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Klasifikace silovych schopnosti

Silove schopnost

T T

Staticke Dynamicke

N el

FORMA: Jednorazova Vytrvalostmi Explozivné silova Rychlostné silova Vytrvalostneé silova

Reaktivii Akceleracni




Svalové kontrakce

Muscle
contracts
(concentric
contraction)

Movement

Muscle
elongates
(eccentric
contraction)

Muscle
contracts
(isometric
contraction)

No movement
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Determinanty silového vykonu

» Mnozstvi a skladba svalovych vidaken
» svalova architektura

nalni profil

= ookymorfismus

» ncuromuskularni faktory
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» Pficné mustky

smrsfovani

JEME 3 ZAKLADNI ISOFORMY

B rozdily jsou znacné béehem
ychlych dynamickych
kontrakci,

zanedbatelné pri pomalych
pohybech.

Bortolotto, S., Reggiani, C., 2002

Rychlost smrsténi (L/s)

existuji v nékolika hlavnich variantach (izoformach),
zavisi na typu motorického nervu, jimz je sval ovladdan

= jzoformy urCuji vlastnosti svalového vidkna a rychlost jeho

Izometricka sila (kN/m?)

(M) uoxAn Ausngép



HOW DOES MALE TESTOSTERONE WORK?

RESISTANCE TRAINING BRAIN SIGNALS ANTERIOR HORMONE TELLS THE TESTICLES

« stimuluje sekreci GH a zvysuje pritomnost

SENDS A SIGNAL TO THEBRAIN  PITUITARY TO RELEASE HORMONE T0 RELEASE TESTOSTERONE n e U rO'I'rO n S m i ‘I‘e ro n O SV . V I é kn e C h

@ « pomdhd aktivovat rist svalové tkdné

- vede k syntéze proteinu.

W

TESTOSTERONE INCREASES OVER TIME THIS LEADS T0

PROTEIN SYNTHESIS BIGGER, STRONGER MUSCLES

https://www.precisionnutrition.com/anabolic-hormones-and-muscle

@ COOL FACT
Testosterone can also help T E S T 0 ST E R 0 N E
increase bone mineral density

and aid in fat loss!

&
@B soorsunomecon

HIGH ENERGETIC oH
COSTS ;
http:/fwww.bodybuilding.com/testosterone ‘—-—-- H SEXUEL BE’HJ\I’I{)R
ONCOGENIC
EFFECTS “$~__ AGGRESSIVE BEHAVIOR
:> ——p  (REPRODUCTIVE
DECREASED FAT CONTEXTS
— :

STORES
0
‘ INCREASED \ NEGATIVE
MORTALITY / [ PRRDBACK

INTERFERE WITH SECONDARY SE)
PAIR BOND CHARACTERS
ACCESSORY
‘ INCREASED ORGANS
INJURY
https://trmorrisnd.com/2013/1 ‘ MUSCLE

1/11/a-recent-va-study- INTERFERE WITH ) ] HYPERTROPHY
published-in-jamar-indi/ PARENTAL CARE S T

SPERMATOGENESIS



Svalova
architektura

!

délka svalu=délka fascie

Vastus lateralis

délka fascie ‘

délka svalu

siformni (vietenovité) svaly (napf. biceps)

niformni svaly (vastus lateralis)




A Slacha upevnena v malé vzdalenosti od kloubu, welky rozsah

pohwibu, velka paka.
v &/

B: Slacha upewvneéna dakle od klicubwu, mahy rozsah pohybu,
mala paka.

NETRENOVANY TRENOVANY

| —i»— 4 =.=
Kratké svalové biisko —Iimi’rovénc:
délkou svalovéeho briska,
el e =

Dlouhé svalove brisko



Polymorfismums

Gen pro interleukin 6 (IL-6) —-174 G/C

» studie prokazuji stézejni Ulohu v procesech hypertrofie po cvi¢enim (Ruiz, 2010)

» silovi sportovci méli vyssi vyskyt alely G.

Gen pro hypoxii indukovany faktor 1a (HIFTA) — Pro582Ser

»  zjisfovdn vyskyt varianty HIF1A - Pro582Ser u ruskych silovych sportovecd (vzpéradi, zapasnici) na regiondini a
ndrodni Urovni vs kontrolni skupina

o svalovou izoformu kreatinkindzy (CKM) —rs8111989 A/G

- élﬁo C?QJS s%ojeno se silovym vykonem. Byl u ni zjistén vyznamny vyskyt u silové orientovanych sportovcU
en 17).

Gen pro angiotensinogen (AGT) — Met235Thr
= |ze AGT polymorfismus genu Met235Thr povazovat za geneticky determinant sily, coz bylo potvrzeno

v nékolika vyzkumech napriklad u skokanu, sprinterd nebo vzperacy, u kterych bylo pozorovdno vyraznéjsi
zastoupeni Met235Thr (Zarebska a kol., 2016).

Gen pro syntdzu oxidu dusnatého (NOS3) —-786 T/C
» glelaTje spojovdna se silovym vykonem (Drozdovska, 2013). Drozdovska (2013)

» vyznamné vyssi frekvence alely T u 53 Spanélskych elitnich silovych sportovcU (skokani, sprintefi)

Aj...



Neuromuskularni faktory podilejici se na
produkci svalové sily (FRY a kol.1994)

1. Mnozstvi zapojenych motorickych jednotek (MJ)
2. Frekvence aktivace MJ (Rate Coding)

3. Motoricky aktivaéni vzorec - vnitrosvalova aktivace
(koordinace)

4. Svalova aktivaéni sablona - mezisvalova aktlivace
oordinace)

VyuZiti elastické energie a reflexu

Nevuralni inhibice

Typ MJ (lyp svalovych vidken)
Biomechanické a antropomeftrické faktory

Hyperirofie - velikost prufezu svalovych viaken (
hyperplazie ???)




= |[nfermuskularni koordinace

» transfer rozvoje MS do specifickych sportovnich
dovednosti — zavidi na pohybovych vzorech

» postupem casu silovy trénink diky lepsi mezisvalovée
koordinaci snizuje aktivaci MJ nutnou pro prekondni
stejného odporu, a tak zOstdvd k dispozici vice motorovych

jednotek pro zvyseni zatizeni



» INTRAMUSKULARNI KOORDINACE

s

» Jeji slozky jsou ndsleduijici:

» Synchronizace - kapacita najimat motorickeé jednotky
soucasné nebo s minimalni latenci (tj. se zpozdénim
kratsim nez 5 milisekund)

Ndbor MJ (recruitment) - schopnost aktivovat MJ
soucasné = obdobi rozvoje MS

Kédovani rychlosti (Rate coding)- schopnost zvysit
rychlost ,,vypalovani (rychlost vybijeni MH) za UCelem
generovani (exprese) vetsi sily = power obdobi



» NEURALNI INHIBICE
» VYVOLANA:

» Golgiho slachova téliska - smyslové receptory - vyvolavaiji
reflexni inhibici svalu kdyz je vystaven nadmérnému
napéti, bud zkrdcenim nebo pasivnim protahovanim

= Renshawovy bunky - inhibicni spojovaci neurony
(interneurony), které se nachdzeji v mise, jejichz ulohou je
lumit rychlost vyboje alfa motoneuronu, a tim zabrdnit
svalovému poskozeni zpUsobenému tetanickou kontrakci

= Supraspindlni inhibi¢ni signdly - védomé nebo nevédomé
inhibicni signadly, které prichdzeji z mozku




. Nonrecruited

Most
b training Most serious
studies strength trainers
Over time, strength training for intermuscular coordination reduces the motor unit activation necessary to lift the r— | * >
same load, thus leaving more motor units available for higher loads.
: Strength
skularni adaptace :
nejsou/stabilni - !
. v o E’ l
K hypertrofickym procesum o I
i|iZUjI' ostatni e | Neural adaptation e

----------------------------------------

N\

Hypertrophy

jvem ndrustu svalovych
oteinU dojde az po 3esti
dnech a vice fréninku

Time
Weural and muscular adaptations to strength training over time, according to Moritani and deVries (1979].

Adapted, by permission, from T. Moritani and H.A deVries, 1979, "Neural factors versus hypertrophy in the time

course of muscle strength gain,” American Journal of Physical Medicine 58(3):115-130.



Vztah sily a rychlosfi

FORCE VELOCITY RELATIONSHIP

Maximal Eccentric
Strength \ 160 +

T I Maximal Isometric Strength
g v ' /
A TSR
o L5 3‘\\ Maximal Concentric Strength
“
:;_‘ 80 3 : ,_
= In Vivo
< 60
w
& 40
20
-50 0 50 100

VELOCITY OF SHORTENING
Hill, 1938; Herzog, 2009

http://www.mcmillanspeed.com/2015/05/a-coaches-guide-to-strength-development.hitml



»  Cooper, 2018 (https://www.12amlabs.com/blogs/news/shock-method-plyometric-training-
for-elite-athleticism)

20% 30% 70% 80%
o 8 o Training Methods
~
\
" \ +— Power Sprinting
\
'e \ Resisted Sprints
\
0o 2\ Plyos/Jumps
c Speed-Srength (20-30%) Med Ball Throws
i
t \\ Explosive Weights
y : Power (30-70%) \\ Weighted Jumps
ive Weights
! Strength-Speed (T0\80%) wos.m o= ¥
! Max S (85%+) e
! Power/Heavy Lifting
0 L . N
Force R
Force-Velocity



Neuromuscular activation training

Force -

= ™ heaw setance
- shrength Yainng
D eV s et ety any
oo™ explosive, boltic
A sirengihironing
force al
200me

moedmum sheng h

mexmum RFD

200 500

fime [ms)
Explosive, ballistic strength training increases maximal strength but
especially develops a quicker force development. Heavy resistance
strength training develops especially a higher, maximal force
(Hakkinen & Komi 1985; RFD rate of force development).




Pri slovéem vykonu akceptujeme:

Hennemanuv princip velikosti

% zapojenia motorickych jednotiek

r NajrychlejSie
100
80
60
40
Pomalé, vytrvalé
20
0 T T T T T T T 1 T

0 10 20 30 40 50 60 70 80 90 100

Intenzita (%)

Poradie zapojenia motorickych jednotiek v zavislosti na intenzite D




Hypertrofie

» Pojem — hrubnuti svalu (prUrez sv. vidkna)
» Sarkoplasmatickd vs Myofibrilarni
» Zatsiorskij (5 — 60. létq)

» hitps://andersnedergaard.dk/en/kropblog/sarcoplasmic-
hyperirophy/



https://andersnedergaard.dk/en/kropblog/sarcoplasmic-hypertrophy/

sarkoplasma | myofibrily |

A B oon\ A
i) S 0 . hypertroficky
o0 ) \ 80w eooe / , >

Sl i \ progres vice nez

sarkoplasmaticka myofibrilarni 100 %
hypertrofie hypertrofie
_
, . . Myofibrillar Hypertrophy
lakna tvorena: W ‘. .) VS.

Sarcoplasmic Hypertrophy

extraceluldrni pojivova tkan,

* Cévy,

* mitochondrie,

glykogen 5-10% = 15-20%
« membrdnoveé invaginace - slouzi k
Sifeni elektrickych signdlu

O SCII’kOpk]SI’T]CI 0,5-2 % Myofibrillar Hypertrophy  Sarcoplasmic Hypertrophy
» Denser and » Bloated, soft and
stronger muscle useless muscle

(INMAcdoiiaall et al 1982)



arkoplas.
ofiee

Vyzkum ukazuje
ndrUst TBW o cca 3
/12 tydnU
(zacatecnici)
Infracelular = ve
svalu (sarkoplasma)

ccao]kg/

svaly ndrust jen 4%
za12 tydnd

navjc — kde jsou???

A Total body water B Total body water
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25 25
ok : : . 0 - : : :
Pre training Mid-training Post-training Pretraining  Mid-training  Post-training
C D
35 4 Intracellular water 20 Intracellular water
30 1 &
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e e
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ok : : , o7 . . '
Pre-training Mid-training Post-training Pre-training Mid-training ~ Post-training

Figure 1. Total body water, intracellular and extracellular water in men and women (Panels A, C and E), and whole sample (Panels B, D
and F) at different moments of the study. *P < 0.05 vs. Pre-training. There was no significant sex by ime interaction (P> 0.05). Data are
expressed as mean * standard deviation.



Acidosis is implicated in a slowing of
Light load muscle fiber shortening speed, while

training to Indirect
failure effect

calcium ion-related fatigue reduces force Fatigue reduces
muscle fiber
shortening speed

Increased
mechanical
tension

Accumulating Direct
metabolites effect

Cellular

swelling

If systemic hormones produced hypertrophy,
upper body muscle growth would occur

hormones after lower body strength training and vice
El [ VLTI I versa (but this does not happen).

Systemic

Higher effort
required to
maintain tempo

If reactive oxygen species caused

_ hypertrophy, then substantial muscle
species (ROS) growth would occur after high-intensity

EL L VAT ISRl interval training (but this does not happen).

Reactive oxygen

Higher effort
increases motor
unit recruitment

; It was once suggested that light loads
Slow tWI.tCh might target slow twitch fibers. Yet,
muscle fiber light and heavy loads produce similar

hypertrophy fiber type-specific hypertrophy.

The force-velocity relationship

Research indicates that sarcoplasmic Increased More muscle
Sarcoplasmic th:lfngth;ShSimilalfaf;ef tfa(jr}ing t mechanical fibers exposed
TN I Lt SR el S tension to stimulus
hypertmphy caused by metabolite accumulation.
!—Iypoxia cannot explain diffgrences Light load strength training to failure activates the
in muscle growth '?etw‘??“ light muscle fibers of high-threshold motor units by
Hypoxia and heavy loads, since it is e'xctcually requiring an increase in effort. These fibers are
greater after heavy load training then exposed to high levels of mechanical tension

than after light load training! by the slow movement speeds being used.




Heavy loads: greater 4 in strength and RFD than moderate loads?

STUDY OBIJECTIVE / MEASUREMENTS

To compare the effects of long-term - Peak force and RFD in the isometric mid-

strength trainingwith the same thigh pull (IMTP) with a force plate; bar speed
in pre-training 1RM squat and 1RM bench

press, with a linear position transducer

How was this
measured?

https://www.strengthandcondi 12RM) on changes in force an
iomni . t i
BE - cicicom/perspec of force deve|0pment (RFD), in N\ sets of 6 exercises. Heavy group did 3 =5 reps per set with 90% of

v .S/S'TrengTh_TrOmmg_ strength-tralned males 1RM, with a 3-minute rest between sets. Moderate group did 10 — 12
Sp m’rmg/ reps per set with 70 % of 1RM, with a 1-minute rest between sets.

Training: 4 workouts per week for 8 weeks. Each workout involved 4

High volume pre-training High volume post-training ~ ****** High load pre-training  ====High load post-training

7 2,400 Force tended to 1 in S Rate of Force Development (RFD) (N/s)
H ype I’TI’OfI C k 2200 both heavy and moderate | 8,500
load groups. Peak force 8,000
nebo I\/\Se 2,000 1 by 8.5% and 6.4%
7500 — T
1,800 X
7,000
3RM vs JORM 1,600 G ———— B, X N By
1,400 6,000 i PO T
1,200 Loyt 5,500 .
1,000 Force (N) f 5,000
30ms 50ms 90ms 100 ms 150 ms 200 ms 250 ms 30ms 50ms 90ms 100ms 150 ms 200 ms 58 ms

RFD tended to 1" in the heavy load group (peak RFD 1 by 16%) but
WHAT DOES THIS MEAN? it tended to |, in the moderate load group (peak RFD {, by 7%)

Training with heavy loads tended to cause greater * in maximum strength and RFD compared to
moderate loads; the difference was most marked for RFD. Bar speed 1 similarly in both groups.

Mangine, G. T., Hoffman, J. R., Wang, R., Gonzalez, A. M., Townsend, J. R., Wells, A. J., & LaMonica, M. B. (2016). SW%, & Com&“ﬁww

Resistance training intensity and volume affect changes in rate of force development in resistance-trained men.
European Journal of Applied Physiology, 1-8. eseq rc

Vliv odlisSnych forem silového tréninku na Fmaox a RDF



MNeural Adaptations According to Strength Training Zones

Adaptations

INTENSITY ZONES (% OF 1RM)

5

4

3

2

Intramuscular coordination:
« Synchronization
* Recruitment
+ Rate coding

40-60

60-70

70-80

80-85

85-90

20-100

e

LR E R

LR & R 3

Ll

LRk

Lk R

L

o

LR

&

LR &

&

LR

-

[ L

Intermuscular coordination
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Disinhibition of
inhibitory mechanisms
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specific hypertrophy
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L

Adaptation stimulus: **** = very highc **° = hight ** = medium; * = low

Al loads are supposed to be moved with the most explosive (and technically comact) concentric action that

the looad allows.



High training volumes cause greater gains in repetition strength and hypertrophy?

STUDY OBIJECTIVE MEASUREMENTS

To assess the effects of training volume on - Maximum strength by SRM bench press, leg press, lat
pull-down, and shoulder press; muscular endurance

gains in strength and muscle size, in a !
& militany recetits Witk BreioHs (repetitlc?n strength) by 20RM bench press and leg press;
goip ol - dd : .p What was muscle size by elbow flexor and extensor muscle
/ experience of calisthenics measured?  thickness, using ultrasound; body composition and fat
. free mass (FFM) by bodyweight and body fat percentage,
using skinfold calipers (data not shown); athletic
performance by vertical jump height (data not shown)

ining: Subjects trained 3 days a week for 6 months, using 1, 3 or 5 sets
of 8 = 12RM to failure (90 — 120 seconds rest between sets and exercises)
of 9 exercises: bench press, leg press, lat pull-down, knee extension,

shoulder press, leg curl, biceps curl, crunch, and triceps extension. Gains in 20RM were clearly
substantially greater in the
@35 z ; highest volume group than in e
@ H] set Ganns. in SRM were generally grgater in Galid 1 slbove Resar the two lower volume groups.
vt the higher volume groups than in the - S
£ 3.0 lower volume groups for the upper musdie size were dose-
o ® 3 sets : responsive, while gains in
body exercises but did not differ it D AN
elbow extensor muscle
2.5 between groups for the leg press. : :
5 sets thickness increased only
with the highest volume F S &=
2.0 of training.
1.5
1.0
)
- / | l
Bench press 5RM Lat pull-down Shoulder press  Leg press SRM Elbow flexor Elbow extensor Bench press Leg press
SRM SRM muscle thickness muscle thickness 20RM 20RM

Training volume per muscle tested was 3, 9 and 15 sets per muscle group per workout (9, 27,

WHAT DO ESTH |S MEAN ? and 45 sets per week) for elbow extensors and 2, 6 and 10 sets per muscle group per workout
(6, 18, and 30 sets per week) for elbow flexors. Volume per exercise tested was much less.

Gains in maximum and repetition strength were moderately and substantially dose-responsive to training volume
respectively, between 1 and 5 sets per workout (from 3 to 15 sets per week). Hypertrophy was also dose-responsive to
training volume, between 2 - 3 and 10 — 15 sets per muscle group per workout (from 6 — 9 to 30 — 45 sets per week).




Orientacni posouzeni narocnosti cviceni

» vypocitadnim fréninkoveho objemu

» vypocitanim fréninkove intenzity

®»intenzita vs Usili

/ »\ychodisko 1 RM

KILOGRAMS (KG)

165

160

155

150

145

140

135

130

125

120

Figure 1. Hypotheitcal example of the daily fluctuations in 1RM

/.
—\ )‘\.\/

MON TUES WED THURS FRI SAT SUN

w=@==DAILY IRM  =====TESTED 1RM



Intenzita a rychlost pri cviceni do selhdani

» Pokles intenzity
» pokles rychlosti provedeni opak. v sérii
® snizeni velikosti odporu mezi sériemi pri shodném poctu opakovani
®» Snizeni poctu opakovani mezi sériemi se stejnym odporem

Table 4. Average concentric velocity (m/s) for the repetitions in reserve during the back squat.
Reps left Average

- t:e i | 60% 65% 70% 75% . ﬁ: SD cv
9 0.54 0.51 0.50 0.49 0.51 0.02 4%
8 0.52 0.51 0.47 0.49 0.49 0.02 4%
7 0.50 0.50 0.48 0.47 0.49 0.02 4%
6 0.48 0.48 0.46 0.45 0.47 0.01 3%
5 0.49 0.47 0.46 0.44 0.46 0.02 5%
4 0.47 0.46 0.45 0.42 0.45 0.02 5%
3 0.47 0.43 0.43 0.41 0.43 0.02 5%
2 0.44 0.44 0.43 0.39 0.42 0.02 6%
1 0.39 0.40 0.44 0.38 0.40 0.02 6%
0 0.34 0.32 0.33 0.31 0.32 0.01 3%

This table is adapted from [24] and [3].
https://www.scienceforsport.com/velocity-based-

training/e¢fboclid=IwAR2sIYHLNADEQ4F2dgXSé64BaMtN4Zbz1p
U6RNONZzBIkKt72xL0O7 618XjlU



LACTATE (mmol/L)

Metabolickd Unava (LA - roste s objemem linedrne)

Neuromuskuldarni (roste po krivce)

Pro ndrust svalové hmoty (nutn& nesouvisi s télesnou
tekutinou) neni nutné cvicit do selhdni, naopak je
nutné cvicit ve velkém objemu

222 Plafi foto i pro kulturisty2e2e = | sarkoplasmatickd

M (1]
hyper’rrofle https://www.scienceforsport.com/velocity-based-
training/2fbclid=IwAR2sIYHLNADEQ4F2dgXS64BaMiN4Zbz1p
U6RNONZzBIkKt72xLOO7 618XjIU
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Loss of MPV over 3 sets (%)



» Koncentrickd a excentrickd sila

Rozvijime obé slozky?
Eccentric training preferentially increases eccentric strength?

= Vime jak na kterou silu?

To compare the effects of long-term - CONC biceps curl 1RM, in the pulley machine
strength training programs involving - ECC biceps curl 1RM, in the same pulley
either eccentric (ECC) or concentric / machine (duration of >3.5 seconds)

- Ratio of ECC to CONC 1RM strength

- Maximum elbow flexion angular velocity at 30,
50, 70, and 90% of pre-training concentric 1RM

- Anatomical cross-sectional area of the elbow
flexors with computed tomography, and changes

(CONC) muscle actions on changes in
muscular strength and size, in How was this
strength-trained males measured?

» Absence vyzkumu!

reps of a pulley-based biceps curl. The CONC group moved the weight ATPase histochemistry (data not shown)
with maximal speed, while the ECC group used a 3 - 4 second duration.

Training: 2 - 3 workouts per week for 12 weeks, using 3 - 5 setsof 4 - 8 } in fiber type by muscle biopsy and subsequent

25%

Ratio of ECC to I What happened?

20% CONC 1RM 4 /
by 9.9% after M Eccentric 1IRM M Concentric 1RM
15% ECC training

ongentricky vs

° V4 V4 °
WHAT DOES THIS MEAN?
gentricky trenink
Eccentric training increase

& concentric strength b

Concentrictraining

more than concentric training, and concentric
training tended to increas more than eccentric training. This caused an
I in the ratio of ECC to CONC 1RM after eccentric training but a . after concentric training.

WWSTrengThOndcondlhonlngresegrc h Com/pe Vikne, H., Refsnes, P. E., Ekmark, M., Medbg, J. |, Gundersen, V., & Gundersen, K. (2006). Muscular S&M% & Cgm{‘,&uw
8.8 e 8 rf ft tri d tri i trained . Medicine & S in Sports & E ise,
eS/STrehgTh—TFGIhlhg—SprlnTlhg/ g;(lc‘:a’?::?cg;mejrnconcen ric and eccentric exercise in trained men. Medicine & Science in Sports & Exercise, Resea rCh



Excentrickd kontrakce

vede k prodlouzeni svalu, a to v situaci kdy zatizeni svalu je vétsi nez vyvijend
sila (Hamill, Knutzen, 2006).

» DUvodem zatizeni mUze byt:
» gravitace,
® supramaximalni zatizeni s hodnotami presahujici jedno opakovaci maximum (1RM),

innost antagonisty

Exgentricka zatéz vyzaduje pouze asi 1/6-1/7 mnozstvi O2 nez stejné zatizeni
v fezimu koncentrickém(Bigland-Ritchie & Woods in Lastayo et al, 1999)

xcentrické cviceni vyzaduje nizsi Uroven fizeni

Concentric contraction ' ‘ BrOdy, D 5 20 .I 2)
AN Movement V= 7) ’

Eccentric contraction

e

Mo
N

_1&57



Neuromuskuldrni adaptace

» 7zvySend schopnost zapojovat agonistickeé svaly
» 7zlepsSeni inter-svalove koordinace

® snizeni aktivace on’rogogis’rickych svoIQ — nejednotné
zavery (STABILITA KLOUBU VS. KROUTIVY MOMENT)

» vyssi kapacita pro aktivaci motorickych jednotek v
excenftrické konfrakci (NE u koncenftricke) =
specificnost z hlediska typu kontrakce



Strukturdini adaptace

=  Prvniteorie
®» sval se adaptuje zménou své klidové délky,

®» dochdzi ke zvyseni poctu sarkomer v sérii a sval je schopen se vice prodlouZit (Brockett et al., 2001).

» Druhd teorie:

®  po prvni jntenzivni etapé excentrického cviceni jsou slabd vidkna redukovdna

»  siiné€fsia odoIngjsi vidkna zOstdvaji a maji ochranny efekt (Armstrong et al. In. LaStayo et al., 2003).

=  Chyonickd excentrickd zatéz zpUsobuje vetsi pevnost svalového vidkna. Tato pevnost mé vyznam pfi protahovdni svalu,
kdy chrdni sval pred poskozenim pfi nadmerném

c/ trénink zvySuje mnoZstvi svalové hmoty - vede ke zvyseni prifezu svalovych vidken - spojeno s rdstem poctu i
prérezu myofibril — Ulohu maiji satelitni bunky

eni zatim zndmo, jaky objem prdce, intenzita cviceni a intervaly odpocinku jsou optimdini pro hypertrofii

= Wernbom et al., In. Brady 2012

Phases Completed Hypertrophy per Day
Concentric 0.06%

Eccentric 0.03%

Concentric & Eccentric (Quality Reps) 0.12%



Eccentric, isometric and concentric strength gains of knee extensor muscles in eccentric training studies

Baroni, B. M.
et al (2014)

Strength A% (pre- to post-training)

Strength A% (per training session)

ECC 150 CON ECC IS0 CON
Baroni et al. [T07] 1 29% 1 24% +15% 1 1.38% +1.14% +071%
Baroni et al. [T05]) - - - - - -
Ben-Sira et al. [T09] up - - T 16% - - T 1.00%
— B group 1 23% - - 1 L.44%
Blazevich et al. T 39% - + 16% 1 1.30% - 1+ 0.53%
Blazevich et al. - T 109 - - T0.33% -
Franchi et al. 1 44% + 1% - + 1.47% +0.37% -
Guilhem et al. — A group T 1547%"Y D 1 16% ns-T 18%Y 2 1 2.35% 1 0.80% +0.90%
— B group ns-1 235V P 1 14% ns-18%Y ~ T 1L15% 10.70% 10.40%
Highie et al. [93] + 36% - + 7% + 1.20% - +0.23%
Hortobagyi et al. T 116% 1 45% ns 13.22% 1 1.25% ¥
Hortobagyi et al. [93] T 42% 1 30% ns 1 1.83% 1 1.30% o
Housh et al. [TT3] T 29% - - + L6l% - -
Mayhew et al. - 1 8% - - 1 0.67 % -
Melo et al. T 20% - - T 0.83% - -
Miller et al. 1 27% - +25% 1 0.45% - +0.42%
Mickols-Richardson et al. T 29% - T 15% T 0.48% - T 0.25%
Poletto et al. T 38-41% - - 1 3.42% - -
Raj et al. - 17% +5-11%Y P - +0.22% +0.34%
Raue et al. - - ns - — *
Reeves et al. [117] To-17%VD ns ns-1 33% + 1.41% * i
Rocha et al. ns-1 595" D + 24% ns + 1.69% + 0.69% o
Santos et al. +17-27%v P 1 16% - 12.25% 11.33% -
Schroeder et al. — A group - - + 194 - - + 10,595
— B group - - T 24% - - T0.75%
Seger and Thorstensson [97] ns-1 436V 2 - ns T 1.43% - *F
Seger et al. [06] ns-1 345V P ns ns-t 8%V P 1 1.13% o 10.27%
Smith and Rutherford - ns-1 31915 ns-1219%Y P - 10.52% +0.35%
Sorichter et al. — A group - ns - - L -
— B group - T 9% - - T 0.08% -
Spurway et al. [T14] 118-34%Y D ns ns-1 205" P T 1.90% =+ TL10%
Symons et al. 1 26% 1 25% + 10% 10.72% + 0.69% +0.28%
Tomberlin et al. T 53% - ns T 2.94% - *¥
Weir et al. [TTT] 1 29% ns-1 159482 - 1 1.21% 1 0.63% -

ECC = eccentric tests; ISO = isometric tests; CON = concentric lests; ns = not significant; ¥ Pvelocity-dependence; 1 P angle-dependence;
M = male; F = female; ** not significant values or not informed values of sirength increments in pre- to post-training were not considered for

analysis in per training session changes; obs.: when more than one velocity was tesied, the higher strength increments were used to calculate
itho cironath ineromont or fraininag




Minimalizace priznaku opozdéného
nastupu svalové bolesti (DOMS)

= Dostavuje se, pokud ndhle vzristd intenzita nebo objem excentrického
cviceni, nebo je vykondvan nezvykly pohyb o vysoke intenzité (Nosaka,
Newton, 2002)

» Excentricky trénink zacatecnik(
»  Pricina
= ngrusenim struktury sarkomery a poskozenim mechanismu sprazeni excitace
kontrakce (Warren et al. in Proske, Morgan, 2001, s. 333)

Typické priznaky

snizend svalova sila,

zvyseni hladiny kreatinkindzy v séru,

poskozenim struktury svalového vidkna,

zAnét,

zvysenim akfivity proteolytickych enzymU a bolesti (Stupka et al., 2001).

= minimalizace = excentrické cviceni vykondvat dle principU pfiméfenosti a
postupnosti (nizkd intenzité na zacatku stimulace)

projevy bolesti = ndsledek Spatné fizeného tréninku



Trendy a moznosti vyuziti

Excentricky tréenink — technika

Technika

provedeni

Doba trvani

Sériefopakovani

Priklady cwiceni

technila 2/1

Frvedani zavaFi
v koncentricle
fazi pomoci 2
kondetin,
spouiténi pooze
1 koncetinou

LA
]

70 — 280% 1B
Wybraneho cviko

60z — interval
odpociniu

Predkopavani, zakopdvani, diepy,
bicepsovy zdwih atd.

Kombinovana
technilca dvou

SloZzeny pohyhb
Z koncentrického

4—3Fseriix3
opakovani

WVezpEratsky nadhoz

cwviki multikloubniho 3= 20 —110% 1EM
cvilu a 60= — interval
izolovaného odpodink
excentrického
cviku
Pomalu/rychle Super pomala Eiznorodost 60 — 85 %0 1RM Tricepsove stahovani kladloy, diepy

excentricka faze wlivem zatéze G0s- interval sz cinkow, bench press atd.
zatimmco odpodinia

koncentriclka je MNizsi %0 1RM

explozivni

umoZziinje delii
excentrickon
kontrakei (60%%
10— 12=)

Megativni
(spramax.)

Erzdici technilca
vy Zadujici
dopomec 1 —2
lidi

Favizla na
FatiZzemni

Jedno opaloowand

4 — 6 =érii 110 — 130%:

1RM

Difep, bench press atd.

- Typy excentrického tréninku dle Mike, Kerksick a Kravitz In: Hordk, (2016)

» Deélka zotaveni mezi cvicenimi byla méla byt minimalné 24-48

hodin (Nosaka, Newton, 2002).




Vychodiska rozvoje sily

Strength-training followed by detraining.
Postu PV RTC Consequences for muscle fibre CSA

Muscle fiber cross-sectional area

- Resistance frainin  Detraiming
» kontinuita ‘ — p—
5900 - T12% +11% -.-T;rpe Il fibers
5400 - T # +7%
®» postupnost # #
& 4900 - .
b= } & |
4400 f j -
= piiméfenost w000 +— ] !
3400 EEEEEEESR | E R R RN RN R NN NN NNNNN]
R . 0 30 60 90 0 150 180
individualizace Days

Andersen et al.. unpublished

o (Andersen, predndska)
» specificnost « ZVYSENE RIZIKO PORANEN(

« SNIZENY VYKONNOSTNI POTENCIAL



specificnhost

Struktura SV

» Rychlost

®» Typ kontrakce

» Vektor sily

» Svalovad skupina

sily ve vztahu k rozsahu pohybu (Uhlu) a rychlosti
» Stapilita (podklad)

Rpzsah pohybu

etabolické kryti

Jedno vs multikloubni cviceni

ww.strengthandconditioningresearch.com/pe
s/strength-training-sprinting/



rychlost cvideni a velikost
odporu ovliviuji stimulaci

odpovida délce, charakteru typd sv. viaken a % Pmax plyometricka, excentricka,
a intenzité zatiZeni koncentricka, izometricka
Metabolicke Rychlost Druh
kryti cviceni kontrakce

trénink v plném ROM vede
k proporénimu narfstu F v

Druh

stroje, expandery, Cinky vnéjsiho bl
zatizeni celem
Specificnost
cviceni
izolovany pohyb vyvold Izolované '{ Stabilita stabilni povrch v soutégi
specifickou adaptaci (OKC x komplexni povrchu vyZaduje stabilni podklad v
CKC) pohyby tréninku...
Smér Silové
plsobeni Svalova vytrvalostni
sily (vektor) skupina kontinuum
.. . specificky typ prace vyisi polet opakovani v
wchaﬁ Iz pc?lhybovehhu ﬁ.ﬂrlu vyZaduje pro dany soutéfi vyZaduje vice
a vrcholu sily (rozsah, dhel) kloub/skupinu specificky opakovani v tréninku

trénink (pf. sprint)

\\




UKA klasifikace télesnych cviceni

Cviceni identicka se soutéznim
provedenim pohybu (pf. skokani =
kompletni skoky)

A

Specialné rozvijejici
cviceni (SDE)

Cviceni identicka castem soutéiniho
provedenim pohybu (pf. v disku =
odhody ze stoje; sprintefi = resistencni
sprinty)

~,

A

E e

Cviceni neodpovidajici soutéznimu
provedeni pohybu, ale stimulujici
shodne svalové skupiny a energeticke
systémy (pr. vzpirani, odrazy...)

A

Specialni pripravna
cviceni (SPE) L
a .
Vseobecna pripravna
cviceni (GPE) I

Cviceni neodpovidajici soutéznim
provedenim pohybu ani eng.
systémuam

] \\



Fmax a rychlost

Maximal concentric force vs. 100 m time Short sprint vs. Maximal strength

]
° 2.2
§ 2.0
_.': — -~
: E 1.8-
—E .: 1
&
1.6+
£
P
P c— - b ag
7.8 | ® =074 p<0.O01  n=19 | 1.4- R=0.94, p<0.001
2% 30 30 34 34 18 43 1.2 , l : : = : ‘ '
Foa (N-BW ) 140 160 180 200 220
Fig. 2.—Relationship between the maximal force (F,, ) and the mean e :
velocity reached duning a 100 m sprint (V| 50). o 1 Repet'tl_on maximum (kg)
Bret et al, 2002 Wisleff et al.. Br. J. Sports Med.. 2004

 \\



Vychodiska Plyometrického tréninku




principy

n m— ; NiNg-
Figure 2. Spring-like mechanism of the SSC.
cycie/




» faze | = excentrickd (A) - pfedaktivacni faze natazeni agonistického svalu
® Elastickd energie je ulozena v sériovych elastickych komponentdch
®» Svalovd vieténka jsou stimulovdéna .
» fdaze Il = amortizace (B) — ,statickd" fadze mezi f&zemil alll
®» Typ la aferentni nervové synapse.
»  Alfa motoneurony vysilaji signdl do agonistické svalové skupiny.
» faze lll = koncentrickd (C) - zkrdceni agonistickych svalovych vigken
®  FElastickd energie se uvolfuje z elastickych sériovych komponent.

=  Alfa motoneurony stimuluji agonistickou svalovou skupinu.

i faze RPlyometrickych cviceni




/Akladni inforn

51500 I Net Impulse = 142 N- Tnet = 209 N
P M=06785
= Pokud neni pfechod mezi excentrickou a 51000 - =69kg
koncentrickou fazi okamzity, energie se w Force at
rozptyli uvnitt svalu. £ o the end
€ of stretch
{eccentric)

03 04 05 06 07 08

= Excentrickd faze vyvold streCinkovy reflex -
zvysuje aktivaci svalstva = silnéjsi kontrakce.

20
1511
= excenfrickd faze zatézuje komplex svalu a Lok
Slach, coZ zpUsobuje, ze koncentrickd faze |

SSC zagind na vyssi Urovni sily, nez pouze

konce&ntricky pohyb

05
0.0 1
051
ol

05 06 F.? 0.8

Vertical Velocity (m/s)

Vi = 2.06 m/s

Vy==-0.8m/s

Vy =0m/s

http://wweb.uta.edu/faculty/ricard/Vertical-Jump.html




Resting position

Countermovement

Jump up

Mechanical model

\)1“

cC

vy

SEC undergoes a rapid
stretch

No movement

vYvv

length

o
m
Q

AAA
v

Neurophysiological
model

Muscle

Spinal
cord

Muscle

Spinal

cord

Muscle spindles detect a
rapid stretch and send a
signal to the spinal cord

Muscle

Spinal

cord

Signal reaches spinal cord
and s¥na ses; a signal is
sent back to the muscle

Muscle

Spinal
cord

Signal reaches the muscle
and causes the reflexive
muscle activity

Muscle

Spinal
cord

Though the reflex arc’s
activity continues, its
contribution to force
production is minimal

Stretch-shortening cycle

Eccentric phase

Amortization phase

Concentric phase

http://davidpotach.com/stretch-shortening-cycle




Pouze koncentricky pohyb Typicky priklad vyuZiti Délka E a A faze 0,95 -
SSC pro genero\/qm sily v koncen’rrlckc faze = nizsi

charakteristika produkovone sily
extenzor( dolnich koncetin u
elitnich vzpéracl béhem
izometrického, koncentrického
a variabilnino cyklu SSC

AW
H&kkinen K; Komi P V; Kauhanen 100 W il ot
H., 1989. International journal of \ 40-50 %
sports medicine 1986;7(3):144-51 -
In:
https://www.david.fi/technolog ‘/" Knee Angle
y/design/effectiveness/

Furce

Strength

Strength
Strength

'\,J

Time ——p» Time ——p» Time ——i»
Concentric only maximum An eccentric movement An eccentric movement
force output in a leg exten- followed immediately by a followed by a concentric
sion movement concentric maximum maximum, but with a 0,9

sec. delay at the streched
position



https://www.david.fi/technology/design/effectiveness/

OPORUCENY POSTUP

DA PLY

ttpg.//pdfs.semantics

lar.org/5cca/éab
67jaebf697bda?07207
epe33813%2a3ecf?.pd

TRAINING TO WIN HIGHLY STAGE 6 HIGH
Males 19+ years, Females 18+ STRUCTURED & H Plyometrics ECCENTRIC
years SPORT-SPECIFIC Drop Jumps LOADING
TRAINING TO COMPETE T STAGE 5 \ -"‘“f"f['?:T -
Males 16-23 years, Femuales STRUCTURED High Iltemh;!.' Plyometrics (HIP1 j ECCENTRIC
15-21 years Bounding (Multiple Unilateral Hopping) \  LOADING
TRAINING TO TRAIN 2 MODERATE- STAGE 4 -"‘Ug'f(l?:T E-
Muales 14-16 years, Females HIGH Medium Intensity Plyvometrics 2 (MIP2) POCE N.TRIC
13-15 years STRUCTURE Box Jumps, Obstacle Jumps RN TR
TRAINING TO TRAIN 1 — STAGE 3 MODERATE
Males 12-14 years, Females bt Medium Intensity Plyometrics 1 (MIP1) ECCENTRIC
11-13 years Multiple Bilateral Hopping and Jumping LOADING
LEARNING TO TRAIN i STAGE 2 / LW
Males 9-12 years, Females 8- PN Low Intensity Plyometrics (LIP) ECCENTRIC
11 years ' ’ Jumps in-place and Standing Jumps LOADING
FUMNdamentals . ) . o MINIMAL
_ _ UNSTRUCTURED STAGE1 {CCENTRIC
Males 6-9 years, Females 6-8 PLAY ntal Movement Skill I-‘:\I[];:\]llll‘\ll?-(

"l.'!'ﬂﬂ'

Plyometric progression model.




Plyometric Preparation Plyometric
& Progressions Progressions

by Jacob Jennings

e B & s £ ﬁ% & ns'gggpcr?sl
) g = % considerations el o0 onsi io
bi=imdin e S

Phase - 1 Movement/Coordination General Rules

by Jacob Jennings

Examples Focus Characteristics Bilateral before ReactiVE PI l]llletl'il:s
General Play Self-Directed Low impact Unilateral y
Skipping Unstructured Challenge NM System
Jumping Coordination Repetition S| bef East
TR e o R OW:DEI0IE Bd> Bilateral || Unilateral || Bitateral For || Unilateral For || _Bilateral Unilateral
In Place In Place Height/Dist Height/Dist Continuous Continuous

Low before High
Phase - 2 Landing and Force Absorption

ol

Short before
Characteristics Focus Examples £ong pocorioge || stromrem, || g rose
Low and Slo Structure Box Jum = 3 e S e ppdbes it Dliiod
Low level eccentric Landing technique Depth Drop Consider Joint fepesen it || it [ sisniies /
Soniees  orche” S Involvement [ posstiebus || R || St || i
Slower RFD RFD Broad Jump
SLubmglorrﬁl R(e)pellmcn 5 Hop arg ?ftﬁk
arge uall namic Cal aise 1 1
9 P 1) ttf’ St hY 5 Periodise
ase - 9 Flyometric rengl ; Athletes may be performing plyometric exercises in multiple streams
Evingier Focus Choracteritics Quality over depending on their competency and where in their overall plan they are.
SIS e High force Quantity For example, an athlete may be in the final bilateral stream yet only in
Continuous Jumps Technique High ROM SSC stream 1 or 4 when it comes to unilateral capacity.
Hops Force generauon Low rate SSC General before
Small Hurdle Jumps SC Quicker RFD %
Bench Drives RFD Shorter contact times Sports Specific
Alternating Split NM Efficiency Close to maximal effort
qumps Quality N‘Oﬁ:;ﬁ;ﬂgg;;w Linearand 1 Foot Contact Contact Load Volume
s : Classification Multiplication Factor
Phase - 4 Plyometric Power Lateral :
Chactorii: i Eampler 1 Bilateral contact X1
High eccentric force Structure Drop Jumps
Low ROM SSC Stifiness High Hurdle Jumps 5
High rate SSC RFD Rebound Jumps 1 Unilateral contact X2
Sports Specific ROM Quick ground Bounding D
Rapid contact times contact Distance hops
Maximal effort Quality Pogos
High stiffness Intensity

Quick RFD




index reaktivni sily

pomeér zahrnujici dvé metriky:
« Vyska vyskoku - jak vysoko mUzete skakat?
« Rychlost vyskoku - jak rychle mUzete skdkat?

« Priklad: sportovec vyskoci 50 cm (0,5 m) s
kontaktem s podlozkou 200 ms (0,2 s)
RSI = 2,5 jednotek.
RSl Ize zlepsit:
« zvys€nim vysky skoku
* nebo zkrdcenim doby kontaktu s podlozkou.

»  hifps://www.trainwithpush.
com/blog/reactive-
strength-index-
revisited2utm_medium=w
ebsite&utm_source=blog&
utm_campaign=bottom+c
lick
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~ Drop Jump Reactive Strength Index Test

23
2.24
21
2.07

1.9 1.96
= ~ ~
317 Nedostatecne
£,. silove pfipraveny
& 1.
g atlet
& 1.26
g 13 118
£ -
o 11
3

0.9

0.7 =t=Athlete 1 =m=Athlete 2

0.5

Low Drop Height (12em) Medium Drop Height (36cm) High Drop Height (S1cm)

»  hitps://www.trainwithpush.
com/blog/reactive-
strength-index-
revisited2utm_medium=we
bsite&utm_source=blog&u
tm_campaign=bottom+cli
ck




High Intensity
pise se jednd o skalu r -
fechnické asilové w Fast 55C single leg jumps

z - . - Drop jumps
ndrocnosti 4 piamp
Tuck 8 pike jumps

Countermovement jumps

~ Concentric jumps

Sub-maximal jumps/hops

»  hitps://www.trainwithpus

enovdad \S,kél(j ||’T|'enZ|'|'y plyo h.com/blog/the-

reactive-strength-index-
revisited-part-3-by-

o V4
I C e n I eamonn-flanagan



Plyometric Volume Guidelines (Given in Contacts per Session)

Athletic Level

Low-intensity Drills

Moderate-intensity Drills

High-intensity Drills

Beginner 80-100 60 (100-120 total®) 40 (100-120 total*)

(no experience)

Intermediate 100-150 80-100 (150-200 total™) 6080 (150200 total*)
(some experience)

Advanced 140-200 100-120 (180-220 total*) | 80-100 (180-220

(vast experience)

total®)

*Includes some low-intensity drills as movement preparation for the more advanced drills

»  ACE Personal Trainer Manual (4th edition) In: Crockford, J.

» hitps://www.acefitness.org/education-and-resources/professional/expert-
articles/4943/total-body-plyomeftrics-workout
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