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Fiber Tract Mapping
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Deterministic methods

1. Connect voxels (Conturo)

2. FACT (Mori,DTI Studio)
3. Path integral (Basser, Tuch)
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Connect voxels

(Conturo, 1999 PNAS)

Resample tensor
(eg from 2.5mm to .5mm)

Follow voxel in direction

of PEV (both directions)

Stop when FA low

0.5 mm super-sampled data




Connect voxels

(Conturo, 1999 PNAS)

Resample tensor

0.5 mm super-sampled data

(eg from 2.5mm to .5mm)

Follow voxel in direction

of PEV (both directions)

Stop when FA low



Fiber Assignment by Continuous Tracking (FACT)
(Mori 1999)

Critique of Connect-the-voxels

L

=

Start at seed and follow
PEYV until hit edge of voxel

Move to next voxel tensor,
repeat

Interpolate between data points






Critique of Connect-the-voxels




ORIV,

Mori & Zhang, Neuron 2006



Path Integral method
(Basser 2000)

PEYV direction is considered

to be path tangent






Streamlines

Flow vector field Principal eigenvector field
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Streamlines

Flow vector field Principal eigenvector field




Streamlines

Path traced by a massless particle in a velocity vector field

»

R. Unterhinninghofen, et. al.



Streamlines

Termination criterion:

r
€1 (TS) 4 1. Minimum FA
2. Maximum curvature
T3 3. Maximum fiber length
€E1(To . g
( )/Y 4. Specified final point

r2
€] (T’ 1 ) Constant step size

T1 (typically 0.5 voxels)

ei(ro)/ ..



Streamlines

1. Deterministic

2. Integration of principal eigenvector

3. Requires only diffusion tensor D but
does not depend on underlying model for
diffusion (i.e., can be any type of fiber)



Streamline Tractography

Space curves (Basser, et. al.)

dr(s)
ds {s)

r(s) = trajectory
t(s) = tangent to r(s) at s

s = arc length

Assert: Principal eigenvector lies in direction of tangent



Streamline Tractography

Assertion: Principal eigenvector e; lies
in the direction of the tangent %(s)



Streamline Tractography

dr(s)
- = ts)

can then be written

dr(s)
) — e (r(s)




Streamline Tractography

dr(s)
) i (r(s))

Solve for 7(s) with initial condition

r(0) =1r,



Fuler’s Method

dr(s)
) i (r(s))

Solve for initial conditions

r(0) =1r,



Streamlines
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Streamlines: Trouble Ahead?

Nz

JI—

ZI

path ambiguity crossing fibers



Tensorlines

Taking into account regions of low FA

Vout — D Vin

Fiber direction 1s deflected by tensor
in direction of principal eigenvector

ﬁout

4 D






Anisotropy Indices

: spherical
linear _

Let Ay > A2 > A3 > 0.

o Linear: Ay > Ay ™ Ag

e Planar: Ay ™~ Xy > A3

e Spherical: Ay ™~ Ay ™~ Ay



Anisotropy Indices

. A1 — A2 .
— inear
l A1+ Ag + A3
Cp = 2(A2 = X3) planar
PUd A 4 s
3A3
. — herical
C N T spherica

Westin, et. al.



Tensorlines

Weighted average of tensor deflected vectors

Vnew = V1 + (1 — ¢)0

Vout = D Vin Weinstein, et. al.


















Tensorlines

Weinstein, et. al.



Radiology

Validation

Special Report

Setsu Wakana, MD
Hangyi Jiang, PhD

Lidia M. Nagae-Poetscher,

MD
Peter C. M. van Zijl, PhD
Susumu Mori, PhD

Fiber Tract-based Atlas of
Human White Matter
Anatomy'

Two- and three-dimensional (3D) white matter atlases were created on the basis of




Occipital seeds

Dougherty PNAS 2005



Tracking through corpus callosum

Left occipital seeds Right occipital seeds

Dougherty PNAS 2005



Probabilistic tractography

e Take into account the uncertainty of fiber orientation

e Allows multiple paths

* Schemes based on

- Regularized stochastic models
- Linear state space models

- Bending energy models
- Monte-Carlo methods




Probabilistic tractography

FSL's FDT (Behren’s et.

Assume partial volume mode

al.)

for voxels:

Some fraction f gray matter (isotro:

vic) diffusion and

the remaining fraction (/-f) 1s white matter

(anisotropic) diffusion

~

= fe "+ (1= e



Probabilistic tractography

tensor model!

O\l NOT the diffusion
/

Only models diffusion along fiber direction



Probabilistic tractography

D — RDARt assumes same d!

S

|
S O
o OO
o OO

Behrens, et. al.



Probabilistic tractography

A= RAR!
1 0 0
A=|0 0 0
0 0 0

Behrens, et. al.



Probabilistic tractography

signal model parameters: £ = {0, ¢,d, o, f, s, }

n

P(yl¢, M) = [ | P(yil¢, M)

1=1

Yy = {y17y27---7yn}

P(yz|£7 M) - N(qu, 0') Behrens, et. al.



Probabilistic tractography

Py, M) =

Bayes’ Theorem

&, M

(€

fgp(y

& M

)

P
P

(€

M)d¢

P(&|ly, M) = joint distribution of the parameters &
P(&|M) = prior distribution of the parameters &

Seek maximum posterior probability of parameters



Probabilistic tractography

Generation of connected regions

Dyrby, Neurolmage 37 (4) 2007



Probabilistic tractography

Seeding with constrains on path

Dyrby, Neurolmage 37 (4) 2007



Probabilistic tractography

Brain 2 Brain 3

Reproducibility
Dyrby, Neurolmage 37 (4) 2007



Probabilistic tractography

Multifiber

Behrens, Neurolmage 37 (4) 2007



Probabilistic tractography

Advantages

1. Can represent uncertainty in fiber direction

SO can go In many directions

2. Robust to noise. Tracks along “noisy” paths tend

to be of low probability and so disperse.

These have the etfect of reducing t

ne 1mportance

of curvature and anisotropy stop;

DINg criteria



Probabilistic tractography

Interpretation:

Connectivity PDF 1s not distribution of connections
from a seed point.

It 1s confidence bounds on location of most probable
single connection
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3D presentation of the ODFs in Matlab




3D presentation of the ODFs in Matlab
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Track density imaging
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The challenge of mapping the human
connectome based on diffusion

tractography
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P-B-s-w-H-4 H

Real MRI image Tractography Bundle Synthetic Combined Synthetic diffusion-weighted
segmentation bundle model synthetic model and T1 image




Lab location of teams
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Valid connections
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Overview of VBs and IBs and examples of invalid streamline clusters
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Valid connections
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lllustration of Unordered selection of Hypothetical
imaging information potential tract hypotheses ground truth
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(B) Local level

(C) Global level




Synthetic phartom data In vivo HCP real data
Valid bundles throug~ bott eneck Stream ines through battlensck

Synthetic phartom data In vivo HCP real dala
Invalid tundles thraugh bottl2neck (selection) Suggested tundles thraugh hottl2necs (selection)







