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syngo.MR Neuro 3D enables a
streamlined post processing and
visualization of functional BOLD and
diffusion tensor images. For clinical
insights into the use of fMRI and
DTI in the clinical settings, we would
like to refer the interested reader to
these case series [1, 2, 3].

1A

Within this article, we have
described our preferred workflow
and steps for the processing and
analysis of BOLD fMRI and diffusion
tensor imaging (DTI) data. Obviously,
it is not necessary to have both
BOLD fMRI and DTI datasets available
for each patient, syngo.MR Neuro 3D
can be used even if there is only
BOLD fMRI or DTI data for a patient.

First step: Open the case
Assign the complete case to
syngo.MR Neuro 3D with a rightmouse click and selection of the
option ‘Assign’ with further selection
of ‘MR Neuro 3D’ (Fig. 1A). Once the
case has been assigned, the status
of the case changes from ‘Scheduled’
to ‘Ready’ (Fig. 1B). Open the case
by double clicking on it.
For faster loading, select only the
relevant series (BOLD MOCO, GLM,
Tensor, anatomical data) by multiselection with ‘Ctrl’ key and left
mouse clicks (Fig. 2). Follow this
with a right mouse click and selection of the option ‘Read only’ with
further selection of ‘MR Neuro 3D’
(Fig. 2). syngo.MR Neuro 3D can
accept more than one BOLD series
with the capability of visualizing
activations for up to 4 different
52

1B

1

(1A) Case assignment to Neuro 3D with a right mouse click. (1B) When the case is
ready, the ‘Workflow Status’ changes from ‘Scheduled’ to ‘Ready’.
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paradigms simultaneously. However,
the corresponding GLM must also be
loaded. For tractography analysis, only
the TENSOR data is required. The raw
diffusion series does not have to be
loaded. syngo.MR Neuro 3D can accept
data collected in different scan sessions (e.g., the patient anatomical and
DTI data were collected in separate
scan sessions from the BOLD data).

Second step: Alignment

2

2

Multi-selection of the relevant datasets to be opened as ‘read only’ for Neuro 3D.

3

The alignment overview with all available series overlaid on the reference scan.

3

The BOLD and DTI data should be
registered to a reference scan, usually
the anatomical scan such as the
MPRAGE. Accurate alignment is especially critical for the analysis of data
acquired in different scan sessions.
The alignment overview displays all
available series overlaid on the reference scan. This is the starting point
for registration (Fig. 3). A drop down
menu in the Control Area on the far
left enables the selection of different
overlay palettes, such as ‘Edges’ or
‘Perfusion’, to help visual assessment
of co-registration accuracy (Fig. 4).
In addition, a blending functionality
is available.
4A

4B

4

Dropdown menu for different overlay palettes in the Control Area on the far left of the screen. These different overlay palettes can
aid assessment of co-registration accuracy. The different examples shown are (4A) Advanced Perfusion (default) and (4B) Edges.
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Image alignment can be performed
automatically or manually. First, click
on the ‘Auto Alignment All’ button in
the Control Area (Fig. 5, indicated by
arrow) in order to perform automatic
alignment for all series simultaneously. The algorithm works with an
iterative approach: Every time you
click on the ‘registration’ button, the
registration is further improved until
a steady state is reached (Fig. 6).

5

2

We recommend the individual
verification of each and every series.
To do this, click on the series in the
‘target images’. This opens the single
series in a dedicated 3D MPR view
with the functional data overlaid on
the reference scan. For BOLD acquisitions, the raw series is also displayed
together with motion correction
graphs (rotation and translation)
(Fig. 7).
5

Automatic alignment for all series to the reference series is performed by clicking
on the ‘Auto Alignment All’ button (indicated with arrow).

For each segment, scroll through the
slices to check the alignment. You can
scroll using three alternatives:
1. using the mouse wheel,

6A
6

Improvements
to the
automatic
coregistration
with several
iterations.
(6A) Prior to
application of
alignment
algorithm,
(6B) after one
iteration, (6C)
after three
iterations.

2. moving the mouse up and down
while pressing the right mouse
button,
3. pressing the keyboard arrows ‘up’
and ‘down’.
For the BOLD raw series, you can
additionally scroll through time using
two alternatives:
1. moving the mouse left and right
while pressing the right mouse
button,
2. pressing the keyboard arrows ‘left’
and ‘right’.

6B
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7
7

Verification of the
alignment of a single
series in a dedicated
display.

8

Manual alignment is
activated by pressing
the ‘Visual Alignment’
button which triggers
the appearance of a
compass guide.

8

To modify the alignment, click on
the ‘Visual Alignment’ button in the
Control Area (Fig. 8, indicated by
arrow). This opens a compass guide
in the MPR segments.
• For translation: Position the cursor
in the desired MPR segment and drag
the overlay using the left mouse
button.
• For rotation: Position the cursor over
the compass in the desired MPR seg-

Third step: fMRI

ment. The compass changes to
white and you can drag it clockwise
or counter clockwise using the left
mouse button. The center of the
rotation can be adjusted by dragging the center of the compass.
Many users find the ‘Edges’ palette
useful for the verification of the
alignment. After you have performed
the manual alignment, deactivate the

‘Visual Alignment’ button to avoid
any further accidental modifications.
Repeat this step for all the other
series: Click in the ‘target images’ list
to select the next series. To go back
to the overview display, click on the
‘Alignment Overview’ button. When
all the series are properly registered,
processing and visualization can then
be performed.

9

Click on the ‘fMRI’ step to perform
visualization of BOLD activation
areas. All BOLD paradigms are presented in the ‘function’ list and the
corresponding activation maps are
displayed overlaid on the reference
scan in a 3D MPR view and as a volume rendered image (Fig. 9).
The visualization and processing
tools offer the following
functionalities:
• Hide or display dedicated activation
maps by clicking the ‘eye’ icon in
the function list.

9

Visualization of BOLD activation maps within the fMRI step.
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10A

10 (10A) Clip plane
functionality to
better visualize
BOLD activations
within the VRT
segment.
(10B) fMRI
activations as
displayed on
a gray-scale
VRT-like visualization within
the VRT
segment.

10B

• Assignment of color palettes to the
activation maps. Different modes
are available:
––‘Individual Mode’ to assign
different color palettes to each
activation map.
––‘Uniform Mode’ to assign
the same color palette to all
activation maps.
––‘Highlight Mode’ to assign a specific color palette to the activation
map resulting from a primary task
and another color palette to the
secondary tasks.
• Adjustment of statistical threshold
levels
• Optional interpolation and specification of cluster size. This can be
found in the ‘function properties’
menu (bottom right corner of each
MPR segment)
• In the VRT segment:
––Clip plane for visualization of
the BOLD activation specific
to a plane (upper left corner).
Several planes can be activated
simultaneously.
56

––Split plane for visualization
of BOLD activation in the whole
imaging volume up to the
specified anatomical plane
(upper left corner)
––Brain mask for skull removal
to better visualize brain surface
cortical structures
• Synchronization of MPR and VRT
segments: Clicking on the VRT
automatically brings the MPR
segments to the corresponding
reference point.
First, examine the activated areas
for the different tasks in the MPR
segments. If necessary, adjust the
statistical threshold values for each
paradigm. Highlight the corresponding paradigm with a click in the
function list and adjust the threshold
located below (slider bar or keyboard
input). The colors of each activation
map can be individually specified
by using the drop down menus of
available color palettes. Within the
VRT segment, activate the clip plane
and split plane functionalities to
help 3D visualization (Fig. 10A).
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A list of important keyboard shortcuts
is present in Appendix A. To translate
a plane, position the cursor close
to the plane, press and hold the right
mouse button and move the mouse
in the desired direction. To rotate a
plane, position the cursor close to the
spheres on its border, press and hold
the left mouse button and move the
mouse in the desired direction.
Should a VRT-like gray-scale visualization be preferred (Fig. 10B), please do
these following steps:
 lick on “Fused Volume Renderer”
1. C
(lower left corner) to deactivate
the VRT.
2. C
 lick on the wrench within
“Orthogonal MPR” (lower left
corner) and click on “Orthogonal
MPR Properties”. This will activate
a pop-up window. Activate the
“In-situ Display” option.
3. T
 o translate or rotate the different
planes within the VRT segment,
simply modify the reference lines
within the MPR segments.
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Fourth step: Time Course
Evaluation
To perform a quality check of the activation maps, click on the ‘Time Course
Evaluation’ step to analyze signal-time
curves.
Select the desired paradigm in
the ‘function list’ by clicking on the
corresponding white box. An eye icon
will appear and the corresponding
activation map is displayed. Timecourse analysis can be performed
for individual voxels or volumes of
interest. Select your desired tool
by clicking on the appropriate icon

‘fMRI voxel’ or ‘fMRI VOI’ within
the control area or in the upper right
corner of each MPR segment
(Fig. 11A, highlighted with squares).
For single voxel analysis, select the
‘fMRI voxel’ tool and click on the
appropriate voxels of interest within
the MPR segments. Every click will
create a voxel of a different color
and the corresponding signal-time
curve is displayed with the same
color in the time-course segment.
To modify the position of a voxel,
first deactivate the ‘fMRI voxel’ tool
and relocate the voxel with drag
and drop.

11A

For volume analysis, select the ‘fMRI
VOI’ tool and draw a volume over an
activated area of interest (Fig. 11B).
By default, the VOI is restricted to
the voxels which are activated above
threshold. You can change this
behavior with a right click on the VOI
and de-selection of ‘shrink to activation’ option.
To delete any voxel or volume of
interest, select the corresponding
object and choose the ‘delete
measurement’ option with a right
mouse click.

11 (11A)
Options
for tool
selection.
(11B) Display
of activation
maps with
signal-time
curves in the
Time Course
Evaluation
step.

11B

Fifth step: Tractography

12

For visualization of diffusion tracts,
click on the ‘Tractography’ step. Tractography data for the complete imaging volume have been automatically
generated. They are displayed overlaid
on the reference scan in a 3D MPR
view and as a volume rendered image
(Fig. 12). If you have performed the
fMRI step as described above, the
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tractography data is simply added to
the currently available MPRs and VRT.

You can save your own settings, for
this, please refer to the user manual.

The tracts are generated using a
deterministic approach with the FACT
algorithm (Fiber Assignment by
Continuous Tracking) [4]. Different
parameters can be specified, for
example seed points and angle
threshold (see Appendix B). Specific
settings can be saved to be applied
for the initial automated whole volume tractography as well as for the
more precise generation of refined
tracts. Default settings are provided.

The whole volume tractography may
be useful for the immediate visualization of tracts displacement in the
presence of tumors (Fig. 13).
The whole volume tractography
can be interactively refined through
different options: volume of interest,
volume of interest using activated
voxels, planes, or logical combination
(AND, OR …) of these (Fig. 14):

13

2. Tractography VOI (Shrink to
activation): selective visualization
of tracts within the vicinity of fMRI
activated voxels in the VOI.
3. Tractography Plane: selective
visualization of tracts which crosses
the set plane.
As there are many different approaches
for tractography analysis, this article
will focus on two use cases.
14

13 Visualization of whole volume tractography within the Tractography step
(two clip planes have been used).

15A

15B

15C

15D

15 Visualization of the arcuate fasciculus in the tractography
step. (15A) Initial whole brain tractography. (15B) Refined
tracts after positioning of the VOI. (15C) Rendered Tracts
with defined settings. (15D) Additional rendering with
skull stripping.
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1. Tractography VOI: selective
visualization of tracts which
traverses the VOI.
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1. Visualization of the arcuate
fasciculus

16A

Click on the ‘Interactive Mode’ icon
(Fig. 14).
Visualization of this very important
tract can be done by placing a Tractography VOI in the inferior frontal
lobe or in the temporal lobe. However, in cases of lesions or tumors
potentially displacing important
functional language regions, it may
be helpful to use fMRI activation
voxels to guide placement of the VOI.

16B

Select the ‘Tractography VOI’ or
‘Tractography VOI (Shrink to activation)’ by clicking on the corresponding icon. Draw the VOI in any MPR
segment. This creates a VOI labeled
‘VOI_1’ (Fig. 15B). The color of the
VOI reflects its function: green for
a Tractography VOI, purple for a
Tractography VOI (Shrink to activation). You can move the VOI by
dragging and moving it in the
different MPR segments. The VRT
is updated in real time.

16C

In the VRT segment, use the clip
planes and split planes as described
in the fMRI step. Once you are satisfied with the rendering, hide the
seed volumes, if desired, with a right
click and further selection of ‘Hide
seed points’. Save your result by clicking the ‘Create and Save Diffusion
Tract Bundle’ icon in the control area.
This generates the finalized tract
bundle using the settings highlighted
in the drop down menu ‘Settings’
(Fig. 15C).

16D

2. Visualization of the connecting
pathways for the visual system
Click on the ‘Interactive Mode’ icon.

16 Visualization of the connecting pathways for the visual system in the tractography
step. (16A) Initial whole brain tractography. (16B) After fMRI VOI. (16C) After VOI
2, only tracts going through 1 and 2 are displayed. (16D) Rendered Tracts with
defined settings.

First, select the ‘Tractography VOI
(Shrink to activation)’ by clicking on
the corresponding icon and draw a
VOI encompassing the visual cortex
on the axial plane. This creates a purple VOI labeled ‘VOI_1’ (Fig. 16B).
Manipulate the shape of the VOI in
the different planes to capture the
visual cortex selectively for the left or
right hemisphere.
Second, select the ‘Tractography VOI’
and draw a VOI next to the optic
chiasm, usually best identified on
the axial plane. This creates a green
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VOI labeled ‘VOI_2’ (Fig. 16C). By
default, the logical combination
‘A AND B’ is selected (Fig. 16C, arrow),
and therefore only the tracts going
through the VOI_1 and the VOI_2 are
displayed. You can change the position
and shape of both VOIs in all planes in
order to best capture the connecting
pathways. Use the clip planes and split
planes in the VRT segment to fine-tune
the rendering.

17A

Save your result by clicking the
‘Create and Save Diffusion Tract
Bundle’ icon in the control area. This
generates the finalized tract bundle
using the settings highlighted in the
drop down menu ‘Settings’.

17B

Should a VRT-like gray-scale visualization be preferred (Figs. 17A, B), please
refer to the end of the fMRI section for
the necessary steps.

Export:
17 Tractography displayed on a VRT-like gray-scale visualization with single seed point
(17A) and multiple seed points (17B).

To export the processing results,
a dedicated ‘Export’ step is available.
Please refer to the user manual.
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Clip Planes

Tract Length

Action

Keyboard Shortcut

larger range = more tracts

Left Clip Plane

Shift+ L

It is defined as the length of the tracts that will be shown as tracts.

Right Clip Plane

Shift + R

Seed points per voxel length

Head (Dorsal) Clip Plane

Shift + H

smaller value = less tracts

Foot (Ventral) Clip Plane

Shift + F

Anterior Clip Plane

Shift + A

value 1 = 1 = tract, value 2 = 2 = 8 tracts,
value 3 = 33 = 27 tracts ...

Posterior Clip Plane

Shift + P

Home all Clip Planes (Orientation Reset)

Shift + 0 (zero)

Show/Hide all Clip Planes

Shift + 1

Fiber tracking stops at a certain position if the resulting fiber
tract would bend by more than “Angle Threshold” degrees at
this position.

Action

Keyboard Shortcut

FA Threshold

Action Increase offset of orthogonal MPRs

Shift + 

Decrease offset of orthogonal MPRs

Shift + 

Show/Hide orthogonal MPR frames

Shift + 2

Show/Hide orthogonal planes

Shift + 3

3

smaller range = less tracts

higher value = more tracts
3

Angle Threshold
smaller value = less tracts

Orthogonal MPRs

smaller value = more tracts

higher value = more tracts

higher value = less tracts

It is defined as the degree of Anisotropy: 0 = low anisotropy,
1 = very strong anisotropy; typical values are between 0.05 and
0.2. Fiber tracking stops at voxel postion with an FA value lower
than the given FA threshold.
TraceW Threshold

Others
Action

Keyboard Shortcut

Show/Hide VRT

Shift + 4

Show/Hide Split Plane

Shift + 5

Toggle between Clip Plane and Split Plane

Shift + s

smaller value = more tracts

higher value = less tracts

The trace-weighted image is obtained by taking the average of
the individual diffusion weighted images from the DTI scan. This
generates an image comparable to orthogonal DWI, yet is derived
from the full diffusion sampling. The TraceW threshold value is
set to 120 as default based on internal experience.

Appendix A: Important keyboard shortcuts for syngo.MR Neuro 3D
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