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Physiological Physiological MMain ain FFactorsactors WhatWhat isis EnduranceEndurance??

The durability of the organism against

fatigue and / or the fast recovery after 

the exercise.

(Harré, 1967)
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PhysiologicalPhysiological AAspectsspects

acceleration

glucose

Creatin kinasis

Anaerobic capacity

lactate

highest intensity

fat burning

3 games/week

VO2

match =3 parts

9-month season

fatigue

speed

regeneration

basic endurance

condition

The The RuleRule ofof EnduranceEndurance

Long-lasting, constant intensity vs. Short, varying intensity

recuperativeness (physiological)

acut– directly after the sprint

delayed in the break, 

after the match

� after training/match – day (s)

� month view

� whole saison / play off 

� recuperativeness (neuronal )

� concentration – motivational aspects

EnduranceEndurance in Hockeyin Hockey

Physiological ViewPhysiological View
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ATP = Universal ATP = Universal EnergyEnergy Source Source MechanismMechanism ofof Filament Filament SlidingSliding

Actin-myosin binding Incline / tilting

Loose and tighten

ATPATP--RResynthesisesynthesis

ATP ATP --> ADP + > ADP + P      P      ∆↑∆↑∆↑∆↑∆↑∆↑∆↑∆↑ freefree energyenergy

ADP + P ADP + P --> > ATP      ATP      ∆↓∆↓∆↓∆↓∆↓∆↓∆↓∆↓ energyenergy demanddemand

Forms Forms ofof ATPATP--ResynthesisResynthesis

anaerobic alacticide
Creatinphosphat+ ADP                                            Creatin+ATP

lactacide
Glucose (Glycogen)                                                                lactat+ ATP

aerobic
Glucose (Glykogen) + O2  CO2 + H2O + ATP

Free Fatty Acid + O2 CO2 + H2O + ATP

--> > veryvery fastfast, , shortshort, , maxmax, , fewfew secondsseconds: limited : limited capacitycapacity

--> > quietquiet fast, fast, < < 20 sec, 20 sec, influenceinfluence toto pH: pH: limited limited capacitycapacity

-->> slowslow, , bigbig poolpool: : unlimetedunlimeted capacitycapacity
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end of

sprinting

muscle mass

CapacityCapacity ofof PhosphatePhosphate

time

Ratio Ratio ofof ATPATP--ResynthesisResynthesis

Mader ´94

pH

CRp

La/s

La

VO2

ATPATP--ResynthesisResynthesis: Short : Short SprintSprint
WhatWhat happenshappens duringduring a a 

Hockey Match?Hockey Match?

main question: how to rebuild ATP 
(resynthesis) to show peak performance

• focus on time/ forO2 – transport

during aerobic pathway
C6H12O6 + 6O2 6CO2 + 6 H2O

2 C51H98O6 + 145 O2 102 CO2 +  98 H2O
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statisics during competition (IIHF 2004b)

Physiological Stress Physiological Stress 

• Time on ice 20 – 60 sec

• Speedups (number) 5 – 7 

• Speedups (time) 2 – 3,5 sec

• Bench time 3 – 5 min

• Exchanges per match 15 – 25 

• Total time on ice 15 – 25 min

Physiological Stress: A Physiological Stress: A ratioratio

Percent of energy metabolism in hockey – near to (IIHF 2004b)

speed ups

5s sprints

30s activity sprint checks

1 min intermittend
(speed ups, curves,starts/stops)

Anaerobic
alactocid

Anaerobic
lactocid

Aerob

60%             35%             5%

15%              70%           15%

10% 60%           30%

85%             10%             5%

WhatWhat happenshappens duringduring a a 
Hockey Match?Hockey Match?

• Answer:
»Aerobic pathways

»Anaerobic pathways

Short Intervalls vs. Short Intervalls vs. LongerLonger
IntervallsIntervalls
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Type 1: Stress in a Type 1: Stress in a matchmatch Type 2: Stress in a Type 2: Stress in a matchmatch

Type 3: Stress in a Type 3: Stress in a matchmatch Players Players remainremain ableable--bodiedbodied

• if lactate tolerance was trained (DEG-lokMoskau)

• if energy system is filled up (acute-glucose level, 
training???)

• if muscle learned to use lactate as a fuel

• if VO2 is high (lactate clearence is faster)



29.04.2009

7

ConclusionsConclusions

• build up high lactate levels

• use lactate as a fuel

• oxidaze lactat with high VO2

Influence of VO2 max

MuscleMuscle CCellsells

red muscle cell
slow long term

Typ 1

white muscle cell
fast short term

Typ IIb

Intermediate cell
Typ IIa/c

PowerhousePowerhouse ofof thethe CellCell
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Laktat-Pyruvat -Oxidation

mitochondria
(citratcycle)

anaerob

aerob

LactatLactat: Not : Not onlyonly a a ByBy--ProductProduct LactatLactat TransportTransport

LactateLactate:: EnergyEnergy forfor thethe heartheart cellcell LactatLactat TransportTransport

activity

La blood

La muscle

time

[lac]
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LactatLactat: Fuel : Fuel forfor thethe musclemuscle

• vasodilatiation of vessels

• sympathicusregulation

• neuronal activation

• impuls for oxidazing phosphats

• Kollagensynthese (Wundheilung!)

• transport of lactate

•monocarboxylaseMCT1 and MCT4

•transport throughmembran 70%, rest diffusion

• system can be trained to improve

biological effect on cell

„fuel for muscel work“

ConclusionsConclusions

• Endurance Test

– VO2 max

– Steptest on ICE / bike / treadmill

• Test for anaerobic capacity

– VLamax (maximum lactate building per second)

– Speed tests

Explanation Explanation VLaVLamaxmax

• 100m run: 
– 10 sec. building up to 10mmol as maximum (meas. in ~8min)

– building rate: 1 mmol per second = 1mmol/s

• 400m run:
– 40 sec. building lactate up to 20mmol as maximum

– building rate: 20mmol/40sec = 0,5 mmol/s

• 10000m run:
– 30 – 60 minutes
– Concentrationof lactate ~ 3 mmol /l
– building rate = lactate oxidation: steady state

Conclusion: 
100m runnermust improve his building rate to become faster
400m runner must improve his building rate and his VO2max

10000 m   runnermust improve his VO2max – endurance as main todo
Marathon runner must improve his VO2max – endurance as main todo

AnaerobicAnaerobic on on IIcece TTestest

4 x

10 min on bench for measurment
lactate building

rate
~ 30 s – 17 mmol
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Final Final ConclusionsConclusions

• hockey player should be an intermediat type (muscle)

» depending on played system / position

• use your individual views and testing
» find out deficites (physiological + … ) 
» build trainings groups
» train what is needed during competition
» remember training is the balance between
activitie and recovery

» if you train with high intensities give enough
recovery (acitve and passive)

» organise the environment

ThankThank youyou forfor audianceaudiance
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