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Bienvenue a Nantes !

Cher(e)s collegues, cher(e)s ami(e)s,

Nous sommes trés heureux de vous accueillir & Nantes a I’occasion du 16°™

marquera cette année le 30°™ anniversaire de cette Société savante.

Le programme scientifique du congrés est particulierement riche. Aprés un processus de double
expertise, plus de 320 communications ont été retenues augurant d’un programme varié dont le
contenu constituera un état des connaissances les plus récentes issues des recherches portant sur le
sport, l'activité physique et la motricité humaine.

Des conférenciers de renommée internationale, représentatifs des principales disciplines de la
recherche en STAPS, nous font I’honneur de prononcer les cing keynotes de ce congrés. Par ailleurs,
comme le veut la tradition, ce moment est également I’occasion de mettre en avant de jeunes
chercheurs a travers leurs posters et communications orales dont les meilleurs seront récompensés
par les divers prix « jeunes chercheurs ».

Pour la premiere fois, une conférence « grand public » sera également au programme en marge du
congres de I’ACAPS. Nous espérons que cette initiative contribuera a décloisonner la recherche pour
la rendre accessible au plus grand nombre dans un lieu privilégié connu du public nantais.

congres de I’ACAPS, qui

Nous espérons enfin que ce congres sera pour vous I’occasion de découvrir Nantes, ville historique,
culturelle, scientifique et sportive.

Nous vous souhaitons un congres scientifiquement et humainement riche, ainsi qu’un excellent
séjour a Nantes et en Pays de la Loire.

Le Comité d’organisation du congrés
Nantes, septembre 2015

Laboratoire Motricité, Interactions, Performance (MIP)
Université de Nantes
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Simplexité, Vicariance et Empathie : des concepts clés pour comprendre la
perception, I'action et la relation avec autrui

Alain Berthoz
Professeur Honoraire au College de France, Membre de I'Académie des Sciences et de
l'"Académie des Technologies

En face de la complexité a la fois du cerveau, du corps et du monde les organismes vivants
utilisent des processus qui ne sont ni complexes ni simples mais « simplexes ». Ces processus
obéissent a des principes simplificateurs qui permettent au cerveau d’accomplir des taches en
utilisant des détours qui peuvent apparaitre complexes mais qui en fait augmentent
I’efficacité et la rapidité. Je donnerai des exemples empruntés au domaine de la perception et
de I’action, du geste et de la marche. Parmi ces principes, par exemple, I’anticipation,
I’inibition, les mode¢les internes, jouent un réle majeur. De plus, je montrerai comment ces
principes peuvent guider 1’apprentissage mais aussi la conception de robots, par exemple
humanoides, et des avatars dans des mondes virtuels. Enfin je proposerai qu’ils peuvent étre
importants pour la réhabilitation ou le rémédiation de troubles pathologiques ou accidentels
des fonctions perceptives ou motrices.

Si les lois simplexes sont trés générales chacun dispose de plusieurs solutions pour effectuer
un acte perceptif, logique ou moteur. Cette flexibilité appelée « Vicariance « est une propriété
fondamentale du cerveau humain et la diversité des stratégies possibles est un des
fondements de 1’apprentissage et de la réhabilitation qui est souvent négligé.

L’ensemble des propriétés de simplexité et de vicariance permet aussi ’interaction avec autrui
non seulement dans la coopération sensori-motrice mais aussi pour 1’échange des émotions et
I’empathie.

Je décrirai en particulier la différence entre sympathie et empathie qui sont deux modes
fondamentalement différents d'interaction sociale avec autrui dont les conséquences sur le
plan didactique et de I'apprentissage sont cruciales.
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Globule rouge, fer et exercice
Red blood cell, iron and exercise
Philippe Noirez'

"EA 7329, UFR STAPS, Paris Descartes University, France
noirez@staps.univ-paris5.fr

Symposium general summary

Oxygen delivery to cardiac and skeletal muscles plays a critical role in endurance performance.
Efficient erythropoiesis (production of hemoglobin-containing red blood cell) is required to adjust
O2 transport capacity to enhance oxygen delivery to the working muscles. Consequently, the
properties that influence oxygen transport and distribution (e.g., blood rheology) during exercise are
important for understanding the mechanisms for reduced/improved aerobic exercise performance.
For instance, the ability of RBCs to easily flow and to deliver oxygen to tissues depends on their
rheological properties: i.e., deformability and aggregability/disaggregability.

Iron is another key player of oxygen transport besides a myriad of other functions including its key
involvement in bioenergetics: iron is at the active site of hemoglobin, myoglobin, and cytochromes.
It is mandatory in the iron-sulfur clusters and cytochromes of the mitochondrial respiratory chain,
as well as in other functions such as DNA synthesis and repair, function of the Krebs cycle
(aconitase) and in heme biosynthesis (ferrochelatase) for instance. Iron is thus essential to the life of
animals and it is intimately associated to physical performance. Iron excess is highly toxic by
generating, through Fenton’s reaction, reactive oxygen species leading to oxidation of biological
molecules. Iron homeostasis relies on the control of iron efflux from duodenal enterocytes, and
from macrophages after phagocytosis and degradation of senescent red blood cells and heme
catabolism by heme oxygenase.

Furthermore, athletes are usually diagnosed as being deficient in iron, particularly after strenuous or
repeated (training) exercise. It has been observed that expression of hepcidin, the hormone
regulating the egress of iron from enterocytes and macrophages, is increased in highly trained
athletes which may be responsible for the observed iron deficiency in this population. Expression of
hepcidin is partially controlled by the HFE protein. The homozygous C282Y HFE mutations has
been strongly associated with type I hemochromatosis, which is characterized by inappropriate low
level of hepcidin and body iron overload.

No definite phenotype has been linked to HFE heterozygosity alone, either for the above mutation
or for other ones such as H63D and S65C. However we recently showed that a specific phenotype
(high level sport performance) was associated with a higher frequency of HFE gene mutations in a
specific population: elite athletes who reach Olympic, World and European podiums.

Thus, considering the relationship between HFE and sport performance, it is of interest to evaluate
its importance in the performance capacity and whether it is linked to oxygen transport, iron
homeostasis, or some other unknown function.

Symposium communications:

1) Jean-Marc Moulis, Biologie des Systemes appliquée a ’homéostasie du fer chez les animaux —
Systems Biology of metazoan Iron Homeostasis

2) Philippe Connes, Red blood cell rheology and exercise

3) Christophe Hourdé, Sickle cell disease and iron metabolism in skeletal muscle

4) Jean-Francois Toussaint, Hemochromatosis HFE gene mutations are associated with high level
sport performance

5) Philippe Noirez, Metabolism and performance in mice knock-out for the hemochromatosis HFE
gene.
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Systems Biology of metazoan Iron Homeostasis
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Background/aim

Although iron provision is needed for all animal cell types, hematopoiesis is the main demanding
function, particularly because of the high synthesis rate of hemoglobin during erythropoiesis.
Hematopoietic stem cells and progenitors are faced with the constant choice of deciding between
self-renewal (proliferation), differentiation, and death. A seemingly analogous choice is presented to
muscular cells for growth and repair. Several regulation modules participate to this choice but
probably not in a fully stochastic mode. Thus, the main triggering factors engaging hematopoietic
progenitors in the erythroid lineage remain ill-defined and the role of available iron appears
important, although details are missing. It is therefore of importance to know how much iron is
required to support growth of hematopoietic progenitors and how its availability participates to
maturation of red blood cells. Similar data for other cell types, including muscular cells, are badly
missing

Methods

The experiments were carried out with cellular models of hematopoietic cells (erythroleukemia
cells) and with primary progenitors isolated from cord blood by immune-selection of their CD34
surface marker. Iron was manipulated in culture by use of chelators and iron-binding proteins. The
cellular response was monitored by complementary techniques probing different iron-sensing
systems. These techniques will be presented when needed in the talk. The data were processed
within a modeling approach (to be detailed in the presentation) integrating all relevant biological
information available on these cells.

Results

The intracellular iron concentration triggering iron-centered regulatory pathways is largely smaller
than previous determinations of labile iron: we named it functional iron concentration (FIC)'. In all
studied cells, including hematopoietic progenitors, the FIC and its supply via transferrin influence
amplification of progenitors and their commitment into specific lineages. Formalizing the known
behavior of this biological network with Signal Temporal Logic (STL) tools highlights previously
unsuspected features of hematopoietic progenitors® which will have to be integrated in further
analysis of these cells and others derived thereof.

Conclusions

These data shed new light on basic aspects of cellular iron homeostasis with direct consequences in
normal and pathological conditions, including iron restricted erythropoiesis or cancer induced
anemia. The relevance of the results in the context of strenuous exercise, for which almost nothing
is known in this domain, will be presented in this overview
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Red blood cell rheology and exercise
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Introduction

During states of increased energetic demand, a continuous rise in the rate of oxygen delivery and
utilization may be observed until, at least in moderate-to-heavy intensity efforts, aerobic
metabolism completely supplies the required energy cost. Consequently, the properties that
influence oxygen transport and distribution (e.g., blood rheology) during exercise are important for
understanding the mechanisms for reduced/improved aerobic exercise performance.

Blood viscosity and its determinant

Blood viscosity is an important determinant of local flow characteristics which exhibits shear
thinning behavior: it decreases exponentially with increasing shear rates. Therefore, no single
viscosity value exists to characterize blood viscosity, it should rather be expressed as a function of
shear rate, which mainly depends on the blood flow rate and the vessel radius. In addition, blood
has visco-elastic and thixotropic properties also affecting local hemodynamics. The relative
contribution of RBCs (the most significant cellular element) is represented by the hematocrit (Hct)
value. A rise in Hct increases blood viscosity at all shear rates but the most significant effect is
observed at low shear rate, like in veins and venules (Baskurt & Meiselman, 2003).

The shear thinning characteristics of blood is determined primarily by the mechanical properties of
circulating erythrocytes. There are two unique RBC characteristics that are primarily responsible for
this non-Newtonian behavior. At high shear rates (characterized by high shear forces), RBCs
undergo an extensive passive shape change (RBC deformability) forcing them to align parallel with
laminar flow streamlines. As a consequence, blood viscosity and the internal resistance of blood to
flow decreases (Baskurt & Meiselman, 2003). At low flow rates and under low shear forces, RBCs
have a biconcave disc shape and they lose their parallel orientation with the flow streamlines
(Baskurt & Meiselman, 2003). In addition, RBCs tend to form aggregates at low shear rates
contributing to the observed exponential increase in blood viscosity. This unique process requires
low energy and is reversible: RBC aggregates may disaggregate, at least partly, in vascular regions
where shear rate is high, such as in arteries, arterioles or capillaries (Baskurt & Meiselman, 2003).

Blood viscosity and exercise

Exercise usually causes a rise in Hct, which results in an increase of blood viscosity. An excessive
increase in blood viscosity was proposed to be potentially dangerous for the cardiovascular system
because it is suspected to increase vascular resistance and increase the post-load work of the heart.
However, blood vessels are not rigid tubes and their diameter may react and adjust in relation to the
instantaneous hemorheological state. Experimental results demonstrated that increased blood
viscosity may, in fact, decrease vascular resistance and increase tissue perfusion (Martini et al.,
2005) because the resulting increased wall shear stress may stimulate nitric oxide (NO) production
by endothelial cells to create a vasodilatory compensation. We (Connes et al., 2012) recently
reported 1) a positive correlation between the increase in blood viscosity and the increase in NO
production during exercise; 2) a negative correlation between the increase in NO production and the
decrease in vascular hindrance; 3) a negative correlation between the increase in blood viscosity and
the decrease in systemic vascular resistance. These findings suggest that a marked rise in blood
viscosity during exercise could be necessary for NO production and adequate vasodilation. We
suspect that greater vasodilation could be beneficial for improving peripheral blood distribution and
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thus allowing for optimal aerobic performance during exercise.

Red blood cell and exercise

RBC deformability has major impacts on microcirculation, as well as on flow dynamics in large
arteries. The effects of acute exercise on RBC deformability have been examined in several studies,
with most reporting a decrease (Connes et al., 2013). This decrease may contribute to the rise in
blood viscosity during exercise. Several factors have been suspected to be involved in this
reduction, such as lactate and hydrogen ion accumulation within RBCs (Connes et al., 2013) and
oxidative stress (Yalcin et al., 2003). In contrast, few studies observed RBC deformability
improvement during acute exercise (Simmonds et al., 2013). Although very few studies investigated
the effects of NO on RBC deformability during exercise, Suhr et al. (2011) suggested that changes
in the RBC eNO-synthase (RBC-NOS) activity could positively regulate this hemorheological
property. Increased shear stress occurring with exercise is probably the main stimulus of RBC-NOS
activation, causing S-nitrosylation of the [1- and []-spectrins and RBC deformability improvement
(Simmonds et al., 2014).

Last decade also demonstrated the key role of the RBC on the vascular function, and notably at the
microcirculatory level. When oxygen is released from hemoglobin, RBCs are able to “sense”
hypoxia and release ATP and NO into the microcirculation, causing vasodilation (Simmonds et al.,
2014). This hypoxic vasodilation has been shown to play a key role in flow dynamics adjustment
during exercise, which participates to exercise performance (Gonzalez-Alonso, 2012; Simmonds et
al., 2014).

Conclusion

Although, exercise performance depends on several factors (central, pulmonary, cardiovascular and
peripheral), the contribution of RBC in oxygen transport capacity, oxygen delivery, tissue perfusion
and exercise capacity should not be underestimated.

References

Baskurt, O.K. & Meiselman, H.J. (2003). Blood rheology and hemodynamics. Seminars in
thrombosis and hemostasis, 29: 435-450.

Connes, P., Pichon, A., Hardy-Dessources, M.D., Waltz, X., Lamarre, Y., Simmonds, M.J. &
Tripette, J. (2012). Blood viscosity and hemodynamics during exercise. Clinical
hemorheology and microcirculation, 51: 101-109.

Connes, P., Simmonds, M.J., Brun, J.F. & Baskurt, O.K. (2013). Exercise hemorheology: classical
data, recent findings and unresolved issues. Clinical hemorheology and microcirculation, 53:
187-199.

Gonzalez-Alonso, J. (2012). ATP as a mediator of erythrocyte-dependent regulation of skeletal
muscle blood flow and oxygen delivery in humans. The Journal of physiology, 590: 5001-
5013.

Martini, J., Carpentier, B., Negrete, A.C., Frangos, J.A. & Intaglietta, M. (2005). Paradoxical
hypotension following increased hematocrit and blood viscosity. American journal of
physiology Heart and circulatory physiology, 289: H2136-2143.

Simmonds, M.J., Connes, P. & Sabapathy, S. (2013). Exercise-induced blood lactate increase does
not change red blood cell deformability in cyclists. PloS one, 8: €71219.

Simmonds, M.J., Detterich, J.A. & Connes, P. (2014). Nitric oxide, vasodilation and the red blood
cell. Biorheology, 51: 121-134.

Suhr, F., Brenig, J., Muller, R., Behrens, H., Bloch, W. & Grau, M. (2012). Moderate exercise
promotes human RBC-NOS activity, NO production and deformability through Akt kinase
pathway. PloS one, 7: €45982.

Yalcin, O., Erman, A., Muratli, S., Bor-Kucukatay, M. & Baskurt, OK. (2003). Time course of
hemorheological alterations after heavy anaerobic exercise in untrained human subjects.
Journal of applied physiology, 94: 997-1002.

34



16° congres de 'ACAPS - Nantes, 2015

Sickle cell disease and iron metabolism in skeletal muscle
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Background

Sickle cell disease (SCD) is a hemoglobinopathy which is due to a mutation in the gene encoding -
globin leading to synthesis of abnormal hemoglobin: HbS. The first clinical manifestation of the
disease is severe hemolytic anemia. Sickled red blood cells also display a loss of deformability and
an abnormal adhesion to the endothelium that favor the entrapment of erythrocytes in the
microvasculature, resulting in vasoocclusive crisis (Serjeant, 1992) and infarction of vital organs.
Resolution of vaso-occlusive episodes amplifies inflammation (Gute et al., 1998; Carden et al.,
2000; Nath et al., 2005; Eltzschig & Eckle, 2011) and oxidative stress (Carden et al., 2000; Chirico
& Pialoux, 2012) that contribute to the pathophysiology of SCD. We know that hepcidin production
is increased by the inflammation, and is decreased by the hypoxia and anemia. Hepcidin is the
hormone that allows adapting the uptake and the cellular localization of the iron needs. So it is
likely to observe a disturbance of iron metabolism in SCD patients. The iron metabolism function in
the skeletal muscle is not clearly known. The Aim of our study is to determine if SCD (without
blood transfusion) induces iron metabolism disturbances in skeletal muscle and if there are
correlations with muscular disturbance.

Methods

48 sedentary Cameroonian volunteer men and women participated in the study. They were assigned
to one of six groups according to their hemoglobin status and sex (men: healthy control subjects, n
= 8; sickle cell trait carriers, n = 8; and SCA patients, n = 8 women: healthy control subjects, n = §;
sickle cell trait carriers, n = 8; and SCA patients, n = 8) and underwent muscle biopsy of the vastus
lateralis. Part of the biopsy sample was mounted in Cryomount (Histolab, Goteborg, Sweden), then
frozen in isopentane, and finally stored in liquid nitrogen wuntil histochemical and
immunohistochemical analyses were performed on 10-pum thick serial cryostat transverse sections.
For morphometric analysis of microvasculature, capillaries were identified with CD31 antibody
(Dako, Glostrup, Denmark), which recognizes platelet endothelial cell adhesion molecule 1,
expressed by vascular endothelial cells. Capillary wall thickness was measured with hemalum-
eosin-safran staining.

Part of the biopsy sample was used for RT-qPCR. RNA extractions were performed using trizol
according to the manufacturer protocol (Life technology). Reverse transcription was done on 1 pg
of total RNA using random hexamers. The qPCR was run in duplicate on a LightCycler 1536 Real-
Time PCR System (Roche, Meylan, France). The qPCR cycling conditions were 94°C for 5 min,
followed by 40 cycles at 95°C for 15 s and 60°C for 20 s and 72°C for 20 s. GAPDH, GUS, HPRT1
and PO were used as controls and geNorm was used for normalization of qPCR data.

Results

Transcription levels from genes involved in iron metabolism were altered by SCD (selected results
in arbitrary unit, geometric mean= error type: HFE 17.3+£9.8 vs 85.6+47.0, p=0.019; ALAS2 27.6+9
vs 2114.4+673.6; p=0.000; ABCG2 73.6+14.4 vs 146.3£23.7; p=0.000; respectively cont vs SCD).
The iron metabolism disturbance was not correlated to a local inflammation (no significant change
in NF-kB1 and RELA mRNA; no presence of inflammatory cells in eosin-hematoxylin staining) or
hypoxia (no significant change in HIF1a or ARNT) but was concomitant with microvessel disorders
and mitochondrial alteration (Ravelojaona M.et al. 2015).
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Conclusions

Our data show that patients with SCD have disturbances of iron metabolism in the skeletal muscle.

The link with muscle dysfunction remains unclear.

References

Carden, D.L. & Granger, D.N. (2000). Pathophysiology of ischaemia-reperfusion injury. J Pathol,
190:255-266.

Chirico, E.N. & Pialoux, V. (2012). Role of oxidative stress in the pathogenesis of sickle cell
disease. IUBMB Life, 64:72-80.

Eltzschig, H.K. & Eckle, T. ( 2011). Ischemia and reperfusionefrom mechanism to translation. Nat
Med, 17:1391-1401.

Gute, D.C., Ishida, T., Yarimizu, K. & Korthuis, R.J. (1998). Inflammatory responses to ischemia
and reperfusion in skeletal muscle. Mol Cell Biochem, 179:169-187.

Nath, K.A., Grande, J.P., Croatt, A.J., Frank, E., Caplice, N.M., Hebbel, R.P. & Katusic, Z.S.
(2005). Transgenic sickle mice are markedly sensitive to renal ischemia-reperfusion injury.
Am J Pathol, 166:963-972.

Serjeant, G. (1992). Sickle Cell Disease. ed 2. Oxford, Oxford University Press.

Ravelojaona M, Féasson L, Oyono-Enguéllé S, Vincent L, Djoubairou B, Ewa'Sama Essoue C,
Messonnier LA. Evidence for a profound remodeling of skeletal muscle and its
microvasculature in sickle cell anemia. Am J Pathol. 2015 May;185(5):1448-56.

36



16° congres de 'ACAPS - Nantes, 2015

Hemochromatosis HFE gene mutations are associated with high level sport
performance

. . 12,34 .5 - 123 g . 1236
Jean-Frangois Toussaint =", Gerard Dine”, Philippe Noirez"*”, Olivier Hermine

"IRMES - Institute for Research in bioMedecine and Epidemiology of Sport, Paris, France
2 GR-Ex, Paris Descartes University, Sorbonne Paris Cité, Paris, France
3 Paris Descartes University, Sorbonne Paris Cité, Paris, France, 4 CIMS, Hotel-Dieu, APHP, Paris,
France
> Biotechnology Insitute of Troyes, IBT, Troyes, France
® CNRS UMR 8147, Necker Hospital, AP-HP, Paris, France
irmes@insep.fr

Background/aim

Iron is essential for erythropoiesis, muscle metabolism and heart function. Optimal regulation of
iron metabolism, in part controlled by the HFE gene, is required for athletic performance
(Chicharro et coll., 2004). Homozygous mutations of HFE lead to hemochromatosis. Here we
aimed to determine whether heterozygous HFE mutations confer a genetic advantage in highly
energetic sports.

Methods

We assessed HFE mutation frequency (H63D, C282Y, S65C) in elite members of French teams
[Nordic skiing (n=77), rowing (n=18) and judo (n=34)]. Petanque players at the international level
[petanque (n=41)] were chosen as an elite control group without high energy requirements. These
groups were compared to 219 control subjects matched by age, gender and geographical origin.
Blood samples were tested for red blood cell and iron parameters.

Results

The frequency of HFE mutations in elite athletes in aerobic sports is twice as high as in those of
lower energy sport and of control subjects (respectively 41% vs 27%; p<0.01). For the best athletes
with Olympic, World or European medals, HFE mutation frequency is 12 fold higher (Odd ratio =
12.0 [5.0 ; 29.3], X,=30.9, p<0.0001). Relevant red blood cell and iron parameters (hemoglobin,
hematocrit, reticulocytes, mean corpuscular volume, red blood cells, ferritin) of all athletes are
higher than those of the control group (p<0.001). There is a link between HFE mutation and serum
iron in aerobic sports (p<0.05).

Conclusions
HFE mutations are favourable to high level performance in French team athletes in aerobic sports
(Hermine et coll., 2015).
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Background/aim

Iron, used by the body to transport oxygen and produce energy, is essential in performance.
However, athletes are usually diagnosed as being deficient in iron. Expression of hepcidin, the
inhibitor of iron intestinal absorption, is partially controlled by HFE protein. Homozygous
mutations of HFE gene lead to hemochromatosis, characterized by iron overload. In elite athletes,
HFE heterozygous mutation frequency is almost doubled compared to the population (Hermine et
coll., 2015). This mutation could favor performance. In this study, our objective is to estimate
phenotypic differences between knock-out (KO) and wild type (WT) mice for HFE gene.

Methods

24 male sedentary mice of 6 months old (young, 4 KO and 6 WT) and 20 months old (old, 5 KO
and 9 WT) were measured regularly by magnetic resonance (Bruker, Germany) for their lean and fat
mass. Mice were analyzed during 72h for the following parameters: energy expenditure (EE), O2
consumption (VO,), CO; production (VCO,), respiratory exchange ratio (RER = VCO,/VQO,), food
intake and ambulatory activity, using calorimetric cages (Phenomaster, TSE, Germany) (Noirez et
coll., 2015). Their weight and body mass composition were measured. EE, VO,, VCO; and food
intake were related to their lean body mass. Mice were fasted and the evolution of their blood
glucose level was assessed during intraperitoneal insulin (ITT) and glucose (IPGTT) tolerance test.
Measurement of blood metabolic markers was also performed. Performance evaluation of each
mouse proceeded on a one-way-treadmill equipped with calorimetric system (Phenomaster, TSE,
Germany). Protocols were set up with 7 days of recovery. The first protocol consisted in increasing
the speed by 1 cm.s” every 15s; VO2 peak was determined as the highest value of VO2 reached
over 15s. The second protocol was carried out to 75% of their best speed reached during the
previous test (Vmax). Transverse serial sections of young soleus muscles (10 pm) were obtained at
-20°C using a cryostat microtome. Cross-sections were stained with a rabbit anti-laminin antibody
(20097, Dako) to determine the muscle fiber minimal Feret diameter and with a mouse anti-MyHC
[I/IIx/Ila (NCL-MHCT{, Novocastra; SC71, DSHB; 6H1, DSHB) to quantify myosin heavy chain
(MyHC) isoform expression by immunofluorescence. All muscles image were made by using a
motorised Zeiss microscope. Images analyses were performed with computer image software
(Image J).

Results

KO mice had a body weight (g) significantly higher (31£3.3 vs 28.5+3.3; p<0.05). Lean mass (g)

was significantly more important both in young (22.3£0.4 vs 18.9+0.8; p<0.001) and in old

(22.7£2.6 vs 20.2+0.8; p=0.01) KO mice. Their fat mass was also significantly reduced in both

groups.

In young mice, there was no difference in food intake. At night, KO mice had an ambulatory

activity significantly more important (p<<0.05). RER of KO mice was significantly higher than WT
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during the second half of the night (p<0.05). KO mice had a significant less EE than WT during
daylight (p<0.05). VO, and VCO, were significantly lower in KO mice during daylight (p<0.05).
After 18h fasting, blood glucose level was significantly lower in KO group (p<0.01). There was no
difference in ITT. IPGTT induced a greater augmentation of blood glucose level in KO group
during the 10min following the injection (p<0.05). Blood analysis indicated that non-esterified fatty
acids and triglycerids concentrations were significantly lower in KO mice (p<0.05).

Results of the first exercise protocol indicated that VO2 peak relative to lean mass (mLh™.g™") was
significantly reduced in KO mice. RER peak was lower in old (0.85+0.04) than in young
(0.96+0.06) mice (p<0.001). The results of the second protocol were similar to those of the first one
with regards to the RER peak and RER mean. During the second protocol, the time (sec) of race and
the run distance (m) observed for WT were significantly higher than those of the KO mice
(1634=£1108 vs 978+667; p=0.05 and 504+316 vs 306+£187; p<0.05 respectively).

Muscle mass is both increased in soleus and gastrocnemius in young KO mice. Analyzing soleus
fiber size confirmed these first observations: there was a shift to greater size in fiber distribution in
KO mice.

Conclusions
Their larger size and eventual greater proportion of muscle mass may confer to KO mice (HFE™) a
selective advantage to the performance. Post-exercise, RER in young KO was lower than in young
WT suggesting improved recovery capacities and that could be related to differences in body
composition.

References

Noirez, P., Thomasson, R., Bamberg, C., Djemai, H., Desgorces, F., Karim, Z., Luquet, S., Magnan,
C., Toussaint, J.-F., & Denis, R.G. (2014). P052: Métabolisme énergétique, performance et
récupération post-exercice dans un modéle murin (HFE-/-) de surcharge en fer. Nutrition
Clinique et Métabolisme 28, Supplement 1, S95.

Hermine, O., Dine, G, Genty, V., Marquet, L.A., Fumagalli, G, Tafflet, M., Van Lierde, F.,
Rousseaux-Blanchi, M.P., Palierne, C., Lapostolle, J.C., Cervetti, J.P., Frey, A., Jouven, X.,
Noirez, P. & Toussaint, J.F. (2015). Eighty percent of French sport winners in Olympic, World
and Europeans competitions present mutations in the hemochromatosis HFE gene. Blood
soumis.

39



16° congres de 'ACAPS - Nantes, 2015

Symposium N°2

Sprint mechanics or how force- and power-velocity
relationships bighlight some aspects of human
locomotion

(Coord. : Jean Slawinski)

40



16° congres de 'ACAPS - Nantes, 2015

Sprint mechanics or how force- and power-velocity relationships highlight some
aspects of human locomotion

Jean Slawinski
CeSERM — EA 2931, UFRSTAPS, Université de Paris Ouest Nanterre la Défense, France

Résumé

Sprint acceleration is a key physical feature in many sports. Studying the mechanical determinants
of sprint performance is limited by subjects’ very high running speeds, and thus attempts have been
made since the 1980’s to measure ground reaction forces (GRF) with instrumented treadmills. The
main drawback of existing devices was that only the vertical component of the GRF was measured,
and considered. A new type of sprint instrumented treadmill allowed to measure the horizontal
component of the GRF, and to introduce the concept of "ratio of force" (RF), index of the
effectiveness of force application during each step of the acceleration. However, while this
innovation allowed showing the close link between sprint performance and this sprint effectiveness
parameter, the limited speed reached in such treadmill condition prevents real and definitive
insights into the human determinants of sprint acceleration. Thus, in the second study, the authors
had the unique opportunity to study for the first time these determinants in 9 high-level sprinters,
including 4 world-class athletes, and in field condition. A single virtual 40-m sprint was
reconstructed and kinetics parameters were calculated for each step using in series force platform
system and video analyses. The results allow a better understanding of the mechanics of the sprint
acceleration by modeling the relationships between the main mechanical key variables of the sprint
(force, power, and the ratio of force) and the forward velocity during the entire acceleration over the
track. Nevertheless, the protocol used in these studies was not convenient for field use by sport
practitioners and clinicians since it requires rare and costly measurement’s tools. Thus, the third
study aimed at proposing and validating a simple field method to determine both these individual
force- and power-velocity relationships and the mechanical effectiveness in sprint running. On the
basis of simple split times, this method models the ground reaction force over sprint acceleration
using a macroscopic inverse dynamic approach. Finally the last study aimed at applying this simple
method to the 100-m split times provided by the International Association of Athletics Federations
since the 1987 World Championships in Rome. One hundred 100-m international races were
analysed and allowed to explore, for the first time, the mechanical outputs over an entire 100-m
sprint in the world’s best sprinters of all time. This yields interesting insights into the mechanical
determinants and limits of the speed capabilities of human bipedal locomotion, and notably helps to
better understand the difference in mechanical capabilities and sprint performances between men
and women.

Liste des communications associées au symposium :

1- Ground reaction forces measurement and sprint performance : Jean-Benoit Morin

2- Sprint mechanics in world-class athletes: a new insight into the limits of human locomotion:
Giuseppe Rabita

3- A simple method for measuring power, force, velocity properties and mechanical
effectiveness in sprint running: Pierre Samozino

4- How 100-m event analyses improve our understanding of world-class men and women
sprint performance : Jean Slawinski
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Introduction, review of literature

Sprint running is a key physical feature in many sports, and a direct (track and field events) or
indirect (e.g. soccer, rugby or bobsleigh) determinant of athletic performance. It is therefore the
focus of specific studies, and training programmes and exercises. It is also seriously considered as a
direct factor of muscle injuries. For these reasons, a better understanding of the mechanics of
sprinting will help better design training exercises, and injury prevention and/or rehabilitation
strategies. Sprint is an all-out ballistic activity that makes the human body move at 10 to 12 m.s™ in
few seconds (6-7s), which makes any direct biomechanical measurement rather challenging.

In addition to the widely used cycle ergometers, sprint treadmills were developed in the late 1980s
and 1990s to measure propulsive power (Lakomy, 1987). This had the obvious advantage of being
more realistic than cycle ergometers in assessing the physical capacities, i.e. the athletic
performance and muscular function of athletes. These kinds of devices have been improved in the
2000’s with studies led by P. Weyand et al. (2000, 2010), but the main drawbacks of hitherto
existing technologies were as follows. First, force and velocity mechanical outputs were not
measured at the same location (along the tether system by force transducers, and at the foot,
respectively), and the force along the tether which attached subjects to a fix point behind them did
not correspond exactly to the one produced at the foot (i.e. where velocity is measured) (Chelly and
Denis, 2001; Lakomy, 1987). Second, although modern instrumented treadmills allowed the
achievement of top speeds similar to those reached overground, and recording both ground reaction
forces (GRF) and belt velocity at high sampling rates, only the vertical, but not the horizontal,
component of the GRF can be computed. (Clark and Weyand, 2014; Weyand et al., 2000; 2010).
Finally, these treadmills only allow subjects to use ‘flying starts’ when dropping onto the rolling
treadmill and not typical sprint accelerations from a null velocity and a crouched position.

New technology, experimental protocols and main results

With the aim of improving the study of sprinting mechanics and performance, a new motorised
instrumented sprint treadmill was developed at the University of Saint-Etienne, France. This
treadmill (ADAL3WR, HEF-Tecmachine, Andrézieux-Bouthéon, France, Figure 1), allowed us to
accurately measure 3D GRF during sprinting, with subjects starting from a null-velocity, crouched
position (full details in Morin et al., 2010). These measurements allowed us to introduce the concept
of mechanical effectiveness of GRF application. This effectiveness, initially described in pedaling
mechanics (Ericson and Nisell, 1988) is quantified through the rate of decrease in the ratio of the
net horizontal component to the resultant GRF: RF = Fy.Fror! with increasing speed at each step
(Morin et al., 2011). The linear decrease in RF with increasing speed is quantified with the slope of
the RF-speed relationship (Dgrr index). In a first study (Morin et al., 2011), 12 sportsmen including
2 sub-elite level sprinters performed 6-s treadmill sprints and one 100-m sprint on a track, either
30min before or after the treadmill sprints. Basically, we found that Fy, and Dgrr were significantly
correlated to sprint performance, whereas Fror was not. These results were then clearly confirmed
in a second study (Morin et al., 2012), that included 9 other sportsmen, 3 highly-trained sprinters,
and a world-class individual (9.92 s on the 100-m): Fror for the elite athlete was close to that of the
other sprinters and only 14.2% higher than the average of the non-specialists, whereas his Dgy, and
thus his Fy were clearly higher than those of the other sprinters (43 and 12%, respectively) and the
non-specialists (95 and 22%). Furthermore, as shown in Figure 1, the difference in RF was higher at
higher speeds between the three populations studied, showing that the best athletes are those who
are able to apply more Fy (by orienting their Fror more horizontally) especially at high speeds.
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Figure 1. Left: the instrumented sprint treadmill. Right: RF-velocity linear relationship of an international level athlete
(CL; black circles), three national-level athletes (white circles) and non-specialists (grey circles).

Discussion

These results clearly and consistently showed that sprint performance was related more to the

effectiveness of resultant force application/orientation onto the ground (Dgr, “technical” capability),

and less to the amount of resultant force produced (Fror, “physical” capability). Furthermore, as
shown in Figure 1, the difference in RF (effectiveness) between these three populations was greater
at faster speeds: sub-elite and world-class athletes produced more Fy relative to Fror than non-

specialists at faster speeds (right part of the graph) than at lower speeds (left part of the graph). A

possible explanation is that producing a greater Fy, especially at fast velocities (i.e. when the body

is in a vertical posture), results from the action of hip extensors. Preliminary results of a new study

(publication in progress) show that during a sprint acceleration, the subjects who produced both the

highest torque values with the hamstring muscles when tested in isokinetic eccentric mode and the

highest hamstring muscle activity at the end of the swing phase, i.e. just before foot strike were also
able to produce the highest amounts of Fy. These results open interesting perspectives towards both
acceleration performance and injury prevention, which are crucial in athletics and team sports.

However, the main limitation of these studies was that sprints were performed on a treadmill, which

might lead to differences in kinetics with overground sprinting.

References

Chelly, S. & Denis, C. (2001). Leg power and hopping stiffness: relationship with sprint running
performance. Medicine and Science in Sports and Exercise, 33, 326-333.

Clark, K. & Weyand, P. (2014). Are running speeds maximized with simple-spring stance
mechanics? Journal of Applied Physiology, 117(6), 604-615

Ericson, M. & Nisell, R. (1988). Efficiency of pedal forces during ergometer cycling. International
Journal of Sports Medicine, 9, 118-122.

Lakomy, H. (1987) The use of a non-motorized treadmill for analysing sprint performance.
Ergonomics, 30, 627-637.

Morin, JB., Edouard, P. & Samozino, P. (2011). Technical ability of force application as a
determinant factor of sprint performance. Medicine and Science in Sports and Exercise, 43,
1680-1688.

Morin, JB., Bourdin, M., Edouard, P., Peyrot, N., Samozino, P. & Lacour, JR. (2012). Mechanical
determinants of 100-m sprint running performance. Eur J Appl Physiol, 112, 3921-3930.

Morin, JB., Samozino, P., Bonnefoy, R., Edouard, P. & Belli, A. (2010). Direct measurement of
power during one single sprint on treadmill. Journal of Biomechanics, 43, 1970-1975.

Weyand, P., Sandell, R., Prime, D. & Bundle, M. (2010). The biological limits to running speed are
imposed from the ground up. Journal of Applied Physiology, 108, 950-961.

Weyand, P., Sternlight, D., Bellizzi, M. & Wright, S. (2000). Faster top running speeds are achieved
with greater ground forces not more rapid leg movements. J App! Physiol, 89, 1991-99.

43



16° congres de 'ACAPS - Nantes, 2015

Sprint mechanics in world-class athletes: a new insight into the limits of human
locomotion

G Rabitaj, S. Dorelz, J. SlawinskiS, E. Saez-de-Villarreal®, A. Couturierj, P. Samozino’, J-B. Morin®

'Laboratory Sport Expertise and Performance (EA 7370), INSEP, Paris, France.
*Laboratory Movement, Interactions, Performance (EA 4334), University of Nantes, France.
*Research Center in sport and movement (EA 2931), University of Paris ONLD, France.
*Faculty of Sports, University Pablo de Olavide, Seville, Spain.
>Laboratory of Exercise Physiology (EA 4338) University of Savoie, France
SLaboratoire « Motricité Humaine, Education Sport Santé » (EA 6312), Université de Nice, France
giuseppe.rabita@insep.fr

Introduction

As they are considered as the fastest human runners on Earth, world-class athletes specialized in the
short sprint (60- or 100-m) constitute a unique model to investigate the current limits of human
locomotion (Denny, 2008). However, while numerous studies focused on sprint mechanics, the lack
of experimental data in elite sprinters still prevents us from thoroughly understanding the
determinants of sprint performance for this population. Recent experimental measures,
characterizing force- (F) and power-velocity (P-V) relationships by means of horizontal and vertical
ground reaction forces (GRF) have helped determining individual mechanical profile of elite
athletes during their specific sprint running task (Morin et al., 2012). Moreover, the authors
calculated the ratio of force (RF) that reflects the orientation of the resultant GRF at each step and
then the athletes' ability to apply force effectively onto the ground (i.e., in the forward direction).
The main limitation of these studies is related to the fact that all the experimentations were carried
out in treadmill condition and then prevents real and definitive insights into the human determinants
of sprint acceleration performance. In the present study, we had the unique opportunity to study the
mechanical determinants of sprint performance in 9 high-level sprinters, including 4 world-class
athletes. The second main originality of this study was that the acceleration phase was studied for
the first time in field conditions. The aim of this study was to mechanically describe the sprint
acceleration in world-class sprinters in order to give a new insight into some aspects of the current
limits of human sprint acceleration.

Methods

Nine elite or sub-elite sprinters participated in this study. The elite group (E, personal 100-m best
times: 9.95-10.29 s) was composed of 4 athletes who had been medalists or finalist at least in one of
the main world sprint event before the experiments (Daegu (2011) and/or Helsinki (2005) world
championships and London Summer Olympics). The sub-elite group (SE, n=5) was composed of
French national-level sprinters (100-m best times: 10.40-10.60 s). The athletes performed 7 sprints:
2x10 m, 2x15 m, 20 m, 30 m and 40 m in order to reconstruct a single virtual 40-m sprint. To this
end, kinetics parameters were calculated for each step using a 6.60-m-long force platform system
(KI 9067; Kistler, Suisse) while the starting blocks, initially placed over the first platform for the
10-m sprints, were progressively installed remotely for the subsequent trials (15 to 40 m). Thus, 18
foot contacts from the block to the 40-m mark could be evaluated. Instantaneous data of vertical
(Fz), and horizontal (anteroposterior, Fy) components of ground reaction forces as well as the
resultant GRF (Fror) were averaged for each contact phase. The anteroposterior acceleration (Ay),
velocity (Vy) of the Centre of Mass (COM) and horizontal power (Py) were measured from force
platforms and video analyses. For details, see Rabita et al. (2015).

Results and discussion
The parameters Fy and Py as a function of the horizontal velocity were well described by significant
linear (mean R*=0.89 + 0.05) and quadratic relationships (mean R*=0.73 + 0.11), respectively.The
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ratio of force (RF) decreased linearly with velocity for all subjects (mean R* = 0.95 + 0.02). RF is
one of the mechanical variables most highly correlated with the 40-m performance (R*> = 0.93; P <
0.001). This result strengthens the hypothesis that the orientation of the total force that high level
sprinters applied to the ground during sprint acceleration is more important to performance than its
magnitude. The Figure 1 mechanically differentiates elite from sub-elite athletes: (i) force-velocity
relationships show that elite sprinters are able to produce higher horizontal force at any given
velocity than sub-elite sprinters; (ii) the RF-velocity relationships show that this higher horizontal
force production was caused by a better (i.e., more forward) orientation of the force onto the ground
given than (iii) the sub-elite sprinters who did not show lower resultant force production but on the
contrary, a tendency to produce higher Fror than elite, especially at high velocities.
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Figure 1. A: Anteroposterior component of the ground reaction force (Fymean); B: anteroposterior
power output (Pymean); C: ratio of force (RF) and D: total force (Fror) were presented against the
anteroposterior velocity (in m.s™) for the elite (E; dark gray) and sub-elite (SE; light gray) groups.

To our knowledge, the present study is the first to mechanically describe in elite athletes the entire
sprint acceleration performed in field conditions. Our results show this novelty offers new insight
into sprint mechanics as it allows linking the horizontal force or power output to the associated
realistic velocity. The fact that the population was partially composed of world-class athletes
strongly suggests that the modeled F-V and P-V relationships mechanically characterize the current
human limits of the sprint acceleration. It is however noticeable that one of the main limitation of
the present method is related to its non-applicability in a routine setting due to the complex and
expensive tools it requires.
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Introduction

Sprint running implies large forward acceleration, which has been related to the capacity to develop
high amounts of horizontal force and power output over sprint acceleration (Morin et al., 2012;
Rabita et al., 2015). The mechanical capability to produce horizontal external force during sprint is
well described by the force-velocity (F-v) and power-velocity (P-v) relationships and the associated
maximal force (F)), velocity (vy) and power output (P,,.) (Rabita et al., 2015). These parameters
are a complex integration of numerous individual muscle mechanical properties, morphological and
neural factors affecting the total external force developed by lower limbs, but also of the ability to
apply the external force effectively onto the ground (mechanical effectiveness). Recently, sprint
performances were shown to be related more to the mechanical effectiveness than to the total force
developed by lower limbs (Morin et al., 2012; Rabita et al., 2015). To date, such evaluations, which
are of great interest for coaches and sport practitioners, required to test athletes during one single
sprint on an instrumented treadmills (Morin et al 2010) or using several sprints overground on long
force-plate system (Rabita et al., 2015). However, such devices are very rare, required some specific
scientific skills and forces athlete to report to a laboratory. Very recently, in order to generalize such
evaluations for training or scientific purposes, a simple method for determining F-v and P-v
relationships and mechanical effectiveness during overground sprint running in field conditions was
proposed and validated (Samozino et al., 2015).

The proposed simple method

The proposed simple method is based on a macroscopic inverse dynamics approach applied to the
body center of mass (CM) during sprint running acceleration (di Prampero et al., 2015). During a
running acceleration, velocity (v)-time curve was shown to follow a mono-exponential function:

V(1) = Vi (1-677) (1)

with v, the maximal velocity reached and t the acceleration time constant. The CM horizontal
position (x) and acceleration (a) can be expressed after integration and derivation of v(t) over time:
x(6) = Vpar.(t + 7.6 )= ViparT (2)

a(t) = Vma/1)€7"?) (3)

The net horizontal component (£,) of the ground reaction force (GRF) can be modeled over time as:
Fiu(t) =m.a(t) + Fuero (4)

with F,.,, the aerodynamic friction force to overcome estimated from running velocity, body mass
and stature (Arsac and Locatelli, 2002). The mean vertical component of the GRF over each step
during the acceleration phase can be considered as equal to body weight (di Prampero et al. 2015).
The mechanical effectiveness can be quantified over each step by the ratio (RF in %) of F}, to the
corresponding total resultant GRF, and over the entire acceleration phase by the slope of the linear
decrease in RF when velocity increases (Dgr, in %.s.m™") (Morin et al., 2012; Rabita et al., 2015).

Methods for validation of the proposed method

Nine elite or sub-elite sprinters performed 5 maximal sprints (10, 15, 20, 30 and 40 m) from which
individual F-v and P-v relationships, Fy vg, Puax (=Fp. vo /4), RF and Dgr were determined from
GRF obtained by two methods. Bias, limits of agreements and absolute bias (=|(computation
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method—force plate method)/force plate method| x 100) were computed.

® Reference method: During each sprint, the GRF was measured by a 6.60-m long force plate
system. The position of the starting block was set differently for each sprint in order to virtually
reconstruct the GRF signal of an entire single 40-m for each athlete. The instantaneous velocity
was obtained from force plate data and high speed video (300 Hz) (details in Rabita et al 2015).

e Simple proposed method: For each athlete, the best sprint times at 10, 15, 20, 30 and 40 m were
measured from a pair of photocells located at the finish line of the 5 sprints, and used to determine
Vmax and T using equation 2 and least square regression. From these two parameters, v(?), a(t) and
Fu(t) were modeled using above mentioned equations.

Otherwise, the inter-trial reliability of the proposed method was tested from standard errors of

measurement (SEM) computed between two consecutive 50-m sprints of 6 other sprinters.

Result and Discussion

F-v and P-v relationships obtained by both methods were well fitted by linear and polynomial
regressions (r* from 0.86 to 0.99, P < 0.001). The low bias and the narrow limits of agreement
between both methods, as well as the low SEM between trials (< 5%) for the main mechanical
variable associated to F-v and P-v relationships and to mechanical effectiveness showed the high
concurrent validity of the proposed method and its high inter-trial reliability (Table 1). The
proposed method is very simple to set in field conditions since it only requires individual basic
anthropometric data (body mass and stature) and ~5 split times or instantaneous velocity
measurements obtained during one single sprint acceleration overground until maximal velocity.

Table 1: Mean £ SD values of variables attesting the validity and reliability of the proposed method.

Reference Proposed Method Bias 5% . .. Absolute Bias (%) Standard Error of

Method agreement limits Measurement (%)
Fy (N) 654 + 80 638 + 84 -15.9 + 257 [-66.3 ;345] 374 + 2.69 3.57
vy '(m,s'l) 10.20 + 0.36 10.51 £ 0.74 0.32 + 0.52 [-0.7 ;1.3] 477 + 3.26 1.40
Pouax (W) 1669 + 253 1680 + 280 10.56 + 45.01  [-77.7 ; 98.8] 1.88 + 1.88 2.33
D gr (%.s.m'] -6.80 + 0.28 -6.80 + 0.74 -0.002 + 0.58 [-1.139 ; 1.135] 6.04 + 5.70 4.86

This study proposed an accurate, reliable and valid simple method to evaluate mechanical properties
of overground sprint running propulsion and validated it through a very good agreement with gold
standard force plate measurements. This method is convenient for field use by sport practitioners
and clinicians since it requires only anthropometric (body mass and stature) and spatio-temporal
(split times or instantaneous velocity) variables easy to obtain out of a laboratory during sprint
running acceleration (Samozino et al., 2015).

References

Arsac, LM & Locatelli, E. Modeling the energetics of 100-m running by using speed curves of
world champions. (2002). J Appl Physiol: 92: 1781-1788.

di Prampero, PE, Botter, A, & Osgnach, C. (2015). The energy cost of sprint running and the role of
metabolic power in setting top performances. Eur J Appl Physiol: 115: 451-469.

Morin, JB., Samozino, P., Bonnefoy, R., Edouard, P. & Belli, A. (2010). Direct measurement of
power during one single sprint on treadmill. Journal of Biomechanics, 43, 1970-1975.
Morin, JB., Bourdin, M., Edouard, P., Peyrot, N., Samozino, P. & Lacour, JR. (2012). Mechanical
determinants of 100-m sprint running performance. Eur J Appl Physiol, 112, 3921-30.

Rabita G, Dorel S., Slawinski J., Saez de villarreal E., Couturier A., Samozino P. & Morin JB.
(2015) Sprint mechanics in world-class athletes: a new insight into the limits of human
locomotion. Scand J Med Sc Sports, in press.

Samozino P., Rabita G., Dorel S., Slawinski J., Peyrot N., Saez de Villarreal E. & Morin, JB. (in
press) A simple method for measuring power, force, velocity properties and mechanical
effectiveness in sprint running. Scandinavian Journal Medicine and Science in Sport.

47



16° congres de 'ACAPS - Nantes, 2015

How 100-m event analyses improve our understanding of world-class men and
women sprint performance

Jean Slawinskij, Nicolas T ermozl, Giuseppe Rabitaz, Gaél Guilhemz, Sylvain Dorel3, Jean-
Benoit Morin4, Pierre Samozino’

" CeSERM — EA 2931. UFRSTAPS, Université de Paris Ouest Nanterre la Défense
? French Institute of Sport (INSEP), Laboratory Sport, Expertise and Performance
3 Laboratory “Motricité, Interactions, Performance”, University of Nantes
4 Laboratory of Human Motricity, Education Sport and Health, University of Nice Sophia Antipolis
> Laboratory of Exercise Physiology, University of Savoie Mont-Blanc
jslawinski@u-paris10.fr

Introduction

To date, comparisons in F-v and P-v relationships between men and women, and more generally in
force and power production during sprint running has not been explored. This could help to better
understand the sex differences in mechanical outputs all over a 100-m sprint running, and in turn
the associated differences in 100-m sprint performance. Such an analysis performed on the world