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One of the major problems in functional neuroimaging is

to match anatomical and functional data from different

subjects. Usually this task is performed on

morphological basis coming from MRI. This work intends

to tackle this problem by computing statistical models of

cortical sulci from analytical representations of these

sulci obtained automatically from 3D MRI using the «

active ribbon » method [1]. Our goal is to use these «

local » statistical anatomical models as a substrate to

compare functional recordings coming from different

subjects (e.g. MEG or FMRI). This statistical modeling of

cortical sulci will allows the description of their shapes

and their variability and can be used as constraints to

assist non-linear registration of human brains by inter-

individual matching of anatomy following similar ideas

than those proposed in [2, 3]. In this work, we propose to

apply to neuro-anatomy a general statistical framework

defined for modeling deformable objects [4, 5]. The

model proposed here is devoted to be used for digital

brain atlases.
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Mean Central Sulcus

Modal Analysis
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'OAL�AND�2ATIONALE

One of the major problems in functional neuroimaging is to match anatomical and functional data from different
subjects. Usually this task is performed on morphological basis coming from MRI. This work intends to tackle this
problem by computing statistical models of cortical sulci from analytical representations of these sulci obtained
automatically from 3D MRI using the « active ribbon » method [1]. Our goal is to use these « local » statistical
anatomical models as a substrate to compare functional recordings coming from different subjects (e.g. MEG or
fMRI). This statistical modeling of cortical sulci will allows the description of their shapes and their variability and
can be used as constraints to assist non-linear registration of human brains by inter-individual matching of anatomy
following similar ideas than those proposed in [2, 3]. In this paper, we propose to apply to neuro-anatomy a general
statistical framework defined for modeling déformable object [4, 5]. The model proposed here is devoted to be used
for digital brain atlases.

-ATERIAL�AND�-ETHODS

The principle of this method takes advantage of a learning set built from analytical models representing the same
class of sulci (e.g. the right central sulcus) among a population of individuals. A common referential is automatically
computed from this set of individual sulci in order to define a « local » referential best adapted for the study of the
local variations of this particular class of sulci. Each element of the learning set is aligned to the local referential
using linear registrations. From this basis, the statistical analysis of the different shapes based on an inter-individual
local referential can be performed using a Principal Component Analysis (PCA) procedure. A mean model is first
computed which represents the mean location of the sulcus according to the computed referential (but not specially
the most probable shape). For the shape analysis, deformation modes are estimated from PCA which allows the
reconstruction of 99% of probable shapes typically with as little as 6 to 9 modes (depending of the size of the
learning set). Deformations from one individual to the mean shape or another individual becomes straightforward to
compute ; either by computing the deformation vectors between the different models or by using the eigenmodes of
each individual which characterize the typical shape variation of one sulcus arround the mean model. These modes
can also be used to characterize the probability for a sulcus to belong to a given class of sulci. In extension, the
deformations computed for each sulcus can be applied to functional recordings or any kind of structures assigned
(and close enough) to these cortical landmarks. Preliminary results from this work will be presented at the time of the
conference.

)LLUSTRATIONS

Preliminary results showing the learning set after
registration of 6 right central sulci (left), and the first
deformation mode around the mean model (right).
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