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ABSTRACT

Automatic labelling and identification of cerebral
structure, such as cortical sulci, are useful inorakegy,
surgery planning, etc... In this paper, a method teae
the valley of the cortical sulci is presented. Bima of the
method is to achieve the sulci medial surface. mie¢hod
applied on MRI data, is based on geometrical featur
(curvature) which doesn’t require the accurate
segmentation of the cerebral cortex. We use a swblv
precision tracking. The minimum curvature vectoeath

- . . . i g
point allows successive displacement along thesyatf Figure 1: Medial surface of sulci superimposed with
sulci. Partial derivatives provide the differential the MRI slice.

characteristics.

2. SULCI AND CURVATURE

Cortical sulci and gyri define gross anatomical
landmarks on the surface of the cerebral cortedciSu
represent the cortical folds. The parts betweersethe
convolutions are the gyri. Physical limits betwesnci
and gyri are not precisely defined, but respedtiggjuare
with concave and convex parts. Curvature is thexd us
separate sulci and gyri. In 3D images, at eachtpbiaf

an iso-surface, there are two principal directiorf§ and

1. INTRODUCTION

Human cortical sulci identification on 3D image is
used in neurology, surgical planning, human brain
mapping... Cortical sulci are landmarks and represent
gross morphology to localise anatomical structuaed
functional areas with respect to these landmariki @re
deep cortical folds and previous works are the raatic fz in tangent plane df which correspond to the maximal
labelling of the superficial trace of the sulci tine and minimal curvaturk, andk (fig. 2) [4].

surface of the braifs]. This paper presents a method to K andSare the gaussian and average curvature:
detect the deep cortical fold without an accurate

segmentation of brain tissue (white matter, greytena K =kiky
cerebro-spinal fluid), using curvature featuresfigni, an
interactive drawing of the medial surface of suisi szm

superimposed with the MRI slice. Unlike works which

start from the outer edge of sulcus to go towaedvidley

[5], we want to propagate the valley toward theeout From differential characteristics of the image weenpute
edge, in the opposite pafs]. Then, the sulcus valley Kand S as following:

detection is an important stage of the processs Th

detection is obtained by 3 dimensions curve tragkin
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They an z components of the vectar are obtained by
circular permutations ofy andz

In case of sulcif2 is along the valleyf2 will be used
to follow the roof of sulci.

Figure 2: (a) Principal curvature on sulci, (b)
Principal curvature on gyri.

3. 3D CURVE TRACKING

Sulci have to be represented as a parametric 3@ cur
i.e. an ordered set of connected voxels (x(t) a(). The
basic idea of the tracking process is to usef@aector,
which give the direction of the next voxel for egubint
of the surface.

To achieve an iterative crest line tracking, wedhee
three notions:

e Starting points, origin of 3D curve.

« A function which determines the next point of the

curve, in local neighbourhood.

« A condition to stop the iterative process.

3.1. Discrete case

In the 3D discrete grid of the image we have ndtice
two main problems.

« In the direction oft,, a voxelV is chosenNow,

there is only a finite number (26) of directions
defined by the local neighbourhood.

Voxels of the surface
of ellipsoidal volume

Voxels of tracking

Real surface of
ellipsoidal volume

Figure 3: Discrete tracking

The tracking only moves in horizontal, vertical and
diagonal directions Hig.4 ) because of this restrictive
choice of next voxels.

e Local curvature values are different from real

values.

These two points lead the tracking process totéail
detect and to extract the sulci.



3.2. Subvoxel tracking d :ag+(1—a)r
ince di ivati . s PmiC

Since discrete d_envatlve vglue are not accuraveigm where [ = PMiC;i
to ensure a precise detection, we used a sub-voxel & ||PMi||
tracking. Voxel notion is replaced by point noti@mce =
the tracking goes step by step with a step smétien . _ _
voxel. The point positions are not in the grid olume, M; are the 8 neighbour voxels Bf C; their respective
so the differential characteristics are computedriigear ~ Curvature. This method is adequate with large dbjec
or better interpolation. without very high curvature values and good SNRthwi

large curvaturef, andr are sometimes opposite, acd

null. So the tracking process stops before the real
termination

Starting points

First, MLvv operator [1][2], similar to average
curvature, is computed. Negative values of MLvv kapt
by thresholding. The image is labelled and eacmeoted ~ €33 R
component is a volume representing one sulcus. The To avoid the previous problem; belong to the
starting points are the voxels with the highesvature in normal plan of fz (Fig.5 ). The effect of'[ﬁ2 must be
each connected component. predominant

Following points

Several functions to determine the next point have
been examined. 3 of them are now presented.

Case 1 f
From a pointP, the next pointN is the point in 2_|
direction of the fz vector, at the distancetep. This P’/

method is adequate in case of simple structures. &i
presents the results on an ellipsoidal structutee first
point of the tracking has been manually chosen.rékalt
is the expected crest line.

S

Figure 5: Direction r in normal plan of f'2

Stopping conditions

This process is stopped when:

e The next voxel is in a gyri area (positive average
curvature value).

« Umbilical area is reached: the principal curvatures
K, andK, are equalt; and t, are not defined in
differential geometry.

e The curvatures are not defined: in area of null
gradient values.

¢ Ajunction with an other sulcus.

Figure 4: In white, the line corresponding to trackng
on ellipsoidal structure. 4. RESULTS

Case 2: MRI of healthy volunteers were acquired on a 1.5
To deal with approximate value of curvature, the Tesla GE Signa scanner using a SPGR sequence

direction is a linear combination betwedn and the  (124*256*256 voxels, 1.3 mm3).

direction of maximal curvature. A new direction
toward the maximal average curvature is addet} to



All the lines corresponding to the sulci valley an
single hemisphere of a brain are visualized on Fig he
bottom image shows the results of multiple sulci
superimposed with a segmentation of the brain.

5. CONCLUSION

We have presented a method to extract roof of sulci
Figure 6: Result on a sulcus with a sub-voxel precision. This method uses MRiitor
data without accurate segmentation of the cerefmaéx.

Fig. 6 shows the result on a single sulcus. The white Roof of sulci are represented as 3D parametric esurv
line is the result of the sub-voxel trackincpge 3). The these curves are easy to statistically handle gverage
grey part is a sulcus segmentation done by thrdsabl  curve, standard deviation) and are used to definatias
maximal curvature. On thibig. 6. The tracking doesnt  of cerebral sulci.
seem to be, in each point, on the roof of sulcesabse of
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Figure 7: Tracking results on one hemisphere.
Without (top) and with (bottom) superimposed
segmentation of the cortex.



