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Abstract- Neural connectivity studies are extremely important for
interpreting functional magnetic resonance imaging (FMRI) data
and brain in vivo studies. By assuming that the largest principal
axis of the diffusion tensor aligns with the predominant fiber
orientation in an MRI voxel, we can obtain 2D or 3D vector fields
that represent the fiber orientation at each voxel. An algorithm was
developed for tracking brain white matter fibers using diffusion A
tensor magnetic resonance imaging (DT- MRI), which is the only

approach now to non-invasively study the architecture of white ﬁ @ <:>
matter tracts.
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[- INTRODUCTION Fig.1. Schematic of the tracking algorithm. Each track follows the direction of greatest
Diffusion tensor magnetic resonance imaging (DT-MRI) is the diffusion (double-headed arrows) until it hits the neighboring voxel, at which point it
first noninvasive in vivo imaging modality with the potential to follows the new direction.

generate fiber tract trajectories in soft fibrous tissues, such as the

brain white matter (WM) [1]. By assuming that the largest

principal axis of the diffusion tensor aligns with the predomi-

nant fiber orientation in an MRI voxel, we can obtain 2D or 3D

vector fields that represent the fiber orientation at each voxel,

Fig. (1). The 3D reconstruction of tract trajectories, or tracto-

graphy, is a natural extension of such vector fields [2].

The simplest tracking approach, proposed by mori et. al., shown

in Fig. (2), is to:

1- Define starting region.

2- Define seed region.

3- Follow the primary eigenvector.

The tracking is terminated when:

1- Entering isotropic region, gray matter area. \ i |

2- Angle between two vectors is greater than a set threshold [2, e 'i{ .
P!

3]. }- S

Fig. 2. Mori’s algorithm for single-tensor tracking.
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II-METHODOLOGY
a-Single tensor tracking
a-1 Problem Formulation

a problem was encountered, is that the tract exhibited sharp turns,
Fig. (4).
The termination criteria used were:

e  Fractional anisotropy (FA) index <0.1.

Mori’s algorithm was applied to a WM area from real data
e Angle between two vectors to be connected > 45.

provided by collaboration with Emory University/ Georgia Tech
shown in Fig.(3). When the algorithm was applied to this area,
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Referring to those results, it was a must to look for other track-
ing criteria in order to smooth the resulting tracts. The crite-
rion added was the tensor angle (slope), which is different
from the condition of the angle between tensors. Fig. (5).
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Fig. 4. Tract got from applying Mori’s algorithm
on part of the ROI in Fig. 3
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Fig.5. Different slopes of eigenvectors. a) A vector pointing to X direction. b)
a vector pointing to Y direction. ¢, d) diagonal.

a-2 Methods

When drawing the velocity plot of the two tensors, we obtain
two components, X and Y.

The tracking algorithm implemented was as follows:

If abs(x) component is greater than twice abs(y) component; it
was supposed that the seed point is pointing to X direction,
Fig. (5.a);

Firstly, tracking was implemented in positive X direction, sa-
tisfying the criteria of:
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1- FA>0.1.

2-Angle between the two connected vectors is less than 45.

3- The slope of the vector is in X direction.

Then, the same steps were applied for tracking in the negative di-
rection.

If the y component of the seed is greater than twice the x compo-
nent, then it is supposed that the seed’s slope is in Y direction and
we track in the Y direction, Fig. (5b).

Firstly, tracking was implemented in the positive Y direction, satis-
fying the angle, FA, and slope conditions. Tracking was terminated
when one of the previous conditions was violated.

If the pixel with the highest FA did not satisfy angle or slope condi-
tion, check the pixel with lower FA.

Loop in order to get a complete tract.

Track in the reverse direction applying the same steps above.

If the seed’s x and y components did not satisfy either of the condi-
tions above, then:

For vectors with positive slope shown in Fig. (6), the following
algorithm was implemented:

1- Track in the positive direction, satisfying the criteria of
FA, angle between the vectors, and the slope.

2- The end seed got from the previous step was compared to
neighbors, and connected to the pixel with the highest FA,
to guarantee entering the most anisotropic region.

3- Loop in order to get a complete tract.

4- Track in the reverse direction with the same steps.

For vectors with negative slope, Fig. (7), the following algorithm
was implemented:
1- Track in the negative direction, with satisfying the
criteria of FA, angle, and slope.
2- The end seed got from the previous step is compared to
neighbors and connected to the pixel with the highest
FA provided that this neighbor satisfies the angle
Condition.
3- Loop in order to get a complete tract.
4- Track in the reverse direction with the same algorithm
above.
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Fig.6. Possible candidates to a pixel of a positive slope with the plotted orientation.
The other 4 neighbors are discarded to guarantee smooth fibers.
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Fig. 7. Possible candidates to a pixel of a negative slope with the plotted
orientation. The other 4 neighbors are discarded to guarantee smooth fibers.

b- Multi- tensor tracking:

Recent studies have shown that the diffusional signal decay in
human brain is non-monoexponential and may be described in
terms of compartmentalized water fractions, equation (1) [4].

E(g,)= Z S eXp(_qkTqukT) (1
Where fj is the apparent volume fraction of the voxel with
diffusion tensor Dj. The objective then is to find the set of n
tensors {Dj} and corresponding volume fractions {fj} that best
explain the observed diffusion signal.

Simulations along with datasets were used to track the fibers
in multiple tensors. This work followed the work of Tuch et.
al. [5], Fig. (8), who proposed a model for solving Eq. (1) us-
ing some physiological constraints on the eigenvalues, instead
of using the traditional method for solving Gaussian mixture
problems of this type.

First of all, using the results obtained from single tensor track-
ing, one tensor for each pixel was obtained. From these re-
sults, we have one tensor of the two used for multi- tensor
tracking.

Fig.8. Comparison of the principal eigenvector fields from the (a) single-
tensor and (b) two-tensor fits to diffusion signal from the forceps minor, Tuch
et. al.
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The other tensor of each pixel was generated as follows:
1- In each pixel, generate a tensor D, such that:

D,= [Transpose(R)] x [[ 4, 0, 0], [0, 4,, 0], [0, 0, 4,11 x [R],
where R is the rotation matrix
alnd/?1 = 1.5, /12 =04, /13 = 0.4, and using different angles of

rotation , were chosen randomly between 10" and 60,

- Rotation matrix used:

[[cos (O), -sin (), 0], [sin (6), cos (6), 0], [0, O, 1]] [4].

2- Partial volumes, f;, were generated so that they add one in
each pixel, Eq. (1).

We had two tensors in each pixel then, Fig. (9). The tracking
procedure was implemented as follows:

1. Choose a seed point, one of the two components of a
pixel.

2. According to its slope, select which of the eight
neighbors could be connected to the current seed.

3. Compare the partial volume of the current point to the
partial volume of the candidate point. The next point
on the tract should satisfy the following criteria:

e PV (current seed) - 0.1=< PV (candidate) <=
PV (current seed) + 0.1; this is to achieve
mass balance.

e Angle between two pixels <= 45.

Fig.9. The generated multiple tensors.

III- RESULTS and DISCUSSION
a-  Single tensor Tracking

Several individual tracts were got from tracking in the X,
Y, and the diagonal directions.

Figs. (10), (11), and (12) show different tracts got from the
tracking procedure implemented.
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Fig.13. Tracts of the selected RO, each with a specific color.
b-  Multi- tensor Tracking

Fig. (14) shows 2 crossing fibers resulted form implementing the
developed algorithm.

Fig. 11. Tracking results in Y direction.

Fig. 12. Tracking in diagonal direction

Fig.14. Two crossing fibers resulted from multi-tensor tracking.

Fig. (13) shows all the tracts obtained from the selected ROI
shown in Fig. (3).
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IV- Conclusions

The proposed method of tracking solved the problem of
sharp turns, but in general Tractography needs high signal
to noise ratio (SNR) as the higher the SNR of the image,
the smoother the tracts obtained.

Neural connectivity studies are extremely important for
interpreting FMRI data and have a great impact on brain
in vivo studies.

An algorithm was developed for tracking fibers using DT-
MRI, which is the only approach now to non-invasively
study the architecture of white matter tracts. The algo-
rithm depended heavily on the tensor slope.

Simulations were used along with the dataset for the prob-
lem of multi- tensor tracking.
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