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a b s t r a c t

Background and purpose. – : The cerebellum has a pivotal role in regulating human behavior; yet whether
this function is mediated only through contralateral cerebro-cerebellar pathways is under-investigated.
Thus, we examined feed-backward and feed-forward ipsilateral and contralateral cerebro-cerebellar con-
nections using a detereministic diffusion tensor imaging (DTI) algorithm, the robustness of which was
also estimated using phantom DTI data.
Materials and methods. – : Fifty-one healthy controls (22–60 years old; 15 males/36 females) were scanned
in a 3T MRI scanner with a 30-direction DTI sequence. Multiple region-of-interest (ROI) method was
applied for the reconstruction of the ipsilateral and contralateral (based on cerebellar seed ROI) fronto-
ponto-cerebellar (FPC), parieto-ponto-cerebellar (PPC), temporo-ponto-cerebellar (TPC), occipito-ponto-
cerebellar (OPC) and dentate-rubro-thalamo-cortical (DRTC) tract bilaterally using the Brainance DTI
Suite. A realistic diffusion MR phantom was used to evaluate the fiber tracking methodology for 16 fibers
containing crossing, kissing, splitting and bending configurations.
Results. – Both contralateral and ipsilateral FPC, PPC, OPC and ipsilateral DRTC tracts were successfully
reconstructed; the contralateral DRTC tract was not reconstructed in all subjects. Also, the TPC tract
was not reproduced in several subjects mostly regarding the contralateral connection. Descriptive DTI
measures (number of fibers, fractional anisotropy, radial and axial diffusivity) are presented for each
tract. Regarding phantom data, Brainance DTI Suite returned a dataset of 16 fibers that almost perfectly
matched the 16 ground truth fibers.
Conclusions. – We identified ipsilateral and contralateral connections using a clinically applicable DTI
sequence, a robust deterministic algorithm and an unbiased methodology, which can be applied in daily
practice in different brain pathologies.

© 2018 Elsevier Masson SAS. All rights reserved.

Introduction

The cerebellum has strong connections with cortical and subcor-
tical regions via white matter (WM) pathways [1]. Cerebellar WM
tracts are categorized into spino-cerebellar, vestibulo-cerebellar
and cerebro-cerebellar which connect the cerebellum with the
spinal cord, the vestibular organs of the inner ear and the cere-
brum, respectively. This paper focuses on the cerebro-cerebellar
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connections. The cerebellum receives input from the cerebrum
via projections arising from the cortex and passing through the
pontine nuclei and gives output to the cerebrum via projections
arising from the dentate nucleus and passing through the thalamus
[2,3]. Due to the absence of monosynaptic cerebro-cerebellar con-
nections, classical histopathological tracing techniques were not
able to identify the pathways between distinct cortical regions and
specific cerebellar zones. However, the most advanced histopatho-
logical techniques have shown these connections but these findings
concern in vitro and not in vivo studies [1].

Diffusion tensor imaging (DTI) is a widespread used in vivo
tracking technique to study the integrity and the structural
role of WM based on the water molecule brownian motion

https://doi.org/10.1016/j.neurad.2018.07.004
0150-9861/© 2018 Elsevier Masson SAS. All rights reserved.

https://doi.org/10.1016/j.neurad.2018.07.004
http://www.sciencedirect.com/science/journal/01509861
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neurad.2018.07.004&domain=pdf
mailto:stratoskaravasilis@yahoo.gr
https://doi.org/10.1016/j.neurad.2018.07.004


E. Karavasilis et al. / Journal of Neuroradiology 46 (2019) 52–60 53

and several DTI-derived quantitative metrics, including frac-
tional anisotropy (FA), axial and radial diffusivity (AD and RD,
respectively) [4,5]. Different DTI algorithms have been devel-
oped to mathematically identify the WM fibers of interest using
deterministic and probabilistic models [6]. Probabilistic tractog-
raphy models have been considered superior to deterministic
ones in their ability to estimate fiber tracts since determinis-
tic methods may underestimate the reconstruction of fibers in
comparison to probabilistic tractography and dissection valida-
tion techniques [7]. However, robust deterministic algorithms have
been recently implemented to more accurately calculate diffusion
tensor parameters in voxels where fibers are likely to cross, thus
overcoming not only the disadvantage of older deterministic algo-
rithms but also time-consuming processes of probabilistic models
[8,9]. The reconstruction of cerebro-cerebellar tracts using DTI
tractography has considerable clinical significance. For instance,
if these connections are mainly or exclusively contralateral, a
cerebellar functional hemispheric asymmetry opposite to the cere-
bral functional hemispheric asymmetry could be expected, with
verbal deficits after lesions of the right cerebellum and visu-
ospatial deficits after lesions of the left cerebellum [1,2]. To
our knowledge, only few studies so far have investigated the
structural integrity of feed-forward and feed-backward cerebellar
tracts in healthy population, mostly focusing on the contralat-
eral connections [10–17] and much less the ipsilateral ones
[18–22].

Thus, the aim of our study is to investigate the presence
of feed-backward and feed-forward ipsilateral and contralateral
connections between the cerebellum and the cerebrum using a
detereministic DTI algorithm, the robustness of which is also esti-
mated using a phantom experimental procedure.

Material and methods

Participants

We included 60 healthy control (HC) participants (22 males/38
females). Inclusion criteria were: age > 17 years old; right-
handedness; Greek as native language. Exclusion criteria were:
known contradictions to MRI; known or incidental abnormal
findings in regular MRI; neurological or psychiatric disorders;
developmental disorders including learning disabilities; major
organic diseases including cardiovascular and metabolic patholo-
gies; alcohol or drug abuse; psychotropic or other medication.
Three participants did not undergo MRI due to claustrophobia and
six were excluded due to the presence of motion artifacts. The mean
age of the remaining 51 HC (15 males/36 females) was 37.69 ± 9.79
years old. All participants provided inform consent for the present
study, which was approved by the local ethical committee and was
conducted according to the 1964 Declaration of Helsinki and its
later amendments.

MRI protocol

All participants underwent a whole-brain high resolution
3D–T1-weighted (HR 3DT1w) and 30-directional DTI protocol on
a 3T Philips Achieva-Tx MR scanner (Philips, Best, The Nether-
lands) equipped with an eight-channel head coil. DTI acquisition
included an axial single-shot spin-echo echo-planar imaging (EPI)
sequence with 30 diffusion encoding directions and the follow-
ing parameters: repetition time (TR): 7299 ms; echo time (TE):
68 ms; flip angle: 90◦; field of view (FOV): 256 × 256 mm; acquisi-
tion voxel size: 2 × 2 × 2 mm; sensitivity encoding reduction factor
of 2; two b factors with 0 s/mm2 (low b) and 1000 s/mm2 (high b).
Two numbers of excitations (NEX) were acquired per b value in

order to ensure better signal-to-noise ratio. The acquisition con-
sisted of 70 slices and the scan time was 8 min 40 s. All participants
also received T2-fluid attenuation inversion recovery (T2-FLAIR)
to exclude severe cerebrovascular disease according to standard
neuroradiological criteria on visual inspection by an experienced
neuroradiologist.

DTT analysis

DTT analysis was performed using the Brainance DTI Suite
(Advantis Medical Imaging, Eindhoven, The Netherlands), with
all DTI data sets having undergone motion and eddy-current
correction with the registration tool available in the scanner
and co-registration protocol with Brainance DTI suite before fur-
ther analysis. We used region-of-interest (ROI) fiber tractography
of the anatomical zone of the cortico-ponto-cerebellar tracts
[i.e. fronto-ponto-cerebellar (FPC), parieto-ponto-cerebellar (PPC),
occipito-ponto-cerebellar (OPC), and temporo-ponto-cerebellar
(TPC)], and dentate-rubro-thalamo-cortical (DRTC) based on pre-
viously described protocols [13]. We used two ROIs for the
reconstruction of cortico-ponto-cerebellar tracts (Supplementary
Fig. 1) and the first ROI was placed in middle cerebellar pedun-
cle which was defined at the coronal plane of the dorsal surface
of the brainstem in Red-Green-Blue (RGB) color map. The second
ROI was different for each cortico-ponto-cerebellar tract. Specifi-
cally: a) for the FPC, the second ROI was placed in the frontal lobe
which was defined as anterior to the central sulcus at the axial
plane just above the cingulated gyrus in the RGB color map; b) for
the PPC, the second ROI was place in the parietal lobe which was
defined as the region posterior to central sulcus at the axial plane
just above the cingulated gyrus in the RGB color map; c) for the
TPC, the second ROI was placed in the temporal lobe which was
defined at the coronal plane of the anterior commissure in the RGB
color map; d) for the OPC, the second ROI was placed in the occipi-
tal lobe at the coronal plane which was defined as posterior to the
corpus callosum and inferior to the parieto-occipital sulcus. For the
reconstruction of the DRTC (Supplementary Fig. 2), the first ROI was
placed in the dentate nucleus, which was defined at the level of the
pontomedullary junction whereas the second ROI was placed in
the red nucleus axially at the level of the cerebral peduncly in the
pons. Both ROIs for the DRTC were placed in a b0 DWI image. Since
we reconstructed both contralateral and ipsilateral tracts using the
appropriate predefined ROIs, the second ROI for all cortico-ponto-
cerebellar tracts and the DRTC was placed either contralaterally
or ipsilaterally to the first ROI. To reconstruct the tracts we used
the following DTI thresholds: fractional anisotropy (FA) = 0.15;
angle = 70◦; step size = 1. Number of fibers (NoF), FA, axial diffusiv-
ity (AD) and radial diffusivity (RD) DTI metrics were automatically
extracted for each tract and represent the average FA, AD and RD
value along the tract. Descriptive measures were obtained for all
DTI data.

Realistic DTI phantom protocol and analysis

For the assessment of the fiber tracking methodology imple-
mented in Brainance DTI suite (Advantis Medical Imaging,
Eindhoven, The Netherlands) a realistic diffusion MR phantom was
used, containing numerous crossing, kissing, splitting and bend-
ing configurations that were purposely developed to this end [23]
as shown in the Fig. 1a–b. The angles between crossing fibers
were carefully determined, although not used during evaluation
[24]. Diffusion-weighted data of the phantom were acquired on
the 3T Tim Trio MRI systems of the NeuroSpin centre. A single-
shot diffusion-weighted twice refocused spin-echo echo-planar
pulse sequence was used to perform the acquisition, while com-
pensating the eddy-current to the first order. The parameters for
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Fig. 1. Phantom design and ground truth fibers. a: the phantom design that mimics a coronal section of the human brain, with fiber pathways being highlighted in colors
and arrows indicating the directions of the synthetic fiber bundles; b: various crossing, splitting and kissing fiber configurations are numbered for a fast text referencing; c:
the 16 seed voxels defined on the 3 × 3 × 3 mm dataset; d: the ground truth fibers on a B0 image.

the acquisition were as follows: FOV: 192 × 192 mm; acquisition
voxel size: 3 × 3 × 3 mm; partial Fourier factor 6/8, parallel reduc-
tion factor of 2; TR: 5000 ms; 2 repetitions. Diffusion sensitization
at b value b = 650 s/mm2 corresponding to the TE: 77 ms. Three
slices were acquired. The diffusion sensitization was applied along
a set of 64 orientations uniformly distributed over the sphere.
All DTI pre- and post-processing was done using Brainance DTI
Suite (Advantis Medical Imaging, Eindhoven, The Netherlands). To
facilitate the evaluation of the results, the analysis was restricted
to a set of 16 fibers traversing 16 manually identified voxels,
or seeds. The choice of those 16 spatial positions was made to
ensure that a single fiber bundle passes through each of them
to avoid ambiguity on the result and to facilitate the evalua-
tion. Comparison of an undetermined number of fibers to the
ground truth, whose number of bundles per voxel is precisely
known, is non-trivial. Consequently, seeds were defined in vox-
els where a unique fiber bundle is expected and the ask was to
return a single representative fiber of the bundle traversing each
seed voxel. The 16 seeds, labeled from 1 to 16, are shown in
the Fig. 1c–d.

Results

DTI in healthy participants: reconstruction and descriptive
measures for cerebro-cerebellar tracts

Both contralateral and ipsilateral FPC (Fig. 2), PPC (Fig. 3), OPC
(Fig. 4) and ipsilateral DRTC (Fig. 5) tracts were successfully recon-
structed for all participants; the contralateral DRTC tracts were
not reconstructed in 20 (seed: right cerebellum) and 29 (seed: left
cerebellum) out of 51 subjects. Furthermore, the TPC tract (Fig. 6)
was not reproduced in several subjects mostly regarding the con-
tralateral connection as it is shown in Table 1. For each tract, we
extracted DTI metrics and all descriptive measures (NoF, FA, AD,
RD) are presented in Table 1.

DTI in Phantom: validation of fiber reconstruction

Evaluation of the fiber tracking results was performed on a per-
fiber basis. Thus, the candidate fiber passing through seed N can be
compared to the ground truth fiber going through the same seed.
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Fig. 2. Reconstruction of ipsilateral and contralateral fronto-ponto-cerebellar tract (FPC) with right cerebellar seed region-of-interest (ROI) depicted in (a) fractional anisotropy
(FA) color code and overlaid onto a coronal FA map and (b) conventional colors (yellow: ipsilateral FPC; turquoise: contralateral FPC) with crossing fibers being separately
visualized at the zoomed-in lower panel.

Fig. 3. Reconstruction of ipsilateral and contralateral PPC tract with right cerebellar seed region-of-interest (ROI) depicted in (a) fractional anisotropy (FA)color code and
overlaid onto a coronal FA map and (b) conventional colors (red: ipsilateral PPC; purple: contralateral PPC) with crossing fibers being separately visualized at the zoomed-in
lower panel.

Fig. 4. Reconstruction of ipsilateral and contralateral OPC tract with right cerebellar seed region-of-interest (ROI) depicted in (a) fractional anisotropy (FA) color code and
overlaid onto a coronal FA map and (b) conventional colors (green: ipsilateral OPC; red: contralateral OPC) with crossing fibers being separately visualized at the zoomed-in
lower panel.
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Fig. 5. Reconstruction of ipsilateral and contralateral TPC tract with right cerebellar seed region-of-interest (ROI) depicted in (a) fractional anisotropy (FA) color code and
overlaid onto a coronal FA map and (b) conventional colors (purple: ipsilateral TPC; blue: contralateral TPC).

Fig. 6. Reconstruction of ipsilateral and contralateral DRTC tract with right cerebellar seed ROI depicted in (a) fractional anisotropy (FA) color code and overlaid onto a coronal
FA map and (b) conventional colors (purple: ipsilateral DRTC; orange: contralateral DRTC).

Consequently, the evaluation methodology narrows down to the
evaluation of differences between pairs of curves. Brainance DTI
Suite returned a dataset composed of 16 fibers that almost perfectly
matched the 16 ground truth fibers [24] as shown in Fig. 7.

Discussion

Considering the pivotal role of cerebellum in regulating both
motor and cognitive/affective aspects of human behavior [1,2], we
herein examined the anatomical connections between the cerebel-
lum and the cerebrum using in vivo DTI tractography and focusing
on feed-forward and feed-backward cerebellar pathways. By apply-
ing an unbiased approach we have identified both contralateral
and ipsilateral tracts, which cannot be considered false-positive
findings due to the current robust deterministic algorithm since
phantom data analysis verified the above results.

DRTC is traditionally described as the only feed-forward cere-
bellar tract passing from the cerebellar nuclei and dentate nucleus,
arriving at the superior cerebellar peduncle, red nucleus, thalamus
and finally terminating at the cerebral cortex [25–27]. Previous
studies referred almost exclusively to contralateral connections
disregarding ipsilateral ones. Crossed cerebro-cerebellar atrophy
via the degeneration of the dentate nucleus has been attributed

to long-standing lesions of the contralateral hemisphere [28].
Histopathological research in mammals has also provided evidence
for such connections based on the site of cerebellar injection and
the labeled neurons in the contralateral hemisphere [29,30]. In
addition, DTI studies identified the contralateral connections of
DRTC tract using probabilistic tractography [14,15]. However, using
the same method Habas and Cabanis [20] reconstructed only the
ipsilateral bundles, while Keser et al. [13] considered a priori feed-
forward projections as ipsilateral connection using deterministic
algorithm. Yet there is no evidence so far to assess only ipsilateral
or contralateral connections. Therefore, using a robust determin-
istic algorithm to conquer the limitation of crossing and kissing
fibers, we regarded and reconstructed ipsilateral and contralateral
connections of DRTC, which are in line with tractography com-
bined with micro-dissection [25]. The failure of reconstruction of
contralateral bundles in some cases could be resulted from the
termination of tracts prior to cerebral cortex, in accordance with
historical tracing literature [31].

Similarly to feed-forward connections (i.e. DRTC), we exam-
ined and reconstructed contralateral and ipsilateral connections
between the cerebellum and the cerebral lobes (i.e. FPC, TPC, PPC,
OPC). Nevertheless, post-mortem histopathological and in vivo DTI
studies mainly refer to the presence of contralateral connections
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Table 1
Number of subjects with successfully reconstructed cortico-cerebellar tracts and DTI metrics for each tract.

Tract Seed: right cerebellum Seed: left cerebellum

Contralateral Ipsilateral Contralateral Ipsilateral

FPC 51/51 51/51 51/51 51/51
NoF 131.04 ± 88.14 203.94 ± 140.92 179.84 ± 85.10 170.69 ± 111.39
FA 0.49 ± 0.02 0.49 ± 0.02 0.50 ± 0.01 0.50 ± 0.02
AD 1.08 × 10−02 ± 6.86 × 10−02 1.16 × 10−03 ± 2.29 × 10−05 1.19 × 10−03 ± 3.05 × 10−05 1.16 × 10−03 ± 2.65 × 10−05

RD 5.06 × 10−04 ± 1.88 × 10−05 5.09 × 10−04 ± 1.61 × 10−05 5.09 × 10−04 ± 1.81 × 10−05 4.91 × 10−04 ± 1.99 × 10−05

PPC 51/51 51/51 51/51 51/51
NoF 36.33 ± 37.43 129.65 ± 79.24 62.37 ± 57.22 91.51 ± 63.88
FA 0.49 ± 0.02 0.49 ± 0.02 0.50 ± 0.02 0.50 ± 0.02
AD 1.19 × 10−03 ± 4.30 × 10−05 1.20 × 10−03 ± 2.64 × 10−05 1.22 × 10−03 ± 4.22 × 10−05 1.19 × 10−03 ± 2.53 × 10−05

RD 5.22 × 10−04 ± 2.79 × 10−05 5.25 × 10−04 ± 2.05 × 10−05 5.25 × 10−04 ± 2.39 × 10−05 5.04 × 10−04 ± 5.27 × 10−05

TPC 18/51 35/51 8/51 44/51
NoF 0.63 ± 1.06 2.82 ± 4.91 0.33 ± 0.95 3.31 ± 3.55
FA 0.43 ± 0.03 0.41 ± 0.02 0.42 ± 0.02 0.43 ± 0.03
AD 1.16 × 10−03 ± 4.93 × 10−05 1.18 × 10−03 ± 5.61 × 10−05 1.16 × 10−03 ± 1.01 × 10−04 1.18 × 10−03 ± 5.03 × 10−05

RD 5.75 × 10−04 ± 4.40 × 10−05 6.07 × 10−04 ± 3.40 × 10−05 5.98 × 10−04 ± 6.31 × 10−05 5.91 × 10−04 ± 4.09 × 10−05

OPC 51/51 51/51 51/51 51/51
NoF 23.80 ± 23.23 76.94 ± 61.15 28.88 ± 38.17 103.82 ± 95.10
FA 0.48 ± 0.02 0.47 ± 0.02 0.48 ± 0.02 0.49 ± 0.02
AD 1.22 × 10−03 ± 5.20 × 10−05 1.20 × 10−03 ± 3.42 × 10−05 1.22 × 10−03 ± 4.62 × 10−05 1.21 × 10−03 ± 3.02 × 10−05

RD 5.44 × 10−04 ± 3.08 × 10−05 5.46 × 10−04 ± 2.59 × 10−05 5.46 × 10−04 ± 3.50 × 10−05 5.28 × 10−04 ± 2.42 × 10−05

DRTC 31/51 51/51 22/51 51/51
NoF 4.37 ± 7.12 33.12 ± 29.54 1.61 ± 3.31 25.98 ± 21.26
FA 0.44 ± 0.02 0.43 ± 0.02 0.43 ± 0.04 0.44 ± 0.02
AD 1.15 × 10−03 ± 6.17 × 10−05 1.21 × 10−03 ± 5.31 × 10−05 1.17 × 10−03 ± 4.34 × 10−05 1.18 × 10−03 ± 4.51 × 10−05

RD 5.59 × 10−04 ± 3.78 × 10−05 6.01 × 10−04 ± 4.67 × 10−05 5.75 × 10−04 ± 4.86 × 10−05 5.72 × 10−04 ± 3.16 × 10−05

FA, AD and RD values were extracted with missing values for cases where tracts were not successfully reconstructed. DTI: diffusion tensor imaging; NoF: number of fibers;
FPC: fronto-ponto-cerebellar tract; PPC: parieto-ponto-cerebellar tract; TPC: temporo-ponto-cerebellar tract; OPC: occipito-ponto-cerebellar tract; DRTC: dentate-rubro-
thalamo-cortical tract; FA: fractional anisotropy; AD: axial diffusivity; RD: radial diffusivity.

Fig. 7. (a) The 16 fiber trajectories that were computed on the 3 × 3 × 3 mm phantom dataset and (b) the ground truth fibers.

in cortico-ponto-cellebelar tracts [12,32,33]. Only a handful of DTI
studies supported the presence of ipsilateral cerebro-cerebellar
connections [18–20,34] with all of them not relying on clinically-
used deterministic algorithms but on probabilistic ones. It is must
be noted that using advanced acquisition and post-processing
methodology, i.e. high-angular resolution diffusion imaging and
probabilistic tractography, Palesi and colleagues [35] assessed the
connectivity between the cerebrum and cerebellar cortex and
delineated both ipsilateral and contralateral pathways when cere-
bral target ROIs were not included and only cerebellar seed ROIs
were considered in the DTI analysis. Also, using similar imaging pro-
tocol and post-processing analysis Pieterman and colleagues [16]
recognized ipsilateral and contralateral pathways in infants. The
lack of knowledge about the presence of ipsilateral pathways led
the latter to be considered as “artifacts secondary to interference

by the large white matter tracts converging on the brainstem from
other circuits” [34] due to kissing fibers in studies where ipsilateral
connections were identified [36].

An intriguing point in the cerebellar connectivity literature
remains its connection with temporal structures. The functional
connectivity between the cerebellum and the temporal lobes has
been shown via fMRI [37–41] and electrophysiological/lesion stud-
ies [42]. The above-mentioned findings may imply the presence of
temporo-cerebellar structural connectivity; yet some DTI studies
failed to consistently identify these tracts in all subjects due the
high track curvature and various intersections [3,13,43]. Our results
confirm the existence of temporo-cerebellar structural pathways
at least in some subjects and mainly with regards to the ipsilateral
connections. In the rest of the subjects, we failed to reconstruct the
TPC even by applying different angular thresholds. Thus, the iden-
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tification of TPC tract could be considered questionable based on
available clinical or commonly used research DTI scanning proto-
cols and fiber tracking algorithms.

From a methodological point of view, the application of the
same tractography protocol in high- and ultra-high resolution DTI
data might further advance our knowledge not only regarding the
TPC but also other cortico-ponto-cerebellar connections of high
complexity, such as the DRTC. The simple diffusion tensor model
has been considered less appropriate to characterize complex fiber
architecture [44,45]. There is no doubt that the implementation of
methodological advances in diffusion MRI, such as the high-angular
resolution diffusion imaging (HARDI) protocol [46] or diffusion
spectrum MRI (DSI) protocol [47], along with the use of fMRI –
dMRI techniques [48–51] can definitely offer valuable insights into
the structural cortico-cerebellar connectivity and its functional cor-
relates. However, the above-mentioned protocols are not easily
applied in everyday clinical practice not only because of available
scanner features but also prolonged scanning time [46] which fur-
ther increases the possibility of participant- and system-related
artifacts (e.g. due to head motion and gradient-related, respec-
tively).

We can assume the reliability of our findings based on the fol-
lowing:

• we included an adequate sample size for the descriptive purposes
of the present study and used a robust DTI algorithm which has
been previously shown to be reliable for the reconstruction of
WM pathways including fibers (e.g. lateral cortical projections
and crossing pontine fibers of the corticospinal tract) that cannot
be depicted with similar deterministic algorithms [9];

• we further confirmed the reliability of reconstructed crossing,
kissing and bending fibers by herein evaluating the robustness
of the algorithm with a phantom DTI dataset that clearly pro-
vided similar findings between the ground truth and Brainance
reconstructed fibers;

• evidence from probabilistic DTI studies highlights the presence of
ipsilateral cerebro-cerebellar connections which are more likely
to be attributed to possible false-positive fibers though;

• evidence from cerebellar lesion studies in children and adults
does not always support the presence of a cerebellar hemispheric
functional asymmetry opposite to the cerebral hemispheric func-
tional asymmetry (although some clinical studies reported verbal
deficits in lesions of the right cerebellum and visuospatial deficits
in lesion of the left cerebellum [52–54], many other did not con-
firm this finding [55–57]);

• although ex vivo animal studies with or without simultaneous
in vivo examination of WM is highly applied and valuable for the
comprehension of the pattern of WM connections, transferring
knowledge acquired from animal research to the study of human
brain may yield inconclusive findings or even guide researchers
to a priori assumptions and not unbiased examination of human
brain connections.

Both the use of a DTI sequence, which is applicable in clinical
practice and the majority of MRI scanners and the post-processing
analysis with software that overcomes the time-consuming proce-
dures of the probabilistic analysis constitute a significant advantage
of our study and needs further evaluation in clinical samples with
profound or salient cerebellar-related cognitive-behavioral impair-
ment.

Despite the previous strengths, our study is not without caveats.
First of all, we used the conventional anatomical terms of “afferent
vs. efferent” projections although DTI inherently lacks the ability
to visualize fibers’ orientation. In addition, we do acknowledge the
large deviation in the number of fibers within each tract. How-
ever significant deviations in number of fibers have been reported

in bundles with lower or higher complexity with regards to the
curvature [58,59]. Our intention was to identify cerebro-cerebellar
connections with an unbiased approach which is methodological
plausible and reliable, without in-depth analysis and discussion of
the anatomical trajectories of the reconstructed tracts. The lack of
functional and/or behavioral data is another limitation of the study,
which did not allow us to comparatively study the structural and
functional cerebro-cerebellar connections and is part of another
ongoing study of our laboratory. In addition we did not apply cor-
rection of EPI induced distortions, such as geometric distortion
caused B0 inhomogeneity, which is often applied to successfully
reduce EPI distortions and improve the quality of DTI-derived
quantities and thus the anatomical fidelity of DTI [60–63]. Most
pronounced artifacts, which are usually more severe at higher mag-
netic field strengths, are observed in air-tissue interplaces, such as
the ventral portions of the fronto-temporal regions and specifically
near the sphenoid sinus and the temporal petrous bone. Thus, we
have to take into consideration the above in relation to the failure of
TPC or DRTC reconstruction. Furthermore, with regards to the phan-
tom DTI analysis, we should acknowledge that several phantoms
that are commonly used in MRI routine practice do not represent
the best option for DWI/DTI images [64]. In the present study, we
used public-available data from a realist diffusion MR phantom
containing numerous crossing, kissing, splitting and bending con-
figurations [24] in order to examine the evaluate the robustness of
the fiber tracking algorithm implemented in Brainance DTI suite;
yet we should highlight that even new diffusion phantoms dedi-
cated to the study and validation of advanced models, including
HARDI models [23], might not address the issue of the complexity
of human brain architecture. Finally, we do acknowledge the inher-
ent limitations of ROI-based tractrography [65], yet all data were
post-processed by an experienced user.

Conclusion

We identified both ipsilateral and contralateral connections
using a clinically applicable DTI sequence, a robust determinis-
tic algorithm and an unbiased methodology that can be applied
in daily practice in clinical protocols. The combination of clinical
and experimental results might provide a plausible explanation for
the previous inconsistent findings, which have provoked confusion
regarding the presence of ipsilateral and contralateral cerebellar
connections and have been explained as part of DTI-related arti-
facts (i.e. kissing fibers) or researchers’ a priori approach towards
unilateral connections.
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