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Résumé

Dans cet article, nous présentons une méthode dereneles déformations volumiques du
Corps Calleux (CC) consécutives a la Sclérose Rguels (SEP). Une méthode de segmentation
3 D du volume d'intérét basée sur les modéles dedbles est proposée. Des mesures sont
ensuite réalisées sur ce volume a partir d’'ImageieRésonance Magnétique (IRM) cérébrales.
La variabilit¢ de la forme géométrigue du CC esarifiée. Les déformations des deux
extrémités ainsi que I'épaisseur du corps callenixébé retenues pour valider la méthode. Les
résultats permettent a I'aide du critere établvdlger le taux de déformation causé par la SEP.
Celle ci est testée sur une séquences d'IRM demata différentes étapes de poussées de la
SEP.

Mot Clés :

Segmentation, sclérose en plaques, corps calleagdrie médicale.

Abstract

In this paper, we propose a new methodology fotyaimey the deformations of the Corpus
Callosum (CC) volume associated to Multiple Scler@§1S) lesion. We propose an approach for
3D segmentation of the volume of interest basedle&formable models method. The measures
are carried from the segmented brain volume obdainem MR and the deformation of the
geometric shape is quantified. The deformationtheftwo ends as well as the thickness of the
CC were retained to validate the method. The resllow evaluating the rate of deformation of
the CC among patients from MRI sequences of paterth different level from handicap using

the criterion established in this paper.

Key words :

Segmentation, multiple sclerosis, corpus callosmexlical imaging.
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1. Introduction

Multiple sclerosis (MS) is a chronic inflammatoriseiase of the central nervous system
characterized by early axonal damage leading tmaeent disability in a substantial number of
patients. This chronic neurological disability argoroung adults develops when a threshold of
cumulative axonal loss is reached and central merv&/stem compensatory resources are
exhausted (Ouallet 2001). Despite known clinicatgras (Clarysse 2004), there is considerable
individual variation in the way of MS and its cloal characteristics, and newer mathematical
prognostic models (Inglese 1999) still do not pdevsatisfactory answers regarding long-term

predictability of clinical disability in patientsithh MS.

Particularly, it allows improving patient fellow-upy specifying the diagnosis, the
localization of the lesions and the therapeutic mooimg (Quallet 2004). This prospective
approach is essential in the study of MS in oradebétter understand the evaluation of the
invalidating disease. MS is a demyelinating disedgle central nervous system that commonly
leads to inflammatory and atrophic pathology, andften associated with cognitive impairment
(Benedict 2007, Quallet 2004, Clarysse 2004, Ali881). MS pathology is primarily expressed
as focal lesions in the white matter (WM) of thaibr but the state and progression of the

disease is also correlated with cerebral atropish@f 2008).

Because of its superior contrast, magnetic resendhtR) imaging is the modality of
choice for clinical evaluation of MS. Quantitatianalysis of MR images to measure and
monitor lesion load and tissue has become invaduédal patient follow-up and evaluation of
therapies. In recent studies, a correlation waabéshed between the evolution of the MS lesion
and the shape deformation of Corpus Callosum (@€}He MS patient (Yaldizli, 2010). The
deformations observed in the CC could thus givenditation on the evolution of the MS lesion
and the evolution or proresssion of the handicde TC has a driving role in the connection
between the cortical homologous areas and the comoatiom between the two hemispheres.
The CC connects the frontal lobes whereas the postebes connects the occipital lobes.
Recent work (Fisher 2008, Figueira 2007) associdatedhe handicap the deficiency of
interhemispheric transfer driving and sensory imfation for MS patients.

The atrophy of the CC would worsen with the evalatof the disease, with a loss from
approximately 2% of Corpus Callosum surface per.y€his evolution is independent of the
evolutionary form of the disease, but would be eated with the evolution of the handicap
(Mortola 2007).

2|Page



Few studies compared the atrophy of the CC acogrttinthe evolutionary form of the
disease. A comparative longitudinal study ovee fyears of patients MS-RR (n=75) and MS-SP
(n=53), evaluating an index of the callous atrogBprpus Callosum index), suggested to
include CC atrophy ant its progression during feHap, more marked among patients reached
of MS form (Figueira 2007).

The early presence of Corpus Callosum lesions anfl®) patients would even be
predictive of their risk of conversion towards anidally definite MS. Thus, in a recent
longitudinal study of nearly 158 MS patients, tlaignts not filling the MRI diagnosis criteria
of Barkhof had a risk multiplied by four to develaglinically definite MS (relative Risk of 3.8)
in the event of lesion at the level of the CC (d&2809). This difficulty is due to the diversity o
the of classification methods and to the variabimber of sub-areas studied (Figueira 2007).

In this paper, we propose a new methodology folyamy CC shape that provides a
deformation for MS patient. The method incorpordieth spatial and intensity information to
segment multichannel MR images (T1, T2, T1l GadoFLBEZ) without post-processing.
Although it utilizes multichannel acquisitions, itreag data are not required to model the
intensity distributions, making the algorithm flele@ enough to be applied to data originating
from a variety of pulse sequences. A novel schensebkan introduced to use the information
fused from different input sequences in an efficievay to help active surface based

segmentation process.

Fig.1: Four segments associated to Corpus Callosum.

The CC shape is divided thereafter into differemdgible segments. We propose a method
to establish geometric relations between the varisegments of CC shape. This geometric
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method allows us to establish a criterion to hbkp ¢linician to identify the deformed cerebral

zones of the CC.

2. Corpus Callosum extraction method
We propose a methodology of extraction of the C@mgnpatients affected by MS by the
method of active surfaces. We organized the G€etvon method according to the flow chart
presented on the figure 2.

Acquisition of brain MRI
(T1, 12"

v

Acquisition of brain MRI
(T1 Gado, Flai

\4

Spatial Normalization

v

Intensities Normalization

'

Image Volume
constructiol

<
¥
y

A

Prior Shape knowledge Fusion of Multimodality
MR image:

I

Segmentation and extractio
the shapwof corpuscallosur

v

Extraction of CC
deformable segmen

=)

Criterior

'

Disability ?

Fig. 2. Flow chart for algorithm to detect deforioatof CC shape
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In the following sections, we detail the variousges necessary for the extraction of CC and

to establish measurements of deformations.

Acquisition protocol of MR Images
The database of images used within the framewotkisfarticle was established at the hospital
Saint Philibert (Lomme). It relates to 5 patientsl & witness, for a total of 6 acquisitions.
The protocols of acquisition of the medical images: T1 (TE=150, TR=9600, TI=2200), T2
(TE=150, TR=10000, TI=2200), T1Gado (TE=100, TR=®001=2200), FLAIR (TE=120,
TR=11000, TI=2200), size of the voxels 0.47*0.43*3nm3. The images are coded on
12bits/pixel. In spite of its weak resolution inaad particularly visible artefacts of flow, T2
SENSE OF SMELL is essential to the detection ofléséons of MS, whose contrast is excellent
on MRI sequences. It provides segmentation of ése@hs however it cannot be used alone for
MS. Therefore we also considered the other metloddB2, T1, T1 Gado and T2 FLAIR to
improve the segmentation.
Spatial Normalization
For the needs for the algorithm of extraction, \g® aeed a certification a priori images, i.e. of
the prior probability to belong to certain clasgéshite matter, grey matter, cerebro-spinal liquid)
(Mangin,2000) .
I ntensity Normalization
During acquisition, two identical voxels do not bawecessarily the same intensity. For that, we
used a correction a posteriori of? Skew in the m@uwf the images to limit these variations
during acquisition. The method generally rests omodeling of the image according to the “real”
intensity of the voxel which translates the phykataracteristics. Given a voxel of coordinates
in the MR, its intensity is regarded as being amotad to the real intensity according to:

| =x+e (2)

whereeis the biais, generally considered as a functioﬂnefcoordinate(y, y,z), varying slowly

in the volume of image, and assumed to be mulaplie according with the intrinsic nature of
the subjacent physical phenomena (Magin 2000, 8al2806). In our work we corrected skew
with a method based on a criterion of an entroype {Magin 2000, Prima 2001).

Image Fusion

Lastly, the data resulting from the various methads fused by Dempster-Shafer rules (Bloch
1997) to obtain a volume of spectral image. Indekd, MRI can provide various information
such the form of intensities of images related he &natomy by a variety of sequences of
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excitations (T1, T2, T1Gado and FLAIR) which canegadditional details in order to improve
the clinical diagnosis.

The images obtained, starting from the varioususeges of excitation, are also called
multispectral images. A object volume is composiedanious biological elements. A single MRI
cannot provide complete information on all the edais to be analyzed. Consequently, the
doctors always combine the multispectral informatadnMRI of the same object to interpret

them. The volume of image amalgamated is explddethe segmentation of the CC (fig. 3).

T1 MR Image N Spatial location [y Intensity location

T2 MR Image \‘ Spatial location \‘ Intensity location

Fusion rule

FLAIR MR Image N Spatial location [y Intensity location

T1 Gado MR Image \‘ Spatial location \‘ Intensity location

Multispectral image [

Fig. 3. Flow chart for Fusion of the 4 MRl modiais.

3. Corpus Callosum shape extraction method

Segmentation of image volume

The extraction of the CC shape is very sensitivéheoprotocols used for MRI acquisition. To
extract the shape of CC various approaches arebpmgEriston 2006, Akselrod-Ballin 2009).
The first approach uses active surface based sdgtoenmethod (Horsfield 2007, Akselrod-
Ballin 2009). That makes it possible to use locdbrimation. However, to segment a volume
MRI, an expert makes use of total space informaaiod a priori information of the geometrical
form of CC. This method allows us to introducetalims characterizing space information and
the information of the a priori geometric shapségment the CC. In our case, the equation to be

minimized is in the following form:

E= jkb (x,0V ) da(x +/1jkmcc(x Vo )da(x) +[Kpee (x.V) dx+jkutcc (x,V)dx (2)

\%
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Where da(x) is the element of volume corresponding to the oxe is a weighting parameter

of the prior shape and, (X,GV):1/(1+|DGJ] V|2)is the surfaces descriptor, ar@ is the

Gaussian kernel.

Kionme (X,0V, )i the descriptor of the prior shape which will Hefined below.k, (x,V)

andk,, (x,V)are the descriptors of the inside volume and thsiae of active surface delimited

by surfacev . They are defined as:

k (xV)=log ! (3)
' p(X D\/m cc V' )
1
k (x,V) =log 4)
° p(xov,|v))

The criterion to be minimized characterized theaaed a priori shape. The evolution equation

of the model of active surfaces is obtained bywaerEnergy function (2):

0S _ _kb(x’aV)K_kmcc(X’V)+koutcc(X!V) +/]kformecc(x’0‘/ref) N
O |- D e (0 V) N ¥ (K, (2, V) N)

where N is the unit vector normal to the surface aNg, the normal vector to prior reference

()

shape.

The prior shape descriptd, ,, . .. (x, oV, ) :%dz(x,avref ) = min(%“av -0V,

Zj calculates the

Euclidean distance for maximum similarity betwe®nand the reference surfad¥,, .
Within the levels set framework, the active surfagedel can be formulated by considering that

surfaces are represented by={x =(xy,2) DV,‘(&(X)= 0} The equation of evolution of our

model of segmentation is represented implicitlyhivitthe level set framework:

%:{kb(x,av)/(ﬂgncc (X,V) =Ko cc (X’V)}J(qo)

0t |+ K gmece (X% Vg ) (6)

_/]<Dkformecc (Xa V)’EZ:‘>|B_Z+ (j kb(ﬂ’ VD]’ ¢)>

where J([Jis the Dirac function.
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Alignement of shapes
The surfaces are compared to the reference suafaeach iteration; they must each time be

aligned according to the minimum of the distathic& he parameters of alignment are expressed

in the following form:

‘;/t’ [3(g)d(sreT) (e T)RD g
,U(O):/Jo
% - [3(@)d(mceT)0 (,qu-l-T)( J[[](;fdx o
6(0) =4,
‘;_I_ Jd(uReT) Do (R T gl
T(0)=T,

To have a fast parameter setting we replaced tktardie by a standardized distance:

. I{H(w(mw))ﬂh(w

AT 075 i) ) )

2
Whereh(g)is the normalized Heaviside function define

de (10)

H (D)
H (D)
It is this model of retiming which we used in thefter determining the zones of deformations of

the CC. Indeed, we obtain a reference volume wivitltbe compared to the segmented volume.

Segmentation of region of interest of the CC
We propose to determine the segments of CC byditmving method (fig. 4). From the surface

of the CC, one determines the maximum distancednoééween the two pointdd,,, from this
surface along the sagittal axis which is the ppataxis.

Segment 2

Segment 4

Segment 3

Segment 1

Fig. 4. Partition in 4 segments for the CC.
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An orthogonal projection to leave esplenium (fi).1110 for the first segment and 1/5 (Trunk)
for the second segment and from the 8/10 for tlie a#rthe segment nearest to the segment4.
The segments are noted respectively by, and. sAdeformation can be highlighted by dividing
the average height of segment 2 by the surfacki®fsame segment. This cutting in a 3D space
gives a volume.

Mesure of CC deformation by comparing the segmented volumes

We evaluate the deformations in each zone, the setga volumey__ calculated by the active

surfaces for CC . A volume ratio is calculated twtwo values fixed by cliniciay,,andv,_,

c<y (11)

min Vr max
The values,, , v, depend on pathology to study. The deformationvsmgby:

deformation = 1—% (12)

ref

5. Results

We tested our method of measurement on five patigmffering from MS with various degrees

of handicap and on one healthy case of referenabl€Tl). Cognitive tests and an evaluation of
EDSS score (scale of quotation of the handicapge@lto the MS) among patients preceded the
examination of the CC by MRI. For each subject,amealgamated the four imaging methods

presented below (Fig 5, Fig 6).

\ o
e~ ) - =

T1 modality Traodality
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FLAIR T1GADO
Fig. 5. Example of MR Images issued for 4 Moddaitj€1,T2, Flair, T1Gado).

b) Fused MR images
Fig. 6. Fusion of the MR modalities.

Our model uses the form of reference introducedaihy by medical experts. A priori
assumption of the shape helps our model of seg@mto find the possible deformations of

CC. We presentin the figures 7 a) and 8 a) Hgattal slices of segmented CC.
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a) CC segmentation b) deformation of CC shape.

Fig. 7. Shape deformation of the CC, example 1.

a) CC segmentation b) deformation of CC shape.
Fig. 8 Shape deformation of the CC, example 2.

The division of CC in four segments makes it possiblisolate the deformed segment (segment

2) and to seek a correlation with information oa tlandicap caused by MS (score EDSS).

Fig. 9. Measure of deformation of the CC. In wlite reference shape and in red the form of
the segmented CC.
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Thereafter, we represented the deformations o€en such manner to have a total view of the
consecutive deformations with MS. We representdobmtal view for the knee as well as the
possible deformations in space. A view of splenusngiven as well as the frontal and
longitudinal deformations (fig. 10). The deformasoof the CC are given in the sagittal plane
with the deformations of the organic areas. A qu@inte measurement of this deformation in
terms of thickness ration for segment was 2 contpswdts surface. In Table 1, we calculated
this ratio compared to measurements carried owirgan surfaces. It was observed that the rate
of deformation was relatively strong for the subgewith high EDSS score. On the other hand, a
low rate of deformation would correspond to a we&kSS index. This can correlate the rate of
deformation calculated starting from a volume of Miage and EDSS scores (index of handicap

evaluated by an expert).

Fig. 10. Visualization of the segmented CC.

o s Patien the diseag  Deformatior
AFFEHISI old Sex MS | EDSSijtime in year ratig
1 33 F RR 4 5 14,7%
3 49 F RR 3.5 16 10,1%
4 28 F RR 4 15 11,1%
5 55 F RR 4.5 5 15,3%

Table 1. Deformation measure of CC deformation f& phtient

12|Page



A correlation of 0,802 was found between the valoésthe EDSS and the rate of
deformation, underlining the presence of a positiglation between the rate of incapacity
(EDSS) and the deformation of CC. However the smaithple (five patients) limits this first
encouraging result.
old

7. Conclusion

In this first work, we have proposed a new methbcheasuring CC deformations for MS
patients, this pathology being accompanied vergueatly by a CC atrophy. The extraction of
the CC data was carried out starting from the segatien of the volume of multispectral images
(T1, T2, T1Gado, T2Flair), with a priori assumptiointhe shape. In the second time, the division
of CC volume in four regions using segments (s@yadlows to isolate the area presenting a
deformation. A quantitative analysis of the defotiores of the various segments was carried out.
This deformation was measured by a factor varymgnfwith (for the report of deformation).
This deformation was compared with an index evaigathe degree of handicap of patients
(EDSS, evaluated by the doctor). Thus, a signifigansitive correlation was found between the
degree of deformation and the level of handicap.

However, a more detailed study is necessary inrdalspecify this relation between the
deformations and the handicap. The fusion of otieterogeneous information in the model of
extraction of the deformations of the CC is alsoassary to help the doctor in the interpretation
and the decision-making concerning the assumptioresgonsibility of the patient in connection

with his handicap.
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