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White matter changes in TBI
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DTl analysis possibilities
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Voxel-based morphometry

Normalization . Voxelwise
Smoothing .
to template statistics

I. C. Wright, et al. A voxel-based method for the statistical analysis of gray and white matter density applied to schizophrenia, Neurolmage. 2(4):244-252, December 1995.
J. Ashburner and K. Friston. “Voxel-based morphometry---the methods. Neurolmage, 11(6 Pt 1):805-21, June 2000.

F.L. Bookstein. "Voxel-based morphometry" should not be used with imperfectly registered images. Neuroimage, 14(6):1454-62, December 2001.

C. Davatzikos. Why voxel-based morphometric analysis should be used with great caution when characterizing group differences. Neurolmage, 23:17-20., 2004.



The Black Box

So which approach is the right one?

What about specific processing choices?
What statistical test do we use?
How much post-normalization smoothing do we use?

What registration package do | use, specifically,
whatransformation - model do | use and
whatsimilarity metric dlo | use?

Also, does it matter the template choice?



Commonly used templates

MNI152 FMRIB58



Templates: faces as motivation
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Prototypes are attractive because they are easy on the mind.
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Neuroimage. 2010 Feb 1;49(3):2457-66. Epub 2009 Oct 8.
The optimal template effect in hippocampus studies of diseased populations.
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gender?

Neuroimage. 2011 Feb 14;54(4):2854-66. Epub 2010 Nov 20.
Multi-parametric neuroimaging reproducibility: a 3-T resource study.
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Multivariate template construction
FLAIR MTT T2

VASO




students

instructors

Template construction for population studies

Total
template

Time-specific

template

Group-specific

template

This template construction
process gives us a standard
coordinate system for any
within-group or cross-group
comparisons.

To test students vs.
instructors, we use the total
template.

For example, to test pre vs. post in
\the instructors, we use the group-

specific template.



More robust approach to FA normalization

TBSS via T1 template



Registration considerations

LPBA40 u (SD) IBSR18 4 (SD) CUMCI12 pu (SD) MGH10 g (SD)
ART 82 (.35) SPM D .83 (.27) SPM D .76 (.24) SyN 77 (.37)
SyN 60 (.38) SyN 72 (.51) SyN 74 (.51) ART .72 (.45)
FNIRT 49 (.66) [RTK 67 (.53) IRTK 74 (.50) IRTK 61 (.51)
JRD-luid .49 (.66) ART 60 (.70) ART .60 (.70)

[RTK 43 (.63) JRD-fluid .30 (.82) SPM D .27 (.23)
i

D.Demons .13 (.82) D.Demons .27 (.69)
SPM US .11 (.83) JRD-fluid .24 (.66)
ROMEO .06 (.63)
ROMEO 08 (.73) FNIRT . D.Demons .20 (.84)
SPM D .07 (.29) D.Demons .05 (. FNIRT 18 (.81)
JRD-fluid .17 (.81)

One of the most significant findings of this study is that the relative
performances of the registration methods under comparison appear to be
little affected by the choice of subject population, labeling protocol, and
type of overlap measure...ART, SyN, IRTK, and SPM’s DARTEL Toolbox gave
the best results according to overlap and distance measures,

Neuroimage. 2009 Jul 1;46(3):786-802. Epub 2009 Jan 13.

Evaluation of 14 nonlinear deformation algorithms applied to human brain MRI

registration.
, Anderss ani BA, Ashbu nts B, Chiang ensen GE, Col Gee J, He Song JH, Je
Rueckert n P, Vercaut T, Wood n JJ, Parse

age C,
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Not all transforms are created equal

Symmetric Normalization
FSL nonrigid image registration (high resolution

tool (FNIRT) diffeomorphisms)

|. Use medium-DoF nonlinear reg to

pre-align all subjects’ FA
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Similarity metric considerations
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Cortical thickness maps

Gaussian Parzen Windowing
(parametric) {nonparametric)
Prior Probability  Prior Label ; !

Images Image
- - N4 using white

matter posterior

Update probability image

Likelihoods

N4 Bias Initialization
Correction

Input Image(s) ! Label
¢ . ( '::I -
K-Means  Otsu T Propagation

Calculate Posterior =
<__Convergence? >

Probabilities —

Mask Image

IEEE Trans Med Imaging. 2010 Jun;29(6):1310-20. Epub 2010 Apr 8.
N4ITK: improved N3 bias correction.

, Avants BB, Zheng Y, Eg ushkevich e JC.
Dep t of Rad rsity of Pennsy , Philadelphia, PA 19140, USA. ntustison@wustl.edu

Neuroinformatics. 2011 Dec;9(4):381-400.
An Open Source Multivariate Framework for n-Tissue Segmentation with Evaluation on Public Data.

, Tustison ook PA, Gee J
ennim puting an nce Laboratory, University of Pennsylvania, 3600 Market Street, Suite 370, Philadelphia, PA, 19104, USA, sthava@gmail.com.

Neuroimage. 2009 Apr 15;45(3):867-79. Epub 2008 Dec 25.
Registration based cortical thickness measurement.

, Avants sman M, Gee
tment of Rad , University of Pennsylvania School of Medicine, Philadelphia, PA, USA. sudas@seas.upenn.edu
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Sparse Canonical Correlation Analysis (SCCA)
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