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Hamstrings; cant we just get along?
A multifactorial and individualized approach for reducing hamstring

muscle injuries in professional football players

Johan Lahti, PhD, CSCS
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High skill requirements (Bradley et al., 2013; 

Haugen et al., 2014)

High physical requirements (Com etti et al., 2001; 

Haugen, Tønnessen and Seiler, 2013; Tønnessen et al., 
2013).

On a pro level:
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~14 % of players regularly unavailable (Ekstrand et al., 2013)

1 month injury ~ € 500,000 (Ekstrand et al., 2013)

Performance + psychological consequences (Barth et al., 2019)

League standing (Arnason et al., 2004; Hägglund et al., 2013)

INJURIES IN MALE FOOTBALL
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INJURIES IN FOOTBALL

How often?How serious?
Severity Incidence

Tibia/Fibula fracture

Ankle sprain

ACL 

Achilles tendon

Low back pain

MCL

Quadriceps muscle injury

Calf muscle injury

Groin muscle injury

Concussion

Hamstring 
muscle injury
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for top-10 injuries (Ekstrand et al., 2013)

Thigh contusion
Ham string hypertonia

Knee synovitis

Achilles

Calf 

M edial knee

Lateral ankle
Anterior thigh

Groin

Ham string

0 5 10 15 20

Days lost per 1000 player hours
(Severity x Incidence)

INJURIES IN FOOTBALL
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INJURIES IN FOOTBALL4-7
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for top-10 injuries (Ekstrand et al., 2013)Injury burden
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Most take place during sprinting (70-80%) (Woods et al., 2004; Ekstrand et al., 2012)

~80% of injuries to biceps 
femoris long head 

(Koulouris et al., 2007; Ekstrand et al., 2012; 
Wangensteen et al., 2016)

HAMSTRING INJURIES IN FOOTBALL

Other scenarios:
- Overstretch actions (5-10 %)
- Shooting (4 %)
- Change of direction (4 %)
- Passing & Jumping (4 %)
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WHY

SCIENTIFIC BACKGROUND
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EXTERNAL 
(TASK)

INTERNAL 
(DEMANDS)

TASK AND DEMANDS OF HAMSTRINGS IN FOOTBALL
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⬆ Linear sprint performance (Vmax, 0-20 m [me) 
(Com eF et al., 2001; Haugen, Tønnessen and Seiler, 2013).

TASK OF HAMSTRING IN FOOTBALL

What is the connection?FOOTBALL REQUIREMENTS

Highly connected to net horizontal force (M orin et 

al. 2015)

One of the primary muscle groups for accelerating 
us linearly (Pandy et al. 2021)

HAMSTRINGS TASK

~50% of scoring players goals involve a 
preceding linear sprint (Faude et al. 2012)

Important stabilizer and decelerator (Katayam a et al., 

2004; Tashm an et al., 2004; Abourezk et al., 2017).
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TASK AND DEMANDS OF HAMSTRINGS IN FOOTBALL
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INTERNAL 
(DEMANDS)

TASK AND DEMANDS OF HAMSTRINGS IN FOOTBALL

EXTERNAL 
(TASK)
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Biceps femoris 
short head (BFsh)

Biceps femoris 
long head (BFlh)

Semitendinosus 
(ST)       

Semimembranosus 
(SM )

Lateral compartment Medial compartment

“Functional pairs” (Kellis. 2012)

BASIC ANATOMY AND FUNCTION
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Knee flexion Hip extension 
(Biarticular hamstrings)

Primary tasks

BASIC ANATOMY AND FUNCTION
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Secondary tasks

Knee rotation (lateral/medial)
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free tendon
length

Total tendon 
length

Muscle 
length

SM ST BFlh

Muscle length

Total tendon length

Free tendon length

BASIC ANATOMY AND FUNCTION
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Van der M ade et al., (2015)
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INTERNAL DEMANDS DURING SPRINTING

HAMSTRING 
DEMANDS IN 

SPRINTING
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Left leg: Stance phase Left leg: Early swing Left leg: Mid-swing Left leg: Late swing

INTERNAL DEMANDS DURING SPRINTING
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Left leg: Stance phase Left leg: Late swing

INTERNAL DEMANDS DURING SPRINTING

Two most commonly proposed injury time points 
(Kenneally-Dabrowski et al. 2019)

Left leg: Stance phase Led leg: Late swing
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INTERNAL DEMANDS DURING SPRINTING

Late swing phaseStance phase
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Hip power
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INTERNAL DEMANDS DURING SPRINTING
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Zhong et al., (2017)
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Hip power Knee power

INTERNAL DEMANDS DURING SPRINTING
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Hip: Thigh accelaration towards ground (concentric)

Knee: Absorption of energy (eccentric)
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Zhong et al., (2017)

What about 
hamstring MTU 

length?

lengthenging.
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INTERNAL DEMANDS DURING SPRINTING
Stance phase Late swing phase
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Schache et al., (2013)

Hip: Thigh accelaraSon towards ground (concentric)

Knee: Absorption of energy (eccentric)
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INTERNAL DEMANDS DURING SPRINTING
Stance phase Late swing phase
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Schache et al., (2013)
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INTERNAL DEMANDS DURING SPRINTING

l.iliopsoas
r. erector spinae

r. vastus

l. rectus femoris

r. gluteus maximus

r. ext oblique

l. Int oblique

r. hamstrings

-30 -20 -10 0 10 3020

Influence on r. biceps femoris stretch (mm) 
Decrease stretch increase stretch

What tips the scale typically in soccer? Is it 
the hip flexors high stimuli from sprinting or 
the lack of opposite pull to counter it?

Likely both.

Example of rectus femoris

increase stretch
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Thelen et al., (2006)
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Hip power Knee power

INTERNAL DEMANDS DURING SPRINTING
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Zhong et al., (2017)
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Hamstring forces: High

Length: ~10 %

Contact torques14-17Motion depedant torques14-17INTERNAL DEMANDS DURING SPRINTING

Stance phase - Contact torquesLate swing phase - Motion dependant torques

Hamstring forces: Moderate with high fluctuation

Length: 0 %
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“Faster game hypothesis”
-⬆ demands in speed
-⬆ sprint volume in matches

(Haugen, Tønnessen and Seiler, 2013)

INTERNAL DEMANDS DURING SPRINTING

4 % annual incraese in hamstring 
injuries 2001-2014 (Ekstrand et al. 
2016).
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Dorn et al., (2012)
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INTERNAL DEMANDS DURING SPRINTING

Hamstrings = Constantly under cumula7ve load, increasing with game demand

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

What modifiable intrinsic risk factors make this worse?

Hamstrings = Constantly under cumulative load, increasing with game demand
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Water: Football demand Bucket: Hamstring resilience
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Ham strings

Com m on injury situations:
- Sprinting (M ain)

- Overstretch actions 
- Change of direction/high 

deceleration

M odifiable risk factors 
(Physical)

Intrinsic

…

RISK FACTORS

Screening considerations

Top injury

31

Extrinsic M axim al velocity exposure
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A lot of lim itations in risk association 
studies

Difficulty controlling for the com plexity

So we rely both on evidence based and 
evidence guided decisions + anecdots

31
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Ham strings

Top injury

Com m on injury situations:
- Sprinting (M ain)

- Overstretch actions 
- Change of direction/high 

deceleration

M odifiable risk factors 
(Physical)

Intrinsic

…- Facgue tolerance (local, global)
- Lim b asym m etry

- Lum bo-pelvic control
- M otor paderning
- M uscle arcitechture
- Range of m ocon (local, global)
- Strength (local, global)

RISK FACTORS

Screening considerations

P oten tia l fo r 
m u ltifac to ria l 

ind iv idua liza tion

In ju ries  m anaged bo th
from  a  p reventive  

(”p rehab”) and  
perfo rm ance perspective

Constraints

P rogram m ig  
opportun ities

C oopera tion  
be tw een P T  

and  S & C  
coaches

Practical considerations

F ac ility, 
budge t, sk ill, 

tim e, a ttitudes 

32

Extrinsic M axim al velocity exposure
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RISK FACTORS

Constraints

Practical considerations

F ac ility, 
budge t, sk ill, 

tim e, a ttitudes 

I don’t like 
this…
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I don’t like 
these 

hammy 
tests..

We will 
see…

RISK FACTORS

Constraints

Practical considerations

F ac ility , 
budget, sk ill, 

tim e, a ttitudes 

COMPROMISES
GOLD 

STANDARD
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P oten tia l fo r 
m u ltifac to ria l 

ind iv idua liza tion

In ju ries  m anaged  bo th
from  a  p reven tive  

(”p rehab ”) and  
pe rfo rm ance  perspective

Constraints

P rogram m ig  
opportun ities

C oopera tion  
be tw een P T  

and  S & C  
coaches

Practical considerations

Ham strings

Top injury

Com m on injury situations:
- Sprinting (M ain)

- Overstretch actions 
- Change of direction/high 

deceleration

M odifiable risk factors 
(Physical)

Intrinsic

…
Screening considerations

RISK FACTORS

F ac ility , 
budget, sk ill, 

tim e, a ttitudes 
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Extrinsic M axim al velocity exposure

- Facgue tolerance (local, global)
- Lim b asym m etry

- Lum bo-pelvic control
- M otor paderning
- M uscle arcitechture
- Range of m ocon (local, global)
- Strength (local, global)
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Hamstrings task = Horizontal force
WIN - WIN for 

professional football?
Horizontal 

force capacity 
1. Sprint performance level
2.  Hamstring “health”?

RISK FACTORS

In ju ries  m anaged  bo th
from  a  p reven tive  

(”p rehab ”) and  
pe rfo rm ance  perspective

C oopera tion  
be tw een P T  

and  S & C  
coaches

Practical considerations

36

(M endiguchia et al., 2014, 2016,
Edouard et al., 2021)
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P oten tia l fo r 
m u ltifa c to ria l 

ind iv idua liza tion

In ju ries  m anaged bo th
from  a  p reventive  

(”p rehab”) and  
perfo rm ance perspective

Constraints

P rogram m ig  
opportun ities

C oopera tion  
be tw een P T  

and  S & C  
coaches

Practical considerations

Ham strings

Top injury

Com m on injury situacons:
- Sprincng (M ain)

- Overstretch accons 
- Change of direccon/high 

deceleracon

M odifiable risk factors 
(Physical)

Intrinsic

…
Screening considerations

RISK FACTORS

F ac ility , 
budget, sk ill, 

tim e, a ttitudes 

37

Extrinsic M axim al velocity exposure

- Fatigue tolerance (local, global)
- Lim b asym m etry

- Lum bo-pelvic control
- M otor patterning
- M uscle arcitechture
- Range of m otion (local, global)
- Strength (local, global)
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Comprehensive model for injury causation

Hip extensor 
weakness

Hip extensor 
weakness

Hip extensor 
weakness

Hip extensor 
imbalance

Knee flexor 
weakness
Knee flexor 
imbalance

Knee flexor 
weakness

Knee flexor 
weakness

Sprint 
technique

Sprint 
technique

Sprint 
technique

Range Of
Motion

Range Of
Motion

Range Of
Motion

Sprint 
technique

SAME PROGRAM FOR ALL?

RISK FACTORS

P oten tia l fo r 
m u ltifac to ria l 

ind iv idua liza tion

P rog ram m ig  
opportun ities

Practical considerations
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(Ribeiro-Alvares et al., 2019)
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What makes things better?

INTERVENTIONS IN PROFESSIONAL FOOTBALL
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What makes things be?er?

INTERVENTIONS IN PROFESSIONAL FOOTBALL
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INTERVENTIONS IN PROFESSIONAL FOOTBALL

TOTAL INTERVENTIONS

6
(2003 – 2021)

LEVEL OF EVIDENCE

1-2

Uni/Bifactorial Multifactorial

5 1

4/5

In favor of

eccentric 
strength

Fixing 
asymmetries 

Hamstring 
flexibility

1/1 0/1
2 2

In favor of

1. Multifactorial strength training

2. High-speed sprinting

3. Manual therapy

4. Load management

5. Individualized training

(Including lum bo-pelvic control)

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

LEV
EL O

F EV
ID

EN
CE

2
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Suarez-Arones et al., (2021)
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PROBLEMS IN FOOTBALL AND GAPS IN LITERATURE

Hamstring injuries are a large burden

Lack of mul@factorial approaches

Lack of individualized approaches

Hip extensor 
weakness

Hip extensor 
weakness

Hip extensor 
weakness

Hip extensor 
imbalance

Knee flexor 
weakness
Knee flexor 
imbalance

Knee flexor 
weakness

Knee flexor 
weakness

Sprint 
technique

Sprint 
technique

Range Of
Motion

Range Of
Motion

Range Of
Motion

Sprint 
technique

SAME PROGRAM FOR ALL?
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PROBLEMS IN FOOTBALL AND GAPS IN LITERATURE

Lack of mul@factorial approaches Lack of individualized approaches

Hip extensor 
weakness

Hip extensor 
weakness

Hip extensor 
weakness

Hip extensor 
imbalance

Knee flexor 
weakness
Knee flexor 
imbalance

Knee flexor 
weakness

Knee flexor 
weakness

Sprint 
technique

Sprint 
technique

Range Of
Motion

Range Of
Motion

Range Of
Motion

Sprint 
technique

SAME PROGRAM FOR ALL?

How can we further reduce the 
risk of hamstring injuries in 

professional football?
Hamstring injuries are a large burden
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Ham strings

Top injury

Com m on injury situacons:
- Sprincng (M ain)

- Overstretch accons 
- Change of direccon/high 

deceleracon

M odifiable risk factors 
(Physical)

Instrinsic

…

HAMSTRING RISK REDUCTION EVOLUTION

Screening and training 
considerations

P oten tia l fo r 
m u ltifac to ria l 

ind iv idua liza tion

In ju ries  m anaged bo th
from  a  p reventive  

(”p rehab”) and  
perfo rm ance perspective

Constraints

P rog ram m ig  
opportun ities

C oopera tion  
be tw een P T  

and  S & C  
coaches

Practical considerations

F ac ility , 
budget, sk ill, 

tim e, a ttitudes 

Sprint mechanical 
output

Range of motion 

Lumbo-pelvic control

Posterior chain 
strength- Facgue tolerance (local, global)

- Lim b asym m etry

- Lum bo-pelvic control
- M otor paderning
- M uscle arcitechture
- Range of m ocon (local, global)
- Strength (local, global)
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Extrinsic M axim al velocity exposure
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HAMSTRING RISK REDUCTION EVOLUTION

Posterior chain 
strength

Sprint mechanical 
output

Range of motion 
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Lumbo-pelvic control

OUR RECENT WORK DISCUSSION ACKNOLEDGEMENTS REFERENCESTESTS AND 
TRAINING
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HAMSTRING RISK REDUCTION EVOLUTION

Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

46

Lumbo-pelvic control Training for all

Individualized Non-Individualized

OUR RECENT WORK DISCUSSION ACKNOLEDGEMENTS REFERENCES

Max velocity sprinting
Post sport ROM
Manual Therapy

Triceps surae health
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HAMSTRING RISK REDUCTION EVOLUTION
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HAMSTRING RISK REDUCTION EVOLUTION
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Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

Lumbo-pelvic control
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HAMSTRING RISK REDUCTION EVOLUTION

49

Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

Lumbo-pelvic control
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HAMSTRING RISK REDUCTION EVOLUTION

Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

Lumbo-pelvic control
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Multicomponent data
Efficiency (ease)
Mobility
Relative low cost
Low fatigue

TargeCng feasibility:
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TESTS

Lumbo-pelvic control

Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

Theoreccal m axim al 
horizontal force

Kick back test

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry

Jurdan test 

Jurdan test asym m etry

ASLR

ASLR asym m etry
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LUMBOPELVIC CONTROL

Lumbo-pelvic control
Sym m etry between “force couples” at pelvis

52

Schuerm ans et al., (2017)

Not just about how much you sprint, but how you sprint

Kick back test
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@zentrumsport

- Rectus abdominis
- External obliques

- Iliopsoas
- Rectus Femoris

- Hamstrings
- Gluteus maximus

- Erector spinae
- Lacssimus dorsi

LOWER CROSSED-SYNDROME?
Psoas CSA ↑ in football players vs. age matched non-athletes (Hoshikawa et al., 2012)
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3D pelvis 
kinematics 

LUMBOPELVIC CONTROL

Lumbo-pelvic control

53
Level of 

specificity to 
injury

Indirect 
approaches

Pelvis

3D pelvis 
kinema=cs 

during sprin=ngsprinting
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3D pelvis 
kinematics 

during sprinting

LUMBOPELVIC CONTROL

Lumbo-pelvic control
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Level of 

specificity to 
injury

Indirect 
approaches

Pelvis

2D thigh 
kinema=cs 

during sprin=ngsprinting
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@zentrumsport
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Lumbo-pelvic control

55

Kick-back mechanism

2D thigh kinematics during sprinting
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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  (Alizadeh et al., 
2019)

A B
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Lumbo-pelvic control

56

INNOVATIVE

Kick-Back test
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LUMBOPELVIC CONTROL TRAINING

Lumbo-pelvic control

57°

71°

Kick-back score: 57° + 71° = 128 

Toe-off Touchdown

Less 
optimal

69°
105°

Kick-back score: 69° + 105° = 174

More 
op@mal

Toe-off Touchdown

57

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

58
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LUMBOPELVIC CONTROL TRAINING
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LUMBOPELVIC CONTROL TRAINING
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LUMBOPELVIC CONTROL
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TRAINING

TESTING
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LUMBOPELVIC CONTROL
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Reduced dynamic anterior pelvic @lt
Increased max velocity
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LUMBOPELVIC CONTROL

63
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Simple

Complex

More dynamic

Anti-lateral flexion, 
Rotational elements

Dynamic sport-specific positions

Anterior-posterior 
pelvic tilt and ant-extension

Programming:
2-4 x per week
2x8-10 reps, 2-4 exercises per 
circuit
Pre training /part of warm -up
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TESTS

Lumbo-pelvic control

Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

Theoretical m axim al 
horizontal force

Kick back test

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry

Jurdan test 

Jurdan test asym m etry

ASLR

ASLR asym m etry
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POSTERIOR CHAIN STRENGTH

Posterior chain 
strength

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry

65

Tissue load tolerance, and symmetry in 
the gluteus max and hamstrings
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POSTERIOR CHAIN STRENGTH

Posterior chain 
strength

66

↓ Reduced eccentric force
↓ Reduced fascicle length 

↓ limb force symmetry 
↓ BF picks up workload for ST

↓ Proximal cooperation with other extensors
(Baumert et al. 2020, Maeo et al. 2021)

HAMSTRING STRENGTH PROPERTIES RELATED

Direct associa[ons for increased risk

↓ Muscle mass -> increased muscle damage
↓  Muscle mass –> increased strength loss from repeated sprints ->

increased changes in sprint technique during fa[gue

Indirect associations for increased risk

(Croisier et al. 2008, Bourne et al. 2016, 
Schuermanse et al. 2016, 2017)

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry
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POSTERIOR CHAIN STRENGTH TRAINING

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry
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Thorborg et al., (2009), van der M ade et al., (2019)

Posterior chain 
strength
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POSTERIOR CHAIN STRENGTH TRAINING
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POSTERIOR CHAIN STRENGTH

Follow @BasVanHooren
PhD work
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OTHER EXERCISE OPTIONS AVAILABLE(evidence guided)

KNEE OVER HIP MOVEMENT HIP OVER KNEE MOVEMENT
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POSTERIOR CHAIN STRENGTH

LENGTHENED TRAINING OPTIONS 
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POSTERIOR CHAIN STRENGTH

PETURBATIONS
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STIFFNESS
(Open to closed chain)
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COCONTRACTION REDUCTION
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POSTERIOR CHAIN STRENGTH

HIP – EXTENTED
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HIP - DEEP

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

Lumbo-pelvic control

Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

Theoretical m axim al 
horizontal force

Kick back test

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry

Jurdan test 

Jurdan test asym m etry

ASLR

ASLR asym m etry
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Theoreccal m axim al 
horizontal force

SPRINT MECHANICAL OUTPUT

Sprint mechanical 
output

Maximal horizontal force capacity
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SPRINT MECHANICAL OUTPUT

Sprint mechanical 
output
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SPRINT MECHANICAL OUTPUT

Sprint mechanical 
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SPRINT MECHANICAL OUTPUT

81

STUDY 1 STUDY 2

PILOTING VALIDITY FOR F0
TESTING AND TRAINING
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A novel multifactorial musculoskeletal hamstring screening protocol: association with 

hamstring muscle injuries in professional football (soccer) – a prospective cohort study

Lahti J, Mendiguchia J, Edouard P, Morin JB. 
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SPRINT MECHANICAL OUTPUT
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0

Injury scenario

14/20 (70 %)

3/20 (15 %)

2/20 (10 %)

1/20 (5 %)?

= Index injury = Re-injury 17 index injuries

83

6 pro teams, N = 95
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Mid-season

3.77 vs 3.99 N.kg -1, p < 0.0001, Effect Size: 0.35 Knee flexor force

7.63 vs 7.84 N.kg -1, p = 0.004, Effect Size: 0.35 

6.75 vs 4.36 %, p = 0.001, Effect Size: -0.60 ASLR asym m etry

Jimenez-Reyes et al., (2020) Moreno-Perez et al., (2020, 2021)

Theoretical m axim al 
horizontal force (FO )
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⬆ Hazard ra[o: 4.02 (CI95% 
1.08 - 15.0), p = 0.04 

Theoretical m axim al horizontal force (FO )
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Mid-season

= Index injury
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No other assocations 
Interesting trends 

More data needed to make clearer inferences (also for F0)
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SPRINT MECHANICAL OUTPUT TRAINING

85

STUDY 1 STUDY 2

PILOTING VALIDITY FOR F0
TESTING AND TRAINING
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SPRINT MECHANICAL OUTPUT TRAINING
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STUDY 2
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Changes in sprint performance and sagittal plane kinematics after heavy resisted sprint 

training in professional soccer players

Lahti J, Huuhka T, Romero V, Bezodis I, Morin JB, Häkkinen K. 2020.

SPRINT MECHANICAL OUTPUT TRAINING
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23 min 30
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SPRINT MECHANICAL OUTPUT TRAINING
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23 min 30
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F0 (Maximal theoretical horizontal force)  

Direc[on of force output from a system of muscles

Which the hamstrings are an essen[al part of

Training approaches to improve F0

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

training in professional soccer players

Lah@ J, Huuhka T, Romero V, Bezodis I, Morin JB, Häkkinen K. 2020.

SPRINT MECHANICAL OUTPUT TRAINING
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23 min 30

OUR RECENT WORK DISCUSSION ACKNOLEDGEMENTS REFERENCESTESTS AND 
TRAINING

SCIENTIFIC 
BACKGROUNDINTRODUCTION

89

@lah[_johan

@r5.johan

SPRINT MECHANICAL OUTPUT

Pre-season 
start

Pro football team 1 (Intervention team)

Pro football team 2 (Control)

Season
start
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Horizontally oriented training 
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Intervention team

Control team

Highly similar initial sprint 
performance

(p = 0.88)
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SPRINT MECHANICAL OUTPUT
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SPRINT MECHANICAL OUTPUT

Pre-season 
start

Season
start
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Horizontally oriented training 
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Intervention team

Control team
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SPRINT MECHANICAL OUTPUT

Pre-season 
start

Pro football team 1 (Intervention team)

Pro football team 2 (Control)

Season
start

93

Horizontally oriented training 

11 weeks
2-4 of resisted sprints before practice x 1-2 per week 

1-2 free sprints were also done per session

Velocity 

H
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50-60% 
velocity loss
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SPRINT MECHANICAL OUTPUT
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Improvements correlated 
with initial horizontal force 
capacity values
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Interpretation: players with 
low F0 respond better
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SPRINT MECHANICAL OUTPUT
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Improvements correlated 
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capacity values

96

Interpretation: players with 
low F0 respond better
Extra: intervention team 
suffered one injury during 
season, player with lowest 
F0 value, coincidence?

OUR RECENT WORK DISCUSSION ACKNOLEDGEMENTS REFERENCESTESTS AND 
TRAINING

SCIENTIFIC 
BACKGROUNDINTRODUCTION

96

@lahti_johan

@r5.johan

SPRINT MECHANICAL OUTPUT
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Improvements correlated 
with initial horizontal force 
capacity values

Extra 2: Highly similar 
intercept found in previous 
work (Lahti et al., 2020)

(r = -0.98)
-5

-10

97

Interpretation: players with 
low F0 respond better
Extra: interven@on team 
suffered one injury during 
season, player with lowest 
F0 value, coincidence?

What to do with non-
responders?
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TESTS

Lumbo-pelvic control

Posterior chain 
strength

Sprint mechanical 
output

Theoretical m axim al 
horizontal force

Kick back test

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry

Jurdan test 

Jurdan test asym m etry

ASLR

ASLR asym m etry
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Range of m otion 
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RANGE OF MOTION

Jurdan test 

Jurdan test asym m etry

ASLR

ASLR asym m etry
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Hamstring active extensibility, and 
relationship with hip flexor
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Peak torque: 
Angle of peak torque:
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RANGE OF MOTION

OUR RECENT WORK DISCUSSION ACKNOLEDGEMENTS REFERENCES

0o

20o

40o

60o80o100o

IsokineSc knee flexion (15o/sec)

To
rq

ue
 (N

m
)

Angle (o)
20 060 4080120 100

70

50

30

10

60

40

20

0

Peak torque Mechanical strain

Optimal length

TEST A
Peak torque: 68 Nm
Angle of peak torque: 52o

Range of m ocon 

TESTS AND 
TRAINING

SCIENTIFIC 
BACKGROUNDINTRODUCTION

100

@lahti_johan

@r5.johan
101

RANGE OF MOTION
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RANGE OF MOTION

102

Figure 15. Relationships between flexibility score and biceps femoris long head optimal length and 
muscle strain during sprinting. The top figure (A) represents Wan et al., (2017a) results, where they 
tested the relationship between passive straight leg raise (PSLR) and BFlh optimal length normalized 
to femur length in both genders. Optimal length was measured via slow isokinetic contractions. On the 
bottom (B), Wan et al., (2017b) follow-up study among both sexes showed that hamstring flexibility 
(via the PSLR test) also explained to a moderate degree the amount of strain experienced during 
sprinting (hamstring length increase past optimal length). FL: Femur length.
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RANGE OF MOTION TRAINING
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Figure 15. Relationships between flexibility score and biceps femoris long head optimal length and 
muscle strain during sprinting. The top figure (A) represents Wan et al., (2017a) results, where they 
tested the relationship between passive straight leg raise (PSLR) and BFlh optimal length normalized 
to femur length in both genders. Optimal length was measured via slow isokinetic contractions. On the 
bottom (B), Wan et al., (2017b) follow-up study among both sexes showed that hamstring flexibility 
(via the PSLR test) also explained to a moderate degree the amount of strain experienced during 
sprinting (hamstring length increase past optimal length). FL: Femur length.
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RANGE OF MOTION

Range of motion Jurdan test 

Jurdan test asym m etry

ASLR

ASLR asym m etry
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Thelen et al., (2006)
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RANGE OF MOTION
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Jurdan test asym m etry (=>15 %)

Shin 
angle

Thigh 
angle
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strength

Sprint mechanical 
output

Range of motion 
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Lumbo-pelvic control Training for all

Individualized Non-Individualized
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NON-INDIVIDUALIZED
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Training for all
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Triceps surae healthMax velocity sprinting Post sport ROM Manual Therapy

Panayi S et al., (2010), 
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Multifactorial individualised programme for hamstring muscle injury risk reduction 

in professional football: protocol for a prospective cohort study

Lah@ J, Mendiguchia J, Ah@ainen J, Anula L, Kononen T, Kujala M, Ma@nlauri A, Peltonen 

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

PUTTING IT ALL TOGETHER
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INTERVENTION DESIGN

Interven;on 
season 2020

Control season 
2019

Season break: Physical 
coach staff educa;on

Feedback questionnaire for 
coaches: 2020 season

Week 0 - 1

Pre-season 

New 
programmes 

initiated

Week 2 Weeks 3-11

In-season

Injury data, sport exposure collec;on and weekly compliance

Programmes 
updated

Injury data and sport exposure collection

Feedback questionnaire for 
coaches: 2019 season

Week 12 Week 13 Week 27 Week 28

Programmes 
updated

End of season

Week 40 +

Familiarization 
(Measurements, 

exercises)

Pre -
measurements

First post 
measurements

Second post 
measurements
(Mid-season)
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Interven;on 
season 2021

6 pro teams in Finnish premier league recruited
Goalkeepers excluded due to low risk
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Posterior chain 
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Sprint mechanical 
output

Range of motion 

Theoreccal m axim al 
horizontal force

Kick back test

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry

Jurdan test 

Jurdan test asym m etry

ASLR

ASLR asym m etry

Lumbo-pelvic control

≤ 33 %

≤ 66 %

≥ 15 %

≤ 66 %

≥ 15 %

≤ 66 %

≤ 33 %
≥ 15 %

≤ 33 %

≥ 15 %

INTERVENTION DESIGN
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INTERVENTION DESIGN

≤ 33 %

Team of 15 (rank based on test)

Lumbo-pelvic control

Positive

NegaOve

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Range of motion 
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INTERVENTION DESIGN

≤ 33 %

Positive NegaOve

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

(More lumbo-pelvic 
training)

(in either test)

(Less lumbo-pelvic 
training)

Team of 15 (rank based on test)

Range of motion Lumbo-pelvic control
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INTERVENTION DESIGN

≤ 66 %

Positive Negative

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

(Heavy loads) (Light loads)

Team of 15Sprint mechanical 
output
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Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

Theoretical m axim al 
horizontal force

Walk-test

Kick back test

Knee flexor force

Knee flexor asym m etry

Hip extensor force

Hip extensor asym m etry

Jurdan test 

Jurdan test asym m etry

ASLR

ASLR asym m etry

Lumbo-pelvic control

Positive
Negative

per week

≤ 33 %

≤ 66 %

≥ 15 %

≤ 66 %

≥ 15 %

≤ 66 %
(lig h t re sistan ce )

(h e av y re sistan ce )

≤ 33 %
≥ 15 %

≤ 33 %

≥ 15 %

Positive
Negative

Positive
Nega;ve

Posi;ve
Negative

Posi;ve
Negative

Positive
Negative

Positive
Nega;ve
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Negative
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Negative
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Negative
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INTERVENTION DESIGN

…. 

1.

Player Individualized

2.

3.

Non- Individualized

High-speed sprin[ng
Manual therapy
Post-sport ROM

Triceps surae health
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(MD) (MD + 1) (MD + 2) (MD + 3) (MD - 3) (MD - 2) (MD - 1) (MD) 

12:00 – 12:20
Pre-match:

12:00 – 14:00
Match

RECOVERY Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

Evening gym 
session:
16:00 – 17:00

Morning session:
10:20  - 10:40:
Pre-workout:

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

Morning session:
10:20  - 10:40:
Pre-workout:

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

Evening gym 
session:
16:00 – 17:00

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

Evening session:
16:00 – 17:00
Football practice

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

12:00 – 12:20
Pre-match:

12:00 – 14:00
Match

Test outcome for 
specific player

A B

BA
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PRELIMINARY RESULTS

129

5 pro teams (already conduc[ng some form of mul[factorial risk reduc[on training)

2019 control season (n = 90) : 22 index + 3 reinjuries, 2021 interven[on season (n = 87): 16 + 2

No cox regression data yet 

Injury burden 15.1 -> 14.4 days lost per 1000 hours

Two teams reduced with <=60% (5 -> 2, 4 - > 1), two teams had the same amount (3 and 4), one team increased (4 -> 6)

Possible reasons for “non-responders”: gap year from educa[on (covid), compliance difficul[es with specific training 
categories (sprin[ng), covid quaran[nes, 1 team change in coaching staff

S[ll needs confirma[on; mul[ple screening tests related to increased risk, including F0 and drops in F0 during season
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OVERVIEW (approach)
Sprint oriented approach 

- Hamstring injuries mostly take place during sprinting -> zoom in on sprint properties  

- Kinetics: Horizontal force capacity, posterior chain strength

Multifactorial approach
- Injuries can take place during different scenarios for different reasons

Individualized approach

- Can be feasible in club settings  

- Protocol proposal aims to provide “safety net” for all for most common injury scenarios 

- Kinematics: lumbo-pelvic control, range of motion

- Supports frequent tes[ng = player ↔ coach interac[on
- May further support performance improvement

Concurrent injury risk reduction and performance approach 
- Variables may be of interest for both physiotherapists and strength & condi[oning coaches
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DISCUSSION

Sample size

LIMITATIONS

PercenIle method

Screening technology  

131

Lack of randomizaIon

Sample size = difficult in professional football. We could have added more 
seasons. 
Lack of randomizaIon = This issue was most evident in study 2 and 3. 
However, as disccused in the thesis it is very difficult to randomize in such 
cohorts, thus replicaIon studies become of larger importance.
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DISCUSSION
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HMI risk reduction literature within professional football.

PERSPECTIVES
Developments in tes@ng technology

- May allow for higher tes[ng frequency (screening -> monitoring)
- More precise testing to the context of injury
- Advanced sta[s[cal analysis more user friendly
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HMI risk reduc[on literature within professional football.

PERSPECTIVES
Developments in testing technology
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18Hz- More precise tes[ng to the context of injury

HOW  force is produced

- May allow for higher tes[ng frequency (screening -> monitoring)

Hip extension + knee flexion

- Advanced statistical analysis more user friendly
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HMI risk reduc[on literature within professional football.

PERSPECTIVES
Developments in testing technology

- May allow for higher tes[ng frequency (screening -> monitoring)

- Using tes[ng as part of training “tes[ng without tes[ng”
- Staff development 

- More precise tes[ng to the context of injury

Not just about technology developments 
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Target: 
Dumbbell: ~ 0.5 x BM 

Target: 
Barbell: ~ 0.75 x BM 

Target: 
Low breakpoint angle 

Lateral 
bias

Medial 
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- Advanced sta[s[cal analysis more user friendly
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HMI risk reduction literature within professional football.

PERSPECTIVES

Injury risk management

Developments in testing technology
- May allow for higher tes[ng frequency (screening -> monitoring)
- More precise testing to the context of injury Gr
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- Advanced statistical analysis more user friendly
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- Using testing as part of training “testing without testing”
- Staff development 

Not just about technology developments 
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DISCUSSION

Novel tests 

Ini@al associa@on ↔ hamstring injury 

Longitudinal findings in training F0

Proposed and conducted a novel mul@factorial and individualized approach for risk reduc@on

All extensively ra@onalized, visualized, and discussed
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CONCLUSION
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SCREENING

ALTERNATIVE TESTS
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Instructions:
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BACKGROUND
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STUDY I - METHODS

ALTERNATIVE 
PRAGMATIC TESTS 
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Target: 
Dumbbell: ~ 0.5 x BM 

Target: 
Barbell: ~ 0.75 x BM 

Target: 
Low breakpoint angle 

Lateral bias Medial bias
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Text here
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Details of output
(How)

Output 
(what)

Sprint kinema[cs FV-profile

ROM
Interac[on with 

contralateral limb

Sprint force 
asymmetry

Isolated 
maximal 
strength

Angle of 
peak 

torque
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INTERVENTION DESIGN

PosiOve
NegaOve

(Extra set)

Team of 15Posterior chain 
strength

Range of motion 

≥ 15 % asymmetry
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(MD)
MATCH DAY

(MD + 1) 
PASSIVE RECOVERY
/ ACTIVE RECOVERY

TOP-UP??

(MD + 2) 
REGENERATION

(MD -4) 
SHORT INTENSIVE 

FOOTBALL

(MD - 3) 
LONG INTENSIVE 

FOOTBALL

(MD - 2) 
SPEED (Synchronization)

(MD - 1)
ACTIVATION

(MD) 
MATCH DAY

11:20 – 11:50
Pre-match:

Match Preparation Protocol

12:00 – 14:00
Match

Post Match Work:
Substitutes

RECOVERY OR/AND TOP-UP PREHAB: 10-10:30
ROM (Rolling & Mobility)
+

+ Individual low Threshold
exercises (based on clinical
testing)

10:30 – 11:00: Team 
meeting
11:00 – 12:00
Football practice (Technical
/ Tactical)
Low Intensity Aerobic Work

+ 

PREHAB & STRENGTH & 
POWER: 10-10:45

10:40 – 11:00: Team 
meeting

11:00 – 12:00
Football practice 
(ACC/DEC)

PREHAB: 10-10:30

+ Individual low Threshold
exercises (based on clinical
testing)

10:30 – 11:00: Team 
meeting
11:00 – 13:00
Football practice
HSR+SR

POST TRAINING WORK:

+
Adductors / Ankle / Yoyo 
Knee extensors

Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

WE DONT OFTEN TRAIN ON 
THIS DAY!!

11:00 – 12:00
Football practice
(Microdosing for speed / 
power)
à Football spesific actions

Test outcome for 
specific player

A B

A: High speed sprincng

Lum bo-pelvic 
control 

Range of 
m ocon 

Posterior Chain 
Strength

Sprint 
mechanical 

outputHAMS 
(B)

Hip 
(A)

A A
B

B A A AA
A
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B: Post sport ROM

A

BB B

B

C: Triceps surae health

C

D: Manual therapy
A B

A

C&D&B

A A A

A A

B

C&D&B

C&D&B

Typical 
endurance day

Typical 
speed day

Typical m ax strength day

A

A
A

A
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(MD) (MD + 1) (MD + 2) (MD + 3) (MD - 3) (MD - 2) (MD - 1) (MD) 

12:00 – 12:20
Pre-match:

12:00 – 14:00
Match

RECOVERY Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

Evening gym 
session:
16:00 – 17:00

Morning session:
10:20  - 10:40:
Pre-workout:

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

Evening gym 
session:
16:00 – 17:00

Morning session:
10:20  - 10:40:
Pre-workout:

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

Evening session:
16:00 – 17:00
Football practice

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: 
Team meeting
11:00 – 12:00
Football practice

12:00 – 12:20
Pre-match:

12:00 – 14:00
Match

Test outcome for 
specific player

A B

B
A

A: High speed sprincng

Lum bo-pelvic 
control 

Range of 
m otion 

Posterior Chain 
Strength

Sprint 
mechanical 

outputHAMS 
(B)

Hip 
(A)

A A
B

B A A AA
A

FO R  A LL  P LAY E RS

B: Post sport ROM

B B

AA

A

A

BB B

B

C: Triceps surae health

C

C BC

B

B

A

D: Manual therapy

A

D

A B

A B

D

AA

A

A

D

B

A

A
C

D

Typical 
endurance day

Typical 
speed day

Typical m ax strength day

B

B B

Innovative days/tim ing for 
strength

Sm all et al.,(2009)

Lovell et al., (2018)

Barreto et al. 2019

• Isom etrics done to 
prepare for getting back 

eccentrics (Barreto et al. 
2019). Great for heavy 

weeks.
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MON 
(MD + 2/MD - 5) 

TUE
(MD - 4) 

WED 
(MD - 3) 

THU
(MD - 2) 

FRI 
(MD - 1) 

SAT 
(MD)

SUN 
(MD + 1) 

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

Evening session:
16:00 – 17:00
Football practice

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

Evening gym session:
15:00 – 16:00
:

RECOVERY Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

Evening session:
16:00 – 17:00
Football practice

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

12:00 – 12:20
Pre-match:

12:00 – 14:00
Match

RECOVERY

Test 
outcome 

for specific 
player

A B

BA

A: High speed sprinting

B

Lumbo-pelvic 
control 

Range of 
motion 

Posterior Chain 
Strength

Sprint 
mechanical 

outputHAMS 
(B)

Hip 
(A)

A A
B

B A A AA
A

FOR ALL PLAYERS

B: Post sport ROM

B

A

B

A
A

A

A

A

A

BB B

B

C: Triceps surae health

C

C

C

B

C

B

A A

B

A

D: Manual therapy

A

D

D

B

A B

A B
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MON 
(MD + 2/MD - 5) 

TUE
(MD - 4) 

WED 
(MD - 3) 

THU
(MD - 2) 

FRI 
(MD - 1) 

SAT 
(MD)

SUN 
(MD + 1) 

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

Evening session:
16:00 – 17:00
Football practice

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

Evening gym session:
15:00 – 16:00
:

RECOVERY Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

Evening session:
16:00 – 17:00
Football practice

Morning session:
10:20  - 10:40:
Pre-workout

10:40 – 11:00: Team 
meeting
11:00 – 12:00
Football practice

12:00 – 12:20
Pre-match:

12:00 – 14:00
Match

RECOVERY

Test 
outcome 

for specific 
player

A B

BA

A: High speed sprinting

B

Lumbo-pelvic 
control 

Range of 
motion 

Posterior Chain 
Strength

Sprint 
mechanical 

outputHAMS 
(B)

Hip 
(A)

A A
B

B A A AA
A

FOR ALL PLAYERS

B: Post sport ROM

B

A

B

A
A

A

A

A

A

BB B

B

C: Triceps surae health

C

C

C

B

C

B

A A

B

A

D: Manual therapy

A

D

D

B

A B

A B
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SPRINT MECHANICAL OUTPUT
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Mid Post

Additional measurements 
support long-term 
improvements for players 
with low F0 levels

Week 11
6/18 players ⬆ MDC

Resisted sprint volume: 
Moderate (6-8 per week)

= M inim al detectable change area (M DC)
= Group average
= Individual footballers

Week 5
1/18 players ⬆ MDC

Resisted sprint volume: 
Low (4-6 per week)

Week 20
8/17* players ⬆ MDC

Resisted sprint volume: 
Low (4-6 per week)

Mid-season
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LUMBOPELVIC CONTROL

Lumbo-pelvic control

Kick-Back test
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FUTURE DIRECTIONS

Posterior chain 
strength

Sprint mechanical 
output

Range of motion 

Thesis aims
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Lumbo-pelvic control Training for all

Individualized Non-Individualized
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STUDY I - METHODS

Strength Sprint work Range of motion 

Thesis aims
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Manual therapy

Individualized

Details of 
output
(How)

Output 
(what)
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Text here
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Sprint kinematics FV-profile

Interaction with 
contralateral limb

Sprint force 
asymmetry

Isolated maximal 
strength

Angle of 
peak 

torque
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