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DUAL CAREER

Academics

Baccalauréat 2016 

100% of success

& 73% with honors

133
Elite athletes

graduated in 2016

52
Teachers
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THE FRENCH INSTITUTE OF SPORT

Medical

center

80
staffs
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INSEP IN SHORT

27
sports

750
athletes

150
coaches

+300
collaborators

69
acres

30
courses

300
residents
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1 / 3 of the athletes selected to the last Olympics

+50% medalists

INSEP IN SHORT
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ORGANIZATION CHART
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RESEARCH LAB

AIM: to develop and to transfer knowledge with

practical applications for sport performance
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RESEARCH PROGRAM

Laboratory Sport, Expertise and Performance – EA 7370

Understanding and optimization

of elite sport performance

Theme 1 : Stress

Theme 2 : Recovery

Theme 3 : Movement
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THEME 1 - STRESS

65%

Nutritional

strategies

3 studies

Workload

management

13 studies

67%

Psychological

preparation

13 studies

Athlete

lifestyle

2 studies 73%

45%

Activity

analysis

8 studies

50%
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> To determine and analyze the effects of competition

and training sessions on physiological responses

THEME 1 - STRESS

Concurrent training, from cell to performance
Claire Thomas-Junius
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Conditions of performance project

for Olympic and Paralympic athletes
Fabrice Burlot and Helene Joncheray

> Elite athletes’ lifestyle

What preparation? How to organize and prepare 

(physical, mental, nutrition, recovery, etc.) to 

perform?

Nutritional habits & performance: « knowing 

and engaging » or « knowing and resisting » 

against the advises from the nutritional mission.

Injuries & performance: The conditions of 

injury occurrence in the medical system.

THEME 1 - STRESS
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Individual and collective stress 

management
Julie Doron, Chloé Leprince

> Stress, coping and sport performance

> Perceived control

> Threat appraisal

> Challenge appraisal

> Problem-focused coping

> Emotion-focused coping

> Positive affects

> Negative affects

THEME 1 - STRESS
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THEME 2 - RECOVERY

33%

Sleep

environment

7 studies

Technology

& methods

10 studies

20%

Psychological

factors

2 studies

Recovery

& injury

3 studies 30%

25%

Nutrition &

recovery

8 studies

37%
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THEME 2 - RECOVERY

Impact of sleep environment on 

performance
Mathieu Nédélec, Anis Aloulou

> Assessing the influence of night

exercise-induced fatigue on sleep

> Implementing sleep hygiene strategies (mattress) 

Actigraphic

sleep assessment

Polysomnography

Sleep diary
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THEME 3 – MOVEMENT

59%

Perception

6 studies

Muscle-tendon

properties

7 studies

70%

Innovative

training

9 studies

Movement

analysis

8 studies 53%

46%

Injury

prevention

6 studies

79%
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THEME 3 – MOVEMENT

Conscious and inconscious visual perception

Impact of motor expertise or injury

Claire Calmels

> Sport injury prevention, rehabilitation and

optimization of sport movements via the use of motor

simulation

Priming, 
Interview EEG fMRI
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THEME 3 – MOVEMENT

Conception of a biomechanical scan
Daniel Dinu
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APPROACH

SCIENTIFIC SUPPORT TO FEDERATIONS

APPLIED RESEARCH
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SPORT BIOMECHANICS

Performance

optimization

Injury

prevention



THE PLAYER LOAD PARAMETER MEASURED BY

ACCELEROMETRY AS AN INDEX OF THE CENTER

OF MASS DISPLACEMENTS? A VALIDATION STUDY
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Study 1 Study 2

DESIGN
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Physical 

demand

Training load adaptation to competitive load
Reilly et al. 2000, Vaeyens et al., 2009

Talent identification
Banister et al. 1975, Foster et al. 1998, Impellizzeri et al. 2004, Halson et al. 2014 ()

Numerous studies in team sports
Buchheit, 2009 ; Cunnife, 2009 ; Weston, 2011 ; Waldron 2011 ; 

Póvoas, 2012 ; McLellan, 2011 ; Gray, 2010

PHYSICAL DEMAND QUANTIFICATION
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Heart rate monitoring
Buchheit et al., 2009 ; Coutts et al., 2009

Video analysis
Green et al., 1976 ; Dawson et al., 2004

Global Positioning System (GPS)
Aughey et al., 2001 ; Dellaserra et al. 2014

Numerous tools allow to analyze the 

physical demands

CURRENT METHODS
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Accelerometry
McCullom et Peters 1924 ; Walter 1996 

TRACKING METHODS

Heart rate monitoring
Buchheit et al., 2009 ; Coutts et al., 2009

Video analysis
Green et al., 1976 ; Dawson et al., 2004

Global Positioning System (GPS)
Aughey et al., 2001 ; Dellaserra et al. 2014
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ANTERO

POSTERIOR
MEDIOLATERAL VERTICAL

Montgomery et al. 2010; Boyd et al. 2011

PLAYER LOAD
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Authors Year Sport Parameter / context

Boyd et al.

Gallo et al.

Gastin et al.

Coad et al.

2011

2013

2014

2015

Australian Football 

Australien

Reproducibility

Player Load

Casamichana et al.

Castellano et al.

Scott et al.

Terje et al

2012

2013

2015

Football / Soccer Player Load

Chandler et al. 2014 Netball
Training / competition

Player Load

Gabbett et al.

Jones et al.

2012

2015
Rugby Player Load

Montgomery et al. 2010 Basketball
Training / competition

Player Load

Wundersitz et al.

2013

2014

2015

Walking / running / jumping 

/ cutting manoeuvers

Validity peak accel vs PFF

Validity MinimaxX peak accel vs video analysis

Validity MinimaxX for contact

BACKGROUND
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To assess the concurrent validity of the player load

parameter measured from accelerometers

(vs. a reference force plates method)

To estimate the effect of the intensity

To optimize the computation methods

AIMS
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age: 29.5 ± 7.9 y

height: 179.2 ± 4.8 cm

mass : 76.0 ± 5.6 kg

21 participants

METHODS

Upper back

‘classical’ location
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METHODS
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6.6 m force plates system (Kistler) (standard method)

General

displacements

Running

accelerations

Handball spec. 1 vs 1
Low and maximal intensity

METHODS
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High intensityLow intensity

General displacements

INTENSITY EFFECT
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High intensityLow intensity

Running 

accelerations

INTENSITY EFFECT
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High intensityLow intensity

Handball spec. 1 vs 1

INTENSITY EFFECT
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Optimized processing : equation / filters

PLAYER LOAD CALCULATION METHOD
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Classical calculation Optimization

Low intensity

OPTIMIZATION
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Classical calculation Optimization

High intensity

OPTIMIZATION
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Classical calculation Optimization

Running Acceleration

Low intensity

High intensity

OPTIMIZATION
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Classical calculation Optimization

Low intensity

High intensity

Handball spec. 1 vs 1

OPTIMIZATION
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6 MATCHES

APPLICATIONS
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AUTOMATIC PROCESSING
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INDIVIDUAL REPORT SHEETS
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PLAYER LOAD TIME-COURSE OVER THE GAME
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COMPARISON TO LIVING DATABASES
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INTENSITY DISTRIBUTION



HAMSTRING STIFFNESS AMONG ELITE ATHLETES
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HAMSTRING FUNCTION
Edouard et al. (2016) - Schache et al. (2012)

Edouard et al. (2016) - Schache et al. (2012)

53.5%

19.9%
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HAMSTRING INJURY
Chumanov et al. (2012) Br J Sports Med

Accumulation of muscle damage

Time
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Mechanical 

properties

Hamstring 

behavior
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Mechanical 

properties
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Ultrasound shear-wave elastography
Le Sant et al. (2015) Plos One
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Passive resistive torque 
Nordez et al. (2008) Int J Sports Med

HAMSTRING PROPERTIES
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SHEAR-WAVE ELASTOGRAPHY
Bercoff et al. (2004) IEEE Trans Ultrason Ferroelectr Freq Control

Muscle 

Muscle 

1

2

3
ST SM BF
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AIMS

Field hockeyFencing Track and FieldSoccer Taekwondo

113 Athletes

Is there a relationship between a stiff muscle and the prevalence of 

hamstring injury?

How does hamstring stiffness differ between males and females and 

between sport?

How does muscle stiffness differ among hamstring muscles?
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BETWEEN-MUSCLES DIFFERENCES IN STIFFNESS

Previous 

studies

BFlh > SM > ST
Le Sant et al. (2015)

SM > BFlh > ST
Umegaki et al. (2015)

Muscle geometry (Volume, Fascicle length, PCSA)
Koo & Hug (2015)

Tendon mechanical properties
Magnusson et al. (2008) – Herbert et al. (2011)

≠

* *

BETWEEN-MUSCLES DIFFERENCES
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Stiffness was greater in males and linearly correlated with CSA
Blackburn et al. (2009)

Higher muscle stiffness in males related to other parameters 

than shear modulus
Eby et al. (2015)

BETWEEN-GENDER DIFFERENCES
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Fascicle length increases with velocity training
Blazevich et al. (2003)

Chronic training

Hamstrings PCSA increases with strength training
Seymore et al. (2017)

Hamstrings stiffness decreases with stretching 
Magnusson et al. (1996) - Miyamoto et al. (2015)

BETWEEN-SPORTS DIFFERENCES
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6

6 Soccer players with a lower flexibility had a 

higher risk of injury
Witvrouw et al. (2003)

No relationship between range of motion and 

risk of injury for Australian footballers or 

sprinters
Gabbe et al. (2005) - Yeung et al. (2009)

MUSCLE STIFFNESS & INJURY
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The shear modulus value failed to predict hamstring 

injuries.

A systemic approach may help to a better 

understanding of injury risk.

A high inter-individual variability exists among elite 

athletes when considering muscle stiffness. It may be 

impacted by intrinsic factors and chronic practice.

Ultrasound shear-wave elastography is a reliable and 

valid technique to assess non-invasively mechanical 

properties of hamstring muscle

TAKE HOME MESSAGE
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Partnership with the

medical and physiotherapy

department

Follow-up of injured 

athletes to assess the 

recovery of initial stiffness

APPLICATIONS AT INSEP
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