Prahy, pasma, adaptace
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Maximalni kyslikovy deficit
... Ceka na vyuziti?

(MAOD — maximal accumulated

oxygen deficit)

Maximalni kyslikovy dluh
- PO max. vycerpavajicim vykonu se
splaci ~ 30 minut
- napr. 3-8 1 VO, (100-150 ml/kg)
(O,-debt, EPOC — excess post-
exercise oxygen consumption)

A | Oxygen deficit — the volume difference

between an ideal and real O, uptake

VO, work

Oxygen debt — the extra volume that is
needed to restore all energetic systems

Dluh > Deficit

(vC. aerob. regenerace)

Stop

Time (min)

http://www.ib.bioninja.com.au/_Media/oxygen_debt_med.jpeg



Maximalni kyslikovy deficit a dluh
,2alaktatova a laktatova“ slozka kyslikového dluhu
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Hill, A.V., C. Long., and H. Lupton. 1924. Muscular exercise, lactic acid and the supply and utilization of
oxygen. Pt. 1-lll. Proceedings of the Royal Society 96: 438. In: Scott Christensen. The Oxygen Deficit

Curve: The Limiter of Mid-Distance Performance. http://completetrackandfield.com/oxygen-deficit/




Maximalni kyslikovy deficit a dluh

problém s davkovanim zatéze pri testu (intenzita a trvani)
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Problém s interindividualnim srovnanim — s referenénimi hodnotami
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Obr. 1.2 Kyslikovy dluh a kyslikovy deficit

Zdroj: podle riiznych autoril.



€M Light aerobic exercise

Steady-rate VO, = energy requirement of exercise

Exercise Recovery

‘BMDderate to intense aerobic exercise

Steady-rate \}'Dz = gnergy requirement of exercise

Rest Exercise Recovery

@A{I-out maximal exercise (aerobic-anaerobic)
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Energeticka pasma
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Aerobni prah

* VT1, LT1 (VE/VO2)



Anaerobni prah

 ANP (VT2) - droven zatéze, kdy dochazi k exponencialnimu narustu Ve
vzhledem k narustu VO2 (narust Ve je vysvétlovan jako proces k eliminaci
CO2, ktery vznika pri nedostatku O2 pro pracujici svaly)

Metody méreni:
* Orientacni (nesportovci 45-65% VO2max, sportovci vyse)
* Invazivni odbér laktatu (LT2 — cca 2,5-6 mmol/l (nejc¢astéji cca 4 mmol/l)

 Metoda V slope — pomeér VCO2 (osa y) a VO2 (osa x) misto zlomu krivky
(narust vydeje CO2)

 Ventilacéni ekvivalenty — hodnoceni krivek Ve/VCO2 a Ve/VO2 (ANP v misté
prekrizeni krivek



VENTILACNE — RESPIRACNi ANAEROBNI PRAH
pfechod mezi rozdilnymi energeticko-metabol. rezimy: Za¢atek strmého I~ anaerobné ziskdvané energie
a) jako hranice mezi zonami tréninkové intenzity
b) k hodnoceni aerobni schopnosti, pripravenosti k vytrvalostnimu vykonu
c) k hodnoceni efektivity aerobniho tréninku

VYSSi INTENZITA (60-80%VO,max ?)

LT2?, LTP?, OBLA?, VT2, RCP (RER, VE/VCO,)
,2. prah“ ?

NIZSI INTENZITA (40-60% VO,max ?)
LT, LT1, VT1 (V-slope, VE/O,), Test mluveni, RPE 13,

Svalovy deoxidacni prah, HRV prah
,1. prah® ? (asi ne ,aerobni prah®)




Stanoveni ventilacniho prahu

Spiroergometrie: VE, VO,, VCO,, RER, ...

Ventilatory response to increasing WL

!
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@ FIGURE 10.11 Schematic represen-
tation of the ventilatory responses to a
progressive increase in workload exer-
cise test. As noted in Figure 9.10, the ventilation
threshold (VT) is identified as the workload (WL), or
oxygen uptake (VO,), at P, that is when the ventila-
tory equivalent for oxygen (VEQ,) increases and
ventilatory equivalent for carbon dioxide (VECO,)
is maintained constant as a result of an increase in
ventilation resulting in an increased exhalation of
carbon dioxide (CO,). (Adapted from Wasserman, K.,

J. E. Ha 2.10in

-prj;;,(,-;f[ Raven et al, 201 3) delphia:

Lea & Febiger.)




Stanoveni laktatového prahu
INDIVIDUALNI (... zlom na kfivce ...)

NE pro vSechny stejné koncentrace La 2 a 4mmol/l
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VENTILACNE — RESPIRACNI
ANAEROBNI PRAH

,Soucasné”
stanoveni dvou ventilacnich prah
zlom a narist
ventilacnich ekvivalenti

pro O, a CO,

7 @ Vero, Kraemer et al., 2012
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Figure 6-13. Detection of ventilatory threshold (VT) and
respiratory compensation point (RCP) is shown using oxygen
and carbon dioxide ventilatory equivalents. See the text for
explanation of oxygen (Ve/Vo,) and carbon dioxide ventilatory
equivalents (VE/Vco,). The data is for a 23-year-old triathlete with a

cycling \‘fozpeak of 70.7 mL-kg-min-', maximal pulmonary ventilation of

159.4 L-min~", and maximal heart rate of 202 beats per minute.
(Data courtesy of A. Lucia’s laboratory, European University of

Madrid, Madrid, Spain.)
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CP - Critical Power — kriticky vykon (running)

Critical Power is the highest workload you can sustain without
using your anaerobic reserve, and research papers often
consider this workload that an athlete can sustain "indefinitely."
Or course, "indefinitely" here means until glycogen reserves get
depleted, or other limiting factors set in. Typically, you can
maintain Critical Power for 30-70 minutes

Best critical power test: 10km running test (running power
meter needed) o _ L L o
Critical Power je nejvysSsi pracovni zatéz, kterou dokazete

udrzet, aniz byste pouzili svou anaerobni rezervu, a vyzkumneé
prace Casto zvazuji tuto zatéz, kterou muze sportovec vydrzet
,nekonecne dlouho®. Nebo samozrfejme, ,na neurcito” zde
znamena, dokud se nevycerpaji zasoby glykogenu nebo
nenastanou jiné omezuijici faktory. Kriticky vykon muzete
obvykle udrzovat po dobu 30-70 minut Test nejlepsino
kritického vykonu: 10 km béhovy test (potrebny mefric

S AN F /AN N l’L\f\ A Y l\’llll\lf'\l l\



Critical Power zones based on 10 km power test

Zone | Training Intensity | % of CP Example Workouts | Adaptation

1 Easy 65-80% Long run, base Vascularization
Cardiovascularity
Injury resistance

2 Moderate 80-90% Marathon sim, tempo Vascularization
Cardiovascularity
Injury resistance

3 Threshold 90-100% 10k specific Lactate clearing

4 Interval 100-115% 5k specific Aerobic power

5 Repetition 115-130% Track, short duration Anaerobic power




Function Treshold Power (FTP) — Funkéni prahovy vykon

Functional Threshold Power (FTP) represents
your abllity to sustain the highest possible power
output over 45 to 60 minutes, depending on
whether you're a trained athlete or not. As a result
95% of the 20 minute average power is used to
determine FTP.

Funkcni prahovy vykon (FTP) predstavuje vasi schopnost udrzet
nejvyssi mozny vykon po dobu 45 az 60 minut v zavislosti na tom, zda
jste trenovany sportovec nebo ne. Vysledkem je, ze 95 %
20minutového prumérného vykonu je pouzito k urCeni FTP.



Function Treshold Power (FTP) (cycling test)
20 min time trial as hard as possible

subtract 5%

Example: Average power of 20 min time trial is 300 W

Result of FTP is:



Svalova oxymetrie (hyposaturacni prah,
test SMO2)

www.moxymonitor.com: Identifikace tréninkovych zon - béh:
»~Z0na aktivni regenerace (AR). Platé v nejvyssim bodé Sm02 znaci zénu
strukturalné intenzivniho tréninku (STEI). Druhé SmO02 platé je mozné pri
nizSim SmO02, ale nemusi byt vzdy pritomné. Toto platd znaci zénu funkéné
intenzivniho tréninku (FEI) a je zndzornéno oranzovou barvou. Jasné a
kontinualni klesani Sm02 znazornuje zénu vysoce intenzivniho tréninku (HI)."
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VODITKO PRO REGULACI INTENZITY — POCIT ZATEZE
(RPE — rating of perceived exertion)

Skala pocitu zatéze
(Borg, 1962).

Ciselna hodnota Slovni hodnota
velmi velmi lehk3

13

I VR

15

I T
7

1 velmi namahava
8
velmi velmi naméhava

Skala pocitu zatéZe s implementaci
prvniho (VT1) a druhého (VT2) ventilaCcniho prahu
(Foster et al. 1996)

Ciselna hodnota Slovni hodnota
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VYPOCET TRENINKOVE SRDECNI FREKVENCE z urditého %MSR nebo %SFmax

Priklad: SFmax: 210

Ciloveé zatizeni cirkulace: 60 %MSR nebo 60 %SFmax t1
- maximalni SF: 210, klidova SF: 58

SFzatéz: 149
4 SFzatézi: 147

Cilova SF z procenta maximalni srdecni rezervy
%MSR = ((SFmax-SFklid) * %MSR) + SFklid
%MSR = ((210-58) * 0,6) + 58 = 149 t/min

Cilova SF z procenta maximalni srdecni frekvence
%SFmax = SFmax * %SFmax
%SFmax =210 * 0,60 = 147 t/min vl

) 4 SFklid: 58




. % of threshold
Level Name/purpose ¢ % of threshold HR
power

Active recovery <55% < 70-80 years

2.5 hours to

Endurance 56-75% 69-83%
14 days

30min to 8
hours

Tempo 76-20% 84-94%

- Lactate threshold 01-105% 5- - 10 - 60 min.

Coggan Classic Levels




CLASSIC LEVELS  TRAINING TARGET COGGAN iLEVELS

Endurance 2' 2 Endurance

Tempo 3 (extensive) RIIPmpo

4a Sweet spot
4 Threshold (FTP)
5 FRC/FTP

Lactate threshold (FTP) 4

6 FRC

Anaerobic capacity 6 7a Pmax/FRC

{  Pmax

(Neuromuscular power 1)



Tréninkova zona ,,E“ {(easy running): lehky béh, asi do 16
km.h-1

Prechod: Laktatovy prah (Lactate threshold)

Tréninkova zona ,,5” (steady running): vytrvaly béh, asi
16-18 km.h-1

Prechod: Laktatovy bod obratu (Lactate turn-point)

Tréninkova zéna ,,T (tempo running): tempovy beéh, asi
18-19 km.h-1

Prechod neni definovan. (pri 80% HRmax?)

Tréninkova zéna ,1“ {interval running) —rychly béh pri
aerobnim intervalovém tréninku, rychlost nad 19 km.h-1




fonel
Active

Recovery
| Adaptations:
Increased Plasma Volume

|Mitochondria growth

Increased Latate

| Threshold
Increased Muscle

Glycogen Storage
Increase in Slow Twitch
muscle fibers

Muscle Capillary Growth

Conversion of fast twitch
muscle fibers to Slow
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Expected physiological adaptations from training in Zones 1-7

Zone | Zone 2 Zone 3
Active Aerabic Tempo
Recovery | Capacity
30-90
Example Length _ 1-& hrs |1-4 hours
minutes
Increased plasma volume X X i
increased mitochondrial enzymaes X MM XX
increased lactate threshold X 4 B K
increased muscle glycogen . - o
storage
hypertrophy of slow twitch . . -
muscle fibers
increased muscle capillarization X X K
interconversion of fast twitch . - -
muscle fibers {type lIb=type lla)
increased str:ukn: « « -
volume/maximal cardiac output
increased VO2 Max X X M
increased muscle high energy « « «
(ATP/PCr) stores
Increased anaerobic capacity
. u X X X
("lactate tolerance”)
Hypertrophy of fast twitch fibers X X X
increased neuromuscular power X X X

Table courtesy of Dr. Andy Coggan, Ph.D "Training and racing using a power meter: an introduction”.

Zone 4 Zone 5 Zone 7
Threshold [vo2 max | Meuromuscular
Power
mii?&s miaftts 515 seconds
B K MK X X
BN B ¥
BN X 4] X
BN B ¥
4] MK X
X MK X
BN B ¥
B K MK X X
BN B X ¥
¥ X i
¥ ¥ ¥
¥ X bt
» X MK




ADAPTACE
NA VYTRVALOSTNI A SILOVY TRENINK

VYTRVALOSTNI SILOVY

ARLIACELS TRENINK TRENINK

Hmota LK

9

Tloustka stény LK
End-diastolicky objem LK
Systolicky objem LK
Srdecni vydej

Systolicky TK

Diastolicky TK

S R
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Objem plazmy

Y

Hmotnost erytrocytl

1

Hematokrit

DEDIDE E DD
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Objem krve




02 Uptake (ml/kg/min)

?ﬂ -

Given two athletes with the same VO2 max, the one with a higher lactate threshold will perform
betterin endurance events

50 | i N
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40 A
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Athlete 1

LT @60% VO2Max Athlete 2

LT @70% VOZMax

2 3 4 5 6 7 ] 8 10 11 12 13 14 15 16 17 18

Run Speed km/hr

(http://homepages.ihug.co.nz/~rpitch/VO2LT/sports.html)



