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Figure 4: Visualization of the label map at the white matter boundary projected out to the cortex.
Each seed point of the corpus callosum has a color-coded label. The label map visualizes the
correspondence between the hemispheres regarding the asymmetry measure. I: corpus callosum,
left side view. 1I: Top view.

Asymmetry Measure by Backprojection

The main problem in defining asymmetry measurements is to determine

correspondence. Establishing correspondence between brain hemispheres is

tackled by several groups (e.g. [4]), but is not well defined, since the brain is not

strictly symmetric and depicts structures which appear only in one hemisphere. The

approach chosen in our application is to project the distances back from the white

matter boundary to the corpus callosum along optimal paths. An implicit

correspondence is given at the corpus callosum, since every point belongs to both

hemispheres. Measurements projected from both sides to a single point on the

corpus callosum can therefore be compared directly for asymmetry. The

correspondence can be visualized with the label map (Fig. 4) which represents the

labels of closest seed points. Points at the white matter boundary with the same

label project back to single points on the corpus callosum. Distance values

collected at every point on the corpus callosum are averaged, resulting in a left and  Figure 5: Visualization of the 3D distance map at the
right callosal distance map. The asymmetry measure is calculated by applying a white matter boundary projected out to the brain
low-pass filter to the difference between the left and right callosal distance maps. ﬁ;ggi’aaxﬂhg‘fgf]otﬁgSdp;n'frg‘igscgf"i[;g%%?grﬁ;%':ge
The asymmetry measure can be visualized as a color-coded 3D mesh (Fig. 6). smaller than the distance range, asymmetry regarding

the distance measurement is clearly visible. I: Top
view. II: Bottom view.

Results on 2D/3D Datasets

The extended F* algorithm has been applied to various synthetic and
real 2D images (e.g. biological images with a predefined symmetry
center such as butterflies, bats, plants, brain MRI slices) to validate its
functionality as well as the correspondence and asymmetry measure.
For all test datasets, asymmetry of our distance measurements was
visually confirmed. Several modifications of the proposed asymmetry
measure were tested, and averaging the distances was judged to be
superior to extrema or median calculations.

Tests with 3D brain images have been performed on a 3D atlas, as well
as on 10 control datasets from a schizophrenia study and 2 datasets
from a database of healthy young individuals (Figs. 4,5,6). In all
datasets, there were significant visual differences between the
hemispheres, which were confirmed by our asymmetry measure.

The correspondence established by our approach is an encouraging
initial estimate, but needs further refinements, e.g. by registration to an
atlas.

Future Work

- Application to full database to study asymmetry in healthy young
individuals.
-2.2mm +8.6mm - Cross-sectional schizophrenia studies investigating the significance of
our asymmetry measure on normalized corpus callosum structures.
Figure 6: Visualization of the asymmetry measure on the - Study asymmetry measure statistics over parcellation of corpus callosum.
corpus callosum as a color-coded 3D mesh. The left callosal - Study asymmetry measure statistics over parcellation of cortex into lobes.

distance map was subtracted from the right callosal map. I: - Correspondence by non-rigid registration to a presegmented atlas.
Side view of mesh. II: Intermediate angle view. Ill: Top view.
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