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Laboratory

…leading to an increase of psychological/energy cost 

to perform an exercise

and/or to a decrease of maximal strength/power

(Bigland-Ritchie & Woods, 1984)… 

Changes in (physical, mental) capabilities… 

…whether or not the task can be sustained. 
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In ultra-long running 

exercise?

1 : Lab

• 24 h treadmill

2 & 3 : Field

• race (UTMB)

24 H24 H

2009: 165 km / + 9000m (men)

Set of 3 experiments 

2012: 105 km / + 5000m (men and women)

2007 (men)
-40%

-30%

Martin et al. J Appl Physiol 2010
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Millet et al. PLoS ONE, 2011
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2012 : 
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2012 : 
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Knee extensors fatigue in prolonged running
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Max altitude : 3200 m

Tor des Geants

335 km / 24000 m D+

Min altitude : 320 m

Knee extensors fatigue in prolonged running
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Saugy et al. PLoS One 2013: 

122 h / -25%
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Why does mamixal force 

decrease in ultramarathon?

Neuromuscular fatigue

Motor cortex activation 

Neuromuscular 

propagation

CNS to MU 

command

MU and muscles 

activated

Intracellular 

composition

Substrates availability

Blood flow

Excitation-

contraction coupling

contractile 

apparatus

Bigland-Ritchie, 1981

Central 

fatigue

Central fatigue?



Different types of central fatigue
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(RPE)

Cognitive 
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Intermuscular
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Fatigue =  maximal 

strength

Decrease of 

%VA
force

stimulus

MVC

resting

twitch

%VA = [1- superimposed twich ] x100

resting twitch
Merton J Physiol 1954
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twitch

Change in VA?
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Martin et al. J Appl Physiol 2010
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Central fatigue origine?

peripheral
fatigue 

(muscular)

central 
fatigue 
(neural)

Fatigue 

origin? Not as simple as that…



1. Motoneurone
properties

2. Afferent input

3. Corticospinal
drive

(Supraspinal
fatigue)

muscle spindles
Excitation   ??

?
recurrent
inhibition

Potential sites of central fatigue

group III & IV fatigue-
sensitive muscle 
afferents  ??

Adapted from Janet Taylor, Prince of Wales Medical Research Institute

tendon organs
Inhibition   ? 
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Prolonged exercise: serotonin hypothesis 

= fTrp /BCAA 

For a review: Meeusen et al. Sports Med 2006
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Millet et al. Can J Appl Physiol 2003; Millet et al. J Appl Physiol 2003 

Comparison running vs. skiing

Comparison running vs. cycling
Millet et al. Int J Sports Med 2003; Lepers et al. J Appl Physiol 2002

Could be Mn excitability or pre-synaptic inhibition  large 

central fatigue due to prolonged runs is not (totally) due to CNS 

biochemical changes. 

24 H

Hoffmann’s reflex
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UTMB 2012: Transcranial Magnetic Stimulation UTMB 2012: Transcranial Magnetic Stimulation 
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Neuromuscular fatigue

Motor cortex activation 

Neuromuscular 

propagation

CNS to MU 

command

MU and muscles 

activated

Intracellular 

composition

Substrates availability

Blood flow

Excitation-

contraction coupling

contractile 

apparatus

Bigland-Ritchie, 1981

Peripheral

fatigue

Intrinsic force: ~ -10%
24 H

Martin et al. J Appl Physiol 2010

-12%

-26%

Millet et al.  

PLoS ONE 2011

- 19.4 ± 9.1%

- 49.6 ± 13.8%

- 40.6 ± 13.4%

E-C coupling failure

Martin et al. Med Sci Sports Exerc 2004

Low frequency fatigue



E-C Failure (Ingalls et al. 1998)

Prolonged

running 

exercices?

24 H

Same result after 5 h treadmill running

Same result after 4 h treadmill running 

(Davies & Thompson J Appl Physiol 1986)

(Place et al., Med Sci Sports Exerc 2004)
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UTMB : 13600 ± 12600 UI/l

24h : 13300 ± 13500 UI/l
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attention


