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1 Introduction

Clinicians need to study the effects of new treatments: it is sometimes possible to
detect and quantify those effects by looking at evolutions in the medical images of
a patient over time especially in the case of multiple sclerosis (MS) where lesions
are related to clinical signs [1]. Some methods allow to compare two images to
know where there are differences, typically between the last and the previous
exam [2, 3]. However a retrospective analysis might be done on the whole set of
images to find the moments when evolutions occur [4]. We propose to use the
analogy between an activation in functional imaging (for instance PET, SPECT
and fMRI) [5] and a signal change due to an evolving multiple sclerosis lesion.
Voxels corresponding to evolving pathological areas are named ELV (Evolving
Lesion Voxels) in this abstract.

2 Method

First of all we have to pre-process the image series: geometrical alignment [6]
and temporal bias correction using the joint histogram of two images.
Considering the shape of ELV profiles over time (Fig. 1-a), we use a kind of
asymmetric Gaussian (Fig. 1-b) with five parameters: amplitude, mean, rising
time, decreasing time and vertical offset, f(x) = p1× exp(−g(x−p2)2)+p5 with
g(x) = p3×(x+

√
1 + x2)+p4×(x−

√
1 + x2). This model is fitted on a training

set of ELV profiles and normalized to obtain an average model of evolving lesions
(Fig. 1-c). The analysis is computed independently for each time point, thus
resulting in as many analyses as the number of temporal images. Those separate
analyses are due to the necessity to have enough data to preserve sensitivity.
For each analysis, first the best linear combination of the average model and
a constant value is estimated for each voxel (Fig. 2). Then we proceed to the
statistical inference stage (using a t-test).
Thus our method takes into account both temporal and spatial cohesion of the
evolving pathological areas: the temporal cohesion is due to the use of a temporal
signal model of voxels in evolving lesions, and the spatial cohesion comes from
the statistical analysis method that makes it possible to compute probabilities
for clusters of voxels.
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Fig. 1. a) typical curves of evolving pathological voxel over time are composed
of a rising part and a decreasing part. b) An instance of our model of evolving
profile with five parameters. c) Normalized training set of profiles with the fitted.
average model
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Fig. 2. General linear model

The described statistical analysis was applied on a time series of 24 T2-weighted
MRI acquired over one year1. sagittal coronal axial
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Fig. 3. It is possible to superimpose evolving ar-
eas on an original image of the series.

Each image has a size of 256×
256× 54 with a voxel size of
0.9375 × 0.9375 × 3.0 mm3.
We used the freely available
SPM99 package2 for the sta-
tistical analysis. We only kept
the clusters which sizes have
a probability smaller than 0.01.
This new approach for detecting MS lesions combines temporal (model of ELV
profiles) and spatial cohesion (SPM framework) providing promising results.
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