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Interpreting Power-Force-Velocity Profiles
for Individualized and Specific Training

of all this might
~ lead nowhere
(time will tell)
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Modelling approaches in biomechanics

R. McN. Alexander
Scirol of Biotogy, Univensity of Lacds, Lacds 132 9FT, UK (rmn.aleranderin ioede ac.ak)
Conceprual. phyacal and marhematical models have all proved usctul in biomechanics. Conceprual mod-
el which have been used only cecasionally, clarify a point withour having to be constrncted physically
or analvsed mathematically. Some physical models are d o ds a proposed %
for example the folding mechanians of invect wings. Others have been used to check the conclnions of

: + others facilitite observations that would be diflicult 1o make on real
omganisms. for example on the low of air wround the wings of small insects. Mathematical muodels have
been used more often than phywical ance. Some of them are predictive, designed for example to caleulare
the cilects of amatonical changes on ju % performance, or the pattern of thaw i a 31 asiembly of
semicireular canals. Others seck an optimum. for example the best possible technique for 4 high jump.
A fow have been uied in invene optimization studics, which search for variables that are optimized by
obsenved patterns of behaviour. Mathematical models mnge from the extreme simplicity of some sodele

of walking and runming, to the complexity of madels ' bady se and muscles,
or claborute bone shapes. The gl madel, aree it is which of its features is casential to the
caleuluted effoet

The simpler the model, the clearer it is
which of its features is essential
to the calculated effect (performance)
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MULTIJOINT EXERCISES: LINEAR F-V RELATIONSHIP
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Where does the One-Repetition Maximum Exist on the
Force-Velocity Relationship in Squat?

Authors
Jean Romain Riviére!, jérémy Rossi®, Pedro Jimenez-Reyes®, Jean-Benoit Morin®, Pierre Samazino®
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CRGNAL BVESTSATON

How FAST 1S A HORIZONTAL SQUAT Jump?

Plerre SAMOZINO', Jean Rowmain RIVIERE', [éremy ROSSE, Jean-Benolt MORIN', Pedro JIMENEZ:
REYES*

« Unloaded » ""‘“’, ’

Conditions

Force (N)

0 E————-" g B

0 04 0,8 1,2 1,6 2,0 2,4 I 4
Velodity (m/s) i




UNIVERSITE
COTEDAZUR

ib morin

Red: Fy-Vg correlation
Blue: Individual FV profiles
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20 horizontal force-velocity-power profiles - 30
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« Strong » at Low Velocity ;£ « Strong » at High Velocity
More maximal force 7% More maximal velocity

14 sports >500 athletes Leisure to elite level
No correlation overall, same sub-group outcome for each level and each sport, SAME RESULTS FOR SPRINTING
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« Vertical »
FVP Profile

Sports Madicine
httpsz//doi.org/10.1007/540279-019-01073-1

CURRENT OPINION

When Jump Height is not a Good Indicator of Lower Limb Maximal
Power Output: Theoretical Demonstration, Experimental Evidence
and Practical Solutions

Jean-Benoit Morin' " - Pedro Jiménez-Reyes? - Matt Brughelli’ - Pierre Samozino*
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OK, How can we do with field devices?? i

19’

» Scales
» 3-5go

= =

Contr!

Amador Garcia Ramos

@amagr
« 2 loads »

Journal of Biomechantics 41 (2008) 2940-2945
s
&
<8

> Jump

squat jump

7
Pierre Samozino |,

Exercise Physiology Laboratory (i

50 free copies of our last article in
@sportshiomechj with @alex_pc1992
and #SlobodanJaric "Optimisation of
applied loads when using the two-
point method for assessing the force-
velocity relationship during vertical
jumps".

) rique l—i'%ntzy. Alain Belli

Bellevue- M;':Jr:r 1e du Sport et Myologic, 42055 Saint-Etienne
B r

Jump height

Push-off distanc , _
y Unloaded jump + 10 cmjump +/ '

Validity
and reliability
SJ and @MJ

PPy

Samozino et al, 2008, J Biomech
Palmieri et al, 2014, CMBBE
Giroux et al, 2015, IJSM

Jimenez et al, 2017, IJSPP

tandfonline.com/eprint/N886xhh...

Traduire le Tweet

i

~ IPhone 5s app jump height (in .
; .

You need something to accurately measure Jump Height !!
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Foumal of Sports Sciences, 2014
htep//dx.doi.org/10. msomzmo-n 4.2014.996184

Rigos.

The validity and reliability of an iPhone app for measuring vertical
jump performance

Carlos Balsalobre
UA Madrid

CARLOS BALSALOBRE-FERNANDEZ!, MARK GLAISTER® &
Rl( HARD ANTHONY LOCKEY?

T T
300 400

Force platform jump height (in cm.)
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« Velocity » Profile
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Velocity (m.s™1) v,

Athlete 1

For a same given

Power (W.kg1)

« Force » Profile

Force (N.kg1)

Power (W.kg1)

Velocity (m.s1)

pmaxl

Athlete 2

Many F-V profiles possible....

Which one(s) maximize Jumping Performance ??

All athletes need WATTS
In terms of F and V...who needs WHAT?
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Univ Savoy
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A MACROSCOPIC BIOMECHANICAL MODEL

Samozino et al, 2012, MSSE

Optimal Force—-Velocity Profile in Ballistic

Y Ohax —
Movements—Altius: Citius or Fortius? o

PIERRE SAMOZINO', ENRICO REJC®, PFIETRO ENRICO DI PRAMPERO’, ALAIN BELLY’,
and JEAN-BENOIT MORIN' |

"Lukaratory of Exercise Physialogy (EA4338 Eticnne. FRANCE

validity ?? + Prediction errors : 4-6%

@ Interest ??
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Pmax
F-v Profile
Lower limb extension range

Best Performance

Optimal Fv profile

. 05- Int] Sports Med 2014; 35:505-510
E 45 Foragiven Pmax & ) : e
8 04 o, Force-Velocity Profile: Imbalance Determination and
€ o35 00000 @ =30 % Effect on Lower Limb Ballistic Performance
E 0.3 4 2 Samazion’, . Edouwrd ™, & Sangier* ', M. lrughell’, . Gimenez', |8, boria
(<]
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5 0.05 fo% f - Vitesse "z/ ¥ FV imbalance
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-60 -50 -40 30 -20 -10 0

& « force » profile  FV Profile

« velocity » profile >

Samozino et al, 2010, J Theor Biol
Samozino et al, 2014, IJSM

TYPICAL EXAMPLES
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Athlete A Athlete B
5 90 9 VTC-Pmax =313 W/kg 545 VTC-Pmax = 27.8 W/kg
3 5]
Z 45 1 FV,,,=49% S 40 FV, ., = 99%
. bt = = N bt =
g40 1N Sfv SJ height=37.2cm 8354 N SJ height =39.0 cm
g ~ o \
w 30 9 \
25 1 N\
N
20 1 N\
15 1 e N\
10 1 A "
. N
VTC-VO \
. 0 - o & \
0.0 1.0 2.0 3.0 4.0 5.0 0 1 2 3 4

Velocity (m/s)

Velocity (m/s)

B is less powerful....but has better individual FV balance
- better SJ performance
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TYPICAL EXAMPLES

= 60 l = = Player A, optimal profile

aic =O—Player A, actual profile

- @ Player B, actual profile

: i y .o 'l3 o Player A

£ fyer B, optimal profiie VTC-Pmax = 30.7 W/kg
FV,,=137%

SJ height =34.8 cm

20 1 VTC-Pmax = 31.6 W/kg
Fv:mb =72%
10 1 SJ height =37.2 cm
0 -- ~ "ﬁ)—\

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
Velocity (m/s)

Training should be individualized according to FV imbalance
-> better performance for BOTH players
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« Optimized »
Training
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PILOT TRAINING STUDY ‘ @
P,

-9 weeks (mistake #1)
>OPTIMIZED (46) vs NON-OPTIMIZED (18)
Pedro JIMENEZ-REYES
URJC, Madrid

Experimental group:

22 force deficit
18 velocity deficit
6 well-balanced S |}

ORIGINAL
pubished: 09

S\ frontiers
in Physiology

Effectiveness of an Individualized
Training Based on Force-Velocity
Profiling during Jumping

Pedro Jiménez-Reyes ', Pierre Samozino?, Matt Brughelli® and Jean-Benoit Morin**
e 7 N N N BT T
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Optimized Training NON-Optimized
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40
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20
10 - JUMP HEIGHT
o o B
FrEINTERVERTION Optimized Group Non-Optimized Group
46/46 subjects increased 7/18 subjects increased
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127 74 % 23 x47%
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Replication - Improvement  [iii RIS
REALLY individualized
Training and Detraining kinetics

—a—HFD

£ LFD
a -~ LVD
0.30 4 ~-a= HVD
B
@-PLOS|ONE
140
120 |}
=
g A
= 100 p =0 ED
o
= —e— HFD
S =0
% LFD
=
P —===VD
£ 60 | ,
§ - 4= HVD
= - - LVD —e—HFD
40 | LFD
.- LVD
20 | ~-a- HVD
5}
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Training to Optimal Profile and Detraining

Weeks to Optimal Profile
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Deficit in force...ok...but how do you fix a velocity deficit?

Squat Jump

1.0 20 3.0

Velocity (m/s)

ib morin
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SUMMARY....

« Toothpaste Tube Theory »

Don’t do the same better
Do something ELSE

ih morin




« Horizontal » Profile
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| REVIEW ARTICLE

Methods of Power-Force-Velocity Profiling During Sprint

Running: A Narrative Review

Matt R, Cros' « Matt Brugheti' - Vierre Samarino’ « Sean-Benoit Morin'*

© Sriages Incresnmal Potlistueg Sutszded 214

Abstract The ahility of the huran body o gencrsic
marimal power i lisked 10 a bout of performece cet-
eomcs nd sporting seccens. Power-forcevelocty rela-
tenships characterize limits of the Bewrormascular syviem
1o prodixce powes, and thew memwrement hn boen a
cumman togs in reserch for the gaxt century, Unforts-
ntely, the aurative of the available Licratere is ceenplen.
with development ocumng acrows a variety of methods
¢ tackniogy. This review fouuses oa the different
equipment and mebods ased to determine. mechanical
characienitics of mavimal exerion bumas spertog. Ma
tieary excle crpometens huve been the most common
made of anewmert o date, followed by spocialised
tracmills wsnd 13 profile the mechauical outputs of G
fimbs tting eprnt ransng. The most recest meibods wse
cumplex meltiplo-force plae lengits in-grosad to crzaie a
compouite profits of ever-grvesd wprint ratning Kinctics
3c7ons fepeated speits, and ACTOOPIC isyene Cymamic
ppraabes 12 model mochanical variabley dusing oves-
ground sprirsing from simple time.distance meawoes dore
Inz 2 single spriat. This rovicw culines these appreches

H MR Cran
SR

Sevets Pofursuse Rewareh nvise New Zeatsad
(STRNZ Asctiand Usivenay of Techaciony, Azbiaat.
New Zealand

e Univny Labormiony of Homea Movement Roioqy,
Leirerty St Most 5 s, Le Bt v Lac, Frazes
Usivenisd Cles &' Arat, LAMIESS, Nee, Frasce

Pbtded wle 2% Ny 918

hrunclogically, with particslar cmphavs on the G-

oacher. Furtermare, ta
wamnm-nnewmmm
undertying the avsessnens of eptimal kadng coaditems
for power prodecnon daring resised sprinting. Futse
implicationy for reseanch, twed o gast e prear
hni:iat.nl_‘ypﬂnld.ahu.:m
that iy review will st i the understanding of the
coavolited licratae wirealing mechamcal xiat po-
4n;=dmymu,m_u
medadt in firare fesearch and practice.

Power-force-velacsy relaticestips ez be aucsed
duting maximal spricting wsing & variety of
methods ar technolopies — frum mukile trish

techniques employing  single aver ground trial
messared via timing gates, rader, o even cellular
devices.

Although the direct devclopment of mechasical
profilig spans akuow 2 cezury, the rapid
expamson of these and ceber metbads i receet ye
Bas Jed 0 limited data cn modern equipmezt.
While there s prowicg evidence 1o wipport the valce
of thee tecknigars, fatare studies sbould Jook 0
enllect normutive dats 02 bighly trained coborss and
€xamine thei uscfulaew in orienting 3nd assevsing
training cutcomes.

Qsprogm

- Matt Cross
s o- . (Univ Savoie & Nice
‘“ AUT, Auckland)
@MattCrossNZ
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Two (im)possibilities

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

INSTRUMENTED SPRINT TREADMILL
St-Etienne, France
Doha, Qatar
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OK, How can we do with field devices??

2016: P. Samozino

Scand J Med Sci Sports 2015: e; veee ©20
doiz 101111 /5ms. 12490 Putisted by john Witey & Som tid

SCANDINAVIAN JOURNAL OF
MEDICINE & SCIENCE
IN SPORTS

A simple method for measuring power, force, velocity properties,
and mechanical effectiveness in sprint running

Veloclty (m-s~")

P. Samozino!, G. Rabita?, S. Dorel’, J. Slawinski’, N. Peyrot®, E. Saez de Villarreal®, J.-B. Morin”

g Speed (m/s)
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——Measured  — Exponential model g e
124 V E 1&: = -
max '\ <
——————————————————— 43;4 —_— 7
f’-"; sg » &

Morin Jr. §
Rure b

=N

s(msh

1 . .\ H

Velocity (mis)
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di Prampero et al, 2015




2016 AND 2019: VALIDATION AGAINST FORCE PLATES

Contents lists available at ScienceDirect

Journal of Biomechanics

journal homepage: www.elsovier com/locate/jbiomech
www.JBiomech.com

A simple method for computing sprint acceleration kinetics from

running velocity data: Replication study with improved design

Jean-Benoit Morin

. Pierre Samozino °, Munenori Murata“, Matt R Cross ", Ryu Nagahara
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2016 AND 2019: VALIDATION AGAINST FORCE PLATES
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V Simple inputs (body mass, running velocity)

o

\"4 High reliability

V/ In practice...1 acceleration up to Vmax
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FORCE-VELOCITY-POWER outputs of Usain Bolt’s World Record
- S =S, (1-¢""
: Modeled :
Computing Sp(::e(:i-‘-time ]
curve &
¢ g Computed 3
| TR R Net g
F ] Field Measurements . Horizontal .
\:F NN In competition -
N e s conditions : : Tt

Distance (m)

Specific, Field Sprint Force-Velocity-Power profile

Power = Force x Speed...

o Fy" 38
. I v © Max Power Qutput of 30 W/kg
N 30 . reached alterabout 1s...

25 {

N
8
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SIMPLER THAN SIMPLE... ,
{
2016: P. Jiménez-Reyes N @

s

ib morin

2

Pedro JIMENEZ-REYES
URJC, Madrid
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Iphone / iPad:
240 frames/s } ¥
\

a Fceel wertpruate Coszaprated witls seas PXTIacoraes
CNimEiiT e foronce ot

PMax (W) 1947278

P




UNIVERSITE 3+
COTEDAZUR 22

Applications:
Training

* jb morin
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TYPICAL EXAMPLE:
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Player is « slow »......but has high velocity capabilities !

40-m test :
6.21 vs 6.37 s

125
950

Qualites physiques évaluées lors du 60m sans charge

FEE=CEPP. Novembra2012
Dr Pierre SAMOZINO
Dr Jesr-Benoit MORIN
Laborataire de Physiologie d2 [Exerice (EA4333)
CONTACT jean bencit morin @univ-st-etienne.ir
pierre samozino@univ-savoiefr

|
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s - Y

Foroa Horfzontale (N /kg)
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Horizontal Force (N/kg)

Towards Individualized Sprint Training...

Veiocity |

gg}‘é%ﬁ%g “e% jh morin

I Ea R

Training studies
needed...

What training
input(s)
for what part(s)
of the FV spectrum?
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£XPLORING: From 120%BM sleds to 10% OVERSPEED: entire spectrum !
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SYSTEMATIC REVIEW | eoamonta o

Resisted Sled Sprint Training to Improve Sprint Performance: Determining friction and effective loading for sled sprinting
A Systematic Review

Matt R Cross (), Farhan Tirwals', Seth Lenetshy!, Pierre Samexing’, Matt 3rughe
it

Gearer Petratos' s Tean-Benoit Morin® - Brendan Fean®

S b € Vi P iy
P

ORIGINAL ARTICLE

Optimal Loading for Maximizing Power

A comparison between the force-velocity relationships of unloaded
During Sled-Resisted Sprinting

and sled-resisted sprinting: single vs. multiple trial methods

Aot R Cross, % Sk Brown, and Soarsiondh iorkn \k)q(\‘~
. W
poteeritleb ot rp— prod
e s canesen
-

Assessing Horizontal Force Pr in Resi
Computation and Practical Interpretation

Matt R. Cross. Farhan Tinwala, Seth Lenetsky, Scott R. Brown, Matt Brughelli,

@ Jean-Benoit Morin, and Pierre Samozino
@ Humen Kostcs

@ BEr pescaT B
Very-Heavy Sled Training for Improving Ho@ -Force
Output in Soccer Players

i

@y@~
Training at maximal power in resisted
sprinting: Optimal load determination

I methodology and pilat results in team sport

JaanBencit Morin, George Potrakes, Pedro Jiménez-Reyes, Seott A, Brown, i athletes
Pierrs Samozino, and Matt R. Cross.
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ABSTRACT
Training loads contribute to sports injury risk but their
mitigation has rarely been considered in a spors |nJury

VOl
s w L2 m? Lo 134 ‘ o 335 ‘ ) Tms reVE\V dESCnbES
e | how advances in managﬂmenl of workload can be
m o i oo | | au e
o T [ applied as a preventive measure. Primary prevention
it e Ko i s R v il involves screening for preparticipation load risk factors,
ey o el | i 5 e such as l_o.v training loads, prior 1o a treining pengd or
6 s 347 1045 coir |Tasr | a0 s competition. Secondary prevention involves screening for
m 3% 248 1365 2073 lll 207 132 s P
) workloads that are known to precede an injury
e g T iy : _{i |t e | developing so that modifiation can be undertaken to
s o i anest | ise [E ot s | miigate this risk. Tertiary prevention involves
rios = - L e T rehabilitation practices that include a graded return to
i | training programme to reduce the risk of sustaining a
R o e o T T - subsequent injury. The association of training loads with
S o ! L] | injury incidence is now established. Prevention measures
such as rule changes that affect the workload of an
- athlete are universal whereas these that address risk
factors of an asymptomatic subgroup are more selective.
Prevention maasures, when implemented for
asymptomatic individuals exhibiting passible injury risk
factors, are indicated for an athlete at risk of developing

a sports injury. Seven key indicated risks and associated
prevention measures are proposed.

Sports-related Workload and injury risk: simply
knowing the risks will not prevent injuries

Michael K Drew, ™2 Jill Caok,* Caroline F Finch?

prevention frame\\crk B g E’.‘ . ing
i fi revention is to screen for those
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history of previous injuries sustained. Prescason
hamstring strengeh testing with the Nordic ham-
string test followed by an eccentric strengthening
programme for athletes with lower strength is one
example of primary prevention.

Assessing prior training load history s crtical.
Concepmally, a lower ‘training base’ can result
from a break in traimng or from chronically low
workloads. Training bases can be assessed in simple
or advanced ways. A study in junior clite football
(soccer) players showed thar athletes with a history
of a low amount of training had higher rates of
gmlll |n]urlk’) '\ﬁ(r an  intensive !l'“nllll, pro-
gramme.’ Training history was simply defined as
the number of training sessions per week prior o
start of the training programme. An increase from
o to three sessions a week to daily or twice daily
(as is common in these training programmes and
club siruarions) poses a large risk of injury to the
athlere. However, simple measures to control this
risk are feasible.

High performance training camps also pose sig-
nificant risks of injury. In jndn. camp injury rates
have been as high as 839, and it has been sug-
gested thar these may be due to factors such as new
techniques, higher intensity and scrutiny of coach-
ing, or (micro) trauma from training. In this judo
example. the averace week-to-week increase in time
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Algorithm for Hamstring Injury Treatment
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Hamstring rehab for foctball players (Mendiguchia et al. 2017)

A -

puanay s romh 4ot
e meiratnd

Lop S

o S g i o

St g o)l

R o b e

vt £ e o e 1S A

Y- e e

PREPARE

SIONIDS Agriddy

A Multifactorial, Criteria-based Progressive

JURDAN MENDIGUCHIA', ENRIQUE MARTINEZ-RUIZ®, PASCAL EDOUARD™**, JEAN-BENOIT MORIN',

UNIVERSITE
COTEDAZUR *

REHABILITAITON

Sprint Mechanics and Performance
included
in final functional steps
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ih morin

Jurdan Mendiguchia
Zentrum Center
Baranain, Spain

TARGET REFERENCE
PROFILE (PRE-INJURY)
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Return to sport ...or return to (sprint) Performance @
FV Sprint profile for an injured player: 3 tests

1 & 2 = PRE-INJURY

Height Mass 0™ VMax FO VO P Max P Max

TP Tm k) TT° (mis) (WKg) (mis) (W) (Wiko)

FV RF_10 RF

Rl slope m  Peak

1 210092017 1,87 9% 458 888 698 920 1524 161 7% -721 32% 50%

st g
2 22112017 1,87 9% 462 839 763 865 1567 165 -8% -839 32% 52% “’?Sl‘
—g o>
3 09/02/2018 1,87 95 448 855 840 880 1755 185 -9% -90,7 32% 55% J.°h|-| La,;ﬁ

(Univ Nice)
@lahti_johan

TEST 3: AFTER return-to-sport, to validate the « return to performance » ~ USe in prevention ??
Sprint mechanics as

a « risk » factor
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Return to sport ...or return to (sprint) Performance @
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Jurdan Mendiguchia

)t jonal Journal
I Zentrum Center

Progression of Mechanical Properties during On- Baranain, Spain
field Sprint Running after Returning to Sports from a

Hamstring Muscle Injury in Soccer Players =K

B Mandegachue, P, Sarmains ', &, M e R, M. Besoghonf, 5 Sabeme ', 8. Mowi’, A, Ko )

Int J Sports Med, 2014

At return to sport (post hamstring injury):
» Power (Pmax) and Max Force (F0), lower in injured players
> but not velocity (V0)
» 2 months later, values overall returned to normal

1/ 'what objective & functional dataled to « RTS » decision?

2/ what«risk » during this 2-month (or:shorter) period 12 N’
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Return to sport ...or return to (sprint) Performance @’

Routledge

JOURNAL OF SPORTS SQIENCES, 2015
Taylor & Feancis Group

Mtp/dedoiomy10.1080/02640414.2015.1122207 . Ju;’d;n Mendiguchia
Zentrum Center
Baranain, Spain

Field monitoring of sprinting power—force-velocity profile before, during and after
hamstring injury: two case reports
J. Mendiguchia®, P. Edouard®, P. Samozino®, M. Brughelli®, M. Cross®, A. Ross®, N. Gill** and J. B. Morin®
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Ongoing 3-season large observational follow-up in several groups
® (J (
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1/ Is F-V-P profile related to a higher risk?

A A o S e

2/ Could it be an objective parameter in the prevention process?

Sprint « pattern »
MONACO. 16-18 MARCH 2017 .
GRIMALDI FORUM and pelVlC control
ormatin.rich as additional
Jomonn.na pieces of the puzzle
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