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NEURO-MUSKULARNI ADAPTACE
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SPORTOVNI TERMIONOLOGIE

MAXIMIALNI SILA \1SCULAR STRENGHT

1-repetition maximum (1RM)

VYBUSNA SILA MUSCULAR POWER

VYTRVALOSTNi SiILA MUSCULAR ENDURANCE



TABLE 9.1 Strength, Power, and Muscular Endurance of Three Athletes Performing
the Bench Press

Component AthleteA - ~ Athlete B . '_ Athlete c .
Powerb . kg ifted 0.6 1 min 0 5 s 200kg odoenn . 0 | 200 kg ifted 0.6 m in 1 o E
. .'__-120kg mis . - B0ka mis - = 120 kg - m/s -

_ . - __-._.1177J/sor1177W _ _588J/sor588W . _1177J/sor1177W |
Muscular enduranceC o 10 repeﬂt:ons w&th /5 kg - 10 repeﬂhons Wl'[h t50 kg 5 repetmons With 150 kg

aStrength was determlned by the maximum amount of We|ght the athlete could bench press JUSt once (i.e., the 1RM).

bPower was determined as the athlete performed the 1RM test as explosively as possible. Power was calculated as the product of force
(weight lifted) times the distance lifted from the chest to full arm extension (0.6 m or about 2 ft), divided by the time it took to complete the lift

°Muscular endurance was determined by the greatest number of repetitions that could be completed using 75% of the 1RM.

Kenney, Wilmore, Costill: Physiology of Sport and Exercise, 5. vydani



- i
SPORTOVNI TERMIONOLOGIE

AEROBNIVYKON AEROBIC POWER
aerobni kapacita VO,max

ANAEROBNI VYKON

ATP/CP ANAEROBIC POWER
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ANAEROBNI A AEROBNIi TRENINK

INTERVALOVY TRENINK

KONTINUALNI TRENINK

INTERVALOVY KRUHOVY TRENINK



Typy posilovaci trénink
—

Trénink staticke (izometricke) sily
Trénink dynamicke sily

¢ bez zavazi (vlastnim télem)

¢ se zavazim

+ excentricky trénink

* izokineticky trenink

* plyometricka metoda

Elektricka stimulace svalu
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ODPOROVY TRENINK




PLYOMETRICKA METODA
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1-\=18=§=-F-] American College of Sports Medicine’s Recommendations for Resistance
Training Programs?®

Primary goal of Frequency
resistance (times per
training program Training level Loading Volume Velocity week)
Strength Novice 60-70% 1RM 1-3 sets, Slow, moderate 2-3
development 8-12 reps
Intermediate 70-80% 1RM Multiple sets, Moderate 3-4
6-12 reps
Advanced 80-100% 1RM Multiple sets, Unintentionally slow  4-6
1-12 reps to fast
‘uscle hypertrophy Novice 70-85% 1RM 1-3 sets, Slow, moderate 2-3
8-12 reps
Intermediate 70-85% 1RM 1-3 sets, Slow, moderate 4
6-12 reps
Advanced 70-100% 1RM,; 3-6 sets, Slow, moderate, 4-6
emphasis on 1-12 reps fast
70-85%
Development of Novice 0-60% 1RM— 1-3 sets, Moderate 2-3
muscle power lower body; 3-6 reps
30-60% 1RM—
upper body
Intermediate 0-60% 1RM— 1-3 sets, Fast 3-4
lower body; 3-6 reps
30-60% 1RM—
upper body
Advanced 85-100% 1RM 3-6 sets, Fast 4-5
1-6 reps, various
strategies
ncreased local Novice Light 1-3 sets, Slow—moderate 2-3
muscular endurance 10-15 reps reps
Moderate—high
~ reps
Intermediate Light 1-3 sets, Slow—moderate 3-4
10-15 reps reps
Moderate—high
reps
Advanced 30-80% 1RM Various strate- Slow—moderate 4-6
gies, 10-25reps  reps
or more Moderate—high
reps

“nese recommendations also include the type of muscle action (eccentric and concentric), single-joint versus multiple-joint exercises, . . . . s 7
rder or sequence of exercises, and the rest intervals. See text for further information. Kenn ey’ Wi I more, Cost| I I - P hys 10 I Ogy Of S pO rt an d Exerci se, 5. VYd ani
“eriodized—see text for explanation of periodization.

~capted from ACSM, 2009.



Potrebna analyza
_————

+ Jake svaly potrebuji posilovat?
+ Jakou posilovaci metodu zvolim?
+ Jaky energeticky systém ma byt zatizen?



Vybeéer vhodneho posilovaciho tréeninku
_————

Maximalni sila — par opakovani s velkym odporem (kolem
6 opakovani), dlouhé prestavky

Vytrvalostni sila — hodné opakovani s malym odporem (20
opakovani), kratké prestavky

Vybusna sila — nékolik opakovani se stredné velkym
odporem; duraz kladen na rychlost pohybu

Zvetseni obejmu svalu — vice nez 3 série s
6-12 opakovanim; kratke prestavky mezi
sériemi
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Fyzické zatéZovani organismu podporuje rust kosti

» Kost je po celou dobu zivota metabolicky aktivni (zvysuje
se obsah mineralnich latek — Ca)

» Trénink zvysuje (i snizuje) hmotnost kosti (vlivem
pusobeni parathormonu)

» Dlouhodobe neumerne vysoka intenzita tréninkove zateze
produkuje pokles kostni denzity (osteoporozu)

» Umérna intenzita produkuje vy3si denzitu diafyz



Adaptacni zmeny - kosti

Intenzivni zatizeni mladeho rostouciho organismu vsak
vede v nékterych pfipadech snad vlivem androgenu z
nadledvinek k omezeni rustu dlouhych kosti do délky
pfredCasnou osifikaci chrupavcitych rustovych zén mezi
hlavicemi a télem kosti. Kosti jsou potom sirsSi a kratsi.



Adaptacni zmeny — slachy, vazy, kluby
_—

ZvySuje se obsah kolagenu a aktivita enzymu
» Pojivova tkan je dosti adaptivni
» Zatizeni meéni pozitivne tj. posiluje kosti, Slachy i vazy

» Trvalé pretézovani vede ke vzniku deformujicich zmen na
kloubech, zanétum Slach, bolestem kosti



Adaptacni zmeny
_-_—

= ve svalech trénovanych jedincu dochazi k ¢etnym
adaptacnim zménam:

- v oblasti strukturni i biochemické, které jsou patrne i
za klidovych podminek
- v metabolické reakci svalu na fyzickeé zatizeni
organizmu



Adaptacni zmeny — trenink a svaly
-

PRED TRENINKEM PO TRENINKU
Rez svalem Rez svalem

cévy cevy

svalové svalové

buriky buriky

jadra jadra

bunék bunéek

céevy cevy —




Zakladni vlastnosti sval. vlaken (l, lla, lix)
_————

Typ I Typ Ila Typ IIx
pomalé cervené | | rychlé cervené rychlé bilé

Rychlost kontrakce pomala rychla rychla
Sila kontrakce nizka stredni vysoka
Odolnost viii inavé vysoka stredni nizka
Obsah glykogenu nizky vysoky vysoky
Pramér maly stredni velky
Hustota mitochodrii vysoka vysoka nizka
Hustota kapilar vysoka vysoka nizka
Aktivita ATP-azy nizka vysoka vysoka
Glykolyticka kapacita nizka vysoka vysoka




Vliv odlisného rizeni pohybové aktivity (tréninku)

na vlastnosti kosterniho svalu
_— e FV Vi

| VYTRVALOST || RycHLOST ||  sfiA |

Povrch mitochond. membran

Pocet krevni kapilar ﬁ

? ?
i) U
PFicna aera sval. vlaken variabilni ﬁ ﬁ
Ca2+ transportni kapacita \_/, ? ?
ATP+CP 1T 1T 1T
Glykogen /_\ /_\ ?
Triglyceridy /_\ /_\ ?
Stépeni makroergnich fosfatt ? rychlejsi rychlejsi
Glykolyza 11 1T 1T
Oxidace glycidti ﬁ ﬁ ﬁ
i , ?

Oxidace volnych MK
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pouze zmena jejich vlastnosti.

¢ Studie kfizeni inervace ukazali, Ze nepatrné zmény jsou
mozne.

¢+ Mozna zmena z lix na lla, a z lla na | vytrvalostnim
tréninkem, a lIx na lla silovym tréninkem.

+ Kombinaci vysoke intenzity siloveho treninku a kratke
Intervaly rychlé prace mohou vest ke konverzi viaken |
na lla.
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HYPERTROFIE SVAL. VLAKEN PO TRENINKU




ZMENY PODILU TYPU SVALOVYCH VLAKEN

m. extensor digitorum longus

1> A - 1IX
<> A &> 1IX

m. soleus

Vysokofrekvencni stimulace (hypertyredza)

3333333355

| &2 lIA &= 1IX
Ceeeececeecee

Nizkofrekvencni stimulace (hypotyredza)




Zmény podilu riznych typu svalovych vlaken po vytrvalostnim tréninku
(Powers, 2007)

+6%

% Fiber type change

— 19

Type | Type lla Type lIx
Fiber type

FIGURE 813 Effects of 16 weeks of endurance exercise
training (i.e., 3—4 days/week at 50-60% VO, max) on
human skeletal muscle fiber types. Note that exercise
training promoted a significant fast-to-slow shift in muscle
fiber type resulting in a net reduction in the percent of
fast type lIx fibers and an increase in the percent of slow,
type I fibers. Data are from Short et al. (90).



PREMENA RYCHLYCH SVALOVYCH VLAKEN NA POMALA

http://www.oapublishinglondon.com/article/565
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MECHANIZMY HYPERTROFIE SVALOVYCH VLAKEN
A PREMENY RYCHLYCH VLAKEN NA POMALA

http://www.oapublishinglondon.com/article/565

Increased neuromuscular activity
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MECHANIZMY - HYPERTROFIE / HYPOTROFIE SVALOVYCH VLAKEN == (& o ]2 ]

http://jeb.biologists.org/content/219/2/235

Hypertrophy

* Ty .“ &.3 **
Myonuclear
apoptosis

Hypertrophy
Growth G‘: ."':’."':' .’: O
Fusion of
satellite cells
O] (@) T
o te Sl =00 De-training ® = A
Easion of Re-training route ( . O
satellite cells
First training
{
PR Growth
T =) i sss )
Untrained Previously trained C
Atrophy




Svalova adaptace

Neuromuscular
activities

Preexisting
nucleus

Satellite
cell

Proliferation

fferentiation



Adaptace svalovych viaken

VEOMABAVLAKNE I | [T FRYEHLA VLAKNA

TYP TRENINKU
SILA VYTRVAL SILA VYTRVAL

OST OST
Procento slozeni 0 nebo ? 0 nebo ? 0 nebo ? 0 nebo ?
Velikost + 0 nebo + ++ 0
Kontrakce 0 0 0 0
Oxidativni kapacita 0 4+ 0 +
Anaerobni kapacita ? nebo 0 0 ? nebo 0 0
Obsah glykogenu 0 ++ 0 ++
Oxidace tuk 0 ++ 0 +
Hustota kapilar ? + ? ? nebo +
Pritok krve béhem 2 2 nebo + 2 2

cviceni




HYPERTROFIE RUZNYCH TYPU SVALOVYCH VLAKEN

http://danogborn.com/underestimating-type-i-fibres/

Hypertrophy (%)
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Active Inactive
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Effects of atrophy

Al on muscle
L4 a5

Normal biceps
brachi muscle

Decrease in
biceps due to
muscle atrophy

_ AR
Normal muscle ) Atrophied muscle:
* decreased size
* decreased strength
Fie. 1 * decreased mobility



ADAPTACE SVALU NA SILOVY ADAPATCE SVALU NA
A RYCHLOSTNI TRENINK VYTRVALOSTNI TRENINK

HYPERTROFIE I VASKULARIZACE
| 2 1A I~ MITOCHONDRIE
HYPERPLAZIE Il HA = |
1~ ATP, CP HYPERTROFIE |

neuromuskularni aktivita



KRECE SVALU (cramps)

PRICINY - MECHANIZMY
* usilovné anaerobni cviceni (anaerobni glykolyza) - izometrické / dynamické (sprint)

- senzitivita na Ca* / I koncentrace Ca* v bunce = [fixace vazby Aktin-Myozin]
e vycCerpavajici vytrvalostni zatéz, podchlazeni, hypohydratace

- { prokrveni svalové tkané - J, ATP = presun K* z buniky do ECT

- myolyza - presun K* z buriky do ECT
@ prijem Mg*, Na* (iontovy napoj) > 1 Mg* v plazmé

PROJEVY
 dlouhodoba kontrakce svalu (neschopnost relaxace) a

* bolest svalu (minuty — hodiny) TregTeM
Muscle [, /| g
1 Cramps F
PRVNI POMOC é N
e pasivni natazeni svalu 87 e
* zahrati, masaz \__,,\]; \'\
/\ﬁ ”- :
PREVENCE

- odstranéni pricin




Klasifikace akutniho poskozeni svalii podle 2011 Munich Consensus Conference
[Miller-Wohlfarth HW. et al. Terminology, classification, patient history, and clinical examination. In: Muller-Wohlfarth HW. et al. (eds.). Muscle Injuries in Sports. Thieme: Stuttgart, 2013: pp. 135-167.]

Type 1
Overexertion-related
muscle disorder

Type 1 and 2
Functional
muscle disorder

Type 2
Neuromuscular
muscle disorder

A
Indirect muscle injuries

Type 3
Partial muscle tears

Type 3 and 4
Structural
muscle injury

Type 4
Subtotal/complete muscle
tear or tendinous avulsion

Contusion

B
Direct muscle injuries

Laceration

Type 1a
Fatigue-induced muscle disorder

Type 1b
Delayed-onset muscle soreness
(DOMS)

Type 2a
Spine-related neuromuscular
muscle disorder

Type 2b :
Muscle-related neuromuscular Semitendinosus ——
muscle disorder

— Biceps femoris,
long head

Semimembranosus —\
Type 3a oy
Minor partial muscle tear (X

(£5mm, intrafascicle/bundle-tear)

Type 3b
Moderate partial muscle tear
(>5mm, interfascicle/bundle-tear)

avulsion — odtrzeni, contusion — zhmozdéni, disorder — potize,
fatigue — Unava, injuries — poskozeni, laceration — natrzeni,
overexertion — pretizeni, soreness — bolestivost, tear - trhlina




Klasifikace akutniho poskozeni svalti podle 2011 Munich Consensus Conference 1/2
[Maller-Wohlfarth HW. et al. Terminology, classification, patient history, and clinical examination. In: Miller-Wohlfarth HW. et al. (eds.). Muscle Injuries in Sports. Thieme: Stuttgart, 2013: pp. 135-167.]

FUNKCNI POSKOZENI SVALU (trvani s [é¢bou < tyden)

bolestivy problém svalu bez zjevného makroskopického poskozeni viaken
(1a)
Omezené zvysujici se napéti podél svalu (ztuhnuti) po pretiZzeni - pri zméné tréninku, povrchu
kurtu ...
SVALOVA BOLEST PRI POHYBU, ZTUHLOST SVALU
(1b)
Vice rozsirena bolestivost po svalu po nezvyklém brzdéni pohybu s excentrickymi kontrakcemi
nebo po dlouhotrvajicim metabolickém pretizeni
SVALOVA BOLEST, ZTUHLOST A SLABOST | V KLIDU,
(2a)
Omezené zvysujici se napéti podél svalu v disledku funkcni nebo strukturdlni vertebrogenni
poruchy (lumbalni, sakroiliakalni, ...)
BOLESTIVA ZTUHLOST SVALU, TUPA AZ BODAVA BOLEST — ZHORSUJICI SE SE SVALOVOU
AKTIVITOU
(2b)
Vfetenovité omezena oblast zvysSeného svalového napéti v disledku dysfunkce neuro-
muskularniho Fizeni (recipro¢ni inhibice)
BOLESTIVOST — ZVYSUJICI SE S ROSTOUCI SVALOVOU ZTUHLOSTI A NAPETIM




Delayed-Onset Muscle Soreness

PROPOSED MECHANISM
by Armstrong and Smith

White cells

3
s

\

L7

¥

¥

-
Unaccustomed |loads cause After a few hours, neutro- The products of macro- The symptoms of DOMS
gxcessive  muscle  tension phils and macrophages phages activity and intracel- (stiffness, swelling, sore-
resulting in  microscopic accummulate around the lular contents stimulate free ness, etc) start being obwi-
damage. injury site. nerve endings in the muscle, ous from 24h post-exarcise,

Eccentric actions cause
greater DOMS

In eccentric actions, large loads are
supported by a smaller cross-sectional
area than in concentric contractions.

How much does it last? Lactate hypothesis

Unaccustomed exercises that barely
increase lactate levels are asociated
with greater DOMES that familiar exer-

cises with higher lactate concentra- i
1 2 3 & 5 tions. f /:—‘ )
Diay's post-exercise Endur Science

006G

Imtensity

Y

Crwen elaboration: www.endurscience.com



Klasifikace akutniho poskozeni svalti podle 2011 Munich Consensus Conference 2/2
[Maller-Wohlfarth HW. et al. Terminology, classification, patient history, and clinical examination. In: Miller-Wohlfarth HW. et al. (eds.). Muscle Injuries in Sports. Thieme: Stuttgart, 2013: pp. 135-167.]

STRUKTURALNI POSKOZENIi SVALU
zjevné makroskopické poranéni
(3a)

Akutni poranéni svalu — malé natrzeni maximalné v rozsahu svalového snopce (< 5
mm; trvani s |écbou 10-14 dn()

NAHLA OSTRA BODAVA (JEHLOVA) BOLEST PO POCITU ,,PRASKNUTI (KRUPNUTI)“
(3b)

Akutni poranéni — vetsi natrzeni vétsi nez snopec (> 5 mm; trvani s |écbou ~6 tydn()
OSTRA BODAVA BOLEST, CASTO ZRETELNE NATRZENI V OKAMZIKU PORANENI —
KRUPNUTI S NASLEDNOU NEUTUCHAJICI BOLESTI

(4)

Akutni poranéni — velké natrzeni az kompletni pretrzeni svalu s distrakci jeho briska a
odtrzenim Slachy (trvani s [é¢bou > 12 tydn)

NAHLE VZNIKLA TUPA BOLEST PO VYRAZNEJSIM KRUPNUTI




SVALOVA VLAKNA PO MARATONU




