Elastographie : imagerie sismique du corps humain
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Palpation = élasticité de cisaillement

Echographie = élasticité de compression

Enjeu : -imagerie de palpation
-physique des ondes dans la matiere molle




Qu’est-ce que I’€élastographie?




Interférométrie speckle ultrasonore
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Interférométrie speckle ultrasonore
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Traitement de signal : intercorrélation interpolée

\ngélsggs signature acoustique : fenétre X(t)

fréquence gel

piston
t1 >

transducteur

Fonction de corrélation

RO ot

RESULTAT:
Déplacement AXIAL de la fenétre X

R dd= c ot/2 (Precision 1 um)




1) Itération sur les fenétres
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1) Itération sur les fenétres
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2) Itération sur les tirs ultrasonores
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RESULTAT:
Sismogramme des déplacements
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3) Itération sur les transducteurs ultrasonores




Film de la composante z des déplacements




Probleme inverse: résultats expérimentaux dans des gels
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Quelques grandeurs caractéristiques: Vp~ 1500ms1, A= 2.25 Gpa f~0.5-20Mhz
Vg~ 2ms, p = 2.5 kPa, f~10hz-1kHz

Echographe du commerce: 50Hz Ultrafast: 5000Hz

Brevet n°FR99 03157 déposé le 16 Mars 1999 : "Imagerie sismique des ondes de cisaillement”,
Laurent Sandrin, Mickael Tanter, Stefan Catheline, Mathias Fink
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Echosens (2002): le Fibroscan Supersonic Imagine (2005): I’Aixplorer

PALPATION QUANTITATIVE
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Montage expérimental: onde S plane
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Modele rhéologique simple
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Modele simple : le solide de
Voigt
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S.Catheline, J.-L. Gennisson, G. Delon, R. Sinkus, M. Fink, S. Abouelkaram, J. Culioli
Measurement of viscoelastic properties of soft solid using transient elastography
J. Acoust. Soc. Am. 116 (6), pp 3734-3741, 2004



Biceps femoris de bceuf
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Coefficients élastiques correspondant : c¢,, = 875kPa
Ces = 100kPa

J-L. Gennisson, S. Catheline, S. Chaffai and M. Fink, “Transient elastography in anisotropic medium: Application
to the measurement of slow and fast shear waves velocities in muscles.”, J. Acoust. Soc. Am. 114 (1), pp 536-541,
2003.



Résultats quantitatifs
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S. Catheline, J-L. Gennisson, M. Tanter and M. Fink, “Observation of Shock Transverse Waves in Elastic Media”
Physical Review Letters 91 (16), pp 43011-43014, 2003



Time reversal in reverberating cavity

C.Draeger, M. Fink, Phys. Rev. Letter 79, 407 (1997).



Time reversal interactivity

R. K.Ing, N. Quieffin, S. Catheline, M. Fink, Appl. Phys. Letter, 87, 204104 (2005).



Experimental Set up 20
N AN
N =
g 10 WW
N =
= 0 A
N SN
Generator 10 AN
(140 Hz) —/\/\—] - 20 W}W
0' 100 200 300 400 500
Time (ms)

, Vibrator t
Data

processing

12 cm

A\ 4 ‘

Memory

Transducer (5 MHz)
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Spatio temporal refocusing on +18 mm
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Correlation Map

TR v (x,,x;1) & Correlation C(x,,x;?)
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Noise Correlation : Experimental Set up
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Displacement field allong the x-axis
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TR field from noise cross-correlation
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TR field from noise cross-correlation

C(O,x;t)
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TR field from noise cross-correlation

C(9,x;t)
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TR field from noise cross-correlation
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TR field from noise cross-correlation
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TR field from noise cross-correlation
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Shear velocity estimation in a bi-layer medium

Hard PVA :
- 5 cycles
- 2% particules

Soft PVA :
- 1 cycles
- 1% particules
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TR movie — Refocusing in the hard layer
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TR movie — Refocusing in the soft layer
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TR movie — Refocusing on the interface

time = -70.000000 ms




Cardiac pulses (red) Breathing attempts (blue )
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