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 OUTLINE 

WHAT FORCE(S): from single cell to in-game data 

Studying human sprinting: mission impossible? 

From the field to the field….history of methods 

Next steps: muscles measurements in-situ? 
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Understand - Evaluate - Improve 
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MANY DIFFERENT « FORCES » 
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Not all « forces » are made equal…from single cell to sport contexts 

Isolated Muscle-Fiber 
In vitro 

In-Game Output 
In Situ 

Muscle Group Single Joint  
In vivo I 

Global Jump & Sprint Movements 
In vivo II 

IRRELEVANT 
 
 
 
 
 
 
 

IMPOSSIBLE Poor to null correlation in trained athletes 
Velocity - Geometry - Coordination - Mechanics 

 
Single vs Multijoint 

Non-Specific    vs    Sprint Specific 

DIFFERENT  
 
 
 
 

    INFO 

jb morin 



MISSION: Impossible ? 

jb morin 



1 second….12-m 
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WHY SHOULD WE STUDY « FORCE » DURING SPRINTING? 

Understand 
 

Performance  
determinants 

Improve 
 

Performance 
Training 

Injury Management 

 
 



Historical perspective 
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TO THE LAB… 



E-J Marey, 1882 

Chronophotographic “gun”, 24 frames per second First « Kinematics »  
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EXPERIMENTAL CHALLENGE 



1927: AV.. Hill, K. Furusawa 

« Kinematics »  

Kinetics  

EXPERIMENTAL CHALLENGE 
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Kinematics  

1950’s, F. Henry 

Kinetics  

EXPERIMENTAL CHALLENGE 
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1979: N. Volkov 

« Velocity-Time curves »  

Kinematics  

Kinetics  

EXPERIMENTAL CHALLENGE 
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1971: first “steps” by Cavagna et al. 

EXPERIMENTAL CHALLENGE 
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Kinetics 

2-3 steps  
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TREADMILLS 

1987: H. Lakomy 



TREADMILLS 

Kinetics  

Top Speed  

Acceleration  

11.5 m/s ! 

2000 - …: P. Weyand and K. Clark 
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Morin et al., J Biomech, 2010 Girard et al. J Appl Biomech, 2015  

3D Kinetics  

Acceleration 
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TREADMILLS 

2010: JB. Morin 



Treadmill Data = Treadmill Conclusions? 
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2015: G. Rabita 
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Rabita et al. 2015 

• INSEP-Paris: 3D GRF for 18 steps over 40-m sprints  

• 9 Elite and sub-elite sprinters (2 sub-10 s) 

6.60m force plates 

0 - 6.60 m 

6.60m - 13.2 m 

14m - 20.6 m 

2 sprints 

23.4m - 30 m 

33.4m - 40 m 

2 sprints 

1 sprint 

1 sprint 

1 sprint 

Very high reproducibility… 
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• INSEP-Paris: 3D GRF for 18 steps over 40-m sprints  

• 9 Elite and sub-elite sprinters (2 sub-10 s) 

FP FP FP FP FP 

0 10m 15m 20m 30m 40m 

Treadmill Data = Treadmill Conclusions? 
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2017: R. Nagahara 
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2017-2018: Groundbreaking analyses 

Colyer, Nagahara, Salo 

SJMSS Sept 2018 
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SPM (Statistical Parametric Mapping): INTRA-STANCE !     Soccer vs Sprinters 



In summary: Two (im)possibilities 

INSTRUMENTED MOTORIZED 

TREADMILL 

St-Etienne, France 

Doha, Qatar 

FORCE PLATES 

INSEP, Paris, France 

Kanoya, Japan (50m+) 
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vmax 

t 

v(t) = vmax.(1-e(-t/t))  
Furusawa et al., 1927 

Henry, 1954 

Volkov & Lapin, 1979 

di Prampero et al., 2015 
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2016: P. Samozino 



v(t) = vmax.(1-e(-t/t))  

a(t) = (vmax/t).e
(-t/t))  

x(t) = vmax.(t + t.e(-t/t))- vmax.t  

vmax 

t 

OR 

Laws of motion (Newton)... 
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a(t) = (vmax/t).e
(-t/t))  

Fh(t) = m.a(t) + Fair  Estimated from height,  

mass and air charact. 

Ph(t) = Fh (t) . v(t)  

v(t) 

Ph(t) 

Fh(t) 

Validity ?? 

F0 

V0 

Pmax 
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Force plate data vs Simple method 

Simple inputs (mass, velocity / split times) 

High reliability 

Easy to use in practice: 30-m acceleration 
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@MySprintApp 

2016: P. Jiménez-Reyes 

SIMPLER THAN SIMPLE… 

Iphone / iPad:  

240 frames/s 
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Applications ? 
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FORCE-VELOCITY-POWER outputs of Usain Bolt’s World Record 
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Distance (m) 

S(t) = Smax 1-e-t/t( )

Field Measurements 
In competition  
conditions 

Computing 

Modeled 
Speed-time 
curve 

Computed Net 
Horizontal 
Force output 

Max Power Output of 30 W/kg 
reached after about 1 s… 

Power = Force x Speed… 
Specific, Field Sprint Force-Velocity-Power profile 

“F0” 

“V0” 

Pmax 

Vopt 
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The KEY: long-term monitoring 
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NFL Draft Performance 
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J. Delaney 

SPSR 

2018 



JB Morin – M2 – Compétences pro HN 

Wilson et al. Nature June13, 2013 

30 W/kg 

>120 W/kg 
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PRE-POST HAMSTRING INJURY DATA… 

Jurdan Mendiguchia 

Zentrum Center, Baranain 

PERFORMANCE HEATLH 
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PROSPECTIVE PILOT STUDY 

1/ Is Sprint Force profile related to hamstring-injury risk? 
 
       2/ Could it be an objective, specific  parameter in the re/pre-hab process?  

+ ongoing 2-season large follow-up 

PERFORMANCE HEATLH 
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The future is now 
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In-SITU  

Output 

MUSCLE FORCE  

April 23, 2018 
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ONGOING RESEARCH…. 

GPS – ACCELEROMETER SYSTEMS ?? 
In-SITU  

Output 
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Teammates & Inputs 

MERCI ! 
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