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Abstract—The corpus callosum (CC) is an anatomical structurelisruption of nerve impulses along nerve fibers connecting the

that bridges the two brain hemispheres. It contains white matter tradigo brain hemispheres and a decrease in the cross-sectional
that participate in inter hemispheric communication. In multiplearea of the CC

sclerosis (MS), the CC can have discrete lesions (MS plaques) or
generalized tissue loss (atrophy), both of which affect the CC size. 1. PREVIOUS WORK
However, detection of changes in CC size depends on accurate ) . .
identification of the mid-sagittal plane (MSP) in three dimensional Previous work on studying the effects of MSP perturbation
space. We determine the error introduced in CC area when timn CC area calculation does not take into consideration the
plane of measurement is altered. Our contribution is the study of tegfects of different image interpolation schemes on the error
effects of plane alteration and image interpolation. The interpolatiog, o 5o\, rement [3, 9, 10, 11]. Our primary contribution is the
techniques investigated are tricubic, trilinear and nearest neighbor, dv of the eff f both the MSP al . dthe i
For measuring this error, we semi-automatically segment the CC _ﬁl}u yo t_ e effects of both the - alteration an_ the Ima_ge
an MR volume. The voxels of the segmented volume are codedr§grpolation on the CC cross-sectional area. The interpolation
binary values based on their position either inside or outside titechniques investigated are tricubic, trilinear and nearest neigh-
CC. We then generate an MSP though reslicing and resampling of §§8r. For measuring this error, we perform interactive semi-
volumetric dat{?\ for varying values of MSP orientation and tranSIat'oﬁutomatic segmentation of the CC located in the MR volumes.
parameters. Finally we calculate the area of the CC whose cro% h f - - . . -
section is embedded in the MSP. e chose to perform lnteractlvg seml-autom.atlc segmentation
Keywords—Medical image analysis, interpolation, corpus callofather than using fully automatic segmentation methods such
sum, multiple sclerosis, mid sagittal plane, area calculation. as active appearance models [3, 14], active contour models [12,
15] or level set based methods [13, 16] because our selection
I. INTRODUCTION of interactive semi-automatic segmentation ensures that the
The CC and the MS are discussed in section |, sectiggmentations are guided and driven by human observers and
Il focuses on the previous work, section Ill deals with théhat our measurements are free of errors introduced due to
calculation of the introduced error in cross-sectional CC ar@8Y inherent inaccuracy of the fully automatic segmentation
due to MSP perturbation and image interpolation, sections Algorithms. In [3] the CC cross-sections embedded in the MSP

and V provide the results and the conclusions, respectivelyare segmented after each perturbation of the MSP whereas in
our approach we initially segment the CC bridge in 10 sagittal
A. Corpus Callosum slices for each MR volume and then perform the subsequent
The CC is easily identified (figure 1(a)) in the mid-sagittd!SP perturbations without any further segmentations. This
p|ane on magnetic resonance |mag|ng (MR|) The CC conneéfgsures that there is a smaller number of Segmentations to be
the two brain hemispheres by acting as a bridge for the int@erformed in our approach and due to this smaller number we
hemispheric nerve fibers. The CC contains millions of nen&&n more easily perform expert verification of the correctness
bundles transmitting nerve impulses between the hemispheffsthe segmentations.
A decrease in the cross-sectional area of the CC reflects a . METHODS
loss of the inter-hemispheric nerve fibers and consequently a o
decrease in the nerve impulses. A. Reference Coordinate System
The reference coordinate system used for describing the
MSP perturbations is based on the widely used Right-Anterior-
Multiple Sclerosis is an auto-immune disease of the braBuperior (RAS) [2] convention. We select the center of the
and the spinal cord (central nervous system) [5]. In MS, theiman brain as the origin of the coordinate system (figure
immune system attacks the central nervous system causlil)), the positive X-axis extends from the origin towards the
inflammation and atrophy in the protective myelin coveringght direction, the positive Y-axis extends from the origin
around the nerves. The atrophy occurs in multiple patchestowards the anterior and the positive Z-axis extends from the
the central nervous system. In the CC, this atrophy can causarigin towards the superior.

B. Multiple Sclerosis



(a) CC in human brain (b) RAS based reference coordinate sys- (c) Segmented CC
tem

Fig. 1. Demarcated Corpus Callosum in human brain

B. Data Transformations

Experiments for measurement of the effects of MSP alter-
ation and image interpolation are performed on MR brain vol-
umes of MS patients acquired using a 3D inversion-prepared
spoiled gradient echo (SPGR) MRI sequence. Each volume is
of dimensionsl28 x 256 x 256 voxels along the X,Y and Z
axes. Each voxel hak25 x 0.976 x 0.976 mm size along the
three axes.

Since the acquired MR volumes have anisotropic voxel size,
we perform super sampling of the MR volumes in order to
obtain volumes with isotropic voxel size 6f976 x 0.976 x
0.976 mm, the super sampling changes the dimensions of each
MR volume to164 x 256 x 256 voxels along the X,Y and Z
axes. The super sampling is carried out using tricubic image
interpolation. The choice of tricubic interpolation is due to its
accuracy for reconstruction of medical images [7,8].

Fig. 2. MSP alteration through change of elevation

C. CC Segmentations

Semi-automatic segmentation of the CC in each MR volume
is performed using Amira’s Image Segmentation Editor (Mer-
cury Computer Systems, Inc). The segmentation is performed
only in the 10 center-most sagittal slices in each volume.
Voxels inside and outside the segmented CC boundary are
assigned binary image values 1 and 0, respectively (figure Fig. 3. MSP alteration through change of azimuth

1(c)).

D. Calculation of Effects of MSP Selection and Interpolatiofiih the positive Z and Y axes, respectively. Therefore a 90

The position of an MSP in an MR volume is dependent othegree change in elevation angle converts a sagittal plane (Y-Z
its translation and orientation parameters. The translation giine) into an axial plane (X-Y plane) whereas a 90 degree
an MSP is defined as the position of the MSP from the origthange in azimuth angle results in the conversion of a sagittal
along the X-axis. Orientation of an MSP is dependent on bogiane (Y-Z plane) to a coronal plane (X-Z plane).
the elevation and the azimuth angles of the MSP [3]. Changed~or each MR volume the sagittal slice at slice position 82.5
in the elevation and the azimuth angles of an MSP are showrthe 164 sagittal slice volume with O degree elevation and 0
in figures 2 and 3, respectively. More specifically if an initiatlegree azimuth is considered as the reference MSP because it
Y-Z plane is rotated around Y and Z axes, then, the elevatiemlocated in the center of the volume and therefore provides
angle and the azimuth angle are the angles that the plane make®nvenient reference. It is also more likely to be in close




proximity of an anatomically correct MSP. due to image interpolation. The cross sectional area of the CC

A set of perturbed MSPs relative to the reference MSP énbedded in each of the MSPs is calculated by summation
generated through reslicing and resampling of the MR volunoé the image intensities for each MSP and multiplication with
for given sets of values for the translation, elevation arttie pixel resolution.
azimuth parameters.

In our experiments, the translation range for the perturbed
MSP is chosen to be the spacing of a single sagittal slice
(0.976 mm) inclusive on both sides of the reference MSP
with a step size equal to one half of the sagittal slice spacing 4
(0.488 mm). We chose this translation range because it lies in
the center of an MR volume and the CC has a well defined
shape and boundary in this range. Choosing a smaller step
size of 0.097 mm (0.1 sagittal slice spacing) or 0.195 mm (0.2
sagittal slice spacing) is possible. However this will result in
a larger number of samples in our selected translation range,
thus increasing the computations and running time of our
experiment.

The range for both the elevation angle and the azimuth
angle was chosen from -2.0 to 2.0 degrees inclusive with a
step size of 0.2 degrees. We perform our experiments with % 815 ézslicepositiosnz‘-(ilongxfaxié)?) 55 B
a full factorial design and for each MR volume we have 5
different translation values, 21 different elevation values and
21 different values for the azimuth. This generates21 x 21 Fi9: 5 Mean and standard deviation of percentage change (%) in CC area

. across the 15 MR volumes for tricubic interpolation plotted against change
or 2205 unique perturbed MSPs for each MR volume. in translation

These perturbed MSPs may not lie at the sampled data
points in the MR volumes, therefore image interpolation is
performed to obtain the image intensities at different MSP po-
sitions, The interpolation techniques used are tricubic, trilinear
and nearest neighbor. The use of three different interpolation
techniques for each of the 2205 perturbed MSP positions 4
results in2205 x 3 or 6615 MSPs.

Change in area of CC

Change in area of CC
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Fig. 6. Mean and standard deviation of percentage change (%) in CC area
across the 15 MR volumes for trilinear interpolation plotted against change
in translation

Fig. 4. (Left) Binary MR volume of the human brain, the segmented CC has
intensity 1 and is shown in this figure by an iso-surface where as the rest of IV. RESULTS
the human brain has intensity 0 and is shown as transparent. (Right) A mid ’

sagittal plane passing through the CC bridge. MSP generation and CC area calculation was carried out for
15 MR brain volumes of 5 MS patients with 3 scans for each
patient. For each volume, the cross-sectional area of the CC
embedded in the reference MSP (sagittal slice position 82.5,
Although the segmented data volumes were binary but tBedegrees elevation angle and 0 degrees azimuth angle) was
image intensities at the MSPs are no longer strictly binaghosen as the reference CC area. The mean cross-sectional CC

E. CC Area Calculation
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Fig. 7. Mean and standard deviation of percentage change (%) in CC aFég. 9. Mean and standard deviation of percentage change (%) in CC area
across the 15 MR volumes for nearest neighbor interpolation plotted agaiastoss the 15 MR volumes for trilinear interpolation plotted against change

change in translation in elevation
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Fig. 8. Mean and standard deviation of percentage change (%) in CC afég 10. Mean and standard deviation of percentage change (%) in CC area
across the 15 MR volumes for tricubic interpolation plotted against changéross the 15 MR volumes for nearest neighbor interpolation plotted against
in elevation change in elevation

area change due to perturbation of the MSP was 2.67% withviation. The azimuth angle and slice position were kept
a median change of 1.98%, and a standard deviation 2.47%onstant at O degrees and 82.5, respectively.

Figures 5-7 display the mean percentage change in crossFigures 11-13 display the mean percentage change in cross-
sectional CC area of the 15 MR volumes against the M3ctional CC area against change in azimuth angle from -
translation range for tricubic, trilinear and nearest neighbor i8-0 degrees to 2.0 degrees for tricubic, trilinear and nearest
terpolations, respectively. The error bars represent the standaethhbor interpolations, with the error bars giving the standard
deviation of the change in cross-sectional CC areas among tlewiation while the slice position and the elevation angle are
15 volumes at different slice positions with constant elevatideept constant at 82.5 and 0, respectively.
and azimuth angles of O degrees. As stated above, the figures 5-13 represent the mean per-

Figures 8-10 display the mean percentage change in crassatage change in cross-sectional CC areas and the standard
sectional CC area against change in elevation angle frongleviations. However, these graphs do not display the maximum
2.0 degrees to 2.0 degrees for tricubic, trilinear and neargstrcentage change in CC areas. We show the CC areas with
neighbor interpolations, the error bars represent the standardximum changes in tables 1 to 4. The CC areas which have
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Fig. 11. Mean and standard deviation of percentage change (%) in CC argg 13. Mean and standard deviation of percentage change (%) in CC area
across the 15 MR volumes for tricubic interpolation plotted against changeross the 15 MR volumes for nearest neighbor interpolation plotted against
in azimuth change in azimuth

Table 1. CC area with highest change as percentage of CC area in reference
slice (elevation from -2 to 2 degrees, azimuth from -2 to 2 degrees)

Slice Position| Tricubic | Trilinear | Nearest
T 81.5 115.67 113.33 | 117.14
82.0 115.16 112.78 | 117.14
§ gl 82.5 112.70 110.84 | 115.74
5 83.0 88.47 89.30 87.32
% or : 83.5 87.23 88.26 112.17
g
5] Sl

have a more profound influence on the calculated CC areas, yet
it is clear that the choice of the interpolation technique also has
a definite effect on the calculation. Since the goal of measuring
85 > 15 1 05 o o5 1 15 2z 25 CC areas for different pathologies is to isolate the effects of
Azimuth angle these pathologies on the CC, therefore any future study which
focuses on CC area calculations must ensure that the error

Fig. 12. Mean and standard deviation of percentage change (%) in CC airrtroduced due to MSP perturbation and image interpolation
across the 15 MR volumes for trilinear interpolation plotted against changgz minimized.
in azimuth
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