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Brain Anatomy

*\White matter represents
45% of the brain, and is
composed of myelinated
nerve fibers

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2012



Diffusion MR Imaging

e First non-invasive
window on white
matter anatomy

« Measurement of the
motion of water
molecules using MRI
techniques.

 Three-dimensional
reconstruction of the
trajectory of white
matter bundles




Diffusion Weighted Imaging (DW!1)

In this example, the DWI scan was acquired with 12 diffusion sensitizing gradient
directions (S1-S12) and 2 non-diffusion sensitizing gradients (S0)
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Diffusion Tensor Imaging
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Diffusion Tensor Imaging
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Diffusion Tensor Imaging
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Tractography

DTI tractography provides 3D reconstruction of the
trajectory of white matter pathways



Tutorial Outline

This tutorial i1s an
introduction to the
fundamentals of
Diffusion MRI analysis,
from the estimation of
diffusion tensors to the
Interactive 3D
visualization of fiber
tracts.

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Tutorial Dataset

The tutorial dataset is a Diffusion Weighted MR
scan of the brain acquired with 41 gradient
directions and one baseline (Data source: UNC

Chapel Hill)
o O //]

Diffusion
Sensitizing
Gradients

Diffusion MRI Analysis

Sonia Pujol, Ph.D.

Diffusion
Weighted
Images

NA-MIC ARR 2012-2014



Tutorial Software

The tutorial uses the 3D Slicer (Version
4.4.0r24272) software available at

http://www.na-mic.org/Wiki/index.php/
3DSlicer_ 4.4 r24272

Disclaimer

It is the responsibility of the user of 3DSlicer to comply with both the terms of the license
and with the applicable laws, regulations and rules. Slicer is a tool for research, and is not
FDA approved.

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 20



Learning Objectives

Following this tutorial, you'll be able to

1) Estimate a tensor volume from a set of
Diffusion Weighted Images

2) Understand the shape and size of the
diffusion ellipsoid

3) Reconstruct DTI tracts from a pre-defined
region of interest

4) Interactively visualize DTI tracts seeded
from a fiducial



MR Diffusion Analysis Pipeline

DWI Tensor Scalar 3D
Acquisition Calculation Maps Visualization



Part 1:
From DWI images
to Tensors
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Understanding the DWI Dataset
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The Diffusion Weighted Imaging (DWI) dataset is composed of
a set of volumes acquired with 42 diffusion-sensitizing gradient
directions, and 7 baseline image acquired without diffusion
weighting.

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Loading the DWI Dataset
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Loading the DWI Dataset
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Loading the DWI Dataset
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Loading the DWI Dataset
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Loading the DWI Dataset
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Loading the DWI Dataset
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Loading the DWI Dataset

o 3D Slicer 4.4.0-2015-05-21
£

&3 Modules: . | @ Volumes = Q. E@P O @« . 7 $ ~ fo Sa il = K
ex M1 K
[ Slicer
£
» Help & Acknowledgement =

Active Volume | dwi

L1

The baseline image
corresponds to the DWI
Component #0.

Select the DWI

» Volume Information

Interpolate: v

Window Level editor presets: Com ponent #1 0, Wh'Ch
" o ‘“TJ 3
U S £2 corresponds to the 10t
W:400 = [Auto WIL s|[L:283 |2 i diffusion Sensitizing
Threshold: of : gradient
-600 * 1390 |2 Pl LS
» Histogram T

v Data Probe

o




Loading the DWI Dataset
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Loading the DWI Dataset
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Loading the DWI Dataset
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Loading the DWI Dataset
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Creating a brain mask
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Creating a brain mask
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Creating a brain mask
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Creating a brain mask
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Creating a brain mask

3D Slicer 4.4.0-2015-05-21
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Creating a brain mask
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Creating a brain mask
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Creating a brain mask
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Creating a brain mask
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Estimating the tensor
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Estimating the tensor
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Exploring the DWI Dataset
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Diffusion Tensor Data

_ ~bgi' D¢,

Stejskal-Tanner equation (1965)

XX Xy Xz
2= 1D yX D yy D yz
D ZX D zy D zz

The diffusion tensor D in the voxel (1,J,K) is a 3x3 symmetric matrix.



Diffusion Tensor

« The diffusion tensor D in each voxel can be visualized as
a diffusion ellipsoid, with the eigenvectors indicating the
directions of the principal axes, and the ellipsoidal
proportional to the square root of the eigenvalues
defining the

« Scalar maps can be
derived from the
rotationally invariant
eigenvalues A1, A2, A3
to characterize the size
and shape of the
diffusion tensor.
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Diffusion Tensor Shape

-

M= A2= A3 AM>> A2, A3 A ~A2>> A3
Isotropic media Anisotropic media
(Cerebrospinal (white matter)

Fluid, gray matter)
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Exploring the DWI Dataset
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Corpus Callosum
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Intermediate mass |
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——
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Pineal body

/ .
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Pia mater

Rostrum
Anrerior commissure
Lawmina terminalis
Optic recess
Optic chiusma
Infundibulum

Corpus mamillare
Oculomaotor nerve

Cerebral aqueduct Choroid plexus

Iourth ventricle

Image from Gray’s Anatomy

Diffusion MRI Analysis Sonia Pujol, Ph.D.

The corpus callosum
Is a broad thick bundle
of dense myelinated
fibers that connect the
left and right
hemisphere. It is the
largest white matter
structure in the brain

NA-MIC ARR 2012-2014



Corpus Callosum
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Characterizing the Size of the
tensor: Trace

Trace(D) = A+ A2+A3

*Trace(D) is intrinsic to the tissue and is independent
of fiber orientation, and diffusion sensitizing gradient
directions

*Trace(D) is a clinically relevant parameter for
monitoring stroke and neurological condition (degree
of structural coherence in tissue)

*Trace(D) is useful to characterize the size of the
diffusion ellipsoid
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Type in the following information in
the 10O menu:

-select the Operation ‘“Trace’
-set Input DTI Volume to ‘dti’

-select Output Scalar Volume
‘Create and Rename new Volume’
and rename it ‘trace’

-click on Apply to calculate the trace
map of the tensor volume
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Scalar Maps: Fractional Anisotropy

JOu= 1) +(R = 2) + (A= 2,)
\/5\/&12+)L§+)L32

FA(D) =

*FA(D) is intrinsic to the tissue and is independent
of fiber orientation, and diffusion sensitizing
gradient directions

*FA(D) is useful to characterize the shape (degree
of ‘out-of-roundness’) of the diffusion ellipsoid

Low FA: >High FA:
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Fractional Anisotropy
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Fractional Anisotropy
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Part 2:
Visualizing the
tensor data
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3D Visualization: Glyphs
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3D Visualization: Glyphs
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3D Visualization: Glyphs
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3D Visualization: Glyphs
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3D Visualization: Glyphs
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3D Visualization: Glyphs
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3D Visualization: Glyphs
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3D Visualization: Glyphs
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Diffusion MRI tractography
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Diffusion MRI tractography
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Part 3:
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DTI tractography

* Definition of a region of interest (ROI) for
seeding tract in an FA map (Editor module)

* Single-tensor tractography (Tractography
Interactive Seeding module)

* Fiducial-seeding tractography (Tractography
Interactive Seeding module)



Diffusion MRI tractography
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Diffusion MRI tractography
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Diffusion MRI tractography
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Diffusion MRI tractography
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Tractography ‘on-the-fly’
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Conclusion

This tutorial guided you
through the different
steps of a Diffusion MR
analysis pipeline, from
tensor estimation to 3D
tracts visualization, for
exploring and studying
the 3D architecture of
the brain white matter.
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