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PURPOSE

To develop formal testing tools for group
comparisons of DTI maps using eigenvalues
and eigenvectors, or both.

BACKGROUND

*DTI data: 3 x 3 positive definite matrix at each voxel.

* Previous DTI group studies use only scalar measures
(e.g. FA — Deutsch et al.) and principal diffusion
direction (Schwartzman et al.).

* New statistical methods needed for testing full set of
eigenvalues and eigenvectors in tensor imaging data.

METHODS

The space of positive definite matrices:

*E.g:2x2 a c a>0,b>0
case: >0 &
c b ab—c*>0

.10 04 0
X, = X, =
0 04 0 11

a b
Arithmetic Geometric
mean mean
075 0 0.65 0
0 075 0 065
* Straight line violates boundaries.
. stays within space.
Log transform:
* Scalars: log
xeR* velR
exp
* Matrices: log
XeSym*(p) YeSym(p)
exp

* Positive definite matrices are transformed into symmetric
matrices with no restrictions on their coefficients.

X, =VAy = Y, =log(X,)=V,log(4,JV;

Normal distribution for symmetric matrices:
N@O]D N(©,3) NO)
N(O,1) N(0,1)

q=6
(# independent
entries)

* Standard 1

normal: f(Z)=WeXp(f%tr(Zz)) ) Z=| =

* * N0

*Mean M,
variance 62:

* Simulated
example:

Two-sample testing:

ny

; :q(n%z)[;tr(zfz)ﬁ AN

i=m+1

Yl = I/IAIVI" ?2 = VzAsz'a
Y =VAV"

« Estimates (assume
common variance 62):

* Test Hy: M, M, have same eigenvectors
(assume same eigenvalues):

* Test Hy: M=M,:

r=""2 (7 -7,) ~ Flg.q(n-2))

qns H,y 7= n o mA, +n,4, 27/12
(g=p)s® n

* Test Hy: M|, M, have same eigenvalues
(regardless of eigenvectors):

b Flg-p,q(n-2))
T="" (4 -4, 2 F(p.g(n-2)) o
an H,

DATA
EXAMPLE

* Source Deutsch et al.:
2 groups, 6 subjects in
each group.

 Voxelwise test for
equality of
eigenvectors between
group means.

» E.g.: voxel with
direction differences in
corpus callosum /
corona radiata area
(Schwartzman et al.)

Test statistic map

‘ _ Matrix geometric mean across subjects P e
~ . (principal diffusion direction shown) p-values 1 1011021010410

CONCLUSIONS

We have developed an integrated representation of diffusion tensors in log-space including:
» Removal of positive-definiteness constraints.

* A normal distribution for symmetric matrices.

* Formal two-sample tests of full tensor, eigenvalues or eigenvectors. Website:

www.stanford.edu/~armins
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