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Introduction: The use of standard diffusion tensor (DT) models in the brain is based on the fundamental assumption that the diffusion of water
molecules is governed by a Gaussian probability density function [1]. This results in a straigthforward estimation of white matter fiber
orientations as the eigenvector, which corresponds to the largest eigenvalue of the DT. However, in cases where the fibers cross within a voxel,
this assumption does not hold and the fiber orientation will be estimated erroneously [2-5]. As a result, several methods have been developed
recently for resolving multiple intravoxel fiber orientations [2-5]. In this study, a method based on independent component analysis (ICA) is
proposed and its efficiency to estimate the orientations of the two fibre populations is evaluated in simulations.

Theory: We assume N measured DW signals Si, corresponding to different DW gradient directions gi (i=1,2,...,N) and the same b-value b.

ICA analysis: ICA is applied to the Nx3 matrix X = Sigi [6]. ICA is based on the information-theoretic principle and uses mutual information
minimisation (infomax) to find independent signals in the data. It assumes that each fiber population present has independently contributed to the
measured DW signal. The ICA algorithm used in this study is a neural network approach [7]. The aim is to estimate an unmixing matrix W which
will decompose X to three independent signals with maximally non-gaussian distributions. The columns of W represent spatial directions along
which the higher order (>2) moments of X are maximum; the magnitude of each column of W reflects this maximum. Therefore by sorting the
columns of W according to their magnitude, we can determine the directions that correspond to local extrema of the DW signal magnitude.
These directions are then taken as the directions of the constituent fibers. Since X is Nx3, the method can determine at most 3 constituent fibers.
In this preliminary study, we have considered mixtures of two fibres, and therefore the two columns of W with the largest magnitude were used
as an estimate of the directions of the two fibers. W was estimated iteratively and the ICA algorithm stopped when the rate of change in W has
reached a small pre-defined value.

Method: Simulations were developed for two crossing cylindrical fibers of identical shape and diffusivities: 1.9, 0.1, 0.1 (x10° mm?%s); they
both contributed equally to the baseline (b=0) signal using the methods described in [6]. The separation angle ang_o between the two fibers
ranged from 40° to 90°. Four different sets of uniformly distributed DW gradient orientations were investigated (N = 72, 48, 24 and 12, at b-
value = 1.2). The absolute value of the angular difference between the fibre directions retrieved by ICA and the original ones was computed and
it was used to evaluate the efficiency of ICA in resolving the fibre orientations.

Results and Discussion: Figure 1 plots the error in the fibre orientations ——-A---N=72 ‘
estimated by ICA as a function of the original separation angle of the two fibres 10 -

for different sets of DW gradient directions N. —l—N=48

Overall, ICA is able to retrieve the fiber orientations with errors smaller than 5 S N=24

degrees, when at least N=24 DW gradient directions are used. The plot for -8 . ‘ i N=12

N=12 reveals that a small number N of DW directions (N<24) and a small
angular separation between the fibres (ang_0<50° will render the ICA unstable
and the results unreliable, since the ICA error shows wild oscillations.

Although preliminary, this investigation shows that data driven techniques such
as ICA may be used to resolve fibre orientations without an assumption about
the fibre shape (cf the spherical deconvolution method [5]). Furthermore, the
additional information contained in the unmixing matrix W (namely, the
magnitude of its columns) may be used to obtain estimates of the relative
weight of the two fibres in the baseline (b=0) signal, using a back-projection
method.
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This study is ongoing, and several issues need to be investigated in order to
assess fully the merits of the method. Such issues include its noise sensitivity,
and its performance when fibers with different shape and baseline (b=0) signal
contributions are mixed. In addition, given that in theory the maximum number
of fibres that the method can resolve is three fibers at most, its performance in a 90 8 70 . 60 50 40
three-fibre signal mixture could also be assessed. Fiber separation angle (degrees)

Figure 1: Plots of ICA degree error (y axis) as a
function of the fiber separation angle (x axis) and the

Conclusion: A new method for resolving multiple fibre orientations was developed . o
TR number of gradient directions (color coded).

based on ICA. The method was successfully applied in simulated two-fibre DW signals.
Its robustness with respect to varying fiber separation angles as well as number of gradient orientations was also demonstrated. Further
investigations are necessary to fully assess the noise sensitivity of the method.
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