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Number of ultras USA

Hoffman et al. Int J Hist Sports 2010

Same tendency in Europe



166 km / D+: 9500m

The combined participation in all of the 

events is approaching 10,000 runners
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Millet et al. PLoS ONE, 2011

Martin et al. J Appl Physiol 2010

UTMB : 13,600 ± 12,600 UI/l

24h : 13,300 ± 13,500 UI/l
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Resistance to fatigue
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Knee extensors fatigue in prolonged running

Millet and Lepers Sports Med 2004
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In ultra-long running 

exercise?
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Knee extensors fatigue in prolonged running

Millet Sports Med 2011
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Why does mamixal force 

decrease in ultramarathon?



Potential reasons for NM fatigue

From Janet Taylor

Central 

fatigue



force
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MVC

resting

twitch

%VA = [1- superimposed twich ] x100

resting twitch
Merton J Physiol 1954
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resting

twitch



Millet et al. J Appl Physiol 2002

D%VA: - 28 ± 13%



24 H

Martin et al. J Appl Physiol 2010
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Millet et al. PLoS ONE, 2011

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, Neuroscience Research Australia

tendon organs
Inhibition   ? 



UTMB 2012: Transcranial Magnetic Stimulation



UTMB 2012: Transcranial Magnetic Stimulation 
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Millet et al. PLoS ONE, 2011

Ia disfacilitation?

Changes in the intrinsic 

properties of motoneurones? 



Potential reasons for NM fatigue

From Janet Taylor

Peripheral

fatigue



Intrinsic force: ~ -10%
24 H

Martin et al. J Appl Physiol 2010
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Millet et al.  

PLoS ONE 2011



 - 20%

- 40.6 ± 13.4%
E-C coupling failure

Low frequency fatigue

 - 50%

Martin et al. Med Sci Sports Exerc 2004



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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Millet Sports Med 2011
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Knee extensors fatigue in prolonged running

Are these fatigue studies relevant to 

understand ultra-marathon runners’ 

performance and strategies?



at least not directlyNO…
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feedforward feedback

+feelings , sleep 

deprivation, mental 

fatigue, environment, etc



RPE

Security Reserve  



The « size of the security reserve » is a determining factor of performance

= being able to hurt yourself
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DNF after 85h30 … 1h30 

to go and place 3rd
September 2011
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