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Abstract

Introduction: Optic radiations are tracts of particular interest for neurosurgery, especially for temporal lobe
resection, because their lesion is responsible for visual field defects. However, histological and MRI studies
found a high inter-subject variability of the optic radiation anatomy, especially for their most rostral extent
inside the Meyer’s temporal loop. We aimed to better assess inter-subject anatomical variability of the optic
radiations, in order to help to reduce the risk of postoperative visual field deficiencies.

Methods: Using an advanced analysis pipeline relying on a whole-brain probabilistic tractography and fiber
clustering, we processed the diffusion MRI data of the 1065 subjects of the HCP cohort. After registration in a
common space, a cross-subject clustering on the whole cohort was performed to reconstruct the reference optic
radiation bundle, from which all optic radiations were segmented on an individual scale.

Results: We found a median distance between the rostral tip of the temporal pole and the rostral tip of the optic
radiation of 29.2 mm (standard deviation: 2.1 mm) for the right side and 28.8 mm (standard deviation: 2.3 mm)
for the left side. The difference between both hemispheres was statistically significant (p=1.10%).

Conclusion: We demonstrated inter-individual variability of the anatomy of the optic radiations on a large-scale
study, especially their rostral extension. In order to better guide neurosurgical procedures, we built a MNI-based
reference atlas of the optic radiations that can be used for fast optic radiation reconstruction from any individual
diffusion MRI tractography.
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Introduction

Optic radiation's initial anatomical description originates from the French neuroanatomist Louis-Pierre Gratiolet,
who described those tracts from their origin from the lateral geniculate body to their termination around the
calcarine sulcus. The anatomical knowledge was then reinforced by other post-mortem studies, including
Flechsig in 1896 and Meyer in 1907 who described their most rostral part within the temporal lobe, actually
known as the “Meyer temporal loop”. This rostral part is the most vulnerable part of the optic radiations, and is
particularly vulnerable to temporal lobe lesions or temporal excisions. When damaged, the rostral optic radiation
bundle interruption results in a specific visual field defect: a superior homonymous quadrantanopia. This tract
has been shown to have a high inter-subject variability in dissection studies performed in small cohorts of
subjects [5, 26, 28], especially regarding its rostral extension within the temporal lobe. Knowledge of this
individual variability of the optic pathways is crucial but cannot yet be determined by autopsy studies which are
necessarily limited in the number of subjects studied.

Postoperative visual field defect remains frequent after temporal lobe surgery, concerning 15 to 50 % patients
after a mesial temporal resection in patients with drug resistant epilepsy, related to an hippocampal sclerosis for
most of them [16, 22, 27]. Visual field defect has been more frequently reported after left-sided surgery [16],
suggesting a possible left-right difference in temporal loop extent. Nowadays, in vivo studies of brain white
matter fiber tracts are possible thanks to diffusion MRI, which enables the estimation of the fiber direction in
each voxel and the reconstruction of the white matter tracts using tractography algorithms. Fiber tractography
might be used to better plan the surgical extent and thus reduce the visual field defect risk [34], since surgery
seems more efficient when an intraoperative visualization is available [38]. However, the actual use of pre-
operative optic radiation tractography is still limited by different parameters which make the comparison
between studies difficult: i) the differences in hardware MRI systems ii) the tractography algorithms and iii) the
sample size of the studies. Due to these limitations, diffusion MRI tractography, when used, still fails to avoid
postoperative quadrantanopia in around 25% of patients undergoing medial temporal lobe surgery.

In this study, we used a probabilistic tractography method in a large cohort of 1065 healthy subjects to better
assess inter-subject anatomical variability of the optic radiations and more specifically improve the anatomical
knowledge of the temporal loop and better assess the potential inter-hemispheric variability. For this, we built a
reference optic radiation bundle registered in the MNI template space, which can be used for fast optic radiation
reconstruction from any diffusion MRI tractography in order to guide neurosurgical procedures and reduce the
risk of postoperative visual field defect.



Methods
Database

We used the brain MRI dataset from the Human Connectome Project (Q1-Q4 release, 2015) acquired by
Washington University in Saint Louis and University of Minnesota [39]. This database includes 1065 healthy
subjects aged from 22 to 35 years, who all underwent an anatomical T1-weighted (T1w) with a 0.7mm spatial
isotropic resolution and series of diffusion MRI (dMRI) scans using 3 different b-values of 1000, 2000, and
3000 s/mm?2 and 90 diffusion directions per b-value shell, with a 1.25mm spatial isotropic resolution, conducted
on a 3T MRI scanner. The data were already preprocessed and corrected for eddy current and susceptibility
artifacts.

Individual subject analysis

We designed an analysis pipeline for processing the dMRI data, based on the Ginkgo toolbox developed by the
CEA/NeuroSpin team freely available at https://framagit.org/cpoupon/gkg, which performs several successive
steps for each subject.

The first step was the registration of each subjects’ brain MRI to a common space, using the subject’s
anatomical T1-weighted acquisition and the MNI (Montreal Neurological Institute) ICBM 2009¢ non-linear
asymmetric template as a reference template. Registration was performed with the ANTS (Advanced
Normalization Tools) toolbox, using a diffeomorphic transformation based on the Symmetric Normalization
(SyN) approach [3].

The second step was the computation of the Diffusion Tensor Imaging (DTI) model [4] and the diffusion
Orientation Distribution Functions (ODF) using the analytical Q-ball model [11] for each voxel of the brain.
The third step was the computation of a whole-brain tractogram from the ODF map, using a probabilistic
algorithm [18] (tractography parameters are detailed in supplementary materials).

The fourth and final step was a dimensionality-reduction step, using an intra-subject clustering algorithm as
described by Guevara et al [14], which groups the fibers together given their geometrical properties. White
matter fibers were first separated in 4 different regions (left hemisphere, right hemisphere, inter-hemispheric and
cerebellum) and grouped by length ranges. Fibers crossing through similar voxels are then clustered together
using an average-link hierarchical clustering algorithm.

Group analysis and optic radiation analysis

After the tractography and intra-subject clustering were performed over the 1065 subjects, a cross-subject fiber
clustering algorithm was applied to all the individual cluster centroid maps to establish maps of fascicles in
common amongst the population, using the HDBscan algorithm [6] (algorithm parameters are detailed in
supplementary materials).

The last step of the group analysis consisted of the identification of the optic radiations with a ROI selection
strategy, using 2 ROIs drawn on the MNI template for each hemisphere: the first ROI corresponded to the
delineation of the lateral geniculate nucleus, and the second ROI corresponded to a coronal area located in the
occipital lobe, rostrally to the calcarine sulcus and the primary visual cortex. The resulting optical radiations
were manually curated to remove residual artifactual fibers. The two final bundles obtained therefore constitute
reference optic radiation bundles at the scale of the whole 1065 subjects’ population. We then used these
reference bundles to automatically label each subject’s probabilistic tractography using a minimum pairwise
distance algorithm and to finally reconstruct their individual optic radiations.

Distance of the individual left and right optical radiations to landmark points
Anatomical landmark points were placed on the MNI ICBM 2009¢ non-linear asymmetric anatomical T1-

weighted MRI scan at the most rostral point of the temporal pole and the most rostral point of the temporal horn
of the lateral ventricle for both sides by a trained neuro-anatomist. As each subject’s brain MRI was previously



registered into the same MNI ICBM 2009¢ non-linear asymmetric anatomical T1-weighted template space, its
optic radiations could therefore be projected into this space, in order to measure the distance between each of the
individual optic radiations and those landmark points. The distance was positive if the anatomical point is
located rostrally to the rostral ridge of the optic radiations, and negative if it is located caudally.



Results
Diffusion MRI processing

The dMRI post-processing pipeline, summarized in figure 1, was applied to each of the 1065 subjects. The
probabilistic tractography resulted in a median number of 6 million fibers per subject, who were then classified
in a median number of 215 000 fiber clusters (or fascicles) per subject.
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Figure 1. Overview of the complete AMRI analysis pipeline.

a: Individual dMRI analysis pipeline performed for each subject: from dMRI data, computation of the color-
encoded RGB map showing the color-coded direction of main diffusivity (red = lefi-right; green = antero-
posterior; blue = superior-inferior ; brightness is proportional to fractional anisotropy) and the ODF field for
each voxel of the brain using the Q-Ball Imaging (OBI) model; computation of the whole-brain tractography;
and intra-subject clustering where each color represents a fiber cluster.

b: Group analysis: cross-subject clustering on the whole 1065 subject’s cluster maps, and extraction of a
reference optic radiation bundle by ROI selection

c: Extraction of each subject’s optic radiations, using a minimum pairwise algorithm between the reference
optic radiation bundle and the subject’s probabilistic tractography.

Group analysis was performed using the HDBscan algorithm in order to identify relevant fascicle clusters
present in all subjects. The reference optic radiation bundles, resulting from the ROI selection strategy described
previously, are shown in figure 2. These reference bundles were then applied to the individual probabilistic
tractography of each subject to label fibers corresponding to the optic radiations, using a maximum pairwise
distance algorithm. This algorithm successfully identified optic radiations in 100 % of the 1065 subjects, both
for the left and right hemispheres.



Figure 2. Reference optic radiation bundles, resulting from the inter-subject fiber clustering on the whole 1065
subjects cohort

Anatomical measurements

The rostral tip of the temporal pole (TP) and the rostral tip of the temporal horn (TH) of the lateral ventricle
were defined for both hemispheres on the T1-weighted MNI ICBM 2009c¢ non-linear asymmetric template
(figure 3). The rostral tip of the optic radiation (OR) was automatically labeled for each subject, and the distance
between TP and OR was measured for each subject on the sagittal plane.



Figure 3. Anatomical measurement for each subject: distance (a) between the rostral ridge of the optic
radiation (OR) and the rostral tip of the temporal pole (TP) and distance (b) between the rostral ridge of the
optic radiation (OR) and the rostral tip of the temporal horn of the lateral ventricle (TH). The level of the
temporal stem is displayed as an orange transparent box for anatomical landmarks.

At the population level, the median distance between the most rostral part of the optic radiation and the temporal
pole was 28.8 mm (standard deviation SD: 2.3 mm ; mean: 28.7 mm ; range: 17.0 - 36.2 mm) for the left
hemisphere and 29.2 mm (SD: 2.1 mm ; mean: 29.2 mm ; range: 20.6 - 35.8 mm) for the right hemisphere, as
shown in figure 3.

The difference between both hemispheres was statistically significant (p=1.107%).
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Figure 4. Distance measures between the rostral ridge of the optic radiations (OR) and the tip of the temporal
pole (TP) across the whole population (1065 subjects). Blue: left side, orange: right side. a: histogram of the
distance distribution across the population. b: cumulative distribution function (proportion of subjects falling
below each unique distance value in the population) of the distance measure. c: violin plot of the distance
distribution across the population (the inner box corresponds to the quartiles of the dataset, the central white
dot represents the median value, and the bar extends to +/- 2 standard deviations)

The median distance between the tip of the optic radiation (OR) and the tip of the temporal horn (TP) was [-0.8
m ] (SD: 2.1 mm) for the right hemisphere and [-1.2] mm (SD: 2.3 mm) for the left hemisphere (p=1.10%). The
distance was negative if the optic radiation extends rostrally to the temporal horn, which was found in 771
subjects (72 %) for the left hemisphere, and 690 (65 %) subjects for the right hemisphere.



Discussion

To our knowledge, our study is carried out on the largest number of subjects presented in the literature, which
enabled us to investigate in depth the anatomy and inter-subject variability of the optic radiations with a high
level of accuracy. We confirmed a high inter-subject variability in the rostral extent of the optic radiation and a
left-right physiological variability, which is of great importance for temporal lobe surgery.

Evolution of diffusion techniques

The first diffusion models used to assess the fiber directions, such as the Diffusion Tensor Imaging model [4],
had many limitations, being unable (or hardly able) to assess fiber crossing from 2 or more different tracts inside
a single voxel, or fiber bending or twisting of a given tract inside a voxel. More recent models known as High
Angular Resolution Diffusion Imaging models (HARDI), such as Q-ball imaging [11], largely improved the
quality of the local orientation estimations, being able to resolve multiple intra-voxel fiber orientations. Such
models require more diffusion direction sampling, and/or acquisition at different b-values (multiple-shell
acquisition), and therefore a longer acquisition time. Over the last decades, hardware and software progress in
MRI systems as well as progress in the local modeling of the diffusion process made it possible to acquire such
data in a reasonable amount of time, compatible with in-vivo acquisition in healthy subjects or in patients with
neurological diseases.

To reconstruct fiber tracts, a simple and efficient tool is the deterministic streamline tractography algorithm
[29], which builds the fibers starting from seeds placed in each voxel and reconstructs a fiber step by step,
following the direction of highest diffusivity within each voxel. Despite the use of regularization schemes to
avoid the creation of false positives (eg artifactual trajectories), this deterministic approach remains highly
sensitive to any error present in the ODF map induced by various sources of artifacts (presence of physical
noise, presence of residual geometrical distortions, limitations of the biophysical model, ...). An alternative
solution relies on the use of probabilistic tractography approaches [18], iteratively generating multiple
streamlines, based on a probability distribution of diffusion orientation instead of a single orientation, and
modeling multiple diffusion orientations per voxel by randomly sampling a direction around the main diffusion
direction.

White matter tractography from diffusion MRI has been assessed for years, and has demonstrated to be reliable
to study the white matter tracts connecting the occipital cortex [1, 7, 19, 25]. Probabilistic tractography
techniques have proven to be more reliable than deterministic tractography techniques to study the complex
optic radiation anatomy [20], with a better match with dissection studies [9]. We therefore chose to use this
method.

Comparison to post-mortem studies

In our cohort, the median distance between the most rostral part of the optic radiation and the temporal pole was
29.2 mm (standard deviation SD: 2.1 mm) for the right hemisphere and 28.8 mm (SD: 2.3 mm) for the left
hemisphere. This is compatible with results found by post-mortem studies: in a brain dissection study performed
in 20 subjects [26], the distance between the rostral edge of the optic radiations and the temporal pole ranged
between 20 and 33 mm (mean: 28.4 mm), and the optic radiations extended rostrally to the temporal horn in all
subjects with a mean distance of [-4.7 mm] (range: [-2] to [-7] mm). In the largest existing post-mortem study in
25 subjects [13], the mean distance between the temporal pole and the tip of the optical radiations was found to
be 27 mm (SD: 3.5 mm), and the mean distance between the tip of the temporal horn and the tip of the optical
radiations was found to be [-5 mm] (SD: 3.9 mm). A few other studies, summarized in table 1, performed on
smaller numbers of subjects [30, 31] also found similar results and highlighted the interindividual variability.

Comparison to existing diffusion MRI tractography studies
Prior brain dMRI tractography studies that measured the rostral extent of the optic radiations found different

results depending on the hardware and method used, which highlights the importance of using up-to-date
diffusion and tractography methods. In a cohort of 9 subjects (7 healthy subjects and 2 patients with temporal
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resection) [24] using a 1.5T MRI scanner and a deterministic tractography algorithm, the distance from the most
rostral part of the optic radiations to the temporal pole ranged from 34 to 51 mm (mean: 44 mm), which is
significantly higher than the results of post-mortem dissection studies. In another MRI study [41] of 41 subjects
(20 healthy subjects and 21 patients with temporal resection) using a 3T MRI scanner and a probabilistic
tractography technique, closer but still different results were found: the distance between the tip of the temporal
pole and the tip of the optic radiations ranged from 24 to 43 mm (mean: 34 mm), and the distance from the tip of
Meyer’s loop to the temporal horn ranged from -15 to +9 mm (mean: 0 mm). The authors also performed a
multiple regression analysis, showing that the distance between the temporal pole and the tip of Meyer's loop
was an independent predictor of postoperative visual field defect (p = -0.80). Finally, in a study [32] of 30
healthy subjects using a 3T MRI scanner and a probabilistic tractography technique, the mean distance between
the rostral ridge of optic radiations and the tip of the temporal pole was 23.1 mm in the left hemisphere, and
26.41 mm in the right hemisphere, more in line with the dissection studies and ours. The results of those studies,
as well as a few other tractography studies [8, 33, 36, 40], are summarized in table 1.

With our methodology combining a large number of individuals, a high-resolution angular and spatial diffusion
MRI dataset and a state-of-the-art diffusion analysis methodology, we found a better agreement with
histological data, demonstrating the reliability of such in vivo studies.

MRI scanner Distance between the tip
. hardware and . of the temporal pole and
Article Type of study tractography Number of subjects the tip of the optic
algorithm radiations
Ebeling et Dissection na 25 subjects (50 Mean: 27 mm (SD: +/- 3.5
Reulen, 1988 [13] ’ hemisphere) mm)
Peuskens et al, . . . Mean: not reported
2004 [30] Dissection n.a 17 hemispheres (range: 15 to 30 mm)
Rubino et al, . . . Mean: 25 mm (range: 22
2005 [31] Dissection n.a. 20 hemispheres t0 30 mm)
Parraga et al, Dissection na 20 subjects (40 Mean: 28.4 mm (range: 20
2012 [26] ’ hemispheres) to 33 mm)
Yamamoto et al, | Diffusion MRI 1.5 TMRI 5 healthy subjects Mean: 37.3 mm (range:
2005 [40] tractography Deterministic 33.1 to 40.0 mm)
Nilsson et al, Diffusion MRI 1.5 TMRI 9 subjects (2 patients Mean: 44mm (range: 34
2007 [24] tractography Deterministic and 7 healthy subjects) to 51 mm)
Taoka et al, 2008 | Diffusion MRI 1.5 TMRI 14 patients Mean: 36.6 mm (range:
[36] tractography Deterministic 30.0 to 43.2 mm)
Sherbondy et al, | Diffusion MRI 1.5 TMRI . Mean: 28 mm (SD: +/- 3
2008 [33] tractography 8 healthy subjects mm)
Probabilistic
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Healthy subjects:
. Mean: 35 mm (range: 24
Yogarajah et al, | Diffusion MRI 3 TMRI patijr}tss:ﬁ{de ;tg flzeill th to 47 mm)
2009 [41] tractography Probabilistic subjects) y Patients:
) Mean: 34 mm (range: 24
to 43 mm)
Chen et al, 2009 | Diffusion MRI 1.5 TMRI 48 patients Mean: 32.1 mm (range:
[8] tractography Deterministic 20.9 to 51.5 mm)
Deterministic:
1.5 TMRI 23 subjects (11 healthy [ Mean: 44 mm (range: 34
Liljaetal, 2014 | Diffusion MRI Deterministic subjects, 5 pre-surgical to 51 mm)
[20] tractography and and 7 post-surgical Probabilistic:
e patients) Mean: 33 mm (range: 25
probabilistic t0 48 mm)
Left side:
. Mean: 37.44 mm (range:
James etal, 2015 | Diffusion MRI | > | MRI heg?glsus'ﬂg.cszgsn ] 32.2 0 46.6 mm)
[15] tractography Probabilistic 25y paticjants) Right side:
Mean: 39.08 mm (range:
34.3 t0 49.7 mm)
Left side:
Shan et al, 2019 | Diffusion MRI 3 TMRI 30 healthy subiccts Mean: 23.1 mm
[32] tractography Probabilistic ¥ subj Right side:
Mean: 26.41 mm
Left side:
Mean: 28.7 mm (range:
Diffusion MRI | > 1 MRI . 17.0 to 36.2 mm)
Ours 1065 healthy subjects ) o
tractography Probabilistic Right side:
Mean: 29.2 mm (range:
20.6 to 35.8 mm)

Left-right anatomical variability

In our cohort, the median distance between the tip of the temporal pole and the rostral extent of the optic

radiation was 29.2 mm for the right side and 28.8 mm for the left side, with a statistically significant difference
between both hemispheres (p=1.10%). We found a higher number of subjects under any given distance threshold
ranging from 24 to 32mm on the left side. A few other studies have already reported slight left-right differences.
A study in 25 patients and 75 healthy subjects [15] using a 1.5 T MRI scanner and a probabilistic tractography
algorithm found that the distance from the rostral part of the optic radiations to the temporal pole was 37.44 +/-
4.7 mm for the left side and 39.08 +/- 4.9 mm for the right side. A left-right difference was also found in another
study in 20 healthy subjects [12], with shorter left distances between the tip of the optic radiation and the
temporal pole (23.1 mm for the left side and 26.41 mm for the right side). The more extreme value depicted in
the left side in our study may explain the higher risk of postoperative visual defect after left-sided temporal
brain surgeries [16], underlying the importance of performing anatomical studies of variability from large
cohorts.

Comparison with the arcuate fasciculus

The main tract for which interhemispheric asymmetry has been studied is the arcuate fasciculus, both in
dissection and MRI studies. This fasciculus exhibits a great left-right asymmetry, which is not really surprising
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due to its implication in the langage network. In dissection studies, the arcuate fasciculus therefore has a wider
coronal section on the left side than on the right side (95 +/- 21 mm vs 59 +/- 12 mm) [17], which indicates a
higher number of fibers. Moreover, its cortical connections are more extensive on the left side. In particular, the
left arcuate fasciculus extends further than the right in the frontal and temporal lobe [37], and its connections
from the left Broca’s area to the left temporal lobe are much more dense and extensive than their right-side
counterpart [35]. One might hypothesize that, as the arcuate fasciculus is larger on the left side, this could lead
to modifications in the anatomical pathways of other tracts in the same hemisphere, which may explain the
differences observed in the optic radiation anatomy. This strong anatomical asymmetry of the arcuate fasciculus
was explained by the role of the left arcuate fasciculus in the language network, and has been linked in other
studies with language performances, but not with handedness [2]. In the HCP cohort, the handedness was
assessed with a Handedness Laterality Score, ranging from -100 (left) to +100 (right-handedness preference),
and we observed no difference in optic radiation anatomy according to the laterality.

Application to neurosurgical planning

The risk of optic radiation injury is high in mesial temporal lobe surgery, even with current conservative
resection methods [16, 22, 27]. Moreover, this risk is also present for certain surgical approaches : the temporal
T1-T2 trans-sulcal approach has become a standard approach for resection of intraventricular tumors of the
temporal horn [21], and is widely used for resection of glial tumors of the temporal area [23]. Trans-sulcal
approach reduces the risk of fascicular injury compared to other approaches, but does not eliminate it, and the
knowledge gained from this study about the anatomical variability of the optic radiation and their inter-
hemispheric asymmetry would also be useful for this kind of surgical approach.

The optic radiation atlas we developed from an inter-subject fiber clustering approach on the whole 1065
subjects HCP cohort was efficiently used to extract optic radiations on an individual scale. Its extension to the
extraction of optic radiations of any other subject is straightforward and consists of 3 simple steps: 1) matching
the new subject’s T1w anatomy to the MNI ICBM152 template space; 2) reconstructing the whole brain
connectogram of the subject from any HARDI dMRI dataset using a probabilistic fiber tracking approach; 3)
applying our novel MNI-based optical radiation bundle atlas to identify the fibers belonging to optic radiations.
Both the MNI-based optical radiation bundle atlas and corresponding post-processing pipeline are freely
available from the Ginkgo toolbox GitLab repository accessible at https://framagit.org/cpoupon/gkg.

Limitations of the study

The main limitation of our study is the absence of histological data on the HCP cohort. We therefore lack a
direct comparison between the fiber bundles reconstructed from dMRI tractography and from Klinger’s
dissections. However, previous studies [9, 10, 20] using the same diffusion methodology have compared
histological data and probabilistic tractography and found a good agreement between the two in and ex vivo
approaches, and our own results are in accordance with published histological data.

Conclusion

We demonstrated in vivo the presence of a significant inter-subject variability of the optic radiations from the
population of 1065 healthy volunteers stemming from the Human Connectome Project, notably for two
parameters: the rostral extension of these radiations and the left-right asymmetry. We built a novel dMRI-based
optic radiation bundle atlas that can be used for fast optic radiation reconstruction from any dMRI tractography
in order to identify subjects at higher risk of visual field defect after temporal surgery and individually guide the
neurosurgical procedure. These results highlight the importance of performing individual dMRI tractography
with appropriate methodology before neurosurgery.
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Supplementary materials
Supplementary material 1. Information on data acquisition and diffusion pipeline parameters

MRI acquisitions were conducted on a Connectome Skyra 3T MRI scanner. The T1w acquisition was performed
using a 3D MPRAGE sequence, with a 0.7mm isotropic spatial resolution and a TR/TE = 2400/2.14 ms. The
dMRI acquisitions were performed using a 2D monopolar pulsed-gradient-spin-echo (PGSE) single-shot
multiband EPI sequence, with a multi-band factor of 3, a 1.25mm isotropic spatial resolution, a

TR/TE = 5520/89.50 ms, and a multiple shell sampling of the g-space relying on 3 b-values of 1000, 2000, and
3000 s/mm?2 with 90 uniformly distributed diffusion directions per shell, plus 6 non diffusion-weighted
b=0s/mm? reference images

The parameters used for the probabilistic tractography algorithm were : 8 seeds per voxel over a predefined
domain of propagation computed from the averaged b=0s/mm? image, aperture angle of 30°, fiber length range
of 1.25 — 300 mm, forward and backward integration step of 0.3 mm, temperature of the Gibb’s sampler of 1.
The fiber length range enabled discarding fibers smaller than the voxel size (minimum length range) and to
prevent the existence of infinite loops

The parameters used for the HDBscan were : normalization factor 6, neighbor count 5, minimum cluster size 10,
minimum subject percentage 2.5 %. Those parameters were optimized by a grid search on the database to
maximize the number of clusters.
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