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Abstract
Introduction: Clinical data support that the dentatorubrothalamic tract (DRTT) is an effective target for
deep brain stimulation (DBS) in medically refractory tremor. Nevertheless, the achievement of a
realistically detailed depiction of DRTT for preoperative direct targeting remains a challenge.

Methods: Ten patients with Parkinson’s disease from the Inselspital Bern database were selected. We
used diffusion spectrum imaging (DSI) scans for deterministic �ber tracking of the DRTT with the Track
Vis software. Thereafter we compared our DSI-characterized DRTT with the existing anatomical data.

Results: In 6 out of 10 individuals the full course of DRTT has been in high
a�liation/consistency/association/adherence with the anatomical course of DRTT as described in
literature.

Conclusions: In this study DSI �ber tracking was used to characterize successfully the DRTT anatomical
course in its complexity in a quest of the optimal DBS target for parkinsonian tremor. To our knowledge
such attempt has not occurred before. Further studies are required to standardize the protocol of DRTT
�ber Tracking and to implement it as a valid DBS preoperative planning technique.

Introduction
The use of deep brain stimulation (DBS) in parkinsonian tremor dates back to 1965 when Carl Wilhelm
Sem-Jacobsen implanted depth electrodes to record and stimulate several thalamic targets in order to
identify the best lesioning site in Parkinson’s disease (PD). (Sem-Jacobsen, 1966; Sem-Jacobsen, 1965)

Besides PD various neuropsychiatric disorders as essential tremor (ET), dystonia and obsessive
compulsive disorder warrant DBS .(Andrade et al., 2009; Miocinovic et al., 2013)

Despite the documented impact of DBS on numerous neuropsychiatric disorders (Andrade et al., 2009;
Baldermann et al., 2016; Deuschl et al., 2006; Hardenacke et al., 2013; Milev et al., 2016; Morace et al.,
2016; Parsons et al., 2006; Sako et al., 2014; Schuurman et al., 2000; Weaver et al., 2005), the optimal
stimulation site to achieve tremor control is still debated. (Lim et al., 2010; Pollo et al., 2014) Increasing
attention has been drawn to the dentatorubrothalamic tract (DRTT), a �ne white matter �bers bundle
connecting the cerebellum with the diencephalon.

Anatomy

The DRTT �bers initiate from the anterior medial part of nucleus dentatus (ND) (VOOGD, 2004) and
ascend into the superior cerebellar peduncle (brachium conjunctivum). There some of its �bers produce a
decussation over the mid-line moving from-right-to-left and vice versa within the mesencephalon
(commissure of Wernekinck). Afterwards they run through- and anterior to- the nucleus ruber (NR). As the
output �bers of the ND penetrate the NR in the midbrain, some terminate in its anterior parvocellular
division.
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From that point to the thalamus, the DRTT crosses the Zona Incerta from posterior to anterior when it
goes from medial to lateral and from inferior to superior. It ends mainly in the ventral intermediate
nucleus (Vim) and to a lesser extent, in the ventro-oralis posterior (Vop), the ventro-oralis anterior (Voa)
which receives the main pallidal output, and the ventro-oralis medialis (V.o.m), according to Hassler’s
nomenclature.(Cagnan et al., 2014; Hassler, 1982; Morel et al., 1997) The Vim projects mainly to the
primary motor cortex, to a lesser extent to the premotor cortex and to the supplementary motor area. The
Vop projects to the primary motor cortex and the premotor cortex (Percheron et al., 1996) whereas the
Voa projects mainly to the premotor cortex and to a lesser degree to the supplementary motor area and to
the superior area of premotor cortex. (Blumenfeld, 2011; Khurana, 2014; Kulkarni, 2012; Sweet et al., 2014;
Trepel, 2003)

Clinical impact

DRTT has come in the foreground by studies on PD (Sweet et al., 2014) and on ET.(Groppa et al., 2014;
Plaha et al., 2004) The latter suggested that DBS in the posterior subthalamic area (PSA) might be related
to the actual stimulation of the Dentatorubrothalamic tract (DRTT) in a deeper location where it crosses
the PSA and the caudal zona incerta (cZi). Research exploring the optimal DBS target for PD has
proposed the PSA (Carrillo-Ruiz et al., 2008), the cZi (Plaha, 2006; Plaha et al., 2008), the posterior zona
incerta (Deuschl et al., 2006; Plaha, 2006; Pollo et al., 2007; Weise et al., 2013; Zonenshayn et al., 2004)
and the prelemniscal radiation. (Carrillo-Ruiz et al., 2008) The last appears to relate to the rubrothalamic
tract a division of DRTT. (Lemaire et al., 2011)

Irrespectively of the diagnostic indication for DBS, the DRTT was explored with diffusion tensor imaging
(DTI) �ber tracking. (Anthofer et al., 2014; Coenen et al., 2011b, 2014; Gross et al., 2004; Hanson et al.,
2012; Keane et al., 2012; Klein et al., 2012; Kumar et al., 1999; Perlmutter and Mink, 2006; Pollo et al.,
2014; Schlaier et al., 2014; Sweet et al., 2014)

Acquisitions and �ber tracking

The �ber tracking (FT) technique relies on either DTI or DSI sequences of MRI. However when it comes to
various �ber populations in intersecting axes per voxel, such as kissing, branching, crossing (eg.
decussation of DRTT) of �bers (Basser and Jones, 2002; Coenen et al., 2011b; Descoteaux et al., 2009)
DSI provides more accurate spatial resolution. (Abhinav et al., 2014; Beaulieu, 2002; Granziera et al.,
2009) Moreover DSI acquires detailed information of the diffusion process, accounting for the tracts
termination problem of white-to-grey matter transition(Hagmann et al., 2006; Wedeen et al., 2008, 2005).
In terms of algorithm preference the deterministic algorithm for FT has proved instrumental in cranial
operations and DBS procedures. (Coenen et al., 2011a, 2011b, 2014)

Given the lack of atlas-based coordinates of the DRTT the vast majority of DBS targeting has been relying
on DTI FT since 2010 when the �rst promising preliminary clinical outcomes got published.(Coenen et al.,
2011b; Fiechter et al., 2017; Plaha et al., 2004) We hypothesized that DRTT exists and explored the
optimal way of characterizing it in a reproducible manner.
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Materials And Methods
Patients

DSI sequence was performed on 10 adult human patients (5:5) suffering from PD who underwent
preoperative investigation with brain MRI protocols prior to DBS at the University of Bern in Switzerland.
(including anatomical MDEFT, MPRAGE with contrast and 3D T2 sequences as well). The patients’ age
ranged between 39 and 77 years (µ = 65.0). Ethics committee approval No 189/14; The University of Bern.

Included were the adults with tremor-dominant Parkinson disease from the DBS directory of Inselspital
Bern from 2008 to 2014, who had a brain DSI- along with their standard T2 sequence, for whom a DBS
was indicated and conducted.

Excluded were the patients with incomplete preoperative imaging data and those with focal brain lesions,
tumors or large bleeding areas which could affect the signal of MRI and alter the normal brain �ber tracts
trajectory.

Protocol

The MRI examinations were performed at the Department of Diagnostic and Interventional
Neuroradiology of the University Hospital of Bern with a 3-Tesla MRI system (Siemens Verio, Siemens
Erlangen, Germany). All the acquired planes were parallel or orthogonal to the centres of the anterior and
posterior commissures, according to the Talairach references for MRI. All DSI sequences of our sample
were acquired using 32 channel RF and 128 diffusion encoding directions.

DSI

A q4half b6400 DSI sequence was used to the acquired diffusion images. The diffusion images were
acquired using a DSI scheme. The DSI encoding used 515 gradient steps with 44 slices; bmax = 6400s
mm− 2 and yielded an image of Signal to Noise (SNR) in the cortex ≈ 100:1 at b = 0; TR: 8500 ms; TE:
154 ms; �eld of view: 212 mm; matrix: 96 × 96; slices: 44; slice thickness: 3.00 mm; voxel size: 2.2 × 2.2 × 
3.0 mm; mean acquisition time: 18:42 minutes.
T2

All images were acquired with sagittal orientation. The resulting data were reconstructed to an isotropic
1.0 mm3 voxel size (3D). The T2-weighted fast-spin-echo sequence was acquired with the following
parameters: TR: 3200 ms; TE: 409 ms; �eld of view: 256 mm; matrix: 256 × 256; slices: 176; slices
thickness: 1.0 mm; voxel size: 1.0 × 1.0 × 1.0 mm; mean acquisition time: 4:43 minutes.

Post-Processing of the Data

For each patient, the DSI acquisitions were fused with the corresponding T2-weighted acquisitions by
using the Matlab (MathWorks Inc, Natick, MA) package SPM (Wellcome Department of Imaging
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Neuroscience; London, UK). The b0 DSI was used as reference image and the T2 as source image. The
�nal single data set images thickness of each fused T2-DSI slice was 2.2 mm as opposed to the initial
thickness of each DSI slice of 3 mm.

Analysis

Fiber tracking analysis

The acquired data were analysed with Track Vis (Ruopeng Wang, Van J. Wedeen, TrackVis.org, Martinos
Centre for Biomedical Imaging, Massachusetts General Hospital, www.trackvis.org), a software tool for
�ber tracking reconstruction, display and analysis that works with a deterministic algorithm(Wang et al.,
2007).

As no systematic protocol for DRTT analysis using DSI exists up to now, the optimal values for the Angle-
and Mask- thresholds were manually determined after calibration. After several trials the angle threshold
was set at 60° and the mask threshold was set at 20.00 − 525.00. (Tables 1–2). The minimal �ber length
threshold was set at 10 mm. The input �les that were used for the DSI reconstruction were in DICOM
(.dcm) and Nifti/Analyze (.nii) format. The reconstruction output �les were in ‘.nii’ format and the
tractogramm output �les in ‘.tract’ format (Wang et al., 2007).

As a control check, the depiction of the decussation of the DRTT �bers at the level of the mesencephalon
was attempted in all cases. In order to isolate the DRTT, three spherical regions of interest (ROI) were set
according to the criteria of Kwon (Kwon et al., 2011). The �rst ROI was placed on the nucleus dentatus
(ND), on an axial plane at a level where the anterior superior tip is �rst visible, contralateral to the Vim of
interest. The second ROI was located on the superior cerebellar peduncle (SCP) contralateral to the Vim.
Finally, a third ROI (diameter of two pixels, i.e. 4.4 mm) was set on the nucleus ruber (NR) at the axial
plane of its maximal diameter, ipsilateral to the Vim of interest.

The original DSI images have been acquired parallel and orthogonal to the AC-PC (bicommisural) line, so
that the three orthogonal planes of our anatomic images in TrackVIs keep in the AC-PC reference system.

In order to categorize our results based on the quantity of information they have been giving us, we
suggested two criteria: 1) Firstly, the DRTT has to pass through all three ROIs: two contralateral ROIs to
the thalamus of interest, namely the ND and SCP and one ipsilateral ROI to the thalamus of interest,
namely the NR. 2) Secondly, in respect of the above prerequisites, the tract has to show a consistent
crossing of its �bers at the level of the tegmentum mesencephali. The detection of this decussation has
helped us distinguish the DRTT from the neighbouring �ber bundles.

If a case ful�lled both criteria it would fall into the �rst category, if it ful�lled only one it would fall into
second and if it did not ful�l any criterion at all it would fall into the third category. More speci�cally if the
identi�ed DRTT would ful�l both criteria it would be regarded as completely successful. The cases that
either had interrupted tracts, missing cerebellar or thalamic sections or didn’t have a decussation were

http://www.trackvis.org/
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regarded as incomplete. Finally the cases that had no adherence to the above mentioned criteria with
random paths and inconsistent diffusion trajectories fell into the third category.

Results
The results of the identi�cation of the DRTT with the proposed DSI approach were classi�ed in the
following three categories: 1) completely visible tract, 2) partially visible tract, and 3) non-visible tract.
Complete bilateral tract identi�cation was possible in 6 patients (60%), partially visible in 3 patients
(30%), and non-visible in 1 patient (10%) (Figs. 1–3). The decussation took place in all of the cases at the
level of the tegmentum mesencephali. (Table 1).

Course of DRTT

According to MRI anatomy

Nucleus dentatus - superior cerebellar peduncle

The course of our obtained tract and its relationships with the surrounding structures has been assessed
on the DSI-T2 coregistered images. In all successfully identi�ed cases, the tract stemmed from the antero-
medial surface of ND and ascended forming the main body of superior cerebellar peduncle (SCP). The
SCP is running antero-superiorly in bilateral symmetry reaching the brainstem and forming the lateral part
of the roof of the fourth ventricle in its cranial half. Then the SCP courses just inferior to the inferior
colliculus to reach the mesencephalon (Gallay et al., 2008; Hoch et al., 2016; Hong et al., 2010; Kramer et
al., 2009)(Figs. 5.a-b).

Mesencephalon – Decussation

As the tract reaches the mesencephalon, it ascends from a postero-medial to an antero-lateral orientation
up to the posterior part of the tectum mesencephali where the decussation takes place. Among the six
patients with accurate visualization of the DRTT, the crossing of �bers happened either exactly at the
level of the maximal axial diameter of the NR, or 3, 6 or 9 mm inferior to that plane, with a sample
prevalence of 1: 1: 2: 2, respectively in 17% ,17%, 33% and 33% of the group. Right after the decussation
the DRTT climbs on a distance of 3 to 6 mm just posterior to SN following the same antero-superior
direction.

Red Nucleus

From there, the DRTT moves in the direction of NR and passes through its antero-lateral and inferior
surface. Then, the tract ascends from a postero-inferior to antero-superior direction with a ~ 60° angle in
the sagittal plane (Fig. 6.a) and from a medio-inferior to latero-superior direction with a ~ 45° angle in the
coronal plane (Fig. 6.b). According to the Latin literature, the tract is named “fasciculus
cerebellothalamicus” on its route from the NR to its entrance in the thalamus (Gallay et al., 2008; Morel,
2007) .
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Thalamus

The tract enters the thalamus in the inferior and posterior part of its lateral half. By entering the thalamus
the tract changes direction, from 60° to an approximate 80° angle in the sagittal plane and from 45° to
60° angle in the coronal plane.

The basic source of reference has been the anatomical atlas of Morel(Morel, 2007). According to it, the
trajectory of the tract is: 1) toward the posterior part of the “ventral medial” (VM) nucleus, 2) the “ventral
lateral” posterior nucleus (VLp), 3) possibly the VLa and sometimes 4) the intralaminar nuclei.

As long as the tract moved through thalamus it kept the 60° angle in the coronal plane. After exiting
thalamus the coronal plane angle switched again to 45° (Figs. 7.a-b). The intrathalamic endpoint of the
tract is in keeping with the V.im/Vop nuclei. However, due to the resolution limitation of actual imaging
techniques in the representation of thalamic subterritories as well as the co-registration of the anatomic
sequences with the big voxel-based DSI sequences and consecutive low images resolution, the exact
thalamic endpoint of DRTT could not be identi�ed with high precision. Structures like the spinothalamic
tract, lemniscus medialis and the prelemniscal radiation couldn’t likewise be precisely identi�ed.

Cortex

After leaving the thalamus, the DRTT spreads its �bers in the Corona Radiata to �nally reach the motor
and premotor cortex, identi�ed in T2 sequences according to Yousry et al (Percheron et al., 1996; Yousry
et al., 1997) (Fig. 8).

According to AC-PC plane

Axial plane

In the axial plane, at the level where NR acquires its maximum diameter, the tract runs precisely between
the antero-lateral surface of the NR and the postero-medial part of the STh (Fig. 9). According to the
Morel Atlas, our main reference source, the bulk of the DRTT is posterior and lateral to the pallidothalamic
tract, and they come close together at some levels but still separated (Morel, 2007).

In our study the DRTT could be observed on the axial views of all the 6 successfully depicted cases.
(Figs. 9–10).

Coronal plane

The tract ascended in a 45° angle from mesencephalon into the direction of thalamus. It courses between
NR and STh/ SN (Fig. 11). Similar results were obtained in all of our cases with successful visualisation
of the tract.

Sagittal plane
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During its whole course from mesencephalon to thalamus the DRTT kept ascending posteriorly and
partially in parallel to STh and SN (Fig. 13).

Discussion
Based on results

Our study is a �rst attempt to depict speci�cally the DRTT in living patient suffering from PD using a
similar approach. We were able to identify and depict the whole DRTT using high angular DSI performed
at 3T. Our results were consistent with the anatomical course of the tract (Gallay et al., 2008; Percheron et
al., 1996) .

The decussation could be observed in six of the ten subjects from 0 to 9 mm inferior to the level of the
maximal diameter of the NR in the axial plane. This observed variability of the �bers decussation has not
been previously reported and whether it represents a real inter-individual variability or results from an
erroneous reconstruction of the crossing �bers with the chosen algorithm is not known. One must keep in
mind that the demonstrated tracts are representations of water molecules diffusion along the axons
rather than radiological depiction of a real anatomic structure (Sarubbo et al., 2013; Schmahmann et al.,
2007). However, the fact that the DRTT crossed the midline at the same level on both hemispheres for
each successful case supports the hypothesis of a consistent representation of the decussation.

Although the DRTT has been successfully represented in its entirety in 60% cases, in 40% of the sample,
the tract could be either only partially depicted, or not identi�ed at all. These results could be explained
through technical limitations of the used approach (namely insu�cient number of read-out directions,
low strength of MRI �eld or inadequate voxel size during images acquisition, suboptimal ROI placement
and faulty reconstruction with the chosen algorithm during �ber tracking process) (Holl et al., 2011;
Martino et al., 2013; Middlebrooks et al., 2015). The speci�c population used for this study may also
explain this observation, as diffuse gray and white matter brain atrophy has been associated with
Parkinson’s disease, consequently decreasing the strength of diffusion along the tract. Moreover, even if
quantitative/qualitative changes along the DRTT were beyond the scope of this study, this abnormality
could actually characterize a biomarker of tremor in this population, as it was already suggested in DTI-
based studies that fractional anisotropy (FA) could re�ect changes in the �ber organisation with a
reduction in cases of axonal degeneration (Martino et al., 2013; Middlebrooks et al., 2015). Longitudinal
studies could be a valuable tool to assess possible quantitative and qualitative changes in the course of
PD.

In one case, the DRTT could be depicted with only one ROI directly centered on the NR (radius of two
pixels, corresponding to 4.4 mm), with a course very similar to the tracts obtained with the above-
described three ROI approach, in terms of location and orientation of the �ber bundles. The absence of
other �ber tracts (e.g. rubrospinal tract running toward the spinal cord or corticospinal �bers running in
the cerebral peduncle nearby the ROI) was notable. In that case the number of �bers were minimal.
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DRTT as DBS target

In regards to the DRTT appropriateness Schlaier et al (Anthofer et al., 2014; Schlaier et al., 2014) could
not �nd a clear correlation between tremor reduction and the distance between the stimulating electrode
and the DRTT. They suggested that the precise identi�cation of the DRTT on DTI may be a limiting factor
and proposed that DTI sequences with a higher number of read-out directions, probabilistic �ber tracking
and 3 T MRI scanners may lead to different results in the depiction of the chosen �ber tract and may
provide a better correlation with stimulation effects. Even if DSI techniques have shown superiority on
DTI in identifying �ber crossing, complex structures (e.g. in the centrum semiovale, the pontocerebellar
�bers in the basis pontis) and �bers entering into gray matter of cortical regions (Wedeen et al., 2008),
further studies are mandatory to investigate (1) the safety and e�cacy of DSI in accurately depicting the
DRTT for DBS as well as (2) correlate the position of the identi�ed DRTT with the stimulation site and the
clinical outcomes in larger cohorts of patients. Finally integration of softwares able to process DSI data,
in the usual stereotactic planning platforms is needed to investigate the reliability and accuracy of DSI to
target the DRTT in the clinical practice.

Limitations

Concerning the bad delineation a possible explanation may be the di�culty of the algorithm to analyse
white matter tracts at the level of the pons or even more posterior to it. The algorithm used seems to be
unable to make de�nitive distinctions between the �ne thin DRTT from the adjacent structures like the
medial lemniscus or the spinothalamic tract and we should always take into account the possibility of
biased results (Holl et al., 2011).

Beyond the previously mentioned technical limitations of the sequence, the small sample of patients
precludes the generalization of our results to other subjects suffering from PD. Moreover, we were not
able to correlate our �ndings with postmortem veri�cation of the DRTT in these patients. There are
reports in the recent literature of successful validation of the depicted white matter tracts with DSI
algorithm by means of �ber dissection in human postmortem brain. (Schmahmann et al., 2007) The
group of Fernandez-Miranda and al. were able to depict �bers originating from the ND, terminating in the
contralateral NR and thalamus, after their decussation at the level of the lower midbrain, with a whole-
brain DSI �ber tracking procedure and an orientation distribution function–streamlined region of
interest– based approach.(Fernandez-Miranda et al., 2012) This might provide solid basis for the further
development validation approaches to corroborate the DSI based DRTT representation with the classical
anatomohistological data (Holl et al., 2011; Martino et al., 2013; Middlebrooks et al., 2015; Sarubbo et al.,
2013; Schmahmann et al., 2007) .

Finally, The data output format after processing the images with Trackvis (i.e. Nifti/Analyze (.nii)), may
raise concerns about the technical feasibility of their integration in the current planning platforms for
DBS, in order to perform the preoperative targeting and to visualize the stimulation location in relation to
the depicted DRTT.
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Conclusions
In this study, we implemented an innovative DSI tractography approach to depict in vivo the DRTT tract in
human patients suffering from Parkinson’s disease. The delineated DRTT showed a high consistency
with the existing anatomical data. Therefore, DSI algorithm might be used in the future to precisely
identify and target the DRTT in DBS for tremor and in order to reliably demonstrate the anatomic relations
of the stimulating site with the targeted tract in postoperative MR imaging. Further research is needed to
optimize the image resolution, the tractography algorithms and to improve the reliability of DSI.

The accuracy and reliability of DSI in precisely identifying the actual anatomical location of the DRTT,
especially in the subthalamic region used for DBS targeting, remains unclear, DSI has shown potential
advantages to overcome the limitations of DTI in identifying �ber tracts precisely. No systematic analysis
of the DRTT has been performed so far using this technique. This is relevant for precise targeting and
electrode placement when considering DBS for tremor.

Abbreviations
ADC                apparent diffusion coe�cient

DBS                deep brain stimulation

DRTT              dentatorubrothalamic tract

DSI                 diffusion spectrum imaging

DTI                  diffusion tensor imaging

DWI                diffusion weighted imaging

ET                   essential tremor

GPi                 globus pallidus internus

MRI                 magnetic resonance imaging

ND                  nucleus dentatus

NMV               net magnetization vector

NR                  nucleus ruber

PD                  Parkinson’s disease

PSA                Posterior subthalamic area
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SN                  Substantia nigra

SPCT             subthalamo-ponto-cerebellar tract

STh                 nucleus subthalamicus

Vim                 ventral intermediate nucleus (also known as the VLp)

VLa                 nucleus ventralis lateralis anterior

VLp                 nucleus ventralis lateralis posterior

Voa                 nucleus ventro-oralis anterior

Vop                 nucleus ventro-oralis posterior
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Tables
Table 1 
Angle threshold attempts from 20° to 90°. Standard Mask: 20.84 – 525.01. All the
measurements have been made on the b0 DSI images. Symbols interpretation: - : no Tract. + :
incomplete tract. ++ : successful tract. Coordinates expressed in pixel units of XYZ axes. Dec:
stands for the superior cerebellar peduncle decussation projected on the Z axis.
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Patient 20° 35° 45° 60° 70° 80° 90° NR left
NR
right Decussation

successful
DRTT

1 - - ++ ++ ++ ++ ++

 (51
,52,
15)

(45, 52,
15)

Decussation:
13 +

2 - - + + + + +
(52,
51, 18)

(47, 51,
18) No Dec. -

3 - - + + + + +
(50,
51, 17)

(46, 51,
17) No Dec. -

4 - - - + + + +
(52,
52, 18)

(47 ,51,
18) No Dec. -

5 - - + ++ ++ ++ ++
(51,
47, 17)

(46, 47,
17) Dec: 16 +

6 - - - ++ ++ ++ ++
(51,
52, 17)

(46, 52,
17) Dec: 17 +

7 - - - ++ ++ ++ ++
(52,
53, 18)

(47, 53,
18)  Dec: 15 +

8 - - - ++ ++ ++ ++
(53,
51, 17)

(47, 50,
17) Dec: 14 +

9 - - - - - - -
(53,
51, 15)

(47, 51,
15) No Dec. -

10 - - - ++ ++ ++ ++
(51,
52, 20)

(46, 52,
20) Dec: 18 +

Decussation: 6; DRTT: 6.

 

Table 2
Mask threshold attempts from 0 to 525,0. Standard Angle: 60°. All the measurements have
been made on the b0 DSI images. Symbols interpretation: - : no Tract. + : incomplete tract. ++
: successful tract.
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Patient
 44-
525

 44-
288

 288-
525

 166-
410

44-
1025

0-
525

10-
525

20-
525

30-
525

1 - - - - - + + ++ -

2 - - - - - + + + -

3 - - - - - + + + -

4 - - - - - + + + -

5 - - - - - + + ++ -

6 - - - - - + + ++ -

7 - - - - - + + ++ -

8 - - - - - + + ++ -

9 - - - - - + + + -

10 - - - - - + + ++ -

 

Figures
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Figure 1

DSI-T2 fusion. Sagittal views.DRTT depicted as a completely visible tract from nucleus dentatus to
frontal lobe.
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Figure 2

DSI-T2 fusion. Sagittal views. partially visible DRTT with a solitary �ber extending from ND to cerebral
cortex.
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Figure 3

DSI-T2 fusion. Sagittal views. No DRTT-relevant structure of random �bers containing diffusion tensors
that are not aligned (multicolour broken non harmonic �bers).
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Figure 4

a DSI-T2 fusion. Coronal views. The blue and green �ber bundles (DRTT) on bottom of picture tend to
move vertically but do not decussate. b Different case where the blue and green �bers on bottom of
picture move symmetrically up to NR (purple and yellow ROIs) without crossing. Red, orange ROIs:
superior cerebellar peduncle. Purple, yellow ROIs: nucleus ruber.

Figure 5

a DSI-T2 fusion. Sagittal view. Example of a successfully depicted DRTT tract b Coronal view of a
successfully depicted DRTT tract. Green and yellow ROIs: nucleus ruber
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Figure 6

a DSI-T2 fusion. Sagittal close-up, angle based on sagittal axis. Axial plane level is 3mm inferior to AC
PC. Note that as the tract ascends through the thalamus the angle increases above 60 degrees
approaching nearly 80 degrees. b DSI-T2. Anteroposterior view of coronal plane at 6mm anterior to
midcomissural level. Note the DRTT from NR and upwards and the crooked angling of the DRTT as it
leaves NR.

Figure 7

a DSI-T2 fusion. Anteroposterior view of coronal plane of DRTT from NR onwards. b Coronal close-up.
Angle based on transverse axis. Axial plane 3mm inferior to AC PC.
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Figure 8

DSI-T2 fusion. Sagittal view. The cortical projections of DRTT are visible in a precentral distribution.
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Figure 9

i. Modi�ed axial plane, 3 mm inferior to intercommissural AC PC. plane. ii. Axial close-up; Axial plane
3mm inferior to AC PC. Short arrow: RN, long arrow: STh. iii. Modi�ed axial atlas map, 3,6 mm inferior to
AC PC. (adaptation/modi�cation/after permission of Gallay et al (Gallay et al., 2008) ).
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Figure 10

DSI-T2 fusion. Axial view at 3mm inferior to the intercommissural AC PC. plane in all of the successfully
depicted DRTT tracts. Note the �bers emerging points related to NR and STh as well as the variability
between i, iv, vi and ii, iii, v concerning the amount of �ber bundles.
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Figure 11

i.: DSI-T2 fusion. Coronal plane at 6,6 mm anterior to the PC level. ii- iii.: Modi�ed images of : coronal view
of proton density MRI, myelin section. iv.: DSI-T2 fusion. Coronal close up view of DRTT, at 6,6 mm
anterior to the PC level. Short arrow: nucleus ruber (RN). v.: Atlas map at 7,5 mm anterior to the PC level.
(adaptation/modi�cation/courtesy of Gallay et al after permission (Gallay et al., 2008) ).
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Figure 12

i- vi.: DSI-T2 fusion. Coronal view at 6,6 mm anterior to PC level in all of the successfully depicted DRTT
tracts. Note the �bers’ orientation passing lateral and inferior to NR then medial to STh.

Figure 13

i- iv.: Sagittal views of DSI, Nissl section, atlas, PV immunostaining at 8,1 mm lateral to the
intercommisural line. v.: Sagittal close-up view of DSI at 8,8 mm lateral. Fibers ascend posterior to the
nucleus subthalamicus (long arrow). vi.: Myelin stained section at 8,1 mm lateral. DRTT:
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dentatorubrothalamic tract, STh: nucleus subthalamicus, SN: substantia nigra. (adaptation/modi�cation/
courtesy of Gallay et al (Gallay et al., 2008) after permission).

Figure 14

DSI-T2 fusion. Sagittal view at 6,6 mm lateral to the intercommissural line in all of the successfully
depicted DRTT tracts. Note the course of DRTT consistently posterior and parallel to STh (hypointense
mass in brainstem), moving vertical and curving slightly posterior after its intrathalamic course. Note also
the variability among the images, regarding the amount of �ber bundles.


