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Diffusion Tensor Tractography for Central Nervous System Anomalies
— Analysis of fiber tracts forming Probst bundle in complete callosal agenesis —
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\ Callosal agenesis occurs as a result of the failure of association fibers to decussate to the
contralateral hemisphere via the callosal precursor, due to a lack of induction by the massa
commissuralis. When the development ol association fibers from the cortical plate is normal,
those which do not pass through the callosal precursor grow caudally along the medial surface
of the ipsilateral cerebral hemisphere and form Probst bundles. This article describes the
arrangement and development of fiber tracts forming Probst bundles in patients with complete
callosal agenesis, using a novel technique of diffusion tensor tractography (DTT), which can
show the orientation of white matter fibers in vivo. The arrangement of neuronal fibers that
form Probst bundle, which are altered hemispheric connection fibers in an acallosal brain, may
support the idea that the growth of the corpus callosum is primarily antero-posterior, with the
genu forming first, then the trunk and splenium, and lastly the rostrum. |
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Fig.1 Schematic drawing of the development
of a Probst bundle.
When the development of association
fibers from the cortical plate (colored
lines) is normal, those which do not pass
through the massa commissuralis (MC)
grow caudally along the medial surface
of the ipsilateral cerebral hemisphere and
form Probst bundles.
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Fig.2 DTT in a 13-month-old female infant without any telencephalic anomaly other than

callosal agenesis.

a: One-ROI method for DTT (from left posterosuperior viewpoint) shows well-developed

Probst bundles in both hemispheres.

b, ¢ :Two-ROI method for DTT (from top viewpoint) shows that the fibers from the prefrontal
area run more along the inner side of the Probst bundle (b, blue lines) than those from a
more caudal region of the premotor area (c, dark blue lines) .

d : Two-ROI method for DTT (from left anterosuperior viewpoint) shows that the fibers from
the orbilal gyrus, which are depicted in the left hemisphere, run along the outermost side

in the Probst bundle (green lines).
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Fig.3 DTT in a 34-year-old man with complete callosal agenesis and cortical dysplasia in the
right frontal lobe.

a: One-ROI method for DTT (from top viewpoint) shows that while the Probst bundle in
the left hemisphere is well-developed, that in the right hemisphere is poorly developed.
Cortical dysplasia is also shown in the right frontal lobe (arrow) .

b, ¢ :Two-ROI method for DTT (from top viewpoint) shows that the fibers from the left
prefrontal area run more along the inner side of the Probst bundle (b, blue lines) than
those from a more caudal region of the premotor area (c, violet lines).

d : Two-ROI method for DTT (from left posterosuperior viewpoint) shows that the fibers from
the left orbital gyrus run along the outermost side in the Probst bundle (green lines).
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