Multi-Fascicle Models for Population
Studies of the Brain Microstructure
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Diffusion imaging can probe the microstructure
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Images of the brain microstructure contain a model in each voxel

The models in different voxels have different parameters
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In most voxels, several fascicles cross each other

Fraction of water
molecules in each
brain microstructure compartment
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Population studies of the brain
microstructure from diffusion imaging

Acquire Estimate Register
Diffusion-Weighted |=——>| Microstructural |——>| Microstructural
MRI Models Models

> Perform
Statistical Analysis




7 e TS PP

et

¢ Y g - 4

RS B + 1 4

o’ I N

L . A

l_l.’
g

di

Ll
e .

&'

3, S’t'at\jésﬁ‘cvél"‘

4. Estimation from single b-value data
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4. Estimation from single b-value data
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Input - > Output
b g DWI signal
New Input : ) "'\""’i:F"redicts the
b, g output ?

—> Compute the generalization error

632 Bootstrap estimator
Scherrer; Taquet and Warfield, IPMI, 201 3



No fascicle

One fascicle

Two fascicles

Three fascicles

Scherrer, Taquet and Warfield, IPMI, 201 3
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As a result, we obtain a reliable and robust
selection of the microstructure model

With motion correction Without motion correction

632
Bootstrap

. [] 3 fascicles

[] 2 fascicles

[l 1 fascicle

B isotropic

Scherrer; Taquet and Warfield, IPMI, 201 3



As a result, we obtain a reliable and robust
selection of the microstructure model

632 Bootstrap

Error Rate
Error Rate

100
Threshold Threshold
(@) (b)
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Scherrer; Taquet and Warfield, IPMI, 201 3
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4. Estimation from single b-value data
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Registration and atlasing
require specific operations

Interpolation

O

b

Taquet et al., [IEEE TMI, in press, 201 3



Registration and atlasing
require specific operations

Interpolation

Averaging A

Taquet et al., [IEEE TMI, in press, 201 3



Registration and atlasing
require specific operations

Interpolation

Averaging

Taquet et al., [IEEE TMI, in press, 201 3



Registration and atlasing
require specific operations

Interpolation
Averaging
Smoothing

Taquet et al., [IEEE TMI, in press, 201 3






We proposed a mathematical framework that includes
image analysis operators for multi-fascicle models

E-step - 0

Cluster 1 Cluster 2

Minimization of the ‘/

cumulative differential relative entropy

Taquet et al., [IEEE TMI, in press, 201 3
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invariant under linear transformations of the log-eigenvalues
Taquet et al, [EEE TMI, in press, 201 3




Our framework enables accurate registration and
atlas construction from multi-fascicle models

Experiment |: Interpolation Error
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Our framework enables accurate registration and
atlas construction from multi-fascicle models

Experiment |: Interpolation Error

Ara

[mm? /s]

B Multi-Channel M Our approach
Taquet et al., [IEEE TMI, in press, 201 3
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Our framework enables accurate registration and
atlas construction from multi-fascicle models

Experiment 2: Scan-Rescan to test the similarity metric

Our metric leads to significantly smaller registration errors

CDF

Accuracy [# voxels]

Taquet et al., [IEEE TMI, in press, 2013



Our framework enables accurate registration and
atlas construction from multi-fascicle models

Experiment 3: 1,440 synthetic field registrations
Our method performs significantly better

Noise level 0.1 0.2 0.3 0.5 I .5
SNR 30dB 24dB 21dB 17dB |1dB 7dB
RMS Error

Multi-Channel

Our Approach

One-tailed paired t-test sk sk ook ook

Standard deviation

Multi-Channel

Our Approach

One-tailed F-test

Taquet et al., [IEEE TMI, in press, 201 3
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We proposed a system of two methods for the

statistical analysis of microstructural features

Fascicle-based spatial statistics

for properties related to fascicles

|. tractography )

2. interpolation

3. selection

4, cluster-based statistics
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3. cluster-based statistics




This finding may point to the hypothesis that autism
results from an autoimmune response.
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Multi-fascicle models cannot be directly
estimated from data at a single b-value

Single gradient shell

-

The problem s ill-posed



All those models produce the same signal




This may result in a waste of effort
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Images and neuropsychological data from 1,400 children
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The population-informed prior significantly
improves the accuracy of the estimation

Experiment 2: In-vivo data
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4. Estimation from single b-value data
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