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Vytrvalostni schopnosti - charakteristika

Schopnost udrzet pozadovanou intenzitu pohybu po delsi
dobu bez snizeni efektivity
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Endurance training Strength training ULTA ,
LSD, tempo, intervals Maximal-, explosive- and reactive-strength e oo

/ (incl. sprint/ speed fraining)

Aerobic power & capacity Anaerobic power & capacity Neuromuscular capacity
.- 0O,transport - Glycolysis and lactic acid - Morphological factors
- 0O, utilization - PCr store and utilization - Musculotendinous stiffness
- Buffer capacity - Motor unit recruitment
- Intra/Intermuscular coordination
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Determinanty vytrvalostnich vykon(kd e
Ce ﬂt ré | N |, fa ktO ry(Basset & Howley, 2000, p. 73; Kravitz & Dalleck, 2002)

max. pracovni kapacita srdce kapacita plic a plicni difuze

* tepova frekvence x tepovy objem * transport kysliku z atmosféry do krve

je ze 70 — 85% hlavnim |Im|tUj|,C|'m ° Odstranéni COZ 7 téla
aktorem VO2max (Basset & Howley,

- 2000, p. _7._31,_::5

Vice krve/&as = vétéi potencial pro * sportovci: pracovni vykon srdce je
~ transport 02 (VO2max) vysoky, zkracuje se doba moznosti

nasyceni krve kyslike
t . 4 A 1 Fas

1 U ‘oven p

yJ;iGI'/

NIl diTuze vede

e




FAKULTA )
SPORTOVNICH STUDII

Masarykova univerzita

Determinanty vytrvalostnich vykonu

Periferni fakto 'Y (Basset & Howley, 2000, p. 73; Kravitz & Dalleck, 2002)

, enzymaticka aktivita v mitochondriich
A difuzni kapaerta * jeji zvyseni = zlepSeni celkové vytrvalosti
chopnost svalu prenést kyslik z krve do
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Biologické predpoklady

* Genetické determinanty

* Fyziologické determinanty

afektivita antagonistd a agonistl s dirazem na relaxaci antagonistU
e - :
Jtomatizace — efektivita — ekonomika pohybu
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Genetickd akna

Imitace — sv. v

| Type | fibers Type Il a fibers Type Il x fibers | Type Il b fibers [
i Contraction time 'Slow Moderately Fast Fast ';Very fast \
‘ Size of motor neuron | Small Medium Large Very large \
" Resistance to fatigue  High Fairly high Intermediate Low
9 g y hig ‘ ‘
! Activity Used for | Aerobic ;Long-term anaerobic ?Short-term anaerobic iShort-term anzerobic \
° Gene icld P SOmatiCke predpoklady !Mammum duration of uselHours A;<30 minutes '3 <5 minutes ‘<1 minute ‘
- Power preduced |Low Medium 'High iVery high ‘
astoupeni SO (I)a F (la) Mitochondrial density | High High Medium Low |
Jow e 3 o \ Capillary density \ High Intermediate Low Low \
‘ Oxidative capacity | High High Intermediate j Low \ g
- Glycolytic capacity | Low High High High | -
Major storage fuel ]'Triglycerides ECreatine phosphate, glycogen? Creatine phosphate, glycogen‘; Creatine phosphate, glycogen ‘ e
2 2 ‘
Myostn eavy e, vy IMYH2 |MYH1 | MYH4 &
human genes ‘ ‘ j \ I

fast-
twitch P
fibers

Slow-twitch oxidative
muscle fibers

Note smaller diameter,
darker color due to
myoglobin. Fatigue-
resistant.

Fast-twitch muscle fiber |
« is anaerobic {
« has explosive power
« fatigues easily

Fast-twitch glycolytic ——»

muscle fibers e
Larger diameter, pale
color. Easily fatigued.

4 Voo &5
S
* is aerobic
* has steady power
t « has endurance

© GW. WillisVisuais Unlimited

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.




FAKULTA ’
SPORTOVNICH STUDI

Masarykova univerzita

FVZiOlogiCké dete rminanty — zabezpeceni funkce svalu, Unava

« Unava - akutni nedostate¢nost ATP nebo Ca video

e Uvolnéni hlavy myozinu z aktinu
AL o Tropomyosin 2 Myosin binding
e Ca + troponin - tropomyosin mimo myosin Troponin| protein C

Troponin T

yst vytvaret prarezové Utvary v | oy

u nedostatku substrat( pro interakci
k —

fatty acids
(amino acids)



https://www.quora.com/What-is-meant-by-muscle-fatigue
https://www.youtube.com/watch?v=0fTvfeyjTbM
https://www.youtube.com/watch?v=0fTvfeyjTbM
https://www.youtube.com/watch?v=0fTvfeyjTbM
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https://www.trainingpeaks.com/blog/age-and-performance/

Pre training Post training

Pre training Post training

1.5 9

from pre training

Fold change in eNOS content

0.5

B Pre training
8 Post training

Figure 1. Effects of endurance training (ET) and sprint interval training (SIT) on eNOS content

A, widefield microscopy images of skeletal muscle pre- (left) and post- (right) endurance training (top) and sprint
interval training (bottom). Skeletal muscle eNOS expression was revealed using Alexa-Fluror 594 conjugated
secondary antibody (red). Bar = 50 um. 8, mean fluorescence intensity of eNOS is summarised. The mean level of
eNOS pre-training was assigned a value of 1, and the relative intensity of eNOS post-training was calculated (ET
n=_8, SIT n=8). *P < 0.05, different from pre-training. 1P < 0.05, different from ET post-training

Table 1. Fiber type. CSA, and SDH in SED, ET, and HIIT rats

Fiber Type
Fiber Count Type | Type LA Type IAX Type IIX Type LIXB Type 1B
Red Gastrocnemis
SED
S Population 359 £ 38 +14 7617 148 £23 0.0 =00 0.0x00
CSA, pm 539+ 40 * 169 23855 £ 81.8 25945 £ 1421
SDH, AU +1.1 2811
ET
%Population 301 £ 15 = 4.9 = 0.6* 0.0=00 0.0x=00
CSA, pm 524 £ 69 * 675
SDH, AU + =04
HUT
S Population 2714+ 23 345+22¢ 7416 *14¢ 0.0 £ 0.0 0.0x00
CSA, pm 566 * 6.4 2696.5 £ 149+ 2746.0 = 200 210
SDH, AU 369 =07 1.1
White Gastrocnemis
SED
SPopulation 211 8 0.0 =00 1LO*05 0.0=00 54%13 121 £22 81514
CSA, pm 49174 16354 = 795 1773.9 = 80.1 25758 = 1144 39413+ 102
SDH, AU 3201 142 %1
ET
S%Population 238+ 16 0.0 =00 2616 21+21 157 £338* 5014 715 = 2.6%
CSA, pm 474 £ 8.6 1308.6 = 28.7* 19819 = 1359 3009 = 180.1* 37793 = %.1
SDH, AU 206%13 128 £ 207
HIT
S Population 235+ 17 0.0 =00 151 0.0=00 73%16 641 84.7 = 1.5%
CSA, pm 493+ 77 1159.2 = 241 1802.7 = £85 2197.4 = 130* 37285 £ 4.7
SDH, AU 30915 1.7 £ 0.5%

Values are expressed as means = SE: n = 6 per group. SED, sedentary; ET, endurance training: HIIT, high-intensity interval training; CSA, cross-sectional
arca; SDH, succinate dehydrogenase. *P < 0.05 vs. SED.

(Fig. 5C) following HIIT, suggesting hypoxia occurred only in  protein content of HIF-la (Fig. 5G): once again suggesting
the HIIT animals. In addition, in the WG, ET increased the HIIT induced hypoxia. ET and HIIT did not alter the protein
capillary-to-fiber ratio (Fig. 4, C and D), while HIIT decreased contents of VEGF or its receptor, VEGFR?2, in either the RG or
the capillary-to-fiber ratio (Fig. 4, C and D) and increased the WG (Fig. 5, D, E, H. ).

3. Effects of endurance training (ET)
ch-intensity interval training (HIIT)
on skeletal muscle fiber type composition. A:
composite fluorescent microscopy images of
red gastrocnemius (RG): sedentary (SED:
top), ET (middle), HIIT (bottom). B: serial
cross section of RG showing SDH activity
staining: SED (top), ET (middie), HIIT (bot-
tom). C: composite fluorescent microscopy
images of white gastrocnemius (WG): SED
(top), ET (middle), and HIIT (bortom). D:
serial cross section of WG showing SDH
activity staining: SED (top). ET (middle),
HIIT (bottom) vs. SED; *P < 0.05. Data are
expressed as means = SE.

Cocks, M., Shaw, C.S., Shepherd, S. O., Fisher, J. P., Ranasinghe, A. M., Barker, T. A, ... Wagenmakers, A. J. M. (2013). Sprint interval and endurance training are equally effective in increasing muscle microvascular density and eNOS content in sedentary males. The Journal of

Physiology, 591 (Pt 3)) 6414656.
High-intensity interval and endurance training are associated with divergent skeletal muscle adaptations in a rodent model of hypertension Tanya M. Holloway,
Integrative and Comparative Physiology Published 1 June 2015 Vol. 308 no. 11, R927-R934 DOI:10.1152/ajpregu.00048.2015

arin Bloemberg, Mayne L. da Silva, Joe Quadrilatero, Lawrence L. Spriet American Journal of Physiology - Regulato
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% Population 301 £ 15 449 =x24 334+ 15¢ 16.7 £ 2.2¢ 49 = 0.6* 0.0 =00 0.0x00
CSA, pm 524 £ 69 3627.4 = 207 23164 £ 87.3 2601.4 = 89.7 24714 £ 675
SDH, AU 243 03" 37104 27504
HIT
% Population 274+ 23 5032 345+22¢ 7416 78+ 14* 0.0 =00 0.0x00
CSA, pm 566 * 6.4 39554 = 1749 2696.5 = 149* 2746.0 = 200 2555.0 £ 210
SDH, AU 25.1 = 0.8 369 0.7 262 *1.1
White Gastrocnemis
SED
GPopulation 211 *38 0.0 =00 LOX 05 0.0=00 54%13 121 £22 81514
CSA, pm 49174 16354 £ 795 17739 = 80.1 25758 £ 1144 39413 £ 102
SDH, AU 320x1 1421
ET
S Population 238 % 16 0.0=00 2616 2121 157 £33 5714 TL5 £ 2.6%
CSA, pm 474 £ 86 1308.6 + 28.7* 19819 = 1359 3009 = 180.1* 37793 £ 9.1
SDH, AU 206=%13 128 £ 0.7
HIT
“Population 23517 0.0=00 15%1 0.0=0.0 73%16 64=%1 84.7 £ 1.5%
CSA, pm 49377 1159.2 + 241 1802.7 = *£85 21974 = 130* 37285 M7
- SDH, AU 30915 1L7 £ 0.5¢
/ Values are expressed as means = SE: n = 6 per group. SED, sedentary; ET. endurance training: HIIT, high-intensity interval training: CSA, cross-sectional

arca; SDH, succinate dehydrogenase. *P < 0.05 vs. SED.

(Fig. 5C) following HIIT, suggesting hypoxia occurred only in  protein content of HIF-la (Fig. 5G): once again suggesting
the HIIT animals. In addition, in the WG, ET increased the HIIT induced hypoxia. ET and HIIT did not alter the protein
capillary-to-fiber ratio (Fig. 4, C and D), while HIIT decreased contents of VEGF or its receptor, VEGFR2, in either the RG or
the capillary-to-fiber ratio (Fig. 4, C and D) and increased the WG (Fig. 5, D, E. H. I).

Fig. 3. Effects of endurance training (ET)
and high-intensity interval training (HIT)
on skeletal muscle fiber type composition. A:
composite fluorescent microscopy images of

ius (RG): sed y (SED:

Iopp.wET (middle), HIT (bottom). B: serial

cross section of RG showing SDH activity

staining: SED (top), ET (middlc), HIT (bot-
o s

tom). C: P S Py
images of white gastrocnemius (WG): SED
(top), ET (middle), and HIIT (borrom). D:
serial cross section of WG showing SDH
activity staining: SED (rop). ET (middle),
HIIT (bottom) vs. SED; *P < 0.05. Data are
expressed as means = SE.




Endurance Running Hypothesis

A central human

adaptation?

Bramble & Lieberman
proposed hypothesis
— Paper in Nature, 2004

Observation: Humans can
run efficiently for long

distances.

Hypothesis: Running is a
human adaptation that was
advantageous for survival.
Some human anatomical
and physiological features
are adaptations for running.

KalahariSan !Kung, men running
to track a large antelopethey
have darted.
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e Fyziologicka limitace
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* Vlykonnost a ucinnost systému zabezpecujicich transport a vyménu 02 a CO2
* Maximalni spotreba kysliku
* Regulacni plasticita metabolickych déj - Hydratace
* poceni je efektivni zpusob odvodu tepla z téla - ALE télo SE dehydruje
* za hodinu:
* nesportovec dokaze vyprodukovat 0,8| potu,
* sportovec az 2| potu.

.’

,cr- drataci (1,6l te tln/80kg osoba) dochazi ke snizeni vykonu (sniZuje se efektivita odvodu
-unava.ENS, méne efektivni mitochondrialni dychani; sniZzeni objemu krvni plasmy - vy3si tepova

v

kvenice pri stejn ,__.--i""

.

/

Jbéhu zdvodu = Iep5| vykonu (Konopka 2004 Kravitz & Dalleck 2002) /

—
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Vytrvalostni vykony

* Ekonomika techniky
. * Schopnost prijmu a vyuziti 02
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Table 1. Physiological charactenstics (mean + SD) of the vanous cycling disciplines
taken from the incremental and power profile assessment.

Road XCMB DHME BEMX M gﬁgg%\vmcri STUDII
Parameter (n=25) (n=9) (n=235) (n=3) ST
Age (yr) 07 0+3 246 2310
Height (cm) 183+ 4 1846 18318 180+ 4
Body mass (kg) 723+35 791+134 848166 813149
2 7 Skinfolds (mm) bh+ 14 62 + 27 87 + 31 76+£30

VOomax (mL-kg'-min") 696+115° 653+70 553+61 524159
MAP (W) 452 + 35° 455 +35°  400+79 353+ 48
MAP (W-kg™) 63+06° 58106  47:056 44+07

MAOD 60 s (L) 180+052° 177+038° 131+062 091006

MAOD 60 s (%) 308+35 302+£53 253195 213126

MAOD 240 s (L) 090+085® 023:086 -104+117 -094+057

MAQD 240 s (%) 48+54% 1.3+52 -5.8+105 -854+54

Key: a = Different fromn DHMB (p = 0.05); b = Different from BMX (p = 0.05); BMX = Bicyde motocross cyclists; DHMB
= Dowmhill mountain bikers; MAOD = Mazimal accurmulated oxygen deficit MAP = Madmal aercbic power, n =
Murniber of particpants; VO2MAX = Maxmal ceoygen uptake; XCMB = Cross-country mouwntain bikers.


http://www.jsc-journal.com/ojs/index.php?journal=JSC&page=article&op=view&path[]=104&path[]=236
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Prehled vytrvalosti dle ziskavani

* Podle poctu zapojenych svalu: Podle doby trvani:

1. lokalni vytrvalostni schopnost (1/3 svalove a) rychlostni: 0-20 s (ATP — CP systém)

alost! { schopnost (vice jak 1/3 sv. b) kratkodoba: 20 s — 2 min (LA systém)
: c) strednédoba: 2 — 10 min (02 systém)

d) dlouhodoba:
//

._,..__-——-4— 10 35m|n(gl
;s-f A //»“/)t
et :

&
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Prehled zpusobu ziskavani Energie s
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Anaerobné alaktatovy
Kreatinfosfat (CP) + adenosindifosfat (ADP) —>kreatin (C) + adenosintrifosfat (ATP)

Anaerobné — laktatovy (anaerobni glykolyza)

| Glukodza (glykogen) - laktaz (La) + ATP

Aerobni (aerobni glykolyza)
Glukoza (glykogen) + O, - CO, H,0O + ATP

Aerobni (lipolyza, oxidativni Stépeni tuku)
Nenasycené mastné kyseliny + + O, - CO, H,O + ATP

el -

10‘/
/7

[ . P> .
- !
0+ } ' ,

— ATP

— CP

— — — Anaerobic lactic
- Aerobic

m
2
g
= u

Time (min) 2" 10° 15"



Table 3.1

Relationships Between Energy Systems and Strength Training

FAKULTA
Methods SPORTOVNICH STUDIi
AN AEROB'C Masarykova univerzita

ENERGY (OXYGEN INDEPENDENT) AEROBIC

SYSTEM Alactic 4 Lactic acid (OXYGEN DEPENDENT)

Moddlity | Power | Capacity ylower Capacity | Power Capacity

Duration | 1-6 7-8 /8-20 20-60 1-2 2-8 8->120 minutes

seconds | seconds / seconds | seconds | minutes | minutes

Type of |MxS, P MxS, P. | MxS, P, MxS, MxS, MxS

strength PE PE, MES | P PE, PE, (<80% of 1RM), \

training MEM MEM PE, MEL ]

needed 39 m ATP z 1m sacharidu

Key: MEL= muscle endurance /long. MEM = muscle endurance medium, MES = muscle endurance short, MxS =
maximum strength, P = power. and PE = power endurance.

zdroj

Table 3.2 Energy System Contributions in Track-and-Field Performance

— GLYCOGEN
_ ’ , Triglyceride
: Event Duration ATP-CP Lactic Aercbic (fatty acid)
100 m 10 sec. 53% 44% 3% —
200m 20 sec. 26% 45% 29% —_
400 m 45 sec. 12% 50% 8% —
800 m 1 min. 45 sec. 33% 61%

1,500 m

3 min. 40 sec.

20%

80%

5,000 m 13 min, —_ 12.5% B7 5% —_—
10,000 m 27 min. —_ 3% 7% —_
Marathon 2hr. 10min. |— - 80% 20%

Sources: KA. van Someanen, 2004, The physiclogy of ancerobic endurance fraining. In The physology of fraining, edited by .
Wriyte (Coford, UK: Elsenvien, 88 E Newsholme, A, Leech, and . Duester 1994, Keep on running. The sclence of fraining and
performance (Weast Sussen, UK: Wikey),

B W2



http://www.humankinetics.com/excerpts/excerpts/understanding-energy-systems-training
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Table 3.3 Physioclogical Characteristics of Energy Systems Training and Its Six Intensity

Zones
Rest interval  TRAINING MODALITY
Intensity Type of Duration of | Number | (work-to-rest Series % of max
zone fraining rep of reps rafio) Sets of sefs intensity
1 | Alactic system 1-8 sac. 6-12 1:50-1:100 4 4 @5-100
2 Lactic system 3-10 sac. 10-20 1:5=1:20 'y 4 @5-100
| . (power—short) . |
/ Lactic system 10-20sec. | 1-3 1:40-1:130 " - @5-100
(power—Iiong) .
Lactic system 20-50sec, |2-10 1:4-1:24 o 4 B0-95
(capacity)
Rast interval | Laclic acid | % of max
Int@nsity Type of Duration of | Number | (work-to-rest | concentra- haeart % of
zone raining rep of reps ratio) tion (mmol rate VO, max
3 Max oxygen 1-& miln, B-25 1:1-1:4 &-12 @8-100 | 95100
consumption
4 Ancarobic thresh- | 1=10 min. 3=40 1:0.3=1:1 4-5 85-95 B0=-50
old training
5 ' Asrobic threshold | 10-120 min. | — (confinuous steady | 2-3 75-80 | &0-70
| fraining state) | |
& Aarobic 5-30 min. — (confinuous steady | 2-3 55-75 A5-60
| compensation Eh::l'a}_
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Fyziologické determinanty a jejich limitace

1. VO2 max Adaptations to Aerobic Training:
Cardiovascular

objem srdce

ta plic . O, transport system and Fick equation
BT KrVe s — VO, = SV x HR x (a-v)O, difference
konc ace krevniho hemoglobinu — A\ VOyae = AN max SV x max HR
o X A\ max (a-v)O, difference ;/
 Heart size —

—_

— With training, heart mass and LV volume A

— A\Target pulse rate (TPR) = cardiac hypertrophy -
SV

— A Plasma volume - A LV volume - A EDV
> A SV

— Volume loading effect

-


http://www.coachcalorie.com/increase-mitochondrial-density/

VO

2max

Ukazatel max. potencialu
aerobni produkce E
(Ukazatel NE predikce)

Regen

eracni schopnost —

prerusované aktivity

m KO

\

VO2max
(ml/kg/min)

el

67.2

hmotnosti

o ovlivnitelna

W

\

Athlete Sport/Event

Espen Harald
Bjerke
Bjo hi

Greg LeMond
Matt Carpenter

Tore Ruud Hofstad

K

Miguel Indurain
Marius Bakken m
Dave Bedford m

Jo

Cross Country
Skiing
Cross Country
Skiing
Cycling
Marathon Runner
Cross Country
Skiing
Cross Country
Skiing
Cycling
5K Runner
10K Runner

Cross Country
Runner

i

Greta Waitz
Ingrid Kristiansen Marathon Runner
Rosa Mota Female| Marathon Runner

TECNICA FISIOLOGIA

Henrik Ingebrigtsen
Steve Prefontaine |84.4

1.0

L4

pa /

O VOLUME DE OXIGENIO DE

QUE VOCE PRECISA PARA
CORRER, TREINAR, CONSEGUIR
MAIS PERFORMANCE E (ATE)
ECONOMIZAR ENERGIA PASSA
PORESSE INDICE.A BCA
NOTICIA? ELE PODE MELHORAR

POR ANNA PAULA LIMA | INFOGRAFICO ERIKA ONODERA

0 VO2 Méx ¢ 0 vohs nighnio que

para dentro

O corrador alinge
» exaustdo de
»0°do com a3

paténcia serébia
mébxima (VO2

Novamante
nos alvéolos,
o CO2¢
sorvido ¢
tliminado pela
expiragho

=& que uma
@ pode mehorar em a1é 30% o
sama de axighnio, ou VO2 Méx

MAXIMO:

Tudo comega peios
pulmies, que
captam o exigdnie
do ar pee meio da
respracho

[

Ao respiner, o
corredor extral
O2doare
expete CO2.
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MASCARAE
PE NA ESTEIRA

A

TECNICA FISIOLOGIA

Nos alvéelos
dos puindes,

0 oxiginio das

hemiclas caminha PO 0

pelos vasas ortante do que o
sanguineos, que , pois retrata
trazem sangue nio apacidade
cxigenado pars Sibrie; (hds

o concle ndmico o

corredor esth sendo

Mé um samento da hemoglodina (que
transporta o5 gases). Em nivel celular,
hé crescimento do coneddo energético
dos mimculos ¢ das mitocondrias,

onde ocorre a resphagbo celular para a
praducko de ATPs (respoasivels pelo
armazeramanio de energia e para vinas
fungies, como 0 trabalha muscular)

Ds miscules que
estla em atividade
Apeincipalmente as
rnas, 60 case do
gorcoder) recebem
ier Fuxe
uiseo

Apts o3 misscules “respirarem” o axiginle
por meis des artbrias corondeias, o sargue
relorma para 03 pukmdes ¢ daf para o <ol
Bombear mals sangue e assin por disate.
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Individualni vyse VO2 max.

» vysledkem interakce faktor(
» centralnich (kardiorespiracnich) * Vyuzitelnost kardiorespiracniho systému
erifernich (svalovych) Bl

- - f—' .
im limituiicim initelem VO2 max. * energetické narocnosti pohybu
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Kardio adaptace

2. Cardiac Output Increas

Cardiovascular Adaptations Cardiac Output is the amount of blood pumpg
Cardiac Hypertrophy from the heart in 1 minute during exercise

enlargement of the heart muscle . Heart chambers are enlarged which increases ventricular volume  ‘»& i
(most important is Left Vent. size —why?) @ &
5

1 Stroke Volume (vol. of blood pumped per beat)
SVincreases at REST, during sub max & max workloads.

Before Training

1 Cardiac Output (Q) (Q= SV x HR amount of hlood leaving the heart in 1 min)
Increases due to bigger heart and bigger volume. Q remains unchanged at rest and even during sub
max. work regardless of how hard you train. During max. exercise Q may increase up to 30 litres per
minute for highly trained athletes

4 Blood Volume

Effect of aerobic training, can be up to 25%. Results in no. of RBC increase, therefore haemoglobin
increases thus 02 carrying capacity increases also.

‘Stroke Volume H X H Heart Rate H HCardiac outputl

| tom x| tsobom | - | SEAESIE]

With Regular Training Cardiac Output Increase /’/

. : Stroke Volume || X Heart Rate Cardiac output
J- Resting Heart Rate N—— » — ‘ ‘ ’ ‘ ’ H ‘ P
Because the athlete has greater stroke volume the heart does not need to beat as often to pump the - . - I 150 ml ‘ ‘ X ‘ 150 bpm

same amount of blood around the body. Resting Heart Rate below 60bpm is termed bradycardia.

J Resting Blood Pressure
Both systolic and diastolic blood pressure levels may decrease during REST and EXERCISE.
Less/slower beats reduce blood vessel resistance to blood flow and reduces strain on the heart.

J Recovery Time
The heart rate of an athlete will return to normal (pre exercise levels) quicker than an untrained
person.

1 overall aerobicfitness



Aerobni kapacita

* Uroven ANP — spotieba 02
> Ml motnosti % Vo2max
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ANAEROBIC
THRESHOLD

) (mmol/L)
HEART RATE (bpm)

INHALED 02 + EXHALED CO2 (mL/kg/min)




Lactate Threshold Test
Female Triathlete - Running

200 14

190 /w’ﬂ//'df 12
E 180 - Heartrate - 10
-y
2 170 8
E RPE

Lactate

t 160 6
£ /

150 g

- LT= Lactate —

Threshold
130 T 0
2 25 3 3.5 4

meters/s

”r

il 4
EXERCISE ZONES

AGE 20 25 30 35 40 45 50 55 65 70
HIIT TRAINING

F 90% 150 176 171 167 162 158 153 149

HARD CORE TRAINING

F@% 160 156 152 148 144 140 136 132

CARDIO ENDURANCE

07@% 140 137 133 130 126 123 119 116
**EXTENDED CARDIO**

P *THE NUMBERS ABOVE ARE HEART BEATS PER MINUTE, THE PERCENTAGES
P ’. . ARE THE PERCENT OF EFFORT YOU GIVE. FIND YOUR AGE THEN DROP DOWN
4G, ‘.; ‘\‘ erle TO FIND YOUR ZONES. KNOWING THESE NUMBERS ENABLES YOU TO TRAIN
3£ EDUCATED. WHEN STRENGTH TRAINING TRY TO GET YOUR HR UP TO 80%,

. FOR HIIT GET IT UP TO 90%, FOR EXTENDED CARDIO KEEP IT AT LINE/70%.

3dY pue |jjowiw ajejoe|
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% of HRmax
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RPE Chart

Rate of Perceived Exertion
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TABLE 1. Changes in physiological parameters from pre- to posttraining.
LSD (N =10) LT (N =10) 1515 (N =10) 4 » 4 min (N =10)
Pretraining Posttraining Pretraining Posttraining Pretraining Posttraining Pretraining Posttraining
lIIII'I::Iilnua-:
{L-min " 477 + (.49 474 = (.46 498 = 0.33 4,67 = (.40 491 = 0.60 518 = 0.56**"# 456 + 062 489+ 052" #
{mL-h:-[;F1 min 1] 55.8 + 6.6 5.8 = 6.3 5ME6=T6 608 = 7.1 605 = 5.4 B4.4 = 4.4 BhH 74 60.4 + 7.3°**#
{mL-kg “min ') 1684 175 1716 =170 176.1 = 18.0 179.5 = 166 183.1 + 16.4 194.7 = 14.7*# 167.0 + 19.9 181.7 + 19.1***#
HR s (bpm) 186 + 7 185 = B 201 =10 198 = § 200 +6 199 - 4 189 -8 187 =+ 7
Ve (L'min 1] 1506 £150 155.0=178 1468 = 174 153.6 = 15.9 147.5 =132 160.3 = 14.2 150.7 = 176 164.8 + 16.1
" 1.10 = 0.04 1.10 = 0.05 1.10 = 0.05 1.10 = 0.05 1.09 = 0.05 112 = 0.04 110 = 605 1.2 = 0.04
[La ]s g.a7 +1.81 763 =1.04 .72 = 0.82 743 = 0.84 950 £ 1.90 &8.40 = 0.80 B.50+1.14 B.84 + 0.9
Running economy
VO, (mL-kg O8m y 0.80 = 0.09 0.74 = 0.08" 0.85 = 0.09 0.75 = (LO9**" 0.79 = 0.06 0.73 = 0.07" 079z D6 0.71 + 0.05*"
HR {bpm) 150 = 17 140 = 9°* 151 £ 15 137 = 10*** 147 = 16 125 = 9** 154 = 22 136 = 17***
Lactate threshold
VO, (L-min~") 3.50 = 0.50 3.92 = (.50 3.04 = 049 3.1 = 0.50 3.96 = 0.54 3.99 = (.56 Aa.fd=046 376+ 043
Ay R— 4.4 + 31 4.3 =57 7i.2=-656 {02 £ 3.5 606 = 56 a3t éb 3.6+ 835 /6.9 + 45
YoHR 871+ 3.2 8b.5 - 54 #M.7-43 843 - 3.7 89.7 = 2.8 érdz 29 B3B8 = 7.6 B5.8 + 4.1
WLT (km-h ™"y 9rz1.2 10.5 = 1.2** 95=z16 106 =1.8*" 112 06 123 = 0.8** 10.3 = 2.3 1.2 +£1.9*"
[La " )5 (mM) 2.0 = (.62 241 = 0.29 294 = 0459 246 = 0.31 3.30 = 1.20 2.070 = 0.50 207 = 042 2.50 + (.44
Mass (kg) gb.2 = 9.1 83.9 = 7.6" 78.2 = 13.1 8=z 127 806 = 10.7 798 = 8.7 829130 814 +11.64

Data are presented as means = 50. The test was carried out running on a treadmill &t 5.3% inclination. L3D, long slow distance running; LT, lactate threshaold; Vi3, oxygen uptake;
HRqae, maximal heart rate; Ve pulmonary ventilation; [La~ ). blood lactate concentration after V0. testing; R, respiratory exchange ratio; wLT, velocity at lactate threshold.
* Significant differences (P - 0.05) within groups from pre- to postiraining; ** significant difference (P - 0.01) within groups from pre- to pesttraining; = ** significant difference

within groups {# = 0.001) from pre- to postiraining; # significant difference between groups from pre- to posttraining. * 1515 vs LSD and LT is significant at P = 0.001 and P = 0.05,
respectively. © The difference betwesn 4 = 4 min vs the LSD and LT is significant at = 0.001 and P = 0.01, respactively.
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Anaerobni prah

* (angl. anaerobic threshold; ANT nebo lactate threshold; LT, tj. laktatovy prah),

ento VO2 max., pri kterem je narusen rovnovazny vztah mezi produkci
- ranovanim

které Ize teoretick

) -




FAKULTA )
SPORTOVNICH STUDII

Masarykova univerzita

Podminénost ANP

vysokym podilem pomalych vlaken,
svalovym prokrvenim,

m a velikosti mitochondrii

* pod ANP mitochondrie schopné z pyruvatu ziskat dostateCné mnozstvi ATP
* nad ANP mitochondrie nedokazi vyrobit dostate¢né mnozstvi energie,

| je pracovni kapacita v mitochondriich, = vySe polozeny ANP
pocet mltochondru se tremm_muze—az zdvomasobu!‘

o — /’
N = ;—"';’ e
>~

=
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Typical Metabolic and physiological values
for healthy trained and untrained men

Variable Untrained Trained %age diff
Glycogen (mM) 85 120 41
Mitochondria Volume 2.15 8 272
(% Muscle cell)

Resting ATP (mM) 3 6 100
Resting PC (mM) 1 18 64
Aerobic enzymes (mM) 5-10 15-20 133
Max Lactate (mM) 110 150 36
Max stroke Vol (mL) 120 180 50
Max cardiac output (L/min) 20 30-40 75
Resting HR (bpm) 70 40 -43
VO2 max (mL/kg/min) 30-40 65-80 107
Blood Volume (L) 4.7 6 28 5

210
200

- b b
~N ® ©
(== R =

160
150

Heart rate (beats/min)

® 115 113

Age-predicted
130 155 maximum
147 © heaterate
142

85% Intensity level

50% Intensity level

Novice athlets

160

HR (bpm)

Elite athlets
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Po vykonu

 Obnova ATP/CP 2f
. * Doplneni zasob 02
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Ekonomika pohybu

* angl. zkratka je obykle CR=cost of running, RE

* spotieba kysliku v m/ /kg télesné hmotnosti za minutu pfi zvolené rychlosti na
etru.

il ——

o

-

.~ s Méng ekonomicky sportovec:
S+ spotfebuje v&té mnosstvi kysliku,

_— ‘ (. dosahne nizsi rychlosti pohybu nezli vysoce

__ odan !f . MaXx. Monao bvt u obao stejn A — -
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Long slow distance Lactate threshold Resistance strength High-intensity interval
training (LSD) Q_‘:\\_\_ training (LT) training training (HIT)
e \\—_:‘1\ \'::‘\_‘_--__»

| s

N

v

Aerobic power and capacity | Anaerobic power and capacity Neuromuscular capacity

(VO,max) * glycolysis + lactic acid * neural control

* O, transport « buffer capacity » musculotendinous stiffness
* O, utilization * PCr store * exercise mechanics
Maximal

performance
velocity

Fractional Running
utilization economy

Endurance performance I

Figure 4.4 Hypothetical model of determinants of endurance performance in well-trained
athletes as influenced by different training modalities. Based originally on a model provided
by Paavolainen et al (1999).
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 Endurance training

* Hirofumi T, Douglas R. (2008) Endurance exercise performance in Masters athletes: age-associated changes
and underlying physiological. The Journal of Physiology, Vol 586.1, 55-63

or Christopher A, Dale C, Paul L, Daryl P. (2008) Physiological Characteristics of Masters-Level
— ournal of Strength and Conditioning Research, Vol 22 No. 5, 1434-1440.

;_a;_,,— yster C, J, Rod L, Schmidt D. (1987) Effect of age and training on aerobic capacity and body
’_:"“,..- osition of ma athletes. Journal of Applied Physiology. Vol 62, 725-731.

- vV sca A, mark S, Bret G, Vonda W. (2011) Chronic Exercise Preserves Lean Muscle Mass.i
St \thlete Physician and Sportsmedicine. Vol 39, No. 3, 172-178. g :
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