an EMG signal when increasing the contraction intensity from the rest
to the maximum

With increasing contraction intensity there is an increase in number of impulses
from the motor units registered by the electrode.

Rest | Voluntary Contraction |

Weak Strong

L
|

05s

500 uV

4

Fig. 2.5. An example of laryngeal electromyograph. When the muscle is at rest,
no electric pulses are observed. The frequency of the electrical pulses, each is called a
motor unit, increases as the intensity of voluntary contraction of the muscle increases.

After Sataloff et al. [76, 78].

From: Chen CJ. Elements of human voice. New Jersey: World Scientific, 2016



A\ ELEKTROMYOGRAFIE:

HREY

Electromyography (EMG) in Sport and Exercise Science
University of Derby

https://www.youtube.com/watch?v=gHsZ0bwxMsg



Svalova sila jako rozhodujici faktor pro
pohyb segmentu

Mechanicka triada: zakladni (nejjednodussi, ¢asto piimérené
zjednodusSena) struktura, ktera umoznuje interakci pohybového systému
s vn¢jSim prostiedim (obr. 76).

Tvofi ji:

1) Sval — generator tahove sily

2) mezilehlé prvky - pienos tahove sily na segment

3) segment — zajiSténi kontaktu s vnéjSim prostiedim pomoci
obousmérneho siloveho plisobeni

Janura Obr. 76 Piiklad mechanické triddy na horni
koncetiné

loketni kloub (mezilehle prvky)



Muscle force as the decisive factor for the
motion of segment

Mechanical triad: The basic (simplest, often reasonably simplified)
structure that enables interaction of the motion system with the external
environment (Fig. 76).

It consists of:
1) Muscle - tensile force generator
2) Intermediate elements - transferring tensile force to the segment

3) Segment — ensures contact with the external environment via a
bidirectional force activity

Janura Fig. 76 Example of a mechanical triad at the
upper limb

elbow joint (intermediate elements)



Svalova sila jako rozhodujici faktor pro pohyb

segmentu
Princip aktivniho pohybu:

Zkraceni svalu (upevnéného mezi dva segmenty) zpusobi pohyb segmentu, ktery
neni stabilizovan (¢i obou segmentt).

Stabilizace je provadéna zejmeéna pomoci svald.

Omezeni, ptipadné nemoznost vykonani pohybu, miize byt zptisobeno:
a)poruchou funkce svalu, ktery je agonistou nebo
b) nedostate¢nou funkci svalu, ktery zajist'uje fixaci segmentu.

—_—

Smer
pohybu

a) Vlivem nedostatecné b) Stabilizace lopatky (mm.
stabilizace lopatky dochazi  rhomboide1) umozni
pi1 kontrakei m. teres provedeni addukce.

major k rotaci lopatky.

Janura Obr. 77 Princip pohybu a jeho zndzornéni pti addukci v ramennim kloubu (zjednoduseny model)



Muscle force as the decisive factor for the motion
of segment

The principle of active movement:

Shortening of muscle (mounted between the two segments) causes movement of a
segment that 1s not stabilized (or both segments if not stabilized).

Stabilization is carried out mainly through muscles.
Restrictions or impossibility of doing the movement can be caused by:
a) Impaired function of the agonist muscle, or
b) Impaired function of the muscle which ensures segment fixation

—_ >

—

Motion
direction

NNy

a) Due to insufficient b) Stabilization of the scapula
stabilization of the scapula, by mm. rhomboidei allows
contraction of m. teres major performing adduction

causes scapula rotation

Janura Fig. 77 Principle of active mivement and its depiction for an adduction in a shoulder joint (simplified model)



Rozklad Slachové (tahové) sily svalu

Rozklad sily svalu do dvou slozek:

a) rotacéni slozka Sﬂy, FROT - Zpusobuje vlastni rotaci segmentu, jeji smér je kolmy na slozku Fyog

(na dany segment).

b) normalova slozka Sﬂy, FNOR —lezi v ose dané¢ho segmentu, prochazi sttedem (bodem otaceni)

piislusného kloubu. ObycCejné ma stabiliza¢ni funkci.

Modelova situace — loketni kloub (obr. 78)

Loket - svalové piisobeni Rozklad  na vrotacnl a
normalovou slozku sily

ZjednoduSeni — Slachova sila je
povazovana za paralelni s
pazni Kosti

/

7 p'-‘-“-r- - - mom

ey
&

FNOR .

F; . —Slachova sila svalu, F;,; — rotacni slozka sily, F,; — normalova slozka sily

Janura Obr. 78 Rozklad Slachové sily m. biceps brachii pfti flexi v loketnim kloubu



Decomposition of the tendon (tensile) force of the muscle

Decomposition of muscle force (tendon force, Fy; ,) into two components:

a) Rotational force component, Fyp - causes the segment rotation, its direction is
perpendicular to the component Fyg (to the moving segment).

b) Normal force component Fy g —it acts between the segment axis and the center (pivot
point) of the respective joint. Usually, it has a stabilizing function.

Model situation - elbow joint (Fig. 78)

Simplification - the tendon
Elbow - muscle action Decomposition into rotational and force is considered to‘ be
normal force components parallel to the humerus axis
a) b)
FSLA FSLi

"-7\1:

ROT

= p—
4 - e = = .

F; A — tendon force of the muscle, Fp o — rotational component of the force, Fy,z — normal component of the force

Janura Fig. 78: Decomposition of the tendon force of the m. biceps brachii during flexion in the elbow joint



Moment svalove sily

Pro urcCeni pohybu segmentu nestaci znat samotnou silu ale 1 jeji moment.
Moment sily ur€uje velikost otaciveho ucinku sily — ovlivnéna
vzdalenosti vektoru sily od okamziteho stfedu otaceni (zjednoduSené
sttedu kloubu) — obr 81.

\1\1 F — pusobici sila
1; — rameno sily (vzdalenost vektoru sily od bodu otaceni)
M — moment sily
bod F M =F .1 (skalameé) M =r x F (vektorove)

otaceni

F;, ., — slachova sila svalu
G, — tihova sila segmentu
Tri s Tos — ramena pusobicich sil
Mg ., Mg — momenty sil

Slachova sila v tomto piipadé vyjadiuje silu
m. biceps brachii.

Janura Obr. 81 Grafické zndzornéni momentu sily a jeho
aplikace na oblast loketniho kloubu




Muscle torque (moment of force)

To determine motion of the segment, it is not enough to know the muscle force
but we need to know also the muscle torque.

Muscle torque determines the magnitude of the rotating action — it is influenced
by the distance of the force vector of the instantaneous center of rotation (usually
the center of the joint) - Fig 81

F — active force
\M rp — arm of force (distance of the force vector to the point of rotation)
M — torque
oint of . M=F .1 (skalame) M =r xF (vektorove)
Ir)otation

F, Fg 4 — tendon force of the muscle
SLA .
m \ Gg — gravity force of the segment
AR Trspas Tgs — arms of the acting forces

The tendon force Fy; , represents the force of the
m. biceps brachii in this case

‘ Janura Fig. 81 Graphical representation of torque and
Gy its application to the elbow area



Moment svalove sily

Je tieba rozliSovat:

Fyzické rameno sily — vzdalenost iponu svalu (Slachy) od kloubu
(sttedu otaceni)

Geometrické rameno sily — vzdalenost vektoru sily od kloubu (urcujici
pro moment sily!, kolmé na vektor sily) — nutno vypocitat

F;, . —slachova sila svalu

I o —geometrickeé ramenossily
I’ —fyzické ramenosily
o.—uhel mezi segmenty

FSLA

Janura Obr. 82 Grafické znazornéni geometrického a fyzického ramene Slachové sily

V ptipadé¢ uhlu alfa plati:

TESLA = I FSLA.SIN,



Muscle torque (moment of force)

We distinguish:

Physical arm of force - the distance of the muscle (tendon) insertion
from the joint (center of rotation)

Geometric arm of force - the distance of the force vector (indicative of
torque!, perpendicular to the force vector) from the joint center of
rotation — needs to be calculated

F¢; o — tendon force of the muscle
s 4 geometric arm of force
I‘rsp o — physical arm of force

a - angle between the segments

FSL.—\

Janura Fig. 82 Graphic illustration of the physical and geometric arm of tendon force

T el g o
In case of the angle a, it holds: IFSLA — I FSpLA-SINU,



Momentova rovnice

Charakter pohybu (rotace) segmentu miZzeme urcit na zaklad¢ feSeni
momentove rovnice.

Vysledny moment M je dan souctem velikosti jednotlivych momenti M.
n
M=Y"M,
i=1

kde n je pocet moment.

V praxi se Casto tento problém prevadi na porovnani momentt tthovych sil
(segment, bfemeno) a momentt Slachovych sil.

Pomoci vztahu mezi skupinami téchto momentii mizeme (pi1 zjednoduseni
redlné situace) vymezit typ svalove kontrakce sledovan¢ho svalu:

> koncentricka svalova kontrakce
Mrsia = Mg  1zometricka
< excentricka



Torque/Moment Equation

The movement (rotation) of the segment can be determined based on the solution of
the torque/moment equation.
The resulting torque M is the sum of individual torques M.:

M=3"M,
1=1

where n is the number of participating torques.

In practice, often the problem is converted to a comparison of gravitational
torques (segment, weight) and torques of tendon forces.

Using the relationship between the groups of these moments we can (with some
simplification of the real situation) define these types of muscle contraction:

Tendon Gravitational
torques torques
> Concentric muscle contraction
Mrira = Mg Isometric muscle contraction

Eccentric muscle contraction

<



Momentova rovnice

Elementarni pfipad (viz obr. 81): osoba nedrzi zadné
bfemeno a uvazujeme pouze aktivitu m. biceps brachi.

Momentova rovnice ma tvar:

M = Mgs + Mgp = Gs.1gs - FBB.IFBB

F., , — Slachova sila svalu
G, — tihova sila segmentu
I . Tos — Tamena pusobicich sil
M; .. Mg — momenty sil

Slachova sila v tomto pripadé vyjadiuje silu

m. biceps brachii. Fy ,=Fg,

Janura Obr. 81 Grafické zndzornéni momentu sily a jeho
Gq aplikace na oblast loketniho kloubu



Torque (moment) equation

Elementary case (see Fig. 81): the person does not hold any extra load; we
consider only the activity of m. biceps brachii.

Torque equation has the form:
M= }*"IGS g 1\*{3]3 = Gs.l’gs g FEB-I']:EE

Fg A — tendon force of the muscle

Gq — gravitational force of the segment

s a» Tggarms of acting forces

Mg 2> Mg — torques/moments of the forces

The tendon force is representing here the
force of m. biceps brachii Fy; , = Fgg

Janura Obr. 81 Graphic illustration of the torques and
G their action on the elbow joint



Momentova rovnice

Slozitéjsi priklad: predpokladame pusobeni dalSi zatéze
a zapojeni dalSiho svalu (viz obr. §83)
Momentova rovnice ma tvar:

M =Mgs + Mg + Mpp + Mgr = Gs.1gs + Gp.1gs - FBB.IrBB - FBR.IFBR

Ggs.rgs + Gp.1ge = Fp.Iras + FerR.IFBR

F... Fi: — slachova sila m. biceps brachii a m. brachioradialis
G,. G; —tihova sila segmentu, tihova sila bremene
Tengs Temps Toss Igg — Famena techto sil

¢

Gy

Janura Obr. 83 Zikladni parametry pro ur¢eni momentové
rovnice pfi flexi v loketnim kloubu




Torque (moment) equation

More complex case: we consider the influence of another load and
participation of anothe muscle (see Fig. 83)

The torque (moment) equation takes the form:

M =Mgs + Mg + Mpp + Mgr = Gs.Igs + Gp.1ge - FBp.IreB - FBR.IFBR

Gs.rgs + Gp.1gg = Fp.Ire + FeR.IFRBR

Fgp Fgr — tendon forces of m. biceps brachii and m. brachioradialis
Gg , G — gravitational force of the segment and of the load
I'rgB» I'rBR> TGS, Igp - arms of these acting forces

Janura, Fig. 83: Basic parameters for determining the torque
equation for a flexion in an elbow joint




Druhy pak v lidském téle

Klasicka mechanika: v zdkladnim dé€leni rozliSuje paku
1) jednozvratnou a 2) dvojzvratnou

Biomechanika ptihlizi u jednozvratnych pak take k tomu, zda blize od
bodu otaceni piisobi Slachova (tahova) nebo tihova sila a rozliSuje:

e, l Irgs A Lo J/ G

a) Paku 1. druhu (dvojzvratnou)

FSI_.%

T 1 SL.

, —a
b) Paku 2. druhu (jednozvratnou) l

G
T Fya
Tesra

¢) Paku 3. druhu (jednozvratnou) A Ig J,



Classes of levers in human body

Biomechanics distinguishes three
classes of levers:

a) Class I (the resulting gravity force G
acts on opposite side of the Fg;__i Ly, & I J,G
joint/fulcrum than the resulting
tendon-muscle force Fy; ,)

1 FSLA

b) Class II (the resulting gravity force T
G acts on the same side of the
joint/fulcrum as the muscle force.

The resulting muscle force Fy; 4 1s
smaller than the resulting G
gravitational force G)

¢) Class III (the resulting gravity force F.
acts on the same side of the
joint/fulcrum. The resulting muscle
force Fy, 4 1s larger than the Trsia :
resulting gravitational force G) A fo J,




Paka 1. druhu (dvojzvratna) — paka rovnovahy

Bod otaCeni se nachazi mezi plisobicimi silami.

Ptikladem je spojeni lebky a patete (obr. 84).

W W W

Vektor Slachové sily (tahove sily svalu) zndzornuje ptisobeni extenzoru hlavy.

Snaha o vzpfimené drzeni hlavy s minimalni energetickou ndro¢nosti (paka
rovnovahy).

F; . — slachova sila Sijového svalstva
G — tihova sila hlavy

I, .. I, — ramena pusobicich sil
M;, .. M, — momenty pusobicich sil

Fgui Tegra A I's J/G

Janura, Fig. 84 Priklad dvojzvratné paky (I. druhu)



Class I Lever — ,.lever of balance*

The pivot point (fulcrum) 1s located between the acting forces.
An example is the connection between the skull and the spine (Fig. 84).

Gravitational force is acting on the center of gravity of the head, the point of
rotation is at the atlantoccipital joint.

The vector of tendon force Fy; , (tensile force of the muscle) expresses the effect
of head extensor muscles.

There 1s a tendency to keep the head in upright posture with minimum energetic
requirements (lever of balance).

Mracs \,MG F¢; o — tendon force of muscles at the back of the
neck

Gg — gravitational force of the head

Trspa» Tgs arms of acting forces

Mgy 2>, Mg — torques/moments of the forces

Fgui Tesra A Ig ‘LG

Janura, Fig. 84 Example of the class I lever in human body



Paka 2. druhu (jednozvratna) — paka sily

Vektor tihové sily se nachazi mezi bodem otaceni a vektorem Slachove sily;
Prikladem je pohyb v metatarzofalangealnim kloubu pti plantarni flexi (obr. 85).
Tihova sila ptsobi v téZisti téla, bodem otaceni je kloub metatarzofalangealni.

Sila, ktera umoZni provedeni plantarni flexe, vznika kontrakci m. triceps surae,
smér vektoru sily je ur€en smérem Achillovy Slachy.

Tihova sila pusob1 blize k bodu otaceni nez sila Slachova: rameno tihové sily
(rG) je mensi nez rameno sily Slachové (rF SLA) 7 toho vyplyvh, %o phi

F. 1zometrické svalové kontrakci
T SLA pro tento druh paky plati:
Trira

MEia M,

I &  Fyrarrsia = Gig
IrsLa ~ Ic = Fira < G.
G
F; . —Slachova sila m. triceps surae
G — tihova sila tela
I 4. T — Iamena pusobicich sil
M, .. M, — momenty pusobicich sil

Pasobici  tithovou  silu
piekonavame silou, ktera
je mensi.

Pomoci této paky Ize
premistit vétSi hmotnost,
ale po krat$i draze — paka
sily.

Janura Obr. 85 Piiklad jednozvratné
paky (II. druhu)



Class 1I Lever — ,.lever of force*

The vector of gravity is located between the pivot point and the vector of tendon forces;
An example is the movement of the metatarsophalangeal joint, on the foot (Fig. 85).

Gravitational force acts from the body center of gravity, the pivot point is at the
metatarsophalangeal joint.

The force that allows execution of plantar flexion, is due to the contraction of m. triceps surae,
the direction of the force vector is determined by the direction of the Achilles tendon.

Gravitational force acts closer to the pivot point than the tendon force: the arm of gravity force
(re) 1s shorter than the arm of the tendon force (rgg; 4)-

This means that, for an

| 9 isometric muscle contraction in
h 1‘ L this type levers it holds:
B I, A o
Fsia.1rsra = Guag
IrsLa > I =@ Fsra <G
G
The muscle force needed
Fg 4 —tendon force of m. triceps surae to overcome the
Gg — gravitational force of the body gravitational force is
Trspa» Tgs arms of acting forces smaller than the
MgsLa» Mg — torques/moments of the gravitational force.

forces

Using this lever allows
moving more weight, but
along a shorter track —

Janura, Fig. 85 Example of the lever »lever of force*
of class II type in human body




Paka 3. druhu (dvojzvratna) — paka rychlosti

Vektor Slachov¢ sily se nachazi mezi bodem otaceni a vektorem tihove sily;
Prikladem je funkce m. biceps brachii pii flexi v loketnim kloubu (viz obr. 81).
Pro velikost ramen pusobicich sil na této pace plati r5 > 1pg A

Pro pfekonani uc¢inku puisobici tihové sily musime vyvinout vétsi Slachovou silu

Tento typ paky je typicky pro dlouhé kosti.

Pti svalove kontrakci vykonava distalni ¢ast segmentu pohyb o velkém rozsahu,
body na konci segmentu se pohybuji velkou rychlosti — paka rychlosti.

F;, ., — slachova sila svalu
G, — tihova sila segmentu
T s I'gs — Tamena pusobicich sil
M;y .. Mg — momenty sil

I:SLA

IFSLA

Janura Obr. 81 Grafické znazornéni momentu sily a jeho aplikace na oblast loketniho kloubu



Class III Lever — ,,lever of speed*

The vector of tendon forces is located between the pivot point and the gravitational force
vector;

An example is the function of m. biceps brachii during flexion of the elbow joint (see Fig. 81).

Gravitational force acts at the center of gravity of the segment, the point of rotation is at the
center of the elbow joint.

For the lengths of the arms of forces acting on the lever it holds: 15 > Ry 4-

To overcome the effect of the gravitational force acting we must produce greater tendon force

This type of lever is typical for long bones.

During muscle contraction, the distal portion of the segment carries motion across a long path
and it moves with a large velocity — ,,lever of speed*

F o — tendon force of the muscle

Gg — gravitational force of the segment
I'rsas Tgs . arms of acting forces

Mg 4, Mg — torques/moments of the forces

Foa

Janura, Fig. 81 Graphic illustration of the torques acting on an elbow joint — example of the lever of class III in human body.



Zména paky s vné€jSimi podminkami:

S ménicimi se podminkami muze dojit ke zméne druhu paky.

Prikladem je napf. Cinnost m. brachioradialis pii1 flexi
predlokti (obr. 86).

Paka se zméni pr1 zatizeni bifemenem.

a) paka II. druhu b) paka III. druhu
A
T FROT
-~ ]-:RCIT
Gg
G

Foor — rotaéni slozka sily m. brachioradialis,

G, — tihova sila segmentu, G; — tihova sila bremene

Janura Obr. 86 Pisobeni m. brachioradialis pfi flexi v loketnim kloubu



Change of the class of the lever with external conditions:

With changing conditions the class of lever may change.

An example 1s activity m. brachioradialis during forearm
flexion (FIG. 86).

The lever class changes when an extra load 1s applied.

a) Class II lever b) Class III lever Fre: Fgs. F
" G, G
T:F :FROT I‘FEB‘ I
A & RL A ?‘ Iesr ; Fae
)

GS IGB
VG,
G

Fror — rotational component of the m.brachioradialis force
Gg — gravitational force of the segment
Gg — gravitational force of the load

Janura Fig. 86 Activity of m. brachioradialis during elbow flexion



Aplikace momentové rovnice v modelovych prikladech:
Drzeni hlavy ve stoji

Pfedsunuté drzeni hlavy: Vzty¢ime-li vertikalu v oblasti zevniho kotniku, pak pii pohledu z boku
by méla mj. prochdzet lehce pfed vnéjSim kotnikem a osou kolenniho kloubu, pfes télo
obratle L5 a téla vétSiny krénich obratlii a zevnim zvukovodem. U zatéZoveho drzeni hlavy
dochézi k jejimu posunu pted olovnici (obr. 87).

Body otaceni jsou kloub atlantookcipitalni a ptechod C7-Thl.

vvvvvvvv

Zatimco moment tihové sily vzhledem ke kloubu atlantookcipitalnimu se pti pfedsunutém drZeni
hlavy zvétSuje pouze nepatrn€, dochazi vzhledem k piechodu C7-Thl k zhruba
trojndsobnému nartistu momentu tihoveé sily. Tzn., Ze se asi trojnasobné zvysSuje zatizeni
svali, které plisobi jako extenzory hlavy (moZnost bolesti kolem kréni patete).

~ )\

G, — tihova sila hlavy
G, — tihova sila hlavy a krku

I, I, — ramena pusobicich sil

M,,. M, — momenty pusobicich sil
1A — atlantookcipitalni kloub
2A —spojeni C7-Thl

Janura Obr. 87 Znazornéni momentu tihové sily pfi spravném (a) a vadném (b) drzeni hlavy



Application of the moment equation on model examples:
Head posture during stand-up

The forward head posture: Looking from the side, the vertical axis of the body should
pass slightly in front of the ankle, knee, L5 vertebra, most of cervical vertebrae, and
the external ear canal. In case of the forward head position the head CoG moves
forward from from this body axis (Fig. 87).

The rotation points are the atlantoccipital joint (for the head) and transition C7-Thl (for
head&neck).

Locations of the gravity forces are at the CoG of the head (sella turcica) and at the CoG
of the head and neck.

For the head, the torque due to the gravity force with respect to the atlantoccipital joint
increases only slightly, but the torque acting on the head and neck increases three-
fold. This means that the load of the muscles acting as head extensors is 3x higher
(possible neck pain).

/—-N l\/"IGl
— M.,

G, — gravit. force of the head
G, — gravit. force of head and
neck

I, Igo_arms of acting forces
Mg, Mg, — torques/moments

1A - atlantooccipital joint o = =
2A - C7-Thl joint :
G,
/ %6,
b)

Janura Fig. 87 Illustration moment of gravitational force in a correct (a) and in an incorrect (b) head posture



Aplikace momentové rovnice: Velikost zatizeni obratle, namahani

meziobratlové ploténky
Priklad: Urcete velikost namdhani meziobratlové ploténky v dolni casti trupu pfi
vzpiimeném stoji (obr. 88)
1.krok: ur€eni reaktivni sily F,.,.

Z podminek statické rovnovahy pro plsobeni sil ve vertikdlnim sméru (v horizontalnim
sméru jsou tyto slozky nulové) vyplyva: ‘ _
G+Fsta—Frea=0  Frea =G+ Fira

Sila vzptimovacl trupu Fg; , -> lze ur€it z momentové rovnice:
je-li rg rameno tihové sily a rpg; o rameno sily $lachové, plati momentova rovnice:  (G.rg = Fgpa . Trsra
Redalné ptikladové hodnoty: m = 70 kg, r; = 0,26 m, 1p5; 4 = 0,08 m.

Hmotnost trupu, hornich koncetin a hlavy — M
piiblizné 60% hmotnosti téla: ’k—‘ M.,
m="70.0,6 =42 kg

G=mg=42981=412N

) G.1; 412026 a Far,
AN Fy,=—== =1339N
" N S . Tesra 0,08 H
- Frea=G +Fra=412+1330=1751N { > 5,

F;, . — tahova (Slachova) sila vzpiimovacu trupu

G — tihova sila trup