EFFECTS OF MUSCLE GROUP, MUSCLE LENGTH AND
METABOLIC PROFILE ON DIFFERENCES IN
NEUROMUSCULAR FATIGUE BETWEEN PREPUBERTAL

CHILDREN AND ADULTS

&
m Enzo PIPONNIER

UNIVERSITE

Clermont enzo.piponnierQuca.fr
Auvergne




INTRODUCTION




Why studying exercice-induced fatigue in children?
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(La science révele enfin pourquoi les enfants sont inépuisables, Positivr, Axel Leclercq, 26 avril 2018)
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Exercice-induced fatigue . .

Définition: et
Any reduction in the fmce g@her ting CapARPEfERE ne ¢>muscu|ar system regardless of the

force required in Jany %‘&‘h situaton factors Bigland-Ritchie et Woods (1984)
R
XN

Peripheral
factors

Kluger et al. (2013)
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Differences in neuromuscular fatigue between prepubertal children and adults

During maximal voluntary contraction (MVC)

Fatigability
Children <<< Adults
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Mechanisms underpinning differences between children and adults

Difference in
metabolic
profile

Difference in
torque level

\_
Ratel et al. (2015)
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Ratel & Blazevich (2017)
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How to evaluate the effect of torque level difference ?

@

Similar absolute torque level

‘ Matching maximal torque level
No difference in neuromuscular fatigue I

Hunter et al. (2004) Impossible without bias
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How to evaluate the effect of torque level difference ?

Vary difference in torque level between children and adults

Muscle group effect Muscle length effect

788 %
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How to evaluate the effect of difference in torque level?

Muscle groups
&

-
Knee angle = 90° 204 Nm 4 +
,i -  93+31Nm A

A ﬁ s 89+ 19N.m ~y

I 1 Ankle angle = 10° dorsiflexion 44 N.m 4 —
it # — 4s:xisNm B

Kluka et al. (2016)
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Child-adult difference in

torque level
297 + 67 N.m‘

Kluka et al. (2015)
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How to evaluate the effect of torque level difference ?
Muscle length

*Adults --Children

400 4
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Kluka et al. (2015)
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How to evaluate the effect of metabolic profile difference ?

Hypothesis: Children and endurance athletes seem to be metabolically comparable

Berg et al. (1986) ; Bell et al. (1980)
Similar pH
recovery rate

Similar type |
fibre %
(1992); Tesh et Karlsson (1

Similar SDH
P

Eriksson et Saltin (1974) ; Gollnick et al. (1972

Similar PCr
Kappenstein et al. (2013) ; Johansen et Quistorff (2003)
Type Il fibre

Muscle fascicle

Prepubertal children Well-trained adult endurance athletes

Ratel et Blazevich (2017)
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METHODS




Populations

21-45 yr
(n=13)

(n = 25)

| |

< 4h PA/week > 6x /week

Performance:
10 000 m between 28 & 33"

Introduction > Methods > Muscle group effect Muscle length effect Metabolic profile effect
13




Fatigue protocol

Stimulation at ISupra

Warm-up

MVC & MVC,,,, : Maximal voluntary contraction of agonist muscles and antagonist muscle, respectively.
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Fatigue protocol

Knee extensor muscles

Plantar flexor muscles
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Parameters

Fatigability = Total number of repetitions

Central fatigue :

Spinal fatigue

Introduction >

Methods
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Parameters

Peripheral fatigue
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MUSCLE GROUP EFFECT




J Appl Physiol 125: 12461256, 2018

First published August 9, 2018: doi: 10.1152/japplphysiol.00244.2018.
Aim and hypotheses

RESEARCH ARTICLE

Journal of

APPLIED PHYSIOLOGY

Aim: To compare difference in development and etiology of Child-adult differences in neuromuscular fatigue are muscle dependent

the neu rom USCUIar fatigue between prepu bertal boys a nd i.;;z::l:lp;;l::zii :lll:c:‘n:)‘:l:::l;{"nl:lalmlen Bontemps,' Emeric Chalchat,’ Valérie Julian,? Olivia Bocock.?
men during intermittent maximal fatigue protocol with KE ,fl’.iiZ;',’.'.',',’,'.’;.'?f.’,‘.,‘.;‘,',’,i‘}f"}.-f.;,’,’,')I."‘”“ R Gl e fraees e Qe
and PF. -
Hypotheses:
Greater difference in torque level between Lower difference in torque level between
boys and men boys and men
Greater difference in neuromuscular fatigue Lower difference in neuromuscular fatigue between
between boys and men boys and men
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Results

Fatigability
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Results

Peripheral fatigue
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Results

Central fatigue
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Conclusion

=> Muscle group impact difference in fatigability between children and adults but no difference in etiology of
the neuromuscular fatigue

3

]
Muscle group differences could also be accounted for by differences in muscle typology between children and adults
Type | fiber Type | fiber
~ - l - . l
VL : 30% of type I fiber " SOL & GL : 70% and 50% type | fiber
Edgerton et al. 1975 Lexell et al. (1992) Edgerton et al. 1975
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MUSCLE LENGTH EFFECT




Aim and hypotheses Medicine & Science

Sports & Exercise

neu rom uSCu Ia r fatigu e betwee n p re p u be rta | boyS a n d m e n d u ri n g The Official Journal of the A’mer‘ican Cln‘lleqe of Sports Medicine
intermittent maximal fatigue protocol at different muscle length of KE and PF.

Aim: To compare difference in development and etiology of the

Hypotheses:

Short muscle length

Reduced difference in torque level between
children and adults

!

Reduced difference in neuromuscular fatigue
between children and adults
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Results

Fatigability
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Results
Peripheral fatigue
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Results
Central fatigue
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Results

Fatigability
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Results

Peripheral fatigue
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Conclusion

=> KE muscles length impact difference in development and etiology of the neuromuscular fatigue between

children and adults but not PF muscles length.
Knee extensor muscles

f‘j.‘sl -“%.P,,gz

Muscle Iength effect

4
Difference in neuromuscular fatigue
t t
Difference in torque level
4
Difference in neuromuscular fatigue
t t
Similar difference in torque level

4

Difference in neuromuscular fatigue

Plantar flexor muscles
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No effect of muscle length
4

Difference in neuromuscular fatigue

Difference in
metabolic
profile

Difference in
neuromuscular
fatigue between
children and
adults
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METABOLIC PROFILE EFFECT




ORIGINAL RESEARCH ARTICLE [ "0 00 Tne fulltexs wiil be publisnes soor

A| m an d hypoth eses Front. Physiol. | doi: 10,3389/fphys.2019.00119 ? frontiers
in Physiology

: . : : Children exhibit a more comparable
A—'rn : To compare difference in dev_ek)pment and neuromuscular fatigue profile to endurance
etiology of the neuromuscular fatigue between athletes than untrained adults

prepu be rtal bOyS a nd end u ra nce ath Ietes d u rl n g 3 Bastien BONTEMPS', "8l Enzo PIPONNIER!, ; Emeric CHALCHAT', Anthony J. BLAZEVICH?,

i N te m | t te N t m aXi ma I fa tl gu e p (o tOCO | Qb\a/::;r;eR%gcm Olivia BOCOCK®,  Martine DUCLOS?, [l Vincent MARTIN' and [

=

'Université Clermont Auvergne, France
2Edith Cowan University, Australia

Hypoth eses - 3Centre Hospitalier Universitaire de Clermont-Ferrand, France
L ]

?h’onﬁers
in Physiolog

He)

Metabolic and Fatigue Profiles Are
Comparable Between Prepubertal
Children and Well-Trained Adult
Endurance Athletes

Anthony Birat", Plerre Bourdier', Enzo Piponniar', Anthany J. Blazevich’.
Hugo Macisjewski’, Pascale Duché’ and Sébastien Ratel™*

Difference in neuromuscular fatigue

t ]

Reduced difference in neuromuscular fatigue
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Results

Fatigability
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Results

Peripheral fatigue Central fatigue
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Conclusion

=> Boys and athletes have a more comparable neuromuscular fatigue profile than boys and untrained men

Fatigability and peripheral fatigue Central fatigue

= Comparable profile = Different profile

Introduction Methods Muscle group effect Muscle length effect > Metabolic profile effect
36



CONCLUSION




Fatigability
Children < Adults

Peripheral fatigue
Children < Adults

Sarlemmal excitability
alteration
Children = Adults

E-C coupling alteration
Children < Adults

Contractile properties
alteration
Children < Adults

Muscle oxygenation
alteration
Children < Adults

Central fatigue
Children > Adults

Supraspinal fatigue
Children > Adults ?

Spinal fatigue
Children = Adults
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.

Difference in
torque level

Ratel et Blazevich (2017)

\.

Difference in
agonist and
antagonist
activation

Différences de

Patikas et al. (2018)
Martin et al. (2015)
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fatigue
neuromusculaire
entre enfants et
adultes

( N
Difference in
metabolic
profile
)
Ratel et al. (2015)
N
Difference in
musculo-
tendinous
stiffness
_J

Ratel et al. (2015)
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Fatigability +
Peripheral fatigue +
Central fatigue -

Fatigability -
Peripheral fatigue -
Central fatigue +

Introduction Methods Muscle group effect Muscle length effect Metabolic profile effect > Conclusion >
40



/\ \ L Réglon g

Children exhibit comparable fatigue to well trained endurance athletes
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Perspectives

—

Fatigue périphérique
Enfants < Adultes

Effet de ’entrainement en
force

Introduction Méthodologie Effet du groupe musculaire Effet de la longueur musculaire Effet du profil métabolique >

Fatigabilité
Enfants < Adultes

\

Fatigue centrale
Enfants > Adultes

Fatigue supra-spinale
A Enfants > Adultes ?

Différence de niveau
de force (+)

Différence de profil
métabolique (+++)

Effet de I’entrainement en
endurance

Conclusion >
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de force (N.m)

Results

Peripheral fatigue
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=> Lower alteration of muscle oxygenation

TSI : Index de saturation en O, tissulaire
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Results

(Aw)
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=> No spinal fatigue
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Co-activation

% CoAct (% valeur initiale)
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= Specific neural regulation in boys?
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Co-activation

|
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i Proactif ?
(Feedforward)

5 Sag95§e Controle moteur
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Différence enfant/adulte en condition de fatigue ?
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Muscle oxygenation
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Validation de la stimulation magnétique pour I’évaluation du réflexe H

Comparaison du Réflexe H
au repos.
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Comparaison des variations du Réflexe H
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Validation de la stimulation magnétique pour I’évaluation du réflexe H

>
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Validation de la stimulation magnétique pour I’évaluation du réflexe H
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Activation volontaire enfants/adultes pour des contractions a différentes intensités

VA (%)
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Birat et al. 2018
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