Hamstring muscle function in high-speed
running and in hamstring exercises

PhD thesis and all publications are free to download using the
following link:

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

Andras Hegyi

Postdoctoral Researcher
University of Nantes, France
FULGUR project

Twitter: @And_Hegyi
Email: Andras.Hegyi@univ-nantes.fr

'?e #-
> ¢ s
< ( .l
§ TJNIVERSITYOF JYVASKYLA F"lGuA% d
ey, UNIVERSITE DE NANTES \~ LL 3

Q
)
P



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

Stepien et al. 2019



Early stance

Sagittal plane
angle (°)

MTU length
(x thigh length)

EMG activity
(%MVIC)

Presentation

outline

Foot strike  Toe-off Foot strike
+ Stance Y Swing +
|‘ ESt}LSt | ESw | MSw] LSw
|
100} :
50|t 4 : A h]p
e . o
oll : knee
1.1 i BFlh
s ’\ | S MsT P t 1
0.9 f
osft | 1w |
D 25 50 75 140
[ J
150 |
; Running
100| | BFlh
solt= | ST
OQ.L.. ...
0 1 : a
0 25 50 75 100

Stride cycle (%)



. Muscle damage is not a function of muscle force
Back in 1993... but active muscle strain

RICHARD L. LIEBER AND JAN FRIDEN

Department of Orthopedics and Biomedical Sciences Graduate Group, University of California

, and Veterans Affairs Medical Centers, San Diego, California 92161; and Departments of Anatomy and
i Hand Surgery, University of Umed, S901 87 Umed, Sweden
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A _ﬁ,g,l Magnitude of muscle fibre strain is a
good predictor of strain injury
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Length Change (mm)

BFIh muscle-tendon Tendon stiffness affects
decoupling in the swing muscle behavior
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Heterogeneous strain distribution along BFlh

along-fiber strain, A-1
o I
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This study assumed that
muscle activation is
homogeneous within BFlh,
which may not be valid.
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nonstimulated skeletal muscle pulled to CreaSed
failure*

WILLIAM E. GARRETT, JR, MD, PhD, MARC R. SAFRAN, ANTHONY V. SEABER,
RICHARD R. GLISSON, AND BETH M. RIBBECK, M
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Participants:

13 male football/Gaelic football players Running
No previous hamstring injury 3-D motion analysis &
High-density EMG force-sensitive resistors

Speeds:

. 4.1 m-s'(14.8 km-h") SLOW

Il. 5.4m-'s"(19.4 km-h"') MODERATE
lll. 6.8 m-s1(24.5 km-h-') FAST

MVIC (normalisation)
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Running, individual region-specific patterns

Large inter-individual variability
in regional EMG activity
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Large inter-individual
variability in muscle-
specific EMG activity
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Importance of intermuscular EMG distribution

Lower torque of BFlh after a
hamstring injury, which is
compensated by higher SM torque

Torque ratios (%)
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Higher EMG imbalance between hamstring muscles

SD of activation across muscle heads

(% of RMS EMGmax)

\—a Increased fatiguability

Dominant leg

r = -0.53 p<0.001
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Muscles work in complex system

Potential influence on R. Biceps Femoris Stretch (mm/N)
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Proximal Neuromuscular Control
Protects Against Hamstring Injuries
in Male Soccer Players

A Prospective Study With Electromyography
Time-Series Analysis During Maximal Sprinting
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Late swing running mechanics influence
hamstring injury susceptibility in elite rugby
athletes: A prospective exploratory analysis
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AT .
MOSTURE You may want to avoid:

* Anterior pelvic tilt

Full length article

Deviating running kinematics and hamstring injury susceptibility in male
soccer players: Cause or consequence?

Joke Schuermans ', Damien Van Tiggelen, Tanneke Palmans, Lieven Danneels, Erik Witvrouw
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Part 1 - key points

.  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

ll. The sources and consequences of heterogeneous and highly individual
activation patterns should be related to injury and sprint performance



Sagittal plane
angle (°)

. §

MTU lengths
(x thigh length)

-

EMG activity
(%MVIC)

Foot strike Toe-off Foot strike
¢ Stance Y Swing ¢

IE LSti ESw....-.l.\iI.Sw LSw P resen ta t ion
o 1 Ty outline
N Part 2
=) Hamstring
" Exercises

o

0 25 50 75 100
Stride cycle (%)




Study .

Study Il.

Study IlI.

SCANDINAVIAN JOURNAL OF
MEDICINE & SCIENCE IN SPORTS

ORIGINAL ARTICLE

Region-dependent hamstrings activity in Nordic hamstring
exercise and stiff-leg deadlift defined with high-density
electromyography

A Hegyl B A. Péter, T. Finni. N. ). Cronin

SCANDINAVIAN JOURNAL OF
MEDICINE & SCIENCE IN SPORTS

ORIGINAL ARTICLE

High-density electromyography activity in various hamstring
exercises

Andras Hegyi B4 Daniel Csala, Annamaria Péter, Taija Finni, Neil ] Cronin,

Research Report

Impact of Hip Flexion Angle on Unilateral and Bilateral
Nordic Hamstring Exercise Torque and High-Density
Electromyography Activity

AUTHORS v
AFFILIATIONS ~
Journal of Orthopaedic & Sports Physical Therapy

Published Online: July 31,2019 | Volume 49 Issue 8 | Pages 584-592
https://www.jospt.org/doi/10.2519/jospt.2019.8801

Part 2

Hamstring
Exercises




Hamstring exercises for injury risk reduction
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Regional differences in muscle activation

Non-uniform changes in magnetic resonance
measurements of the semitendinosus muscle following
intensive eccentric exercise
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Study |.

Stiff-leg deadlift - Biceps femoris long head activity
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Study IlI.
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Study II. Regional distribution of EMG within semitendinosus
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Study Il. _ Regional distribution of EMG within BFlh
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Study IlI. Hamstring exercises - EMG vs length
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NHEO vs NHE90
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(Hegyi et al. 2019)

NHEO
SHORT MUSCLE LENGTH

NHE90
LONG MUSCLE LENGTH

« 13 football/rugby players without
prior hamstring Injury
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Study Ill - EMG

Bilateral NHEO - effect of knee ROM
on intermuscular coordination
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Part 2 - key points

I. At long muscle length, it is challenging to achieve high muscle activation
during typical hamstring exercises

Il.  NHEO: Mainly ST activation at flexed knee, and mainly BFlh activation at near-
extended knee

1. NHE90:
= long muscle length
= Higher passive force than in NHEO
= Higher ST/BFlh ratio than in NHEOQ
= Lower overall EMG activity

IV. Regional differences are substantial (typically lowest EMG in the proximal
region of BFlh)
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