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Computed Tomography (CT)

Hard tissues: bones, teeth \

3D image




Binary
segmentation

3D image
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Surface models
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Waisman vocal tract laboratory



Magnetic Resonance Imaging (MRI)

Soft tissues
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3.0 Tesla GE Scanner
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Mori and van Zijl NMR Biomed 2002

Diffusion Tensor Imaging
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\ > Y The movement of
X — anisotropic water diffusion

can be measured using DTI

The direction of neuronal
filaments in the axon
dictates the movement of
water diffusion.

Microtubule

T~ Axon
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Reconstructed
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Basic cortical anatomy - o epral Spinal Fluid (CSF)

Outer
Cortical |
Surface

Gray —
Matter

Inner White
Cortical| Matter
Surface CSF Gray White




Gaussian mixture modeling with EM algorithm

classes

Skull stripping

MNI Neural network classifier

3 classes



tissue Y
segmentation g &=

surface
extraction
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Blue: inner cortical surface

A massive 3D graph with 1 million nodes



Active contour (snake) segmentation

Corpus callosum modeling

-25

1 2 3 4 5 6 40 -20 0 20 40

Curve registration/alignment

Classification

Linear discriminant
analysis (LDA) 75%
Regression tree 85%




Manual segmentation




Manual segmentation
N

Amygdala shape modeling
Chung et al. 2010, Neurolmage

Amygdala registration via spherical
harmonic representation

Autism vs. control
group difference



Manual hippocampus
segmentation on MRI
template




Not significant, p=0.25 Slope=-98.2; interceptor=930
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Typical question in computational neuroanatomy

Given a collection of images




Each subject has different
brain shape. So how do
we compare shape
difference across
subjects?
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Deformable template framework

Subject | Subject 2 Subject 3 Subject 26 Subject 27

/ Subject 28

deform

ation field
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Motivation for 2D cortical surface matching

|4 year old

|9 year old




0.08

Surface-to-surface registration

Find smooth deformation that
minimizes the goodness-of-fit

spherical map f

spherical map g

minimize f- g




Probability of matching in right central sulcus

1.00 b2l o 0427  0.57] 0714 1.00

3D volume registration 2D surface registration

Chung et al., 2005 Neurolmage



Shape representation
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Extract single tract

parameterlzatlony a0

DTI white matter fiber

tract representation
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Cosine series representation

88.1799 56.6336 5.7367
-12.4775 -11.2552 -2.0791
24336 -15.4428 -0.4021

4.3956
-0.0106
2.1773
0.5808
0.0615
-0.2629
0.7909
0.5458
0.4295
0.2150
0.1584
-0.1557
0.0632
0.0389
-0.0014
0.0004
0.1342

2.2733
-0.0674
-2.4194

0.8390
-0.1893

0.7524
-0.7276

0.6236
-0.4337

0.4157
-0.1973

0.2466
-0.0978
-0.0143
-0.1193

0.0129

0.0002

-0.9354
0.6999
-0.1176
1.2942
0.1188
0.1089
-0.1901
0.6939
0.2185
0.0254
0.0762
-0.1086
-0.0208
-0.0284
0.1970
-0.0198
0.0260

Any tract can be
compactly
parameterized with only

coefficients.
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basis expansion
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Fiber tract clustering
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Cortical Surface Modeling

3T MRI—=""

§ } Y
] - v il K}F »'_‘-,:. 5
- rf‘ ; .:;:‘#- i ‘.-’-T
ol
's \

Spherical angle based coordinate system



Spherical harmonic of degree | and order m

cimP™ (cos 0) sin(|m|p), —l<m < —1,
7 CZTTSPZO(COS 6), =0,
cimP ™ (cos0) cos(m|p), 1<m<l,

Coarse detalil , i, Fine detail




Cortical manifold and function
defined on the manifold

Anatomical manifold M € R?

1 Flattening/
parameterization
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Weighted Fourier Analysis

= scale, bandwidth, diffusion time Input signal




Spherical harmonic representation

Coordinate functions

- 8%

Weighted-SPHARM

e

Coordinates are represented Z Z —l(l+1)t f, Ylm>Ylm( ,C,O)

in a functional form:

/

Surface
flattening

45 mm

-45 mm

[=0 m=—I



Statistical Model:

Karhunen-Loeve
expansion
Cross correlations uncorrelated normal
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Persistent homology based signal detection (IPMl, 2009)

concept coming from algebraic topology, related to Euler characteristic,
Betti numbers, Morse functions, Worsley s random field theory.

0 -
Wags

cortical thickness P

(] = i

Classification accuracy of 96%
using a simple support vector
machine

Best available thickness analysis
technique with Ada-boost 90%

1 1 1
300 400 500




Brain network models Uigeieim .y
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3D Gaussian kernel smoothing
will blur measurements
between A and B in
different hemisphere

i

Need to smooth along the
surface l'

Diffusion smoothing (2001, 2003) "‘\"‘
Heat kernel smoothing (2005) \ ‘:

Most widely used cortical
smoothing techniques



Weighted Fourier
representation of
cortical thickness




Multiscale representation of anatomy

via weighted-SPHARM

0.001

0.0001

X-coordinate



Heat kernel smoothing on surface

O

Heat kernel: K(p,q) = Z 6_)\”% (p)i(q)

K+ f = /M Ki(p,q)f(q) dq

X-coordinate on smoothed with bandwidth
mandible surface |0 and 1269 eigenfunctions
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Longitudinal fixed effect growth modeling

M260-02-00 - M217-02-03 M265-02-05

Growth
rate analysis
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Fixed effect model
treating multiple scans within a subject as independent

displacement = age + gender + group + age*group

max F =254 T
corrected pvalue < 0.001
it inflates statistical significance

Low Income High Income

Displacement | . | al '..'.. ’
(mm) LI Y
3l 3 .0, .|. °a®
2| 2 o ‘\Ji 15‘= oe

Right Hibbocampus

0 100 200 300 0 100 200 300

Age (months
S 10 15 20 25 & ( )



Linear mixed effect model
accounting for dependency of multiple scans within a subject

displacement = age + gender + group + age*group

medial €

front

back

Right Hippocampus

» right

Deformation

Low Income Family

!

min t = -3.3398,
corrected pvalue = 0.025

Deformation

High Income Family

»
!
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Partial correlation mapping
Eye tracking data

=

reaction time (ms)

-

T

Autism

Z-statistic

Partial Corr. |

M0.05

1.00

B0.05
P-value

Control

r=-0.93

Weighted Fourier

representation

88.1799 56.6336 5.7367

2.4336
4.3956
-0.0106
21773
0.5808
0.0615
-0.2629
0.7909
0.5458

-12.4775 -11.2552
-15.4428

2.2733
-0.0674
-2.4194

0.8390
-0.1893

0.7524
-0.7276

0.6236

-2.0791
-0.4021
-0.9354

0.6999
-0.1176

1.2942

0.1188

0.1089
-0.1901

0.6939



Multivariate General Linear Models (MGLM)

Abnormal amygdala shape difference in autism

Pn><3 — XnXpoXS =+ anreriS =+ Un><323><3

Coordinates = Group + Brain + Age + Noise




Thank you

send email for whatever questions




