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1 Introduction

The in vivo validation of diffusion MRI (dMRI)-based tractography has been
shown to be a challenging task [Maier-hein et al.]. Therefore, we have been
investigating how 3D Polarized Light Imaging (3D-PLI) could be used as a
validation tool for dMRI-based fiber orientation estimation and tractography.
PLI is an optical imaging technique that provides us with high-resolution fiber
orientation measurements at micrometer scale. For this reason, it has been pre-
sented as a good candidate for the aforementioned validation tasks [Axer et al,
2011, Alimi et al, 2019submitted]. In some previous works [alimi2017,18isbi,
18ismrm,19,19submitted] we introduced an approach to close the resolution gap
between dMRI and 3D-PLI. The study of the brain network from the topolog-
ical point of view has seen an increasing interest in the last years [Sizemore
et al, 2018, Chung et al, 2017]. In this work, we show how tractograms ob-
tained at different spatial scales using 3D-PLI human brain datasets can be
inspected using homology theory to perform a quantitative comparison between
them. In particular, we investigate the persistence of the number of connected
components in brain networks estimated from data at different resolutions.

2 Methods

Analytical Fiber ODF in 3D-PLI : From 3D-PLI dataset, FOD can be recon-
structed [Axer et al, 2016, Alimi et al, 2018isbi, 2019ismrm, 2019isbi, 2019Me-
dIAsubmitted] and computed at different spatial scales by changing the size of
the so-called super-voxel (SV) which allows downsampling the micrometer res-
olutions up to the millimeters (of dMRI). In [Alimi et al, 2018isbi, 2019ismrm,
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2019isbi, 2019MedIAsubmitted] our FOD is analytically described on a spher-
ical harmonics basis and elegantly and efficiently computed via the spherical
Fourier transform and by means of the 2D Diracs delta δ function. This analyt-
ical approach is computationally efficient and allows fast computations of FODs
from 3D-PLI data.

Multi-scale tractography : The FODs can be computed by varying the SV
sizes, allowing to perform tractography at different spatial resolutions. Seeding
from the gray matter - white matter interface we obtained 10 million streamlines
at each resolution with the iFOD2 algorithm implemented in Mrtrix3 [Touriner
et al, 2019]. A weight was associated to each streamline using SIFT2 [Smith et
al, 2015] to re-establish the balance between streamline density and the fiber
density computed from the fODFs. The chosen atlas is defined such as every
voxel in the gray matter - white matter interface is a different region. In this
way, proximity in the atlas is coupled with proximity of the assigned labels.
Finally, a weighted connectivity matrix was computed at each resolution using
the defined streamline weights and atlas.

Homology analysis: The analysis of the homology of the obtained networks
was performed by measuring the persistence of the 0-th Betti β0 on the natural
filtration of the graph. This was achieved by counting the number of con-
nected components of the graph when thresholded at the levels defined by the
unique values of the edge weights in the network. The shape of the obtained
threshold−β0 curves give an insight on the robustness of β0 with respect to the
chosen threshold for a specific network.

Human Brain Dataset: The studied dataset consists of 50 unstained histo-
logical coronal slices of the right hemisphere. Each slice is 70 microns thick
with an in-plane resolution of 64× 64 µm2. Further details about this datasets’
preparation and imaging can be found in [Schmitz et al, 2018]. The SV size
which closes the gap with dMRI resolution has dimension of SV = 25× 25× 25
natines voxels isotropic.

3 Results and discussion

Figure 1 displays the generated stramlines from the 3D-PLI high-resolution data
up to the relatively low dMRI resolution. From (A) to (C), the spatial resolution
decreases however the integrity of the brain fiber pathways are preserved.

The first row of figure 2 shows the connectivity matrices obtained with dif-
ferent SV sizes. Notice the pervasive presence of small communities of regions
at every resolution. This is due to the existence of many U-fibers in the occipi-
tal lobe as demonstrated from histology and dissection studies by [Sachs et al.
1893] and [Vergani et al. 2014] Moreover, the second row of figure 2 shows the
sparsity pattern of the obtained weighted connectivity matrices, highlighting
the presence of weaker connections between further regions. These weaker con-
nections are more present in the connectome obtained with the lowest resolution
from a SV size of 25 × 25 × 25.
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Figure 1: Panels A-B-C show the streamlines passing through the central coronal
slice of the studied dataset with the usual orientation-based colouring. It is
possible to notice the different white matter structures that are generated with
data at different SV resolution. The figure on the top left is the transmittance
image obtained from PLI. The figure on the bottom left is the used white matter
mask.

Figure 3 shows the evolution of the Betti 0 number β0 with respect to the
thresholding level applied to the matrix. The value of β0 for the original con-
nectomes (threshold equal to 0) is 67 for the highest resolution dataset, 64 for
the mid resolution dataset and 63 for the lowest resolution dataset. Since each
region is composed of only one voxel, these differences correspond to minimal
changes in the obtained tractograms and should not be interpreted as struc-
tural differences caused by the diverse super-voxel sizes. Up to a threshold level
of around 15000 units the three curves have a similar behaviour, showing how
thresholding at low levels does not affect the comparability of the β0 features of
the connectomes. On the contrary, as soon as the 15000 units level is reached,
the differences between the number of connected components of the three con-
nectomes become higher, losing comparability between the β0 features. The
comparability is restored for high values of the threshold, where the connec-
tome is reduced to a graph made almost uniquely of isolated nodes. This case
is not interesting for our comparison and is included only to show the correct
termination of the analysis.

4 Conclusion

In the context of defining a validation technique for dMRI-based tractography
by means of 3D-PLI imaging, this work represents an important step bridging
the concept of brain connectivity and the work we did in the last years on closing
the imaging resolution gap. The employed approach makes use of the concept
of 0-th Betti number, allowing a direct comparison of the topology of the brain
networks obtained with data at different super-voxel resolutions. Our results
demonstrated that analogies in β0 between these connectomes may be observed
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Figure 2: The first row shows the weighted connectivity matrices corresponding
to the tractograms obtained at the three studied resolutions. The second row
shows the sparsity pattern of the connectomes in the first row.

only if the corresponding networks are thresholded up to a relatively small
value, hence taking into account both the stronger and the weaker connections
regardless of the chosen spatial resolution. This paves the way for 3D-PLI to
be a potential validation approach for dMRI-based tractography.
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