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Learning Objectives

Following this tutorial, you'll be able to:

1) select fiber bundles passing through
region(s) of interest, and

1) calculate scalar measurements (such as
FA and trace) from the fiber bundles.



Tutorial Outline

Editing multiple labels
Whole brain tractography
Fiber bundle selection

Fiber bundle scalar measurements



3D Slicer

The tutorial uses the 3D Slicer (Version 4.8.1, revision
26813, Stable Release) software available at:

http://download.slicer.org

Data used in this tutorial is available at: Download sample data
https://na-
mic.org/w/images/d/d6/FiberBundleSelectionAndScalarMeasurement
TutorialContestWinter2016.zip

Disclaimer

It is the responsibility of the user of 3DSlicer to comply with both the terms of the license
and with the applicable laws, regulations and rules. Slicer is a tool for research, and is not
FDA approved.



SlicerDMRI

An open-source project to improve and extend
diffusion magnetic resonance imaging software
in 3D Slicer:

http://dmri.slicer.org

* Follow the “Diffusion MRI Analysis” to install SlicerDMRI :

http://dmri.slicer.org/docs/tutorials/DiffusionMRIlanalysis.pdf




Load MRML Data
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Load MRML Data
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Load MRML Data
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it Multiple Labels
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it Multiple Labels
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Edit Multiple Labels
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Edit Multiple Labels
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Edit Multiple Labels
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Edit Multiple Labels
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Edit Multiple Labels
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Edit Multiple Labels

Notice that there are
overlaps between
different labeled
regions*, which will be
used to investigate the
fiber bundle selection.

Label map on individual
slice, with :

* 1 -entire CC

2 -anterior CC

« 3 -middle CC

4 -posterior CC

* For details of CC segments: http://adessowiki.fee.unicamp.br/adesso/wiki/DTI/proj_ccl/view/



Whole Brain Tractography
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Whole Brain Tractography
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Whole B

rain Tractography
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Whole Brain Tractography
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Whole Brain Tractography
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Tractography ROI Selection
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Single Label Selection
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Single Label Selection
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Single Label Selection
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Single Label Selection
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Single Label Selection
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Single Label Selection

Fiber Bundle Selection of Label 1 Fiber Bundle Obtained by
from the Whole Brain Tractography Seeding within Label 1

By viewing corpusCallosum
loaded in the MRML file



Multiple Labels Selection

FiberBundleLabelSelect allows users to perform multiple labels selection
by providing a list of labels and selecting one logical operation:

- OR: fiber bundles that pass through any label in the list

- AND: fiber bundles that pass through all labels in the list

v Tract selection region labels

Inclusion labels (comma-separated) |2,3

Inclusion label combination logic » OR AND

Exclusion labels (comma-separated) |AND: Fiber must pass
through all specified

Exclusion label combination logic 4 labels.

OR: Fiber must pass
through any specified
label (at least one).




Multlple Labels Selectlon (AND)
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[ | 100% S

L: fa-label (100%)

F: fa (0%)
B: fa

Restore Defaults| AutoRun ~ Cancel Apply
» Data Probe: /Users/fan/Dropbox (Part...siontutorialdata.mrmi



Multiple Labels Selection (AND)

@ Slicer File Edit View

Help 32T @ .

a T o) 100%@ E= Wed12:12PM FanZhang Q =

[ ]

oo e & .
Modules:

3

=4

» Help & Acknowledgement

Slicer

v Simple Display
Solid Tube Color

Name

corpusCallosum
whole_brain_tractography
bundle_label1_include
bundle_label2_include
bundle_label3_include
bundle_label4_include

3D Slicer 4.8.1

Tractography Display 4| == EP O & & 2 -~ v E A

= o) A:.bv

|

Lines Tubes Tubes Slice Glyphs Tubes

The fiber bundle that

Percentage of Fibers Shown -

» Fiber Bundle Selection

» Advanced Display

» Data Probe: /Users/fan/Dropbox (Part...siontutorialdata.mrmi

passes through both labels
2 and 3 is displayed.

7 5

= G

A: 1.500mm

“ i \




Multiple Labels Selection (OR)

@ Slicer File Edit View Help 32T @ . a2 T o) 100%@ B Wed12:12PM FanZhang Q =
[ ] 3D Slicer 4.8.1
Modules: Tractography ROl Selection % | ™ \) Q = @ QO &% . Z =] t ~ qa 5 v E (o
-1
@® B

@ Slicer

» Help & Acknowledgement

~ Tractography ROI Selection Repeat the above steps to select the
S ——— fiber bundle that passes through labels
wde 2 or 3 and obtain the selection result of

nput Fiber Bundle whole_brain_tractography

<

Parameter set: | Tractography ROI Selection

Output Fiber Bundle bundle_labels20R3_include -
,, bundle_labels20R3_include

v Tract selection region labels

Inclusion label combination logic @ OR AND

Exclusion labels (comma-separated)

Exclusion label combination logic 2 0 ND

» Advanced Settings

Set Combine include
labels to OR

Status: Completed v "
| 100% ;
F h llJ‘HJ

Restore Defaults| AutoRun ~ Cancel Apply

» Data Probe: /Users/fan/Dropbox (Part...siontutorialdata.mrmi

B: fa

A: 1.500mm




Multiple Labels Selection (OR)

@ Slicer File Edit View Help % 3 'm R a2 T o) 100%@@ B Wed12:115PM FanZhang Q =
o 3D Slicer 4.8.1
Modules: Tractography Display s = O EP O & & 2 -~ J= =N v E -
I
(z\ Slicer
= 4
o - 9

» Help & Acknowledgement

v Simple Display
Solid Tube Color

Name Lines Tubes Tubes Slice Glyphs Tubes »
corpusCallosum ; ; }
whole_brain_tractography ; ; ; ;
bundle_label1_include 2 C |
bundle_label2_include 4
bundle_label3_include X 2 > X \
bundle_label4_include
bundle_labels2AND3_include . . .

A ' 5 . . .

Percentage of Fibers Shown -

e The fiber bundle that
>_Advanced Dlsplay passes through either

R: 9.000mm A: 1.500mm

» Data Probe: /Users/fan/Dropbox (Part...siontutorialdata.mrmi




Multiple Labels Selection

Labels 2 and 3 Labels 2 or 3




ave Fiber Bundles

@ Slicer 32 m a & o) 100%El E Wed12:117PM FanZhang Q =

txa  Modules: 4k Tractography Display d Rl Qv Q| E @ QO & 5 7 $ -~ o) &v v a A

@ 3DSlicer

Click the button SAVE

> Help & Acknowledgement

‘m [ JoN ) th Save Scene and Unsaved Data
Sollﬁ'! % Show options
Name

corpus v File Name File Format . ) Directory ) ) =

whole awi_mask.nrra NHHU (.nrra) 3 | WI7USersTavUropbox (Partners HealthCare)/WHUK/tUtorials/Fibersur IONAT armeasurerm

lt:::g:i dwi.nrrd NRRD (.nrrd) 4 | /Users/fan/Dropbox (Partners HealthCare)/WROK/tutorials/FiberBundleSelectionAndScalarMeasurem

g::g:: fa.nrrd NRRD (.nrrd) 4 | P /Users/fan/Dropbox (Partners HealthCare)/WROK/tutorials/FiberBundleSelectionAndScalarMeasurem

bundle fa-label.nrrd NRRD (.nrrd) 4 | /Users/fan/Dropbox (Partners HealthCare)/WROK/tutorials/FiberBundleSelectionAndScalarMeasurem

| Master Scene View.png PNG (.png) 4 | 7 /Users/fan/Dropbox (Partners HealthCare)/WROK/tutorials/FiberBundleSelectionAndScalarMeasurem

corpusCallosum.vtk Poly Data (.vtk) 4 | /Users/fal . . em

Percentag whole_brain_tractography .vtk | Poly Data (.vtk) 4 | 9 /Users/fai Cl I Ck C h a n g e d I re Cto ry fo r em

' FiberB bundle_label1_include.vtk Poly Data (.vtk) R selected fi Ies and Se|eCt a
‘m v/ bundle_label2_include.vtk Poly Data (.vtk) o .
" | bundle_labei3_incudok | Poly Data (v : folder to store the vtk files ]
v bu |label4_include.vtk Poly Data (.vtk) o = /Users/fan/Dropbox (Partners HealthCare)/WROK/tutorials =
v bun els2AND3_include.vtk | Poly Data (.vtk) S 9 /Users/fan/Dropbox (Partners HealthCare)/WROK/tutorials
v bundle_lab OR3_include.vtk | Poly Data (.vtk) o 9 /Users/fan/Dropbox (Partners HealthCare)/WROK/tutorials

-

= Change directory for selected files

Check the fiber bundles
obtained above

> Dat:

(x]




@& Slicer File

Tractography Measurements

Edit View Help

L J
ES

@ Slicer

{8
» Help & Acknowledgement L)
| 7 Editor

v Simple Display
Solid Tube Color

Name
corpusCallosum

@ Modules:

Tractography Display

4

whole_brain_tractography | ®
bundle_label1_include e

bundle_label2_include
bundle_label3_include

bundle_label4_include ©
bundle_labels2AND3_include 5]

-~y
=)

Percentage of Fibers Shown ===

» Fiber Bundle Selection

» Advanced Display

» Data Probe: /Users/fan/Dropbox (Part...siontutorialdata.mrmi

Annotations
Data
DataStore
DICOM

Markups
Models

Scene Views
Segment Editor
Segmentations
Transforms

¥ Vview Controllers

Volume Rendering
Volumes
Welcome to Slicer

Wizards
Informatics
Registration
Segmentation
Quantification

3 @M o a T o) 100%@ E= Wed12:18PM FanZhang Q =
3D Slicer 4.8.1
" QO EP® @ - < | H|It -8 wh| +- @A
|

dhs Tubes )

Select the module
Tractography Measurements

R: 9.000mm A: 1.500mm

IGT

Filtering
Converters
Surface Models
Endoscopy
Utilities
Developer Tools
Legacy

MultiVolume Support

Import and Export »

Process »
T & Diffusion Tensor Scalar

»
»
4 Tractography Tractoaranhv M
»  Utilities : ;
»

»

»

»

»




Tractography Measurements

@ Slicer File Edit View Help % 3 'm R a T o) 100%@@ B Wed12:119PM FanZhang Q =
[ 3D Slicer 4.8 1
& -9 o % Setthe Tractography

@ Modules: Tractography Measurements 3 _- O. [‘{:
. Measurements parameters:

» Help & Acknowledgement - .Se I eCt I r-] pUt Type :

v Tractography Measurements F I be rS_F I Ie_F O I d e r
o | - Fibers File Folder:

Fibers Hierarchy None - — XXXI

Fibers File Folder 9 /Users/fan/Dropbox (Partners HealthCare)/WROK/tutorials

Output Text File x (Partners HealthCare)/WROK/tutorials/measurements.csv v | . - O utp ut Text F I Ie :

Select Output Format Row_Hierarchy @ Column_Hierarchy

Output Field Separator Comma - Space & Tab XXX/measurements.csv

9 3DSlicer

Print statistics for all clusters and children.

~ Advanced Setings - Select Output Format:
Column_Hierarchy

- Output Field Separator: Tab
- Check Output more statistics ‘;

Output more statistics v

Click the button Apply

Restore Defaults| AutoRun ~ Cancel Apply

%)
b \ F: fa (90%) F: fa (0%)
» Data Probe: /Users/fan/Dropbox (Part...siontutorialdata.mrml : fa P B: fa B: fa
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Tractography Measurements

The module outputted a CSV file listing
the mean scalar value (such as FA and
Trace) of each fiber bundle in the folder

| B
Name Num_Points
bundle_labell_include.vtk 2151800
bundle_label2_include.vtk 617185
bundle_label3_include.vtk 651843
bundle_label4_include.vtk 1346359
bundle_labels2AND3_include.vtk 171716

bundle_labels20R3_include.vtk 1097312

C
Num_Fibers
16140
5483
5598
83972
1630
9451

D
Mean_Length
99.185761
83.621564
86.535613
111.736367
78.215332
86.280013

E

F

Num_Clamp_Excluded Tensors_.FractionalAnisotropy.Max

1955

1
0.557704
0.997704

1
0.997704
0.857704

G

H

Tensors_.FractionalAnisotropy.Mean Tensors_.FractionalAnisotropy.Median

0.552109
0.512498
0.528475

0.57416
0.518245
0.521088

0.525033
0.479581
0.512219

0.55411
0.487751
0.438575



HN Y B WIN | -

P
Name Num_Points

bundle_labell_include.vtk 2151800
bundle_label2_include.vtk 617185
bundle_label3_include.vtk 651843
bundle_label4_include.vtk 1346359
bundle_labels2AND3_include.vtk 171716
bundle_labels20R3_include.vtk 1097312

C
Num_Fibers
16140
5483
5598
8972
1630
9451

Conclusion

D
Mean_Length
99.185761
83.621564
86.535613
111.736367
78.215332
86.280013

This tutorial guided you
through the fiber bundle
label selection and fiber
tract scalar measurements
for conducting further
tractography processing.

E

F

Num_Clamp_Excluded Tensors_.FractionalAnisotropy.Max

1855

1
0.957704
0.557704

1
0.557704
0.5957704

G

H

Tensors_.FractionalAnisotropy.Mean Tensors_.FractionalAnisotropy.Median

0.552109
0.512498
0.528475

0.57416
0.518245
0.52108%

0.525033
0.479581
0.512219

0.55411
0.487751
0.438575
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