Bioengineering 278
Magnetic Resonance Imaging

Winter 2009
Lecture 9

*Diffusion Imaging
*Diffusion Basics
Diffusion in a Gradient Field
* Anisotropic Diffusion
*Fiber Tract Mapping
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Diffusion Imaging

¢ Quantitative measure of local self diffusion coefficient

* Measurement in multiple directions gives information on
diffusion anisotropy and fiber orientation
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Diffusion

100 steps

N random steps of length d

In brain: Ax
— D = 0.001 mm?/s
Ax2= Nd2 = 2DT For T=100 msec,
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Signal Attenuation by Diffusion

RF Diffusion Weighting Bipolar Gradient:
Excitation ; Gradients G )
* * * &*— t
A B C D ?
A <>
. A
B
C S=S8,e"”
> b=y’G*8(A-65/3
In General:
FT t
D —— = k(&'y D-k(s)dt'
S(1) = S0 JHrOHO
Image Space: K-Space: k(t) = VftG(l")dt'
Convolution with Gaussian Multiplication by Gaussian 0
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Anisotropic Diffusion
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Anisotropic Diffusion

e Reconstruct a 3D trajectory
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e Red dashed route:
Slide credit: L. Frank generated fiber track.
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Comparison with anatomical
preparation

S. Mori - JHU
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Detail fiber structures
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Anatomical guidance:

S. Mori - JHU
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Diffusion - Fiber Crossings
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