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(a) Template (1 mth)

(b) Average Atlas (1 mth)

(c) POPTRACT (1 mth)

(d) Template (1 yr)

(e) Average Atlas (1 yr)

(f) POPTRACT (1 yr)

Fig. 12. Fiber trajectory reconstruction of the for-
ceps major of the infants at the one month (a–c) and
one year (d–f) time points. The coloring indicates
the probability of finding a fiber at a specific spatial
location. Dark red indicates a high probability that
a particular location is traversed by fibers, and dark
blue indicates otherwise.

4.2 Deterministic Tractography

Probabilistic tractography can be computationally
prohibitive, especially in studies involving whole
brain connectivity [2], [3]. In these studies, whole
brain seeding is often performed and probabilistic
tractography will results in an intractably massive
number of fibers. Our framework can be easily
adapted to function deterministically so as to meet

(a) Template (1 mth)

(b) Average Atlas (1 mth)

(c) POPTRACT (1 mth)

(d) Template (1 yr)

(e) Average Atlas (1 yr)

(f) POPTRACT (1 yr)

Fig. 13. Fiber trajectory reconstruction of the cingu-
lum bundle of the infants at the (a–c) one month and
(d–f) one year time points. The coloring indicates
the probability of finding a fiber at a specific spatial
location. Dark red indicates a high probability that
a particular location is traversed by fibers, and dark
blue indicates otherwise.
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the need of such situations. This can be done by
setting κ → ∞ for all voxels and redefining (7) as

f(D(t)|v(t−1),θ(t)) =1, if D(t) = argmaxD′

{
ρ̄
[D′]
(t)

[
vT
(t−1)µ

[D′]
(t)

]2}
0, otherwise.

(13)

With this formulation, only one fiber trajectory is
initiated for each seed and computation can be kept
to a manageable level.

4.3 Groupwise Spatial Normalization
The registration methods employed in this current
work is pairwise by nature. For unbiased atlas
construction, groupwise registration methods can
be employed [48]–[52]. Bias related to the template
selection can be avoided by considering the popu-
lation of images simultaneously when performing
registration. Our future work would entail evalu-
ating how POPTRACT can be improved with the
use of groupwise registration. The current lack of
which, however, does not affect the conclusion of
this paper.

4.4 Advantages and Disadvantages
POPTRACT allows more accurate estimation of local
fiber orientations for better reconstruction of fiber
trajectories at a population level. But as with the
average atlas based approaches in general, POP-
TRACT has a tendency of reconstructing trajectories
that are common to all individuals but diminishes
meaningful anatomical differences between indi-
viduals. If one is interested in characterizing the
differences in connection topology between indi-
viduals, the clustering and reference tract based
approaches mentioned in the introduction might be
more suitable choices.

4.5 Concluding Remarks
We have presented a tractography algorithm, called
POPTRACT, that is more effective in preserving fiber
crossings and is more accurate in estimating local
fiber orientations. POPTRACT results in more rea-
sonable reconstruction of the fiber trajectories that
are in closer agreement with known fiber bundles.
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