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Hamstrings; cant we just get along? Y0,
A multifactorial and individualized approach for reducing hamstring
muscle injuries in professional football players
On a pro level:
Johan Lahti, PhD, CSCS % High skill requirements
< High physical requirements |
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% ~14 % of players regularly unavailable )

+ 1 month injury ~ € 500,000

% Performance + psychological consequences

League standing (4 2004
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muscle injury
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Achilles tendon
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Injury burden for top-10 injuries
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Most take place during sprinting (70-80%) et al,, 2004; Ekstrand et al,, 2012)
i a2 —
= % Other scenarios:

- Overstretch actions (5-10 %)
- Shooting (4 %)

- Change of direction (4 %)

- Passing & Jumping (4 %) WHY

» ~80% of injuries to biceps
femoris long head

Koulouris et al., 2007; Ekstrand et al., 2012

Wangensteen et al,, 2016
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TASK AND DEMANDS OF HAMSTRINGS IN FOOTBALL

TASK AND DEMANDS OF HAMSTRINGS IN FOOTBALL
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(TASK) "™(DEMANDS) (TASK) (

DEMANDS)

INTRODUCTION ‘OUR RECENT WORK

DISCUSSION

TESTS AND.
e REFERENCES

INTRODUCTION

TESTS AND.
b OUR RECENT WORK DISCUSSION

REFERENCES

|Sciences du ~| Sciences du
| (©) @rs.johan e i ©) @rs.johan
Nouvemen . : ’Nouvement . 1
& N UNIVERSITE lahti_joh . UNIVERSITE lahti_joh:
Humain COTE DAZUR W @lanti_johan Humain R 3 @lahti_johan
TASK OF HAMSTRING IN FOOTBALL TASK AND DEMANDS OF HAMSTRINGS IN FOOTBALL
FOOTBALL REQUIREMENTS What is the connection? HAMSTRINGS TASK

EXTERNAI-» INTERNAL
(TAS K) (DEMANDS)

& Linear sprint performance (Vmax, 0-20 m time) % One of the primary muscle groups for accelerating
4 et ol, 2001; Haugen, Tonnessen and Seiler, 2013), us linearly (rondy et ol 202
© ~50% of scoring players goals involve a W _« + Highly connected to net horizontal force (110
preceding linear sprint (roude et ol 2012) 2015)
A > Important stabilizer and decelerator (rtoyamo et
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TASK AND DEMANDS OF HAMSTRINGS IN FOOTBALL BASIC ANATOMY AND FUNCTION

Lateral compartment Medial compartment

Semitendinosus

EXTERNAL INTERNAL

(sT)
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it ] ps femoris (sMm)
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INTERNAL DEMANDS DURING SPRINTING INTERNAL DEMANDS DURING SPRINTING
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INTERNAL DEMANDS DURING SPRINTING

INTERNAL DEMANDS DURING SPRINTING

Left leg: Stance phase Left leg: Late swing

Stance phase Late swing phase

Two most commonly proposed injury time points
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INTERNAL DEMANDS DURING SPRINTING INTERNAL DEMANDS DURING SPRINTING
stance phase Late swing phase stance phase Late swing phase
1/ KA 1/
4000 A 4000
- ' -
22000 . 22000
g 2, What.about
£ z hamstring MTU
s 5 )
2000 2000 length?
4000 4000
; S s
- 6000 b . . 5000
0 20 40 60 80 100 Hip: Thigh accelaration towards ground (concentric) o 20 40 60 80 100 Hip: Thigh accelaration towards ground (concentric)
Gait cycle (%) Gait cycle (%) Knee: Absorption of energy (eccentric)
Hip power = Hip power ===Knee power
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INTERNAL DEMANDS DURING SPRINTING INTERNAL DEMANDS DURING SPRINTING
stance phase Late swing phase Stance phase Late swing phase
X }/ 'ﬁ_\ Mechanical strain X }/
L / L
Active lengthening 10 % Active lengthening
i pastoptimal length past optimal length
4 -
! e
5 H
10 10
enaBFIR sensBFh
= Semimembranosus = Semimembranosus
0 - S S 50 - - - Semintendinosus
o Hip: Thigh ion towards ground ( ic) 0o 50 100
. Knee: Absorption of energy (eccentric) Gait cycle (%) .
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INTERNAL DEMANDS DURING SPRINTING INTERNAL DEMANDS DURING SPRINTING
Stance phase Late swing phase
Influence on r. biceps femoris stretch (mm)
Decrease stretch increase stretch X } } ha
30 20 10 o 0 20 30 4000
v I B o
iliopsoas E
1. erector spinae 5
© vastus entrumsport H z
2 o £
I rectus femoris_f} Example of rectus femoris £ H
. gluteus maximus. R 2000 2
B
r. ext oblique -10
1. Int oblique -4000 eegein
= Semimembranosus
 hamstrings 2o - Semimtendinosss -—
-6000! - —
o 20 4 e s 100 Hip: “Pushing the ground back”
Gait cycle (%)

Knee: Overcoming static friction (stinction)

s Hip power mmmKnee power 771074 ¢t al. (20
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INTERNAL DEMANDS DURING SPRINTING

¢ phase - Contact torques

—

fLengm»o %

DISCUSSION

J Hamstring forces: High
f Length:

with high fluctuation
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INTERNAL DEMANDS DURING SPRINTING

% “Faster game hypothesis”

- demands in speed
- sprint volume in matches 10

% 4% annual incraese in hamstring
injuries 2001-2014 (=

H
@
g
2
w
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3 5 7 9
Sprint velocity (m.s1)
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Water: Football demand  Bucket: Hamstring resilience

Hamstrings = Constantly under cumulative load, increasing with game demand

What modifiable intrinsic risk factors make this worse?
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INTERNAL DEMANDS DURING SPRINTING INTERNAL DEMANDS DURING SPRINTING

Water: Football demand  Bucket: Hamstring resilience

Hamstrings = Constantly under cumulative load, increasing with game demand
What modifiable intrinsic risk factors make this worse?
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Top injury Top injury
Hamstrings Hamstrings Screening considerations Faciy
‘ | Consrante ousgat, il
Common injury situations: T — Common injury situations
- Sprinting (Main) e | - Sprinting (Main) ~ Fatigue tolerance (local, lobal)
- Overstretch actions I S — - Overstretch actions - Limb asymmetry wies mamagea ot | [ Gooperaton
- Change of direction/high I R - Change of direction/high - Lumbo-pelvic control i e
decelpration [ oitficulty contralling for the complexity | < tion - Motor patterning portormance porspact | | cosches
Modifiable rsk factors s Modifiable risk factors - Muscle arcitechture
Physical Physical - Range of motion (local, global) PR
S0 we rely both on evidence based and | - swensth (local global)
Intrinsic | evidence guided decisions + anecdots | Intrinsic indiduatas
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Constans busget, sk

I don’t like
this...
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RISK FACTORS

Top injury

Hamstrings
1
Common injury situations:
Sprinting (Main)

Screening considerations

Fatigue tolerance (local, global)
- Overstretch actions Limb asymmetry
Change of direction/high

deceleration

Lumbo-pelvic control
Motor patterning
Muscle arcitechture

WodTable rsk factors
(Physical) Range of motion (local, global)
strength (local, global)

Intrinsic iodrviduaization

Bainsc | Maximalvelociy xposure

TESTS AND.
TRAINING

REFERENCES

35

Sciences du P
ouvement , A
. UNIVERSITE lahti_joh
Humain COTE DAZUR Y @lahti_johan
RISK FACTORS

1. Sprint performance level
lamstrings task = Horizontal for print perfo ¢
2. Hamstring “health”?

WIN - WIN for
professional football?
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RISK FACTORS RISK FACTORS

Hamstrings

Screening considerations Eaciy

- Overstretch actions.
- Change of direction/high

Y |

1 N s S \V@ ||

Common injury situations " )
- Spri i \ —
Sprinting (Main) - Fatigue tolerance (local, global) | & w

- Limb asymmetry

- Lumbo-pelvic control
- Motor patterning

Modifiable risk factor - Muscle arcitechture
(Physical - Range of motion (local, global)

- Strength (local, global)

¥
N
8

) )
g8 g
Hip extensor  Sprint Hip extensor  Hip exten
weakness technigue lechnigue  weakness  weakness

o

Sprint

Intrinsic

Range Of Range Of Hip extensor  Knee flexor
Motion Motion imbalance  weakness Motion

Maximal velocity exposure

2 Sprint
technique

INTRODUCTION ‘OUR RECENT WORK
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INTERVENTIONS IN PROFESSIONAL FOOTBALL INTERVENTIONS IN PROFESSIONAL FOOTBALL

What makes things better?

INTRODUCTION
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INTERVENTIONS IN PROFESSIONAL FOOTBALL PROBLEMS IN FOOTBALL AND GAPS IN LITERATURE
TOTAL INTERVENTIONS Uni/Bifactorial Multifactorial

(2003 - 2021)

" Hamstring injuries are a large burde
6 » 5 1 » In favor of metring in)

1. Multifactorial strength training

% Lack of individualized approaches

In favor of (including lumbo-pelvic control) pd % Lack of multifactorial approaches
2. High-speed sprinting 7
eccentric Fixing Hamstring 2
strength asymmetries  flexibility 3. Manual therapy 2—2
]
2
2

4/5 1/1 0/1 4.Load management

LEVEL OF EVIDENCE 5. Individualized training

Limitations:
% No pre-post training data reported in most
studies or low compliance

TESTS AND.
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How can we further reduce the
risk of hamstring injuries in
professional football?

Lack of individualized approaches

[+ Hamstring injuries are a large burden « | ack of multifactorial approaches
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PROBLEMS IN FOOTBALL AND GAPS IN LITERATURE HAMSTRING RISK REDU

2] o

Top injury
Practical

Screening and training

Lumbo-pelvic control

Hamstrings.

Consrante

Common injury situations:

- Sprinting (Main) - Fatigue tolerance (local, global)

- Overstretch actions - Limb asymmetry

- Chan, irection/high
change of d recto /hig - Lumbo-pelvic control

Posterior chain
strength

Cooperaton

‘Sprint mechanical
output

< - Motor patterning.
WiodTable TRk factors  Muscle arctechtre
physica - Range of motion loca, global)

- strength (local, global)

Range of motion

Instrinsic

Maximal velocity exposure
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HAMSTRING RISK REDUCTION EVOLUTION HAMSTRING RISK REDUCTION EVOLUTION

Posterior chain Sprint mechanical Range of mation
output

Lumbo-pelvic control
strength

5 Max velocily sprinting
Post sport ROM

5 Manual Therapy
@ Triceps surae health

Range of motion Training for all

Lumbo-pelvic control Posterior chain ‘Sprint mechanical
output

strength

KA
wn
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HAMSTRING RISK REDUCTION EVOLUTION

- 2

Posterior chain
strength

1=

idualized ap,
e Proge,

‘Sprint mechanical
output

Range of motion
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HAMSTRING RISK REDUCTION EVOLUTION
Lumbo-pelv control
K 8
K o Xk _[ ®
idualized Posteriorchain
\\&mﬂ ppro,,% plg ,
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- )1 —1R-{ %
[ e N | L [

Sciences du

@r5.johan

ouvement

N UNIVERSITE I h
Humain COTE DAZUR W @lahti_johan
HAMSTRING RISK REDUCTION EVOLUTIH!
Lumbo-pelvic control
idualized ap,
gwidy Prog,,  Posterior chain
A % strongih . -
'IHI- Targetting feasibility:
% %, = Multicomponent data
% 3 > © Efficiency (ease)
y Sprint mechanical Mobility
. Qutput Relative low cost

Low fatigue

Range of motion

J7 ‘ ‘ ‘ ‘ ‘
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Lumbo-pelvic control

L o 4 _| -

Posterior chain Knee flexor force

strengih
Knee flexor asymmetry

Hip extensor force
Hip extensor asymmetry
Sprint mechanical
output

Theoretical maximal
— horizontal force
Range of motion Jurdan test
Jurdan test asymmetry
ASLR

ASLR asymmetry

B | || I I

Sciences du

@r5.johan

. UNIVERSITE L
Humain COTE DAZUR W @lahti_johan
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Lumbo-pelvic control

2 -

tectus abdominis
- External obliques

Symmetry between “force couples” at pelvis

Kick back test

|
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LUMBOPELVIC CONTROL

Lumbo-pelvic control

Gold standard approach
3D pelvis
kinematics
during sprinting
¥
Indirect
approaches

@zentrumsport
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LUMBOPELVIC

Lumbo-pelvic control

=4

Gold standard spproach

3D pelvis
kinematics
during sprinting
Indirect
approaches
2D thigh
kinematics
during sprinting
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LUMBOPELVIC CONTROL

2D thigh kinematics during sprinting

Lumbo-pelvic control

*? Bn

% Anecdotes from sprint coaches;
“Kick back” mechanism (A) more
risky than good front side
mechanics (B)

Defined or biased towards
- Increased hip flexion during swing]
Straight leg during toe-off

- Good posture

Reduced hip flexion associated
with static pelvic position in
football players
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Lumbo-pelvic control
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LUMBOPELVIC CONTRO!

Lumbo-pelvic control

. |‘_‘| @@inovea
2 @n

Toe-off Touchdown Toe-off

Kick-Back test

Touchdown

Less

More q
optimal

optimal

Kick-back score: 57° + 71° = 128 Kick-back score: 69° + 105° = 174

Trunk inclination not included as we observed that “kick-back” can be present irrespective of it
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LUMBOPELVIC CONTROL TRAINING

> IntJSports hysio Porform. 2021 Now 18,110, dok 101123
Onine shead o i,

Contolled el Tl | > JSpors S 2021 Ap390)760-767.

Training-induced changes in anterior pelvic tilt: Can We Modify Maximal Speed Running Posture?

potential implications for for P and ing Injury
management Management
e e !, Angl Garzle Dsa s 3 et Mendez\lanuer s Melichi, ki Castafio Zambato, P

Sean-Bonot orn 3, Pascal s © 7, Wi

Pascal Edouard, Filba Conceic3o, Jonas Taniah Dodoo, taf L.
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Maximal Speed Running Posture?
Implications for Performance and Hamstring Injory

TRAINING

TESTING
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UMBOPELVIC CONTROL LUMBOPELVIC

Reduced dynamic anterior pelvic tilt
Increased max velocity

Can We Modify Maximal Speed Running Posture?
Implications for Performance and Hamstring Injory
Management
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LUMBOPELVIC CONTROL

Anterior-posterior
pelvic tilt and ant-extension

Simple

Anti-lateral flexion,

Rotational elements

More dynamic

Dynamic sport-specific positions

‘OUR RECENT WORK DISCUSSION REFERENCES

SCIENTIFIC
INTRODUCTION BACKGROUND

63

2 Sciences du

© @rs.johan

ouvement ,
UNIVERSITE P
COTE DAZUR Y @lahti_johan

Humai
TESTS

Lumbo-pelvic control

Posterior chain Knee flexor force
trength

Knee flexor asymmetry.

Hip extensor force
Hip extensor asymmetry
‘Sprint mechanical
output

Theoretical maximal

— horizontal force

Range of motion Jurdan test
Jurdan test asymmetry
ASLR

ASLR asymmetry

‘OUR RECENT WORK DISCUSSION REFERENCES

SCIENTIFIC
INTRODUCTION BACKGROUND.

64

Tissue load tolerance, and symmetry in
the gluteus max and hamstrings

Posterior chain Knee flexor force.

stengh
i Knee flexor asymmetry

Hip extensor force

Hip extensor asymmetry

A
ne ‘OUR RECENT WORK DISCUSSION ACKNOLEDGEVENTS REFERENCES

SCIENTIFIC
Lalare BACKGROUND

65

Sciences du Sciences du
ey Do t Do
ouvemen . ‘ ouvemen 1
M UNIVERSITE lahti_johan . UNIVERSITE lahti_johan
Humain COTE DAZUR W @lantij Humain COTEDAZUR W @lahtij
POSTERIOR CHAIN STRENGTH POSTERIOR CHAIN STRENGTH

@=

Posterior chain
strength

HAMSTRING STRENGTH PROPERTIES RELATED

Direct associations for increased risk Indirect associations for increased risk

¢ Reduced tric f ,
e e oree 5 1 Musdl mass - increased muscl damage
5L limb force svmmetﬁ, % Muscle mass —> increased strength loss from repeated sprints ->
& BF picks up workload for ST increased changes in sprint technique during fatigue
| Proximal cooperation with other extensors

SCIENTIFIC

INTRODUCTION et ‘OUR RECENT WORK DISCUSSION. ACKNOLEDGEVENTS REFERENCES

66

11
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67

Sciences du Sciences du

" (©) @rs.johan " (©) @rs.johan

ouvemen! 3 ouvemen!
N UNIVERSITE , @lahti_johan N UNIVERSITE ’ @lahti_johan
Humain COTE DAZUR - Humain COTE DAZUR
POSTERIOR CHAIN STRENGTH
Posterior chain
strongih
Hip extensor force Knee flexor force
Hip extensor asymmetry Knee flexor asymmetry
POSTERIOR CHAIN STRENGTH TRAINING
TN REFERENCES INTRODUCTION c ‘OUR RECENT WORK DISCUSSION ACKNOLEDGENENTS REFERENCES

68

Sciences du

@r5.johan

ouvement -
a UNIVERSITE i
Humain COTE DAZUR W @ahti johan
POSTERIOR CHAIN STRENGTH TRAINING
Randonized Cortroled Tl | > Br ) Spots Mod. 2017 MarS1(51:469-477.
ot . 201 Ao 530 .. v pucrosarzo 90 10I3BIisport-2016-098130. pub 201 Sep 22
[rerepet A —— fiviosenit

Impact of the Nordic hamstring and hip extension
Pro fer Training at ises on hamstring architecture and
morphology: implications for injury prevention

Greater
Long versus Short Muscle Lengths

ana T

Matthew N Bourne 1 7 3, Steu:

David A Opar ®, Aiman AIN:

Dutig 2 #, Ryan G Timmins , Morgan D Willams ©,
7, Graham K Kerr 2 4, Anthony J Shield 2

"REFERENCES

SCIENTIFIC
BACKGROUND

INTRODUCTION

69

Sciences du

ouvement

- UNIVERSITE
Humain

COTE DAZUR

KNEE OVER HIP MOVEMENT

= ) Follow @BasvanHooren W
5 Pho work

INTRODUCTION

SCIENTIFIC
BACKGROUND.

70

© @rs.johan

W @lahti_johan

POSTERIOR CHAIN STRENGTH

HIP OVER KNEE MOVEMENT

REFERENCES

DISCUSSION

POSTERIOR CHAIN STRENGTH

LENGTHENED TRAINING OPTIONS

SO REFERENCES

INTRODUCTION ey

Sciences du Sciences du
t @rs.mhan + @rS.johan
ouvemen! . ouvemen! .
N UNIVERSITE ¥ @lanti_joh N UNIVERSITE W @lahti_joh:
Humain COTE DAZUR @Iahti_johan Humain COTEDAZUR @Ilahti_johan

PETURBATIONS

SCIENTIFIC
BACKGROUND.

INTRODUCTION

72

POSTERIOR CHAIN STRENGTH

STIFFNESS COCONTRACTION REDUCTION

(Open to closed chain)

DISCUSSION REFERENCES

12
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POSTERIOR CHAIN STRENGTH

HIP OPTIONS
Unilateral exercises prioritized to reduce load on muscles that pull the pelvis anteriorly (such as erectors)

HIP - DEEP HIP — EXTENTED

Sciences d Sciences d
. . © @rsonan ' . © ersiohan
ouvemen ouvemen
UNIVERSITE UNIVERSITE
Humain COTE DAZUR W @lahti_johan Humain COTE DAZUR W @lanti_johan

TESTS

Posterior chain Knee flexor force
strengih

Knee flexor asymmetry.
Hip extensor force
Hip extensor asymmetry

‘Sprint mechanical
output
Theoretical maximal

— horizontal force

Range of motion Jurdan test
Jurdan test asymmetry
ASLR

ASLR asymmetry

eame e f— r— T e e
Sciences du | Sciences du
t - @rS.Johan t @rS.jnhan
ouvemen . 7 ouvemen ) -
a UNIVERSITE i, . UNIVERSITE i_j
Humain COTE DAZUR W @lanti_johan Humain e Y @lahti_johan

SPRINT MECHANICAL OUTPUT

Maximal horizontal force capacity

Sprint mechanical
output

Theoretical maximal
— horizontal force

SCIENTIFIC
INTRODUCTION ey ‘OUR RECENT WORK "REFERENCES

SPRINT MECHANICAL OUTPUT

Sprint mechanical
output

Horizontal velocity (m.s)

p— p—— e

78

79

SPRINT MECHANICAL OUTPUT

‘Sprint mechanical
output

Validated against force plates
10 — Velocity B
— Velocity modeled

Maximal theoretical value (FO): 6.6 N.kg

Horizontal velocity (m.s)

Horizontal force (N.kg?)

0 2 4 6 s
Horizontal velocity (m.s™)

SCIENTIFIC

INTRODUCTION ‘OUR RECENT WORK DISCUSSION REFERENCES

Sciences du Sciences du
t @rs.mhan + @rS.johan
ouvemen . . ouvemen! .
N UNIVERSITE W @lahti_joh N UNIVERSITE lahti_joh
Humain COTE DAZUR @Iahti_johan Humain COTEDAZUR Y @lahti_johan

SPRINT MECHANICAL OUTPUT

PILOTING VALIDITY FOR FO
TESTING AND TRAINING

STUDY 1

Biolo
of Sp%¥t

Peer.

SCIENTIFIC

INTRODUCTION DISCUSSION. REFERENCES

BACKGROUND

80

BACKGROUND.

81

13
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SPRINT MECHANICAL OUTPUT

Sciences d Sciences d
. . © @rsonan ' . © ersiohan
ouvemen ouvemen
UNIVERSITE UNIVERSITE
Humain COTE DAZUR W @lahti_johan Humain COTE DAZUR W @lanti_johan

SPRINT MECHANICAL OUTPUT
O - dexmiury © =Resmiury 17 index injuries Injory scenario

6 pro teams, N

20 &

£ 6 & ﬁ 320 (15 %)
A novel multifactorial musculoskeletal hamstring screening protocol: association with 5 12 d§>
’ . ) ! £ o© 2/20 (10%)
hamstring muscle injuries in professional football (soccer) — a prospective cohort study ]
T o PARRVIIO)
Lahti J, Mendiguchia J, Edouard P, Morin JB. ol ©
Pre-season end Mid-season Season end
B. I nee toor orce B 3775399 Nkg, p < 00001, Erectsize:0.35
1010! o , R , coretiatmainal .
p AstR ety 6754 .36 X, p 0001, et Sz 050
Ao REFERENCES INTRODUCTION e ‘OUR RECENT WORK DISCUSSION ACKNOLEDGENENTS REFERENCES
Sciences du Sciences du
t @rS.Johan t @rS.johzn
ouvemen! . ouvemen! .
. UNIVERSITE i N UNIVERSITE i
Humain COTE DAZUR W @ishti_johan Humain SRSE W @lahti_johan

SPRINT MECHANICAL OUTP!

O - oexiniury
A

20 ]
516 & Hazard ratio: 4.02 (C195% é)
S 1.08-15.0), p=0.04 |
H o ;
e ® i
i, o i
ol 2 :
Pre-season end Mid-season Season end
% No other assocations
) v ¥ 3 Interesting trends
=S S s PS & More data needed to make clearer inferences (also for FO)

SCIENTIFIC
BACKGROUND "REFERENCES

INTRODUCTION

84

SPRINT MECHANICAL OUTPUT

PILOTING VALIDITY FOR FO

TESTING AND TRAINING

4 Y

STUDY 1

Biolo
ofSp%%

[ stupv2 |
Peer.

SCIENTIFIC
INTRODUCTION e DISCUSSION REFERENCES

85

[ vecumcn oururoanc
STUDY 2

Peer

SCIENTIFIC

REFERENCES

Sciences du Sciences du
t @rs.mhan + @rS.johan
ouvemen! . ouvemen! .
N UNIVERSITE ¥ @lanti_joh N UNIVERSITE Y @lahti_joh
Humain COTE DAZUR @Iahti_johan Humain COTEDAZUR @lahti_johan

BACKGROUND

86

SPRINT MECHANICAL OUTPUT TRAINING

Changes in sprint performance and sagittal plane kinematics after heavy resisted sprint

training in professional soccer players

Lahti J, Huuhka T, Romero V, Bezodis |, Morin JB, Hakkinen K. 2020.

REFERENCES

DISCUSSION

14
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Sciences du Sciences du
. @ erssomn 3 @ evsioner
) ouvemen! 3 * ouvemen
UNIVERSITE UNIVERSITE
Humain COTE DAZUR W @iahi_johan Hum, COTE DAZUR W oihti_johan
SPRINT MECHANI OUTPUT TRAINING SPRINT MECHANICAL OUTPUT TRAINING
Training approaches to improve FO
Intramuscular Intermuscular Changes in sprint performance and sagittal plane kinematics after heavy resisted sprint
[ ——— L .
training in professional soccer players
Direction of force output from a system of muscles —
m Lahti J, Huuhka T, Romero V, Bezodis |, Morin JB, Hakkinen K. 2020.
Which the hamstrings are an essential part of % Peer.
INTRODUCTION e ‘OUR RECENT WORK DISCUSSION REFERENCES INTRODUCTION c ‘OUR RECENT WORK DISCUSSION ACKNOLEDGEVENTS REFERENCES
Sciences du 2 Sciences du :
t © ers.johan S : o (© @rs.johan
ouvemen! . 0 ouvemen! .
N UNIVERSITE i_j UNIVERSITE g
Humain COTE DAZUR W @ahti_johan Hum ChIVERSITE W @lahti_johan

SPRINT MECHANICAL OUTPUT SPRINT MECHANICAL OUTPUT

Pro football team 1 (Intervention team)

Intervention team

Highly similar initial sprint

| I performance | I
(p=0.88)
o)
Pre-season Season

start start
Pro football team 2 (Control) Control team

REFERENCES

CURRECENT War, Serc Do

INTRODUCTION DISCUSSION REFERENCES INTRODUCTION

SCIENTIFIC
BACKGROUND

90 91

ien ien
|ciences du @rsionan ggcencescu i3 @rsonan
3 UNIVERSITE i - UNIVERSITE i b
Humain COTE DAZUR W @ahti_johan Hum R Y @lahti_johan
SPRINT MECHANICAL OUTPUT

S \

Intervention team Pro football team 1 (Intervention team) 3 _
= 3
g 2
H I

A A 8 50-60%
2 velocity loss
Velocity
.
11 weeks =
2-4 of resisted sprints before practice x 1-2 per week
Pre-season Season Pre-season % 1-2 free sprints were also done per session Season
start start start start
Pro football team 2 (Control)
e EYT— — p— wrroovcron. | o ounecenrwon [l oscusion i somousooevewrs [ serenences

92 93

15
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Sciences du
@r5.johan
ouvement

UNIVERSITE
Humain COTE DAZUR W @lahti_johan

SPRINT MECHANI

OUTPUT

Change in FO (%)

0 65 7 7.5 8 85 9.0

Initial FO (N.kg-1)

Sciences du
@r5.johan
ouvement

UNIVERSITE :
Humain COTE DAZUR W @lahti_johan

SPRINT MECHANIC/

25
° < |mprovements correlated
. P R
with initial horizontal force
20 [ capacity values
g Interpretation: players with
Y - 0.59 (p<0.05) low FO respond better
£
& 10
€
&
£
S
5
.
0

o o
0o 65 7 75 8 ¢85 90
Initial FO (N.kg?)

e p—— e —— T e e e
Sciences du Sciences du
" (© @rs.johan . (©) @rs.johan
ouvemen . ouvemen )
a UNIVERSITE i, . UNIVERSITE i_j
Humain COTE DAZUR W @lanti_johan Humain e Y @lahti_johan

SPRINT MECHANICAL OUTP!

25
. ° + Improvements correlated
with initial horizontal force

20 . capacity values
g < Interpretation: players with
1B r=-0.59 (p<0.05) low FO respond better
£ < Extra: intervention team
E‘ 14 suffered one injury during
s season, player with lowest
© s FO value, coincidence?

[ - s

0 65 7 75 8 ¢85 90

Initial FO (N.kg1)

INTRODUCTION

"REFERENCES

SCIENTIFIC
BACKGROUND

96

SPRINT MECHANIC/
°

Improvements correlated

% What to do with non- with initial horizontal force

responders? 5
£ 1 capacity values
E’ < Interpretation: players with
c low FO respond better
[ 10 < Extra: intervention team
H suffered one injury during
Ss season, player with lowest

FO value, coincidence?

) S, © Extra2: Highly similar
. intercept found in previous
5 work
al FO (N.kg) (r=-0.98)
-10

DISCUSSION

SCIENTIFIC
INTRODUCTION e REFERENCES

97

Lumbo-pelvic control

Posterior chain Knee flexor force
strength

Knee flexor asymmetry

Hip extensor force
Hip extensor asymmetry
Sprint mechanical
output
Theoretical maximal

— horizontal force

Range of motion
& Jurdan test

Jurdan test asymmetry
ASLR

ASLR asymmetry

SCIENTIFIC
BACKGROUND

INTRODUCTION

REFERENCES

98

Sciences du Sciences du
, p— ' @ e
ouvemen . ouvemen! . a
N UNIVERSITE ’ lahti_joh N UNIVERSITE lahti_joh:
Humain COTE DAZUR @Iahti_johan Humain COTEDAZUR Y @lahti_johan

RANGE OF MOTION

@n Qo

Hamstring active extensibility, and
relationship with hip flexor

Range of motion
& Jurdan test

Jurdan test asymmetry
AsLR

ASLR asymmetry

SCIENTIFIC
BACKGROUND.

INTRODUCTION DISCUSSION REFERENCES

99
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Sciences du

ouvement \ppoire
Humain COTE DAZUR

@r5.johan
W @lahti_johan

RANGE OF MOTION

Isokinetic knee flexion (159/sec) TESTA

Peak torque: 68 Nm
Angle of peak torque: 52°

Range of motion

Optimal length

Mechanical strain

Torque (Nm)

120 100 80 60 40 20 0
Angle (°)

‘OUR RECENT WORK

SCIENTIFIC
INTRODUCTION e DISCUSSION REFERENCES

100

2 Sciences d
B u, @r5.johan
“FN\ouvement
UNIVERSITE
Humain COTE DAZUR ’ @lahti_johan

RANGE OF MOTION

Isokinetic knee flexion (159/sec) TESTA

Peak torque: 68 Nm
Angle of peak torque: 520
TEST B

Peak torque: 68 Nm
Angle of peak torque: 38°

Mechanical strain

Range of motion

Torque (Nm)
5888883

120 100 80 60 40 20 0
Angle (°)

INTRODUCTION

SCIENTIFIC
BACKGROUND. DISCUSSION ACKNOLEDGENENTS REFERENCES

101

Sciences du

t @r5.johan
ouvemen .

| a UNIVERSITE .
SHumain COTE DAZUR W @lahti_johan

RANGE OF MOTION

Athletes ROM connected to likelihood of

Range of motion mechanical strain during sprinting?

@ble messured — Wl regreson
O Femate messared - Femle regrssion

SCIENTIFI

| Sciences du

it @r5.johan
ouvement (- .
. UNIVERSITE P

Humain COTE DAZUR W @lahti_johan

RANGE OF MOTION

Range of motion .

. To conclude:
“Tight" athletes may experience more

Range of motion in straight leg raise (°)
e e € o mechanical strain during sprinting

INTRODUCTION e OUR RECENT WORK DiSCUSSION ACKNOLEDGEVENTS REFERENCES INTRODUCTION s OUR RECENT WORK DISCUSSION REFERENCES
|Sciences du ~| Sciences du
+ ©) @rs.johan 02 t ©) @rs.johan
ouvemen! . 10 ouvement . 105
. UNIVERSITE lahti_johan N UNIVERSITE lahti_johan
Humain COTE DAZUR L JHumain COTE DAZUR L

RANGE OF MOTION

Range of mation

)1 ASLR

ASLR asymmetry (=>15 %)

SCIENTIFIC
BACKGROUND

‘OUR RECENT WORK

REFERENCES

RANGE OF MOTION

Range of motion
).l AsLR

ASLR asymmetry (=>15 %)

SCIENTIFIC
BACKGROUND.

INTRODUCTION

105

OUR RECENT WORK DISCUSSION. ACKNOLEDGENENTS REFERENCES
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RANGE OF MOTION

Range of motion Jurdan test
Jurdan test asymmetry

ASLR

Al R |

ASLR asymmetry

INTRODUCTION ‘OUR RECENT WORK REFERENCES

106

DISCUSSION

SCIENTIFIC
BACKGROUND.

Sciences d Sciences d
B 3o Qe p— Dervrmn
“2Mouvemen “FN\ouvement 19
UNIVERSITE UNIVERSITE
Humain COTE DAZUR W @lahti_johan Humain COTE DAZUR W @lani_johan

RANGE OF MOTION

@=

Range of motion Jurdan test

Jurdan test asymmetry (=>15 %)

IENTIFIC

SCIENTI £5TS AN
INTRODUCTION Rty DISCUSSION. REFERENCES

107

ciences du
g @rs johan

ouvement -
a UNIVERSITE N
Humain COTE DAZUR W @lahti_johan

RANGE OF MOTION TRAINING

SCIENTIFIC
INTRODUCTION ey ‘OUR RECENT WORK DISCUSSION REFERENCES

108

~Sciences du
L © @rs johan

ouvement ,
. UNIVERSITE P
Humain COTE DAZUR W @lahti_johan

RANGE OF MOTION TRAINING

Effects of flexibility and strength training on peak
hamstring musculotendinous strains during
sprinting (2020)

Xianglin Wan 7, Shangxiao Li ', Thomas M Best 2, Hui Liu ?, Hanjun Li 2, Bing Yu 4

SCIENTIFIC
o ‘OUR RECENT WORK REFERENCES

INTRODUCTION DISCUSSION

109

@r5.johan

3 @lanti_johan

RANGE OF MOTION TRAINING

Stance phase

\ N

Late swing phase

8 weeks of flexibility training

£
S

e eeBFR
e Semimembranosus
——~ Semintendinosus

Effects of flexibility and strength taining on pesk.
ing musculotendinous seains durng,

o 20 40 60 80 100 sprinting
Gait cycle (%)
SCIENTIFIC 5
INTRODUCTION ey ‘OUR RECENT WORK DISCUSSION REFERENCES

© @rs.johan

Y @lahti_johan

RANGE OF MOTION TRAINING

Stance phase Late swing phase

11

8 weeks of flexibility training

Reduction in the degree of mechanical strain (i.e.,

lengthening past optimal).
> Same result with strength training but flexibility

training arguably less fatiguing?

Optimal length (%)

-
e Semimembranosus
Semintendinosus

Effects o fleibility and tcength training on peak.
hamstring muscalotendinous stains during

o 20 a0 60 80 sprnting.
Gait eycle (%)
SCIENTIFIC
INTRODUCTION et ‘OUR RECENT WORK DISCUSSION. ACKNOLEDGEVENTS REFERENCES

111
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112

113

Sciences du Sciences du
. @ erssonen : : @ ersionn
ouvemen! “INouvement !
N UNIVERSITE W @lahti_johan . UNIVERSITE W @lahti_johan
Humain COTE DAZUR - Humain COTE DAZUR
RANGE OF MOTION TRAINING INDIVIDUALIZED
ACTIVE MOVEMENT INCLUSION OF HIP FLEXOR (hip extension reserve) Max velocity sprinting
Post sport ROM
Manual Therapy
Triceps surae health
|
Lumbo-pelvic control Posterior chain Sprint mechanical Range of motion Traiing for all
- strongth output
3 g
) ol
INTRODUCTION e OURRECENT WORK DISCUSSION REFERENCES INTRODUCTION e ‘OUR RECENT WORK DISCUSSION ACKNOLEDGENENTS REFERENCES

Sciences du
ouvement
Humain

Training for all

INTRODUCTION

114

Max velocily sprinting

UNIVERSITE
COTE DAZUR

IDIVIDUALIZED

Post sport ROM 5 Manual Therapy

@r5.johan
W @lahti_johan

Triceps surae health

‘OUR RECENT WORK

DISCUSSION

REFERENCES

SCIENTIFIC
(GROUND ‘OUR RECENT WORK

INTRODUCTION

115

SUMMARY

DISCUSSION

© @rs.johan

W @lahti_johan

REFERENCES

Neuromuscular load

INTRODUCTION

116

Intramuscular (local - global)

SCIENTIFIC
BACKGROUND

SUMMARY

‘OUR RECENT WORK

DISCUSSION

Intermuscular (global)

REFERENCES

Level of specificity
Intramuscular (local - global) Mix

SCIENTIFIC ESTS
INTRODUCTION et ‘OUR RECENT WORK

117

DISCUSSION.

ien ien
" Scie cesdl: © @rs.johan { Sciences d”' © @rs.johan
ouvemen . 16 ouvemen .
- UNIVERSITE W @lahti UNIVERSITE .
S Humain COTE DAZUR @Iahti_johan Humain EhIERSITE W @lanti_johan

Intermuscular (global)

ACKNOLEDGEVENTS REFERENCES

19
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SUMMARY

Injury scenarios

Medium

Neuromuscular load

Level of specificity

Intramuscular (local - global) Mix Intermuscular (global)

SCIENTIFIC
BACKGROUND. REFERENCES

118

Sciences d Sciences d
. . © @rsonan ' . © ersiohan
ouvemen - : ouvemen
UNIVERSITE UNIVERSITE
Humain COTE DAZUR W @lahti_johan Hum COTE DAZUR W @lani_johan

PUTTING IT ALL TOGETHER

Multifactorial individualised programme for hamstring muscle injury risk reduction
in professional football: protocol for a prospective cohort study
Lahti J, Mendiguchia J, Ahtiainen J, Anula L, Kononen T, Kujala M, Matinlauri A, Peltonen

V, Thibault M, Toivonen RM, Edouard P, Morin JB. 2020.

BM)J Open Sport &

Exercise Medicine

DISCUSSION

SCIENTIFIC
INTRODUCTION Rty REFERENCES

119

Sciences du

@r5.johan
UNIVERSITE .
COTE DAZUR W @lahti_johan

INTERVENTION DESIGN

ouvement
Humain

% 6 pro teams in Finnish premier league recruited
% Goalkeepers excluded due to low risk

0 s e o
| .

antrol season Feedbac uesionnaie for
Control coaches: 2019 season

Season break: Physical
coach staff education

intervention | Familiarization

Pt New
(Measurements, programmes

season 202 Programmes
season 2021 oy

exercises) initiated

Sciences du

© @rs.johan

UNIVERSITE Y @lahti_johan

@
:
@
©
P
Q@

ouvement
Hum

INTERVENTION DESIGN

o-pelvic ¢
o ng,,
5 s

—”’—

chain s
e ren
o s

‘w\"\tamrim Boro,

o '“ur
) e
.3‘,

oge Of Moy,
o tio,

“EEE:

4oL L oL

INTRODUCTION o R DiSCUSSION ACKNOLEDGEVENTS REFERENCES INTRODUCTION e DISCUSSION REFERENCES
Sciences du Sciences du
, @ ersionmn i @ ersionn
ouvemen! . ouvemen .
. UNIVERSITE lahti_johan UNIVERSITE lahti_johan
Humain COTE DAZUR Wb Hum. COTE DAZUR L

INTERVENTION DESIGN

e @1
” _I xickbackrest Bz <33%

wafactorial appy,, Posterior chain
S ' grengih

Lumbo-pelvic control

knee flexor force By <66%
knee flexor asymmetry B 2 15% .

Hip extensor force Negative
Sormmectanical | W extensorssymmerry > 15% Positive
output
Theoretical maximal g
—_—enal e S S66%
Range of motion Jurdan test + <my%

Jurdan test asymmetry 17 215%

AsLR

ASLR asymmetry

SCIENTIFIC
BACKGROUND

TESTS AND.
TRAINING

REFERENCES

122

INTERVENTION DESIGN

Lumbo-pelvic control  Range of motion

<33%

Team of 15 (rank based on test)
15 14 13 12 1 10 9 8 7 6 H 4 3

Negative

Positive

SCIENTIFIC
BACKGROUND.

INTRODUCTION DISCUSSION REFERENCES

123
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Sciences du Sciences du
" © @rsonan " © @rs.johan
ouvemen P ouvemen! "
N UNIVERSITE Jaht UNIVERSITE
Wmiatn UNVERSITE W @ahti_johan e UNVERSITE W @lahti_johan
INTERVENTION DESIGN INTERVENTION DESIGN
Lumbo-pelvic control - Range of motion Sprint mechanical Team of 15
= output

” )1 <33 % (in either test) 3., d <66%

Team of 15 (rank based on test)

MArRRRRARRARE ) | ARRRRRAAN

Positive * Negative = n
(More lumbo-pelvic (Less lumbo-pelvic

(Heavy loads) (Light loads)

training) training)

SCIENTIFIC TESTS AND. R REC
NIECOCCTIoN BACKGROUND. TRAINING OUR RECEN|

DISCUSSION.

SCIENTIFIC
DISCUSSION ACKNOLEDGEMENTS REFERENCES Rty REFERENCES

124 125

INTRODUCTION

Sciences du 2 Sciences du
¢ ©) e@rs.johan " (© @rs.johan
ouvemen . : ouvemen ) ;
. UNIVERSITE i . UNIVERSITE
Humain COTE DAZUR W @ahti_johan Huma e W @lahti_johan
INTERVENTION DESIGN INTERVENTION DESIGN
fwweek Player Indivi i Non- Indivi ized
Lumbo-pevic contrl
< 2 AT TS (. 1 DOISL,
N egative AW "
gufactorial appr,.  posterorcran Knee fecor e B <66 6 mm Nt AR gtactorial app, — .
W 'ch strength + e W ch High-speed sprinting
Knee fexorasymmenry B 2 15 Somm_ DTV ) @ @ @ ¢ Manual therapy
dpextensorforce BZ_ <% mumf femive 4k Post-sport ROM
ip extensor ssymmetn Negative % Triceps surae health
sontmecranical | M exemsorssmnei B2 > 15 om0 gy
output
e T e - . Y090 O
Negative A4
Range of motion Jurdan test + 533%_[ el ¥ 3
surdan test asymmetry B/ 215 s Negative ii
S 2L NG ¢ V)
Astrasmmerry b7 > 15 N
Posiive
p— TeTs o e e pr—— TeTs D e ey | —

126 127

Sciences du
(_B t @r5.johan
ouvemen L 12

p N UNIVERSITE Y @lahti_johan
[ Test outcome for Range of [ cormires ] Humain COTE DAZUR

ifi e LIEEED y

speclll/[clflayer ‘\:P:“ ed mTa output PRELIMINARY RESULTS

| 1 NO PICTURES PLEASE

2 |
| 5 | + + + 5 pro teams (already conducting some form of multifactorial risk reduction training)

il " 2019 control season (n = 90) : 22 index + 3 reinjuries, 2021 intervention season (n = 87): 16 + 2
% No cox regression data yet
1200-1220 | RECOVERY e 12:00-1220 .
Pre-match: 10:20 - 10:40; 1020 - 10:40: 1020 - 10:40: 1020 - 10:40: 1020 -1040: Pre-match. Injury burden 15.1 -> 14.4 days lost per 1000 hours
Pre-workout pre-workout Pre-workout Pre-workout Pre-workout
12:00- 1400 [ ] ()] (] (2@ 12:00- 1400 © Two teams reduced with <=60% (5 -> 2, 4 - > 1), two teams had the same amount (3 and 4), one team increased (4 -> 6)
Match 1040-11:00; | 1040-1:00: | 1040-1100 | 10:40-1100: | 10:40-1100: | Match
© Teammeeting | Teammeeting | Team meeting | Teammeeting | Team meeting . . . . - o
wsibevi N Bt S v Sibe N Bewitiseot S evisiseo s | DY [ 3 Possible reasons for “non-responders”: gap year from education (covid), compliance difficulties with specific training

Football practice | F

ball practice | Football practice | F

ball practice | Football practice categories (sprinting), covid quarantines, 1 team change in coaching staff

5

Evening gym Evening gym Evening session.
16:00-17:00

still needs confirmation; multiple screening tests related to increased risk, including FO and drops in FO during season

16:00-17:00 Football practice

Typical Typical
endurance day | speed day

[ Typical max strength day
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Sciences du Sciences du
ouvement @rs.johan ouvement @rsohan
UNIVERSITE b UNIVERSITE
Humain COTE DAZUR W @lahti_johan Humain COTE DAZUR W @lani_johan
DISCUSSIO! DISCUSSION
OVERVIEW (approach) LIMITATIONS
Sprint oriented approach 4 Sample si
- Hamstring injuries mostly take place during sprinting -> zoom in on sprint properties v >ample size
- Kinetics: Horizontal force capacity, posterior chain strength
- Kinematics: lumbo-pelvic control, range of motion % Lack of randomization
Concurrent injury risk reduction and performance approach N i hod
- Variables may be of interest for both physiotherapists and strength & conditioning coaches % Percentile metho
= Multifactorial approach )
- Injuries can take place during different scenarios for different reasons Screening technology
- Protocol proposal aims to provide “safety net” for all for most common injury scenarios
+ Individualized approach
- Supports frequent testing = player <> coach interaction
- May further support performance improvement
- Can be feasible in club settings
INTRODUCTION e D OUR RECENT WORK oiscus ACKNOLEDGEVENTS REFERENCES INTRODUCTION vy SRR ‘OUR RECENT WORK ACKNOLEDGENENTS REFERENCES
Sciences du Sciences du
ouvement @rs johan ouvement @rS.johzn
. UNIVERSITE i ’ : UNIVERSITE
Humain COTE DAZUR W @lahti_johan Humain e W @lahti_johan
DISCUSSION DISCUSSION
PERSPECTIVES

PERSPECTIVES - May allow for higher testing frequency (screening -> monitoring)
* Developments in testing technology Developments in testing technology
- May allow for higher testing frequency (screening -> monitoring) - Advanced statistical analysis more user friendly X 3 -
- More precise testing to the context of injury A | =
- Advanced statistical analysis more user friendly

Individual acceleration-speed profile in-siu: A

proof of concept in professional football players

- More precise testing to the context of injury 18Hz

4 I%

HOW force is produced

SCIENTIFIC TESTS AND.
RACKGRAURD) i ‘OUR RECENT WORK "REFERENCES INTRODUCTION

133

REFERENCES
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Sciences du Sciences du
" @ ersiohan . © @rs.johan
ouvemen! . ouvemen .
N UNIVERSITE lahti_johan N UNIVERSITE lahti_johan
Humain COTE DAZUR Weh Humain COTE DAZUR W enhi
DISCUSSION DISCUSSION
= Developments in testing technology © Developments in testing technology
- May allow for higher testing frequency (screening -> monitoring) - May allow for higher testing frequency (screening -> monitoring)
- More precise testing to the context of injury - More precise testing to the context of injury
- Advanced statistical analysis more user friendly - Advanced statistical analysis more user friendly
Not just about technology developments « Not just about technology developments
- Staff development - Staff development
- Using testing as part of training “testing without testing” - Using testing as part of training “testing without testing”
Medial
bias -
< Injury risk management H
: - Big picture thinking H
T T T B
Dumbbell:~ 0.5 x BM Barbell:~0.75 x 8M Low breakpoint angle
INTRODUCTION e UoeRy OUR RECENT WORK ACKNOLEDGEVENTS REFERENCES INTRODUCTION il Ry ‘OUR RECENT WORK

ACKNOLEDGENENTS REFERENCES
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Sciences d
q i u' @r5.johan
’ ouvemen!
UNIVERSITE W @lahti_johan

Humain COTE DAZUR
DISCUSSIO

CONCLUSION

% Novel tests

% Initial association > hamstring injury

% Longitudinal findings in training FO

% Proposed and conducted a novel multifactorial and individualized approach for risk reduction

% All extensively rationalized, visualized, and discussed

| Sciences du
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JB Morin

(©) @rs.johan
W @lahti_johan
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ACKNOWLEDGEMEN SCREENING
4 ) ] o AueRnATIVE TesTs (@ (x — J
Jari Alamaki Luis Anula. Michel Beliver Rasmus Broberg Toni Huuhka Mikko Kujala TuomasKensnen  Tiitus Lentinen Loss of Paipable Glute Co-activation
: . ot o L |
= (=) T
i ‘ g .a & 2
A { § oK S T
- ‘ N h
Pedro yiménerfeyes  lan Besodis  Athony Blaevich  SeMAMnSmond-Cote b g osing Juha Ahtiainen Keijo Wakkinen A" VIO M Cross Andrasesyl Vaenen fomers Instructions:
Tonse b e
duration of the movement, wntil told the test is over. Now bend
. Figure 1_Stilimage views of longtudinal fef) and your let knee to 90 degrees and lift that knee off the bed. The
It e v e ek
Bl i e using the IR syse: starting postion (),
bkt Jonmstodos ChrtanKrkst Suar ot i ) an testing gt b ©
— oo W o ecevrwonc [ oscusson [r— S Tesrine s W ecentwon I | Loscussion |l Lacmcencevenns) ] L serenences
Sciences du Sciences du
3 t @rs.mhan t @rS.johan
ouvemen . 10 ouvemen ) .
- UNIVERSITE lahti_joh : UNIVERSITE lahti_joh
2 Humain COTE DAZUR W @ahti_johan Humain R Y @lahti_johan
STUDY | - METHODS Text here
ALTERNATIVE gfactorial app,,.
PRAGMATIC TESTS W %
Details of output Output
(How) (what)

Medial bias

Lateral bias

Target:

Target:
Low breakpoint angle

Barbell: ~ 0.75 x BM

Target:
Di :~0.5xBM

TESTS AND. REFERENCES

TRAINING

SCIENTIFIC
BACKGROUND

‘OUR RECENT WORK DISCUSSION

140

Sprint force
asymmetry
Angle of
peak
torque

Sprint kinemacs

Interaction with ‘ ROM
contralateral limb ).l
QTG Testeane I ou pecenr w oscusson [ covusocevewrs [ serenencss
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Isolated Isolated Different
maximal  maximal strength
strength  speed ratios
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Sciences du
@r5.johan
“5Nouvement

UNIVERSITE W @lahti_joh ” T )1
Humain COTE DAZUR @Ilahti_johan T Y Lumbo-pelvic Range of
INTERVENTION DESIGN specific player S e

@‘@rs.johan

72 i _johan

Posterior Chain

mechanical

[ rrre———
Posterior chain  Range of motion Team of 15 A

o oslidbere oss ol it . - o
4 = ooy | e | g | e | rew e
i * @ @ e ot L R e e [
- s | maeen | e, OB
L 2 15 % asymmetry | T e i
e et
1 Negative ™ [l
Positive * €
(Extra set) PSP
Typical maxsurengthday || Typical | Tyical
wrnopuerion [ 3SENTRC Sy oo oscusson ] sooouocevewrs | sesenences | | cndurance day || specdday |
“ Sciences du
< A @ z ' (©) @rs.johan
N ouvemen )
p \ ° UNIVERSITE lahti_joh
[ Test outcome for [ Humai AR W @lanti_johan

specific player ] EED

|
| § | ©: Vanual ther

(Mp) (vD+1) vo+2) MD+3) Qywo-3) Mp-2) D-1) (VD)
12001220 | recoveny 1200-1220
remach 1030 a0 | 020 100, | 1020 iod0 | 1020 toad | 1020 1040 | premach
preworiout | preworout | preworkaut: | Preworkout | preworout
12001450 (@] D 1200- 1000 P = fuak i -
st wi0-1100 | 00-1100 | 1080-1000 | 10d0-1100 | 100-1100 | Mot TR [ [T
@ Team meeting Team meeting. Team meeting. Team meeting. Team meeting S e @] ol Bt e
11:00- 12:00 11:00-12:00 11:00-12:00 11:00 - 12:00 11:00 - 12:00 "
Football practice | Football practice | Football practice | Football practice | Football pactice prrea O b AR oo 100rem | ko tranram | 21
S T T T |
cenngem | g g seson Rl [, v e
tovelletfar, (201 16001700 ua o
8 100 raotatpractice Py

I Typical

Innovative days/timing for Typical maxstrength day || Typical
| Srength I | endurance doy | speedaay | saenc mesteane W ounnecenrwore [| oscusson [ soovrsosevens ] rerenences
< Sciences du Sciences du
; 2 o : Z @ ersiomn
ouvemen! . : ouvemen L -
- UNIVERSITE “ y UNIVERSITE 3 @iahti_johan
2 Humain COTE DAZUR Humain COTE DAZUR
STUDY Ill - METHODS SPRINT MECHANICAL OUTPUT
N iti 40| [ - Minimal detectable change area (MDC) .-
< Additional measurements Crous aversge ® 8/17* players @ MDC
support long-term = Individual footballers Week 11 &;Lam(ﬁum&a
improvements for players ~ _ 30 ©/18 players i moC B 8
N Besisledonlioline
with low FO levels % Week 5 Moderate (4-8 per week)
5 2 1/18 players 0 MDC
3 ° )
£ Low (4-6 per week) »
L g o
£ 4 . 3
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Lumbo-pelvic control

T2 Bn

Kick-Back test

Lumbo-pelvic control

Posterior chain
strength

Sciences du
(©) @rs.johan (©) @rs.johan
: | hJ ouvement e : . '
@lahti_johan Humain COTE DAZUR @lahti_johan

FUTURE DIRECTIONS

Range of motion

Training for all

‘Sprint mechanical
output

B a3
) o
2R D ournecentwork ] oiscussion ACKNOLEDGEVENTS RereRences ntroduction [l jSSentc Thesis aims THEME 1 THEME 1 oiscussion[ll Ackroviedgem W pterences
Sciences du | Sciences du
ouvement @r5.johan vnant _ @r5.johan
. UNIVERSITE i ‘ . UNIVERSITE i
Humain COTEDAZUR W @iani_johan Humain COTE DAZUR W @lahti_johan
STUDY | - METHODS Text here
“\“\y\iaﬂonal Boroq,
Stengh Sprintwork Range of molion Manual therapy
.3,, a Sprint force  Sprint kinematics FV-profile Isolated maximal
I I @ asymmetry strength
L Individualized |
T f o
Details of utput
output (what) Interaction with  A"8® °f .
K A (How) contralateral limb ~ Pe2
9 A S torque i
9 9 .
= [ oo [ orion | e | I T T P
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