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SPRINT ACCELERATION MECHANICS
Individual kinetic & kinematic profiling, methods and applications
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✔ Every player can get faster

✔ Practicing your sport is not enough

✔ « Just sprinting » is very often not enough

jb morin
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Sprint accelera,on mechanical profile 

WHY-WHAT-HOW?
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1 second….10 to 12-m
0 to 50% Vmax in ∼1 sec

4-5 steps per second

Contact time ∼0.1 sec

Very close in ⚽🏈🏉

Matt Cross
(AUT, Auckland)
@MattCrossNZ

jb morin
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BLOCKS 800 N (≈80 kg eq. mass)  3.5 m/s (≈ 1/3 of top speed)
10m step 400 N    7 m/s (≈ 2/3 of top speed)

FORCE HIGH SPEED@

HZT Force CoM Speed

Elite Sprinter

Rabita et al. Scand J Med Sci Sport 2015

Explore F-V relationships…

What is the velocity at which force will be produced?
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Elite 🏉
DATA = REFERENCE FRAMEWORK

« Velocity-based training »
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TYPICAL EXAMPLE:
Player is « slow »……but has high velocity capabilities !

40-m test : 
6.21 vs 6.37 s
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Same 30-m time, very different mechanical profiles…
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Overall performance (sprint time) = incomplete / misleading info
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⚠ Split times may not correctly inform about mechanical profile

Pierre Samozino
Univ Savoy
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Sprint acceleration performance

PRODUCE TRANSMIT
DRIVE !!
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KINETICS - DYNAMICS (CoM) KINEMATICS (Segments)

Beyond split times: from Brain-Muscles to Sport Speed

Ground Reaction Force
Sprint pattern / form

Cerone 2023

Surface EMG Modeling
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Methods: only 2 (im)possibilities

INSTRUMENTED SPRINT TREADMILL
St-Etienne, France
Doha, Qatar

FORCE PLATES
INSEP, Paris, France (7m)
Kanoya, Japan (50m+)

12



7

jb morin

Cavagna et al. 1971

GROUND REACTION FORCE …first steps 🇮🇹
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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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OK, How can we do with field devices??

Pierre Samozino
Univ Savoy

Newtonian dynamics
Position/Speed -> GRF

14



8

jb morin

« Velocity-Time curves » 
Ø 1927, Archibald HILL, pioneer

Ø Furusawa et al. 1927 
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2019
REPLICATION DURING SINGLE SPRINT

Exact same results

60m force plate system !
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@MySprintApp

2016: P. Jiménez-Reyes

OK WITH FIELD DEVICES…

Iphone / iPad: 

240 frames/s

EJ Marey, 1885, 
24 fps
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Reliable speed/position inputs and computations = Reliable outputs

Different systems = different outputs for early acceleration

All systems have similar very good inter-trial reliability
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2D Basics: field conditions

Slow Motion 

240 frames/s

Reference 
Framework

AI-powered solutions
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2D, 3D KINEMATICS AND APPLICATIONS PhD Simon Crespeau

🔬 SMAS versus Reference 3-D MOCAP?
     Field simple 📲2D versus 2-D Lab MOCAP?
     3D Marker-based versus 3D Markerless
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“Produce and Transmit FORCE”…

hip extensors and foot-ankle
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JB Morin – M1 – Analyse du mouvement

2011

Category: Coaching

Ground Reaction Force Magnitude & Orientation
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For each step, averaged values of 
Horizontal, Vertical and Total Force

HZT

VTC TOT

Mechanical Effectiveness: « Ratio of Force »
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Sprint	Instrumented	treadmill
Track-Embedded	Force	Plates
Elite	Athletes
(Sub-10s)

2010 - 2020
Sprint acceleration: importance of Horizontal Force Production

Horizontal	GRF	/	impulse	
is	paramount	

Vertical	/	resultant	GRF	is	not

Hzt	Force	at	high	speed	
&	RF	greater	in	top	athletes
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HIP EXTENSORS HYPOTHESIS
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>75% of mechanical work = HIP + ANKLE
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TRANSMISSION

« A chain is only as strong as its weakest link… »

2019

FOOT & ANKLE
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JB Morin

ROLE OF “FOOT STRENGTH” IN HIGH-INTENSITY SPORT ACTIONS
SPRINT, JUMP, CUT

MTP flexion strength?
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Top speed Contact time and Vertical Impulse ✅

Broad Jump Peak Power✅
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What training input(s) for what part of the spectrum?

👉 👉

Individual puzzle
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« Toothpaste Tube Theory »…

ANYTHING might work (more or less)

Not anymore…
Trained, elite, older athletes

Young, untrained, beginners

Quest for improvement margins

👉 👉

Individual puzzle

« SPORT ONLY » or « SPRINT ONLY » not efficient beyond a certain level

2020 ⚽
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Towards more Individualized Sprint Training…

Cahill, Cross, Jimenez-Reyes, Lahti & others

+MANY unpublished staff works
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Maximal FORCE - 
EFFECTIVENESS

Towards a more Individualized Sprint Training…

Dylan Hicks
@DylHicks

2019 SCJ
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🥇

🥈
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Controlled 
Study
Amateur
Soccer
Players
80%BM
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METHODS: kg, %BM or %Vdec ?

Load prescription ??!!

⚠

%BM = 
high variability in stimulus

Micheal Cahill

2019
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« NON-SPECIFIC » Linear test….
but sprint force capability related to game skills ✅
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Maximal POWER

Towards a more Individualized Sprint Training…
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50%Vdec: « Optimal load »

Velocity at Pmax = 50% decrease in V0

What sled load / resistance will induce this Vopt ?
Build the « load-Vmax » relationship ✅
Same idea as for Track Cycling Pmax-Fqopt
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5. Individual linear load-Vmax relationship

Cross et al. Int J Sport Physiol Perf, 2016

4. Sprints: increasing resistances
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Max Velocity
Phase

6. Calculate the individual Optimal load

Load at which Vmax = Vopt = 0.5V0

Example: Vopt = 3.75m/s => Lopt= 56kg

Load at which Pmax is produced
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Complete study in Professional ⚽ players

Johan Lahti
(Univ Nice)

@lahti_johan

HEAVY: 50% Drop in Vmax
(90% BM on average here)

VERY HEAVY: 60% Drop in Vmax
(120% BM on average here)

2020

Increase in F0, RFmax and Pmax✅

No change 🚫 in V0

2017– 2021 Series of Studies
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Early 
Acceleration

Top 
Speed

Effects on sprint running pattern? Pilot study

Acute changes ✅
during resisted sprint

No change 🚫 
in unresisted pattern

If programmed correctly
heavy sleds did NOT alter 

« sprint technique »

🎥  240 fps
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Effects on sprint running pattern? Confirmation in women
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5x20m twice a week, 6 weeks 50%Vdec

50%Vdec 10% BM No resistance

Trained sprinters: influence of loading scheme
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Pedro JIMENEZ-REYES 
(URJC, Madrid)

@peterjr49

INDIVIDUAL Adaptation kinetics !

2020
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Pedro JIMENEZ-REYES 
(URJC, Madrid)

@peterjr49

INDIVIDUAL Adaptation kinetics !
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Maximal VELOCITY

Towards a more Individualized Sprint Training…
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Overspeed: the other dish you avoid, but have never tasted

Several « acute » studies
1 training study ! Group effect but unclear individual changes

My current thoughts…
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Johan LAHTI
(Univ Nice)

@lahti_johan
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TRAINING OUTCOME depends on INITIAL F-V PROFILE

No « one-size-fits-all approach »…it depends

?? Simply but really training for max speed ??
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Different loads 👉 different parts of the spectrum (VBT)
Effect DEPENDS on the initial profile of EACH athlete

IT DEPENDS on training objectives, context and period
No « one-size-fits-all » 🎯

Implement the overload correctly ✅

Max speed? Fisrt do it, but ⚠ « form before load »

⚠ JUST a piece of the training puzzle

TAKE-HOME

10+ TRAINING studies since Pilot study in 2017
+ consistent anecdotal evidence, young to elite
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Interpre7ng the individual Kinema7c Pa=ern

Current thoughts…
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SPRINT KINETICS AND KINEMATICS PhD Edson Soares da Silva

🔬

Run fast: many ways to skin a cat?
Are kinematics related to kinetics?
Team sport « versus » Sprinters
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Are faster athletes faster because 
of their kinematics/kinetics/both?
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FOOT & ANKLE

« A chain is only as strong as its weakest link… »
«  You can’t fire a cannon from a row boat »

May 30
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TRAINING STUDY IN HIGHLY TRAINED ATHLETES 🏃⚽🎾🏀🏉

🔬 Jump Sprint COD 
 Performance
 Kinetics
 MTPj strength
 PF-KE strength
 🦶posture
 🦶CSA

Thesis R. Tourillon

57

jb morin

NO change in Plantarflexion 
or Knee extension torque 

June 2

Thesis R. Tourillon
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+ Top Speed VTC Impulse and CMJ height

Standardized 
Minimalist 
FootwearThesis R. Tourillon
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More « Foot » content

Ongoing program U17-19
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Merci !
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