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Running



Magnitude of muscle fibre strain is a 

good predictor of strain injury

Back in 1993…

Hamstrings in sprinting: only entire

muscle-tendon unit funtion is known



Thelen et al., 2005

Stiff

tendon

Compliant

tendon

Tendon stiffness affects

muscle behavior

Stiff tendon → Higher strain injury risk

BFlh muscle-tendon

decoupling in the swing



BFlh
ST

BFsh

SM

Stępień et al. 2019

Heterogeneous strain distribution along BFlh

Fiorentino et al. 2014

This study assumed that

muscle activation is 

homogeneous within BFlh, 

which may not be valid.
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High-density EMG

Participants: 

13 male football/Gaelic football players

No previous hamstring injury
Running
3-D motion analysis & 

force-sensitive resistors

Speeds:

I.    4.1 m·s-1 (14.8 km·h-1) SLOW

II. 5.4 m·s-1 (19.4 km·h-1) MODERATE

III. 6.8 m·s-1 (24.5 km·h-1) FAST

MVIC (normalisation)

Warm-up



Hegyi et al. 2019 MSSE



Large inter-individual variability

in regional EMG activity

EMG activity (%MVIC)

SUBJECT #1

SUBJECT #2

Running, individual region-specific patterns



Muscle-specific

EMG activity

Large inter-individual

variability in muscle-

specific EMG activity 50

100
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EMG activity (%MVIC)

SUBJECT #2

BFlh > ST

BFlh < ST EMG activity (%MVIC)

SUBJECT #3

BFlh = ST

Running, muscle-specific EMG activity



Avrillon et al. 2020

Lower torque of BFlh after a 

hamstring injury, which is 

compensated by higher SM torque

Importance of intermuscular EMG distribution

Higher EMG imbalance between hamstring muscles

Increased fatiguability

Avrillon et al. 2018



Chumanov et al. 2007

”Muscles in the lumbo-pelvic 

region have the largest potential 

to influence biceps femoris 

stretch during double float 

phase.”

Muscles work in complex system



You may want to avoid:

• Anterior pelvic tilt

• Lateral trunk flexion to

the ipsilateral side

• Forward leaning posture

• Kick-back

Intermuscular

coordination

Sprint kinematics

(technique)



Part 1 – key points

I. EMG activity in running 

a) > 100% MVIC at long hamstring muscle lengths

b) highly individual patterns

c) qualitatively consistent across a range of running speeds

→ running early after hamstring injury to restore normal 

neuromuscular function

II. The sources and consequences of heterogeneous and highly individual 

activation patterns should be related to injury and sprint performance





Study I.

Study II.

Study III.



Hamstring exercises for injury risk reduction



Regional differences in muscle activation

Muscle functional MRI

Electromyography



Nordic hamstring exerciseStiff-leg deadlift – 80% 1RM
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Eccentric phase (%)
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Stiff-leg deadlift - Biceps femoris long head activity
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Study II.



UHC

Regional distribution of EMG within semitendinosusStudy II.



UHC

Regional distribution of EMG within BFlhStudy II.



Overall EMG activity – large effect

Muscle-specific activity – small effect

Hamstring exercises – EMG vs length

Long length

+ low EMG

Short length

+ high EMG

12-RM load

Study II.



Hamstring exercises for injury risk reduction



• 13 football/rugby players without

prior hamstring injury

• 5-sec pace

• Eccentric 1-RM load

NHE0 vs NHE90 
(Hegyi et al. 2019)

Study III.
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• 13 football/rugby players without

prior hamstring injury

• 5-sec pace

• Eccentric 1-RM load
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Study III - Torque

NHE0

NHE90



Study III - EMG

NHE0

NHE90



Study III – EMG

NHE0

Bilateral NHE0 – effect of knee ROM 

on intermuscular coordination



I. At long muscle length, it is challenging to achieve high muscle activation

during typical hamstring exercises

II. NHE0: Mainly ST activation at flexed knee, and mainly BFlh activation at near-

extended knee

III. NHE90:

▪ long muscle length

▪ Higher passive force than in NHE0

▪ Higher ST/BFlh ratio than in NHE0

▪ Lower overall EMG activity

IV. Regional differences are substantial (typically lowest EMG in the proximal 

region of BFlh)

Part 2 – key points



EMG amplitude Muscle adaptations

Contraction mode Range of motion
Contraction velocity

Anatomical factors 

(e.g. Moment arms)
Methodological factors 

(e.g. EMG normalisation)

Fatigue

...



Thank you for your attention!

András Hegyi
Postdoctoral Researcher

University of Nantes, France

FULGUR project

Twitter: @And_Hegyi

Email: Andras.Hegyi@univ-nantes.fr

PhD thesis and all publications are free to download using the 

following link:

http://urn.fi/URN:ISBN:978-951-39-8035-1

http://urn.fi/URN:ISBN:978-951-39-8035-1


UNIVERSITY OF JYVÄSKYLÄ



UNIVERSITY OF JYVÄSKYLÄ



UNIVERSITY OF JYVÄSKYLÄ


