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Comment mesurer l’élasticité ?
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Ondes de cisaillement
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Module de cisaillement

=

Densité x Vitesse de propagation de l’onde 2

µ = r c 2



Elastographie IRM
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Adapted from Pr. Ehman’s slides

Mayo Clinic, Rochester MN, USA
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Sack I et al. Non-invasive measurement of brain viscoelasticity using magnetic resonance elastography.  
NMR Biomed. 2008; 21(3): 265-71. 5



Valeurs normales
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L’âge n’influe pas Kruse 2008

Amollissement avec l’âge Sack 2011

-20% entre 25 et 65 ans
Durcissement avec l’âge

Matière blanche + dure McCracken 2005

Kruse 2008
Matière grise plus dure

Pas de différence

+ dur chez la femme Wuerfel 2010

Plus dur chez l’homme

Pas de différence

Attention !
Etudes non comparables 

car les modèles physiques 
sont différents
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Sclérose en plaques
Formes progressives, chroniques

Controls

Patients

38 contrôles

23 patients
• EDSS 5.3-5.6
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Viscosité

Streitberger KJ et al. Brain viscoelasticity alteration in chronic progressive multiple sclerosis.
PlosOne 2012; 7(1): e29888



Sclérose en plaques
Formes modérées, rémittentes avec poussées

Controls (N=34)

Patients (N=45)

34 contrôles

45 patients
• EDSS 1.6 (0 – 4)
• Mild relapsing-remitting

disease course

Elasticité
• Diminution 8-17%
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Wuerfel J et al. MR-elastography reveals degradation of tissue integrity in multiple sclerosis.
NeuroImage 2010; 49: 2520-5



Méningiome
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13 patients

Palpation par chirurgien
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Murphy MC et al. Preoperative assessment of meningioma stiffness using magnetic resonance elastography. 
J Neurosurg 2013; 118: 643-8



Vibreurs

Mors
Bite bars

Haut-parleur + tige rigide
Loudspeaker + rigid rod

Wuerfel 2010
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Elasto fonctionnelle, le futur ?

Zorgani A et al. Brain palpation from physiological vibrations using MRI. Proc Natl Acad Sci U S A. 2015;
112(42): 12917-21 12



Annexes



Elastographie – Imagerie d’élasticité
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Most illustrations from National Institutes of Health, USA



Feasibility

• Kruse 1999 – The first images

• Uffmann 2004

• McCracken 2005 – Transient

• Klatt 2007 – Zener, 25-60Hz

• Sack 2007 – Kelvin Voigt, 25-50Hz

• Kruse 2008

• Arani 2015 – Sex & Aging, shear modulus, 60Hz

• Zorgani 2015 – Physiological vibrations



Pathologies

• Sclérose en plaque
– Wuerfel 2010: 45 patients, viscoelasticity decreased

by 13% compared to healthy volunteers while
structure-geometry remained unchanged, fractional
springpot model, 25-60Hz

– Streitberger 2012: chronic progressive multiple 
sclerosis, fractional springpot model, 25-60Hz

• Méningiome
– Murphy 2013: shear modulus, 60Hz

– Hughes 2015:



Etudes sur Animaux

• Jamin 2015 – Soft malignant tumors



Littérature (Kruse 2008)



Modèles

• McCracken 2005 Elastic

• Klatt 2007 5 viscoelastic models

• Hamhaber 2007 Wave speed

• Kruse 2008 Elastic

• Sack 2008 Kelvin-Voigt



Kruse 1999
Rochester, MN, USA

Kruse SA et al. « Palpation of the brain » using magnetic resonance elastography. Proc ISMRM 1999



Uffmann 2004
Essen, Germany

Probability map for white (left) and gray (right) matter

Bite bar

Uffmann K et al. Determination of gray and white matter elasticity with MR elastography. Proc ISMRM 2004



McCracken 2005

McCracken PJ et al. Mechanical transient-based magnetic resonance elastography. Magn Reson Med. 2005; 53(3): 628-39



Klatt 2007 – Viscoelastic models

Klatt D et al. Noninvasive assessment of the rheological behavior of human organs using multifrequency
MR elastography: a study of brain and liver viscoelasticity. Phys Med Biol. 2007; 52(24): 7281-94
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NMR Biomed. 2008; 21(3): 265-71.



Wuerfel 2010

Wuerfel J et al. MR-elastography reveals degradation of tissue integrity in multiple sclerosis. NeuroImage
2010; 49: 2520-5



Sack 2011
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Jamin 2015 - Mice



Hughes 2015



Reiss-Zimmermann 2015



Wagshull 2011 – Pulsating brain



Zorgani 2015 – Physiological vibrations


