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Fig. 1. Liver Fibrosis progession

Fig. 2. Liver Fibrosis progression
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Fig. 5. Basic Components for con-
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{Left) Transducer: driver for shear
; i wave generation

Driver MRE sequence Inversion IMiddle) Wave image: palse se-

quence capable of obtaining dis-

placement images

{Right) Elastogram: Quantification

of elasticity using post processing

{Courtesy: Richard Ehman, MD,

Mayo Clinic)
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Fig. 6. Transducer design examples (a) Generating vibration using principle of AC motor mechanism {b} Focused
Ultrasonic mechanism (€} Air pressure used to generate vibrations (d) Sound wave generated from a speaker connect-
ed to arod can be used as a source of vibration. References (4 - 6)
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Fig. 7. Pulse sequences for MRE
TRin) (a) SPAMM sequence: displacement information ob-

tained via spin tagging

{b) Phase contrast sequence:

motion sensitizing gradient are used for sensitivity in dis-
placement. Currently most widely used.

{c) Steady state sequence: by reducing TR, the overall s-
can time can be reduced.
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Fig. 8. Applying vibrations to the liver (left) and the corresponding displacement images {right). {Courtesy: Richard
Ehman, MD, Mayo clinic}

MR Elastogram — Normal Liver MR Elastogram Shows Liver Fibrosis
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k 5.6 kPa ~
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0 i _ 0

i

Fig. 9. Elasticity
Mayo clinic)

Elasticity (kPa)

R B F3 B
Fibrosis Grade

Fig. 10. Non-invasive measurement for the assessment of liver fibrosis. {Left) Phase contrast and {middle] elasticity
map from 21 year old healthy volunteer. (Right) Graph distribution of liver stiffness in 12 healthy volunteers and 12
patients with chronic liver disease and varying degrees of liver fibrosis proved with biopsy result. {17)
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Fig.11. (a) MR elastography of the breast, {b) 43-year old
woman with invasive ductal breast carcinoma in lateral
breast, (c}) MRE based shear stiffness of adipose and fi-
broglandular breast tissue (from volunteer series) and adi-
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Fig. 12. {a) MRE of the brain, (b} Example of wave images and the corresponding total amplitude image for an image s-
lice in transverse orientation. (Hamhabar, Braun, et al. Acta-biomaterialia, 2007)
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Fig. 13. {a, b) Muscle load transducer and its application inside an MRI magnet, (c) wave images obtained in a coronal
place through the biceps of a volunteer under loading conditions. Shear wavelength increases with load (20)
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Magnetic Resonance Elastography
Dong-hyun Kim!, Jae Won Yang!, Myeong Jin Kim?

1School of Electrical and Electronic Engineering
Department of Diagnostic Radiology

Conventional MRI methods using T1-, T2-, diffusion-, perfusion-weighting, and functional imaging rely
on characterizing the physical and functional properties of the tissue. In this review, we introduce an
imaging modality based on measured the mechanical properties of soft tissue, namely magnetic reso-
nance elastography (MRE). The use of palpation to identify the stiffness of tissue remains a fundamental
diagnostic tool. MRE can quantify the stiffness of the tissue thereby providing a objective means to mea-
sure the mechanical properties. To accomplish a successful clinical setting using MRE, hardware and soft-
ware techniques in the area of transducer, pulse sequence, and imaging processing algorithm need to be
developed. Transducer, a mechanical vibrator, is the core of MRE application to make wave propagate in-
vivo. For this reason, considerations of the frame of human body, pressure and friction of the interface,
and high magnetic field of a MRI system needs to be taken into account when designing a transducer.
Given that the wave propagates through human body effectively, developing an appropriate pulse se-
quence is another important issue in obtaining an optimal image. In this review paper, weintroduce the
technical aspects needed for MRE experiments and introduce several applications of this new field.
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Mechanical property of tissue
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