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3rd most common

17% Recurrence

Ekstrand 2016
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83 injuries (index)
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83 injuries (index)

17 re-injuries (17%)

Recurrence rate = 1 in 5
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83 injuries (index)

17 re-injuries (17%)

Recurrence rate = 1 in 5

1 person. 4 re-injuries
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The problematic child:
Solving for the recurrent rectus femoris injury
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The Demands
Framework

Prevention & 
Rehabilitation

The Game

The Task

The Individual
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The Mechanisms
The Task

83% Kicking + Sprinting
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Demands of sprinting (Kinetics)
Demands of Task
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Hip Kinematics:
‒ Hip Flexion ω=792º/s

Knee Kinematics:
‒ Knee Flexion ω=1185º/s
‒ Knee Extension ω=760-830º/s

SMU Lab, Miyashiro 2019, Dorn 2012, Mann 1986

Demands of sprinting (Kinematics)
Demands of Task
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Kicking
Demands of the Task

Langhout 2015, Dorge 1999, Nunome 2016

Leg Cocking Acceleration Ball Contact
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Kicking (Kinetics & Myokinetics)
Demands of the Task

Bezodis 2018
Bezod is et al 2018

Peak EMG Activity RF = Maximal MTU = 
Max Knee Flexion

Moment at knee = 150Nm

Body weight = 74kg

Relative Moment = 150/74 = 2Nm/kg

‘Skilled footballers’

In non-professionals the output = 
1.3Nm/kg (can go up to 1.7Nm/kg) (Sakamoto 
2016)
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Kicking (Kinematics)
Demands of the Task of Kicking

Langhout 2015, Dorge 1999, Nunome 2016

Hip:
Flexion ω=500º/s

Knee:
Extension ω=1816º/s
Flexion ω=740º/s

Kinetics
Hip Flexion W=2000
Knee Extension 
W=100

Leg Cocking
Max Hip Extension
32°

Acceleration
Max Knee Flexion
112°

Ball Contact
Knee Flexion
32°
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Synergists + Contralateral Limb
Demands of the Task

Inoue 2014, Lin 2015

Stance leg vGRF

• Knee extension initiates hip flexion & posterior
pelvic tilt

• Soleus & Vasti

Energy flow: Stance ➔ Swing
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Providing direction
Framework to Solve

Movement

Structure Function Metabolism
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What does each tell you
Structure & Function & Metabolism

T1
T2

FunctionStructure Metabolism
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W ard 2009, Torry 2006, A rnold 2010
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W ard 2009, Torry 2006, A rnold 2010
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W ard 2009, Torry 2006, A rnold 2010
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Elastic

Force

Stiffness

Synergist

Speed

Force

Hip Flexion

JACK OF ALL TRADES, MASTER OF NONE

Ward 2009, Torry 2006, Arnold 2010
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Function - What does each tell you
Rectus Femoris

Hasselman 1995, Kassarjian 2012, Slone 2015

Long IMA = ?Elastic Stability on hip & influence on pelvis

More than just knee extensor/hip flexor
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Metabolism - What does each tell you
Structure & Function & Metabolism

High Rate of Force Development

Rectus Femoris: 66% Fast Twitch

T1
T2
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What does each tell you
Structure & Function & Metabolism

Pelvis, Hip & ElasticityJack of all trades High RFD

T1
T2
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What does each tell you
Structure & Function & Metabolism
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Physiotherapy
Assessment

Isokinetic, Dynamometer
Force plates

Max RF Biased Hip Flexion
NIRS

Hip + Trunk Assessment

On-Field vs VO2max Lab
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Layered approach
Testing Process

Musculoskeletal 
Assessment

Strength 
Assessment

Local Muscle 
Endurance

Synergist 
Assessment

Cardiovascular 
Assessment
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Physiotherapy Assessment – Key Findings
Musculoskeletal Assessment

• Key points:
– Overly compliant muscle-tendon unit on right hand side leading to 

increased demand on tendon and muscle
– Microinstability LHS hip 
– Subtle grade 1- PCL laxity
– Instability LHS SIJ
– Poor lumbo-pelvic capacity

Joint Periarticular Muscular

Just right Loose Too loose
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Strength

Muscle 
size Activation

Two components
Strength Assessment
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Muscle volume
Strength Assessment
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Proximal-Distal
Muscle mass
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Medial-lateral
Muscle mass
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Strength Assessment

Goal
KE: >3xBW

Goal
>4xBW

Goal
Relative

Kangatech, IKD & Force Plates
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Kangatech, IKD & Force Plates – Key Findings
Strength Assessment

14%

8%

2%

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5

Iso 90:90

Conc IKD

Iso Squat

Relative Force (xBW / Nmkg-1)

Quadriceps Testing

Left Right % As ymm etry
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4,4

4,91

3,22

4,45

4,96

3,16

0 1 2 3 4 5 6

Prone Ec c  IK D

Ec c IKD

Conc IKD

Relative Torque (Nm.kg-1)

Quadriceps Testing

Left Right

Conc, Ecc, Ecc at Length
Strength Assessment
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Hip Extension and Abduction = Hip Flexion and AdductionCahalan 1989

Balanced hip profile
Strength Assessment

77kg 69kg 54kg 46kg

42
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Hip Extension and Abduction = Hip Flexion and AdductionCahalan 1989

Balanced hip profile
Strength Assessment

4.6Nm/kg 4.1Nm/kg 3.2Nm/kg 2.8Nm/kg
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Balanced hip profile
Strength Assessment

Hip Ext
50º

Hip Flex
20º

Hip Flex
90º

Hip ADD
20º

Hip ABD
0º

Knee Ext
90:90º

Knee Flex
50:40º
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Hip Flexion RF Biased – Key Findings
Endurance Assessment

Left Right

Maximum RF Hip Flexion Test 32 30

Goal:
Red band:
>25 reps

@ 25% BW:
>20 reps
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CV Testing
Fitness

VO2max 56.02 ml/kg/min

LT1 LT2 VO2max

Speed 10km/h 12km/h 14.3km/h
% VO2max 70% 79%

Goal 80% 88-90% NA

TP 1 TP 2 TP 3
6 Minute Distance 1486m 1612m 1653m

MAS 4.13 m/s 4.48 4.59 m/s

Goal 5m/s+
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Capacity Testing
Trunk

30 40 50 60 70 80 90

LEFT

RIGHT
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Trunk Capacity

Goal:
120s each direction
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TRUNK
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BALANCED HIP
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RECTUS FEMORIS/QUADRICEPS
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CONTRALATERAL LIMB

51

CARDIOVASCULAR

52
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