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We have elaborated the diffusion MRI data processing procedures of PANDA in our

recent paper (Gt al., 2013), which can be a good reference for the users.

If PANDA is used in your work, citing it in your paper will be greatly appreciated, such
as O6Processing of the diffusion MRI dat ase!

PANDA (Cui et al.2013) (ttp://www.nitrc.org/projects/panla, whi ch i s based
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1 Setup

Requirements
Linux/Macoperating system (OS)
Matlab (R2012a version is recommended)

FSL (http://fsl.fmrib.ox.ac.uk/fsldownloads/fsldownloadmain.html

Please download Centos version for Linux (bkuu , Centos, RedHat, Fe

Download & Unzip

Download PANDA 1.3.0

http://www.nitrc.org/projects/panda

Example: Unzip PANDA_1.3.0_64.tar.gz
|l nput the command o6tar zxtermhinaPANDA 1. 3. 0_6 4.

Start Matlab

Open a terminal
| nput Othettelranbionailn and click OEnter 6
Note: To use PANDA, users must open Matlab through terminal rather than shortcuts,

no matter in Linux or Mac.

Matlab set path

File -> Set path> Add with Subfoldergs e | ect PANDA -1 083 dex66&ANDA
Save

Then, entering O6PANDA® i n Mat | gtaphmb mmand wi
user interfaceGUI).


http://fsl.fmrib.ox.ac.uk/fsldownloads/fsldownloadmain.html
http://www.nitrc.org/projects/panda

2 Preparing raw data

The inputof PANDA can beeitherDICOM files or NIfTI images.

2.1 DICOM format

Step 1:.Createa separate folder for each subjexsikfjectfolder).

Step 2: For eacsubjectfolder, put all DICOM files of onédiffusion weighted imaging
(DWI) acquisition into one sufolder (acquisitioAfolder).

Note:

1) Only DWI files are allowed to be put ithe acquisitiorfolder.

2) The number of sufolders should be the same as that of acquisitions for the DWI.

[ e nodel » Zaixu » test » > 2 &

Mame £

Lin

Qing

=] Zhang

DTIl
B DTIZ2

[M1
M2
[M3
[M14
[M5
[ME
M7
M8
[M9
[M10
[M11
[M12
[M13
[M114
[M15
[M16
[M17
[M18
119
[M20

[M21

Figure 1.The raw data (DICOM) organization for PANDA input.

For examplejn Figure 1, there are three subjects (Lin, Qing, Zhang), each with one
folder. Because each subject has two acquisitions in this case, there are tfottisub

under each subjedblder (e.g., DTI1 and DTI2 under folder Zhang). Each-&lter
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contains all the DICOM files of one DWI acquisition. Finally, the subjelder (eg.,
Zhang) is the input of PANDA. PANDA will calculate the quantity offglders under
Zhang and be clearly how many acquisitions of this subject. Notably, if this subject has

only one acquisition, there should be one-&ltder under Zhang.

2.2NIfTI format

Step 1:.Createa separate folder for each subjesiljjectfolder).

Step 2: For eackubjectfolder, put three files (*bval*, *bvec*, and *.nii/*.nii.gz) of

one DWI acquisition into one sdblder (acquisitiorfolder).

Note:

1) The number of sufolders should be the same as that of acquisitions for the DWI.

2) Under each subolder, there must benly thesethree files.

3) Bvalue file must be named és* b vaad b*vextor file must be nameda b v.e ¢ * 6

4) The 4D image file supportsii and.nii.gzformats.

5) If MRIcron is used to convert DICOM files of DWI data to NIfTI, three files will
be created, including a text file containing b values, a text file storing the direction
vectoss of gradient magnetic field (b vector file) and an 4D image file, which meet

PANDAGS requirements.

51 « nodel » Zaixu » test b - o B

|Name A
Lin
Qing
B =) Zhang
= OTl_41
bvals
bvecs
sub.nii.gz
= OTI_51
bvals
bvecs
sub.nii.gz

Figure2. The raw data (NIfTI) organization for PANDA input.

For examplejn Figure 2, there are three subjects (Lin, Qing, Zhang), each with one



folder. Two sudolders are created for Zhang, as there are two acquisitions for this
subject. Under each stiblder, there are three files, named bvals, bvecs, and

sub.nii.gz.



3 Full Pipeline

3.1 Basic input

Figure 3 Main GUI for PANDA.

DICOM/NIfTI Path

Input the path of subjedblders prepared in the sessiBreparing raw data, such as

folders Lin, Qing and Zhang.

Result Path

Determine resultant folder to store all the results for all subjects.
Subject IDs

Assign a digital ID for each subject. For example, if there are 8 subjects in all, then 8

IDs are needed, such as [1:35 7:10
Note:

1) [] is essentiabndthe digital IDs should be contained in the [].
8



2) a:bmeans all the IDs betwearandb, such as 7:10 representing 7 8 9 10. Therefore,

[1:35 7:10] means [12 35789 10].

File Prefix
Determine the prefix for the nameoftlhe r esul tant files. Leave
need.

B data nodel 234 00010 native

% il

|| bdt_00010_FA.nii.gz

| bdt 00010 FA 4normalize.nii.gz

| bdt 00010 _FA_4normalize_mask.nii.c

|| bdt_00010_L1.nii.gz

| bdt_00010_L1_4normalize.nii.gz

| bdt 00010 L1_4normalize_mask.nii.c

|, bdt_00010_L2.nii.gz

|| bdt_00010_L3.nii.gz

[ bdt_00010_L23m.nii.gz

| bdt 00010 _L23m_4normalize.nii.gz

| bdt 00010 _L23m_4normalize_mask.r

| bdt_00010_MD.nii.gz

Figure4. Example forfbdto asprefix parameter.

For example, in Figure 4, users input ObdtE¢
files contain O0bdtdé as prefi x.

3.2 Parallelization seting

) PANDA_Pipeline_Opt -0 X

(Pipeline Mode

(® batch gsub Maze_Queued: 24

Qsub_Options: |

oK

Figure5. GUI for setting parameters of pipeline environment.

Pipeline Mode

fonesi ngl e computer bash umede. pl eraslkei Semedeé, ¢

call the multi cores in the computer to parallelize multi jobs. Wlag Queuedis for

9



seting the quantity of jobs running in parallel. If this value is 245tasvnin Figure 5,

then 24 jobs can run in parallel, which will largely accelerate data processing speed.
Users should set the value dfax Queued according to computer performance.
Typically, to ensure the normal operation of the computer, this value should not exceed

the quantity of cores.

I f a distributed computing clust gD ( e.
mode. AlsoMax Queuedis the maximum jobs running in p#ied. Qsub Optionsis

used to set optigomd If.gr6.gqsub, such as

3.3Diffusion parameters

<) PANDA_Diffusion_Opt - o x
—Preprocessing
_|Resampling _Resclution(mm}: Raw MII from Dicom
Orientation Patch @l=r (& delete

| - Mo Inversion - .
et fiskull_removal ): 0.25
S : Nos -
waps o W Cropping_Gap(mm} 3

—Producing diffusion metrics
_W Local Diffusion Homageneity (LDH)

Neighborhood: 3 7 yoxels 119 voxels )27 voxels

W Mormalizing_Target: |,."data,."sljPub\ic,."toolbox,a‘PAr‘JDA—l‘3.0_64;‘data J

—Smooth _| Applying TBSS
4 MNermalizing _Resolution(mm): 2 - . ’—
eleton_Cutoff:
W Smoothing _Kernel(mm): 3
— Atlas

Whi_Label _Atlas: |f'data,-"s 1/Public/toolbox/PANDA-1.3.0_E4/data/: J

WM_Probtract_Atlas: |f'data,-"s 1/Public/toolbosx/PAMNDA-1,3.0_64/data/: J

OK

Figure6. GUI for setting parameters of preprocessing and comparable diffusion metrics
calculating.

Resamplingresolution

Resample the raw DWI image to erain voxel size. Generally, the current resolution
of DWI image is around 2X2X2 mr However, some MRI scanners up sampled the
data to a high resolution (e.g., 0.9x0.9X1 rfimwvhen they export the data. This

operation adds no information to the raw imhgelargely increase the data processing
10

g.
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time, especially fiber tracking. Therefore, we recommend users resample the data to

2X2x2 mm?2in this situation.

Raw NIl from Dicom

Users can sel ect 6del eted to delete the r a:

files to save the disk space.

f (skull removal)

Parameter for extracting brain tissue of DWI image, smaller values give larger brain

outline estimates. Default is 0.25.

Cropping gap (mm)

Figure7. Cropping the original image.

To reduce the memoryost andaccelerate the data processing sptes step will
replace the original image with a smaller one, which just contain the brain issue.
shown in Figure 7,ropping gap is the distance between the border of image we

selected and the border okthrain (the default value is 3 mm).

Orientation patch

Please refer to thdtility Test Bvecssection.

Neighborhood (local diffusion homogeneity)

Local diffusion homogeneity (LDH) of a given voxel is defined as the overall similarity
of the diffusivity seies within its nearest neighborho@@ong, 2013 This parameter

is to define the neighborhood, 7 voxels means two voxels are neighborhood if their

11



surfaces are adjacent, 19 voxels means line adjacent and 27 voxels means dot adjacent.

Normalizing target

Different subjects can be compared only if they are in the same spaeraldy, we
write different subjectlata into standard space through registering their images into a
standardized template. Here, PANDA first register individiaeadtional anisotropyRA)
images of native space to the FA template in the MNI spacénanapply the resultant
warping transformations to write the images of the diffusion metrics [i.e.néan
diffusivity (MD), axial diffusivity (AD/L1), radial diffusivity (RD/L23m) and LDH

into the MNI space. This parameter is the path of the standdrBixtemplateDefault

is the FMRIB58_FA template, which is a highsolution average of 58 wadligned

good quality FA images from healthy male and female subjects aged between 20 and
50, at 1x1xXImm resolution Http://fsl.fmrib.ox.ac.uk/fsl/fsl
4.1.9/data/FMRIB58_FA.htnl

Smooth

The results are used for the whole brain voxel based analysis. To alleviate the
registration error and increase tgussianityof the data, smooth iseeded.

Normalizing resolution (mm)

As the original resolution of DWI data is aroung222 mn?, here we resample the
diffusion metrics images into the voxel size 8222 mnt.

Smoothingkernel (mm)

Gaussian kernel siZer smooth, default is 6.

Atlas

For diffusion metricgi.e., FA, MD, AD and RD)mages with voxel size of 1x1X1L mf
in the standard space (the imagee * _1mm.nii.gzin standard_spacdolder), he
regionalaveragesvere calculateéccording to priofWWM atlasesThe WM atlases in

PANDA can be found in the directoy ¢ / PA-AD2&2. 4 64/ dat a/ atl ases/

WM label atlas

This atlas is created bdyand segmenting a standaplce average of diffusion MRI
12


http://fsl.fmrib.ox.ac.uk/fsl/fsl-4.1.9/data/FMRIB58_FA.html
http://fsl.fmrib.ox.ac.uk/fsl/fsl-4.1.9/data/FMRIB58_FA.html

tensor maps from 81 normal subjects according to histology criteria. Atlas
6rl CBM1D WMPaM_ F MR Bé&#mprises b0. gpre Gegions, which are
consistently existed in all these 81 subje@iori et al., 2008 (Figure 8) Atlas
6r1 CBM_DTI _®lp_ WNRN 5 &mprises 68 gegians, which existed in

the pgulation with a probability o70% (Oishi et al., 2008(Figure 9)

Figure8. White matteratlad r | CBM_DTI _81_WMPM_FMRI B58. nii.gzé
core regions.

Figure9Whi t e matter atlas o6rlI CBM_DTI 81 WMPM_70p
68 regions (70% probability).

WM probtract atlas

This atlas compris20 regions, which arelentified probabilistically by averaging the

results of running deterministic tractography on 28 normal sulfjdats et al., 2008

13
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Figure 10. White matter tract grability map, which comprises 20 regions.

Apply TBSS

Executingtractbased spatial statisticEBSS procedure and all subjedikeletons are
created for statistic§Smith et al., 2006 Also, the regional average values of

skeletonized images are acquired according to WM atlases.
Note:

To do TBSS, the data should be completely
datato generate a group mean FA imafethe data collection is not accomplished,

pleasedodt sel ect this option.

Skeletoncutoff

The parameter igsed to set the thresholdFeh for excluding the voxels in gray matter

and CSF during the TBSS processing procedure. Default value is 0.2.

Note:

Correcting for the eddgurrent effect

Eddy-current induced distortion @W images as well as simple headotion during

scanning, can be corrected by registering the DW images to the b0 image with an affine
transformation heréf multiple bO images are geiired, the average of these b0 images

will be used as reference What 6s more, the gradient direc

rotated according to the resultant affine transformatjbesmans and Jones, 2009

14



3.4 Tracking & Network parameters

) PANDA_Tracking_Opt - x

— W Deterministic Fiber Tracking

Propagation_Algarithm:  FACT - Angle_Threshold: 45
FA_Threshold: 0.2 ~ 1 Step_Length:

| RERHEESEE: I Apply Spline Filter

~ ¢ Metwork MNode Definition
__|Parcellated (native space) -
¢ 71 Images .. | Atlas: |.fdata.fs1.fPuinc.ftooIbox.fPANDA—l.3.0_54.fda|
T1_Template: |,."data,."s1,."PubIic,."toolbox,f'PAF‘JDA—l.S.O_S{."da

— T1 Options
W fiskull_removal): | 0.5 % Cropping_Capimm): 3
4 Resample_Resqution(mm):| [111]

Location_Table

Path of FA
La;‘ s1/cuizaixu/PANDA_Test_Data/res2/00001/native_space,
Aaf s1/cuizaixu/PANDA_Test_Data/res2/00002/native_space,
ﬂa;‘ s1/cuizaixu/PANDA_Test_Data/res2/00003/native_space,
ﬂaf s1/cuizaixu/PANDA_Test_Data/res2/00004/native_space,

] s | [»

— Metwork Construction
__|Deterministic _|Bedpostx+Probabilistic

QK

Figure 11 GUI for setting parameters of fiber tracking and network construction (deterministic
and probabilistic).

Deterministic fiber tracking
Deterministic  fiber tracking is implemented with Diffusion Toolkit

(http://trackvis.org/dtR/.

Propagation algorithm

Deterministic fiber tracking algorithms, four selectionSiber Assignment by
Continuous Tracking (FACT), "2 order rungekutta; tensorline and interpolated
streamlingMori et al., 1999Mori and van Zijl, 2002

Angle threshold

Terminate fibertracking if two consecutive mowindirections have crossing angle
above this thresholdlefault is 45.

FA threshold

Terminatefiber tracking if the FA is out of the threshold range (default is 0.2~1),

15


http://trackvis.org/dtk/

because the tissue with BAitside of this range is thought to be gray matter or. CSF

Step length

Step length means the progressing distance along a certain direction. Here, the unit of
step |l ength is the minimum voxel si ze. Not
AFACTO propagation algorithm,dswweamline def au

method and default 0.1 for the other two methods

Random seed

Quantity of seeds in each voxel, default is one voxel in the center of the voxel. If the

value is bigger than 1, then these seeds will be randomly selected in the voxel.
Apply spline filter
Fiber tracking is a stepy-step procedure, thus will produce many corners. This option

is to smooth these corners of the fiber.

Network node definition

The entire brain is divided into multiple regions using a prior gray matter (GM) atlas,
whereeach egion represents a network no{f&ong et al., 2009b FA images and

structural images (e.g., Meighted MPRAGE image) are needed. If you have not
generatedhe individual parcellated imagegu should selecd T 1 i .Aéleg this 0

procedure, a parcellated image in individual space will be created for each subject.

Next time, if you want to rerun deterministic network construction with different
optonsofd et er mi ni stic fiber tracking, the netw
again, you can use the individual parcellated images created before. In this situation,
youcanselead Par cel | at e dandinpeat thé indevidual pacellatgddmage

of each subject.

T1 image

Path of Tiweighted structural images, which should be in NIfTI format (*.nii or
*.nii.gz). The order of T1 images should be in accordance with the FA images. If

MRIcron is used to convert T1 DICOM files into T1 NIfTI files. Therethimages

will be created, in which the image wibhc as@refix in the name is recommended.

16



Atlas
Path ofbrain parcellation atlas. Default is AAL atl@&zourio-Mazoyer et al 2003.
T1 template

The T1 template in the standard space. Default is T1 template of ICBM152 in MNI

space.

T1 option (skull removal)

Parameter for extracting brain tissue of T1 structural image, smaller values give larger

brain outline estimates. Deftiis 0.5.

T1 option (cropping gap)
Refer to cropping gap parametemDiffusion Parameterssection.

T1 option (resample resolution)

Resample T1 image to a certain resolution for accelerating the data processing speed,

e.g., 11X mn?,

Network construction

Deterministic

Network construction based on deterministic fiber tracking. Based on whole brain
fibers, three weighted matrices are created: fiber number matrix, average FA weighted

matrix and average fiber length matrix.

Probabillistic

If probabilisticcheckbox was checked, the following window will launch.

PANDA BedpostxAndProbabilistic_Opt

Fibers: ,27 (Trackmg Type

@ OPD  _PD
Weight: 1
Brunin: 1000 Label_ID:
0K

Figure 12 GUI for setting parameters of bedpostX and probabilistic network construction.

Fibers, weight and Burnin are parameters for BedpostX, please refer to

17



http://fsl.fmrib.ox.ac.uk/fsl/fsl4.0/fdt/fdt bedpostx.htnThe Default values of these

parameters are the ones used in the corresponding(Babeens et al., 2007
Tracking type
OPD: output path distribution directly.

PD: correct path distribution for the length of the pathways and then outfbut pa

distribution.

Label ID

In the atlas (e.g., AAL atlas), each region was marked with a unique ID (typically an
integer). Here, users can input the IDs of the regions they are interested in. For example,
if users input [3:5 8], then the program will calatd the connections among any two
regions of the 3,4,5,8 regions in the atlas, and then create the network with these four

regions as nodes.

3.5 Start running

) PANDA - O x

Pipeline for Analysing braiN Diffusion imAges

Bos) PANDA

Version 1.3.0 (released 2015)

DICOM/MIFTI Path ResuIt_Path:|,f'data,f's3,f'cuizai><u,f'test

Subject_IDs: | [10 11 12] File_Prefix: bdt

Location_Table

|t Dicom/NIfTI | Path of Result
A zaixu/test/Lin Jdata/s3/cuizaixu [test_res /00010
A zaixu/test/Qing Jdata/s3/cuizaixu/test_res/ 00011
ﬂ zaixu[test/Zhang fdata/s3/cuizaixu/test_res/00012

[ [ T [ T»
Fipeline Opt‘ Diffusion Opt| Tracking Opt | Load RUN |
Monitor Table W Realtime F=fizch |

| supjectip | status |  Jobname | u
1
2 |
3 |
4]

q] i | [»

Help| Failedjnbs| Utilities‘ Clear| Terminate jobs | QuUIT |

Figure13. Prepare running after setting the basic inputs and appropriate parameters.
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http://fsl.fmrib.ox.ac.uk/fsl/fsl4.0/fdt/fdt_bedpostx.html

RUN

After the basic inputs and the parameters are set properly, click this button to run the
pipeline. A configuration file withPANDA as suffix will be created in the result path,

which contains all the inputs and parameters.

Load

Once the RUN button is clickethe data will be running in the background. Even the
closing of PANDAOGs GUI or Matlab wil/ not |
is closed but the users want to see the status of jobs, they can click this button to load

the*.PANDA configuration ile in the result path.

Terminate jobs

Click this button to terminate all the jobs if you want to stop data processing. After

clicking this button, the status of all the jobs in the status table will8¢ o p p e d 6

Clear

Recover the GUI of PANDA back to gaty. If you have submitted one dataset and want
to run another dataset, you can clear the GUI first and then set the input and parameters

for new dataset.

Monitor table

The running status of all the subjectsd6 dai
Subiject ID (fixed)ID of each subject.

Satus (dynamic)f i ve status in all, including Owait
0fail edo.

Job Name (dynamic)he whole data processing procedure is split into a number of jobs,

each with a name. For example, the name of brain extraction@BIE T6 and t hat
eddy current job is OEDDYCURRENTG®.

Unfinished Steps (dynamidie quantity of jobs to be processed

Failed jobs

I f the O60status columné in status table repr

19



the reason of the failed job$he list box as shown in Figure 14 will open, which

displays the name of the failed jobs. Click the particular job name for the reason.

PANDA_FailedLogs

Failed_Jobs (Click to see the reason of each failed job)
Failed Jobs

1 [Split_WhLabel

2 |Split_WMProbtract
3 |dem2nii_dwi_00010
4 |dem2nii_dwi_00011
5 |dem2nii_dwi_00012

1] T I [»

Quit

Figurel14. The list of failed jobs.

QUIT

Close the GUI of PANDA.

3.6 Results

2/ » data » s3 ¥ cuizaixu » test » DTIl_res »

|Name £
= 00001
native_space
native_space.bedpostx
etworl
quality_control
standard_space
Tl
tmp
traclkyvis
transformation

FHEHBEEEEEEER

,
]
AllAtlasResults
logs

TESS

]12015_07_18_23_30.PANDA
AllscanningParameters.xls
[ subject_info.mat

O subject_info.txt

Figure 15. Results of full pipeline.

After the processing,re folder is created for each subject, named bystigect 1D
* PANDA file contains all the inputs and parameters user sets.
AllScanningParameters.xlis an Excel with scanning parameters for each subject.

Subject_info.txtontairs the correspondence between the input and resultant folder. As

20



shown in Figure 16, the results of subjetts i aregstored inthé 0 0 Goldér.6

Editor - /data/s3/cuizaixu/test/DTI_res/subject_info.txt

File Edit Text Go Tools Debug Desktop Window Help

=3 I By | Mes BB RE BB stk
L
1 /data/s3/cuizaixu/test/DTI/Ling/ /data/s3/cuizaixu/test/DTI_res/00001/
2 [data/s3/cuizaixu/test/DTI/Qing/ /data/s3/cuizaixu/test/DTI_res/00002/
3 /data/s3/cuizaixu/test/DTI/Zhang/ /data/s3/cuizai xu/test/DTI_res/00003/|
4

‘B L%| = + | - X |&va [

Figure 16. Subject_info.txt in the resultant folder.

1) Resultsfor atlas-basedanalysis

=1/ » data » 53 » cuizaixu » test » DTI_res » AllAtlasResults

|Name 3

WhllabelResults _26L0Hs . xls
WhilabelResults _27LDHI.xls
WillabelResults _FA.xls
WidlabelResults _L1.xIs
WhlabelResults _L23m.xls
WhdlabelResults _MD.x|s
WhitractResults _26LDHs.xls

EEEEEEEE

WhidtractResults _27LDHk.xls

=

A WhitractResults _FA.xls
(] WhitractResults _LL1.xls
WhitractResults _L23m.xls
WMtractResuIts MD.xls

Figure 17. Theesults for atladased analysis

Under the folded Al | At | atwdRie Bxoel files de created, which contain the
regional average values for diffusion metrics (i.e., FA, MD, AD and RD) images with
voxel size of 1x1xl mni in the standard space (thmdge are* 1mm.nii.gzin

60 st and a rfotbler)s Userscanicopy the values in the Excel to Statistical Package

for the social Sciences (SPSS) for statistics.

2) Resultsfor TBSS-basedanalysis
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|AtlasResults
WilabelResults _FA.xls
WidlabelResults _L1.xls
WilabelResults _L23m.xls
WilabelResults _LDHk x5
WilabelResults _LDHs.xIs
WilabelResults _MD.xls
WidtractResults _FA.xls
WiitractResults _L1.xls
WidtractResults _L23m.xls
WhitractResults _LDHk.x|s
WitractRes ults _LDHs s
i WikitractResults _MD.xls

S| IMeanData

mean_FA.nii.gz

mean _FA_maslk.nii.gz

mean_FA_skeleton.nii.gz

mean _FA_skeleton_mask.nii.gz

mean _FA_skeleton_mask_dst.nii.gz
=] IMerged 4D5keleton
AllSkeleton_26L0Hs.niigz
AllSkeleton_27L0Hk.nii.gz
AllSkeleton_FA.nii.gz
AllSkeleton _L1.nii.gz
AllSkeleton_L23m.nil.gz
AllSkeleton_MDuniigz
SubjectlD.txt

Figure 18. Results afBSS infull pipeline.

All results of BSS are located intie T B So&lér. Iné Mer g e d 4 D Bdrecateet o n 6
4D skeletons for all metrics which are the input of randomise statistics. Each 4D
skeleton is merge of 8ubjectiBixrépjesentd tihe@rde&d D s k e |
of s ubageio4Dsléletonmrn the folderM e a n [Oteeite B @nean FA skeleton

maskimage which is useful for randomise statistics, and mlsan FAandmean FA

skeletorwhich are useful for displaying of the statistical results.

In the folder6 Al | At | GaveeReeExaelb drescreated, which contains the regional
average values f or t(Huangstalh3OEldutetsalp 20dXk el et on

3) Resultsfor whole-brain voxel-basedanalysis
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)« data » s3 » cuizaixu » test » DTl_res » Q00001 » standard_space - B

|Name I3
] test_00001_26LDHs_4normalize_to_target_lmm.nii.gz
j test_00001_26LDHs_4normalize_to_target_lmm.Whilabel
] test_00001_26LDHs_4normalize_to_target_1mm. Whitract
] test_00001_26LDHs_4normalize_to_target_1mm_skeletonised.niigz
_'] test_00001_26L0Hs _4normalize_to_target_1lmm_skeletonised. Whlahel
_'] test_00001_Z26LDHs _4ncrmalize_to_target_lmm _skeletonised. Whtract
] test_00001_26LDHs_4normalize_to_target_2mm.nii.gz
] test_00001_26LDHs_4normalize_to_target_2mm _s&6mm.nii.gz
) test_00001_27LDHK_4normalize_to_target_lmm.nii.gz
] test_00001_27LDHk_4normalize_to_target_1lmrm. Whiabel

7 test_00001_27LDHk 4normalize_to_target_lmm Whitract

] test_00001_27LDHk 4normalize_to_target_lmm_skeletonised.nii.gz
'] test_00001_27LDHk_4normalize_to_target_1mm _skeletonised . WMiabel
a test_00001_27LDHk_4normalize_to_target_lmm _skeletonised Whitract
| test_00001_27L0Hk _4normalize_to_target_Zmm.nii.gz

) test_00001_27LDHk_4normalize_to_target_2mm _s&mm.nii.gz

] test_00001_FA_4normalize_to_target_1mm.nii.gz

Y test_00001_FA 4normalize_to_target_ lmm. Whlakel

j test_00001_FA_4normalize_to_target_lmm. Whitract

] test_00001_FA_4normalize_to_target_1mm _skeletonised nii.gz
7 test_0D00L_FA 4normalize_to_target_lmm_skeletonised Whlabel
_'] test_00001_FA_4normalize_to_target_1lmm_skeletonised Whitract
] test_00001_FA_4normalize_to_target_2mm.nii.gz

] test_00001_FA_4normalize_to_target_2mm_s&6mm.niigz

] test_00001 L1_4normalize_to_target_lmm.nii.gz

_'] test_00001_L1_4normalize_to_target_1mm. Whlabel

] test_00001_L1_4normalize_to_target_1mem. Whitract

] test_00001_L1_4normalize_to_target_1mm _skeletonised.nii.gz
j test_00001_L1_4normalize_to_target_1lmm _skeletonised . Whilabel
] test_00001_L1_4normalize_to_target_1mm _skeletonised Whitract
] test_00001_L1_4normalize_to_target_2mm.nii.gz

| test_00001_L1_4normalize_to_target_Zmm _s&mm.nii.gz

) test_00001_L23m_4normalize_to_target_lmm.nii.gz

d test_00001_L23m_4normalize_to_target_lmm . Whlakel

__'] test_00001_L23m_4normalize_to_target_lmm. Whtract

Figure B. Resultdn standard space of subject 00001

The files named * 2 mm _ s 6 nimstamdard_spgc#ofider of each subject can
be used for wholbrain voxelbased malysis. These images are in the standard space
with voxel size of 2x2x2 mni, and have been smoothed with 6mm Gaussian kernel

size.

4) Other files in the standard_space folder

(1) *_1mm.nii.gz metric images with voxel size of 1xLxL mhn the standard sge

(2) *_2mm.nii.gz metric images with voxel size of 2x2X2 mhin the standard space

(3) *_skeletonised.nii.gzthe 3D skeleton image for each subject produced by
TBSS.The 3D skeletons of all subjects have already been merged into a 4D skeleton in
the older6 TBS S/ Me r g e dvhi€hSknput of tarmlomise statistics.

(4) *_1mm.WMlabel & * _1mm.WMtractegional average values for diffusion metrics
images with voxel size of 1x1XL m#in the standard space. The average values of all

subjects have alrdg been merged into Excels inthe foldeAl | At | as Resul t s o
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(5) *_skeletonised.WMlabel & * skeletonised.WMtractgional average values for
skeletonized images. The average values of all subjects have already been merged into

Excelsinthefolde6 TBS3/AA | asResul tsod

5) Trackvis folder:

I3 <« DTl_res » 00001 » trackwis | B2

|Name A
] dti_fa_cclor.nii.gz
) test_00001 _dti_FACT_45_02_1_0.trk
) test_00001_dti_FACT_45_02_1_0_S.trk

Figure20. Resultdn trackvis folder of subject 00001

As shown in Figure 20, there are whal&in white matter tradt.trk ) constructed by

deterministic fiber tracking and color FA (dti_fa_color.nii.gz) calcualdig diffusion

toolkit (http://www.trackvis.org/dtR/ This file (.trk) can be opened with trackvis

(http://www.trackvis.org). The file named_S.trk will be created ithe Apply spline

filter is selected in thBeterministic fiber tracking options

6) Results for network analysis

Deterministic

=1/ » data » 53k cuizaixu ¥ test ¥ DTl_res » 00001 » Metwork » Deterministic

|Name A
) test_00001 _dti_FACT_45_02_1_0_Matrix_FA_AAL_Contract_90_2MM_90.txt
) test_00001 _dti_FACT_45_02_1_0_Matrix_FMN_AAL_Contract_90_2MW_90.txt
j test_00001 _dti_FACT_45_02_1_0_Matrix_Length_AAL_Contract _90_Z2MM_30.txt
02_1.0_
0z2_1_0_

j test_00001 _dti _FACT_45_ ROlSurfaceSize_AAL_Contract_90_2MM_90.1xt
j test_00001 _dti_FACT _45_ ROIVoxelSize_AAL_Contract _90_2MM_390.txt

Figure21. Results of deterministic fiber tracking of subject 00001.

(1) *_Matrix_FA_*: matrix with average FA of all the voxed$ong the fibers between

two regions. FA values express the level of anisotropic diffusion of white matter in a
brain voxel, which is most commonly used to examine the microstructure aspects of
brain connectivity.

(2) *_Matrix_FN_*: matrix with total nurber of fibers between two regions. This
matrix provides information on the quantity of white matter connectivity between two

regions, which was computed by summing the existing streamlines connections two
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regions.

(3) *_Matrix_Length_* matrix with averagdength of fibers between two regions.
Usually,* Matrix_FN_* and the*_Matrix_Length_*were combined used to eliminate
the bias towards longer fibers introduced by the tractography algofifgmann et
al., 2008.

(4)*_ROISuraceSize_*quantity of voxels in which the fibers terminated in each ROI.
(5) *_ROIVoxelSize_*quantity of voxels in each ROI.

The three matrice$ (Matrix_FA _*,* Matrix FN_* * Matrix_Length_ ¥ can be used
as the input o 6RETNA ((Wang et al., 2015 http://www.nitrc.org/projects/grethfor

network analysigGong et al., 2009tZhao et al., 2015

The ROI sizg* _ROIVoxelSize_*and surface siz¢ ROISurfaceSize_*¢an be used

for correcting the original matric§slagmann et al., 2008

Probabilistic

I/ v data » s3 » cuizaixu » test » DTl_res » 00001 » Metwork » Probabilistic »

e = = 3 3 S e R e e e e R A e

tmp
j 00001 _ProbabilisticMatrix_OPD_90.txt
) Seed2Target. txt
P test_00001_FA_Parcellated _AAL_Contract_S0_2MM_mask.nii.gz

Figure22. Results of probabilistic fiber tracking of subject 00001.

* ProbabilisticMatrix_*: matrix with connection probability between two regions.
This .txt file can also be used as inpEtGRETNA for network analysigCao et al.,

2013 Gong et al., 2009a

Note:
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The probability from the-th regionto thej-th regionis not necessarily equivalent to
the one fron) toi. However, these two probabilities are highly correlated across the
cerebral cortex. Thus, we can average these two probabilities to acquire a
unidirectional symmetric matrix for eachlgect. Then, we can useRETNA to

guantify the topological organization of the human brain.

7) Quantity control

1/ v data » 53 » cuizaixu » test » DTI_res » 00001 » quality_control »

|Name A
= FA
i test_00001_FA_QC.png
=) FA_Mormalized _1mm
slicesdir
= FA_to T1
slicesdir
=] Individual _Parcellated
slicesdir
=] Scanning _Farameter
ScanningParameters.mat
ScanningParameters. txt
23Tl
i1 co_00010_swap_bet_crop_resample_QC.png
B Tl to_MMI152
slicesdir

Figure23. Results probabilistic fiber tracking of subject 00001.

The 2D snapshot pictures of FA, T1, normalized FA to MNI space, normakztxd F
T1, normalized T1 to MNI space and individual parcellated image, which can be

quickly viewed to check the quality of the data and registrations.
(1) FA:

R

Figure24. The 2D snhapshot pictures of Fgood).

Please check the gray and white matter conaiadtthe clarity of tissue border, to

confirm no obvious error.
(2) FA_Normalized_1mm:

Figure25. The 2D snapshot picturesmdrmalized FA to MNI space (good).
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The red outline is the border of the template and the background image is the
normalized FA in NNI space. Please check whether the tissue border of the background

image is in correspondence to the read lines. Figure 25 represents a well registered FA.

(3) FA_to_T1:

Figure26. The 2D snapshot picturesmfrmalized FA to individual T1 (good).

(4) Individud_Parcellated:

Figure27. The 2D snapshot picturesiaflividual parcellated image (good).

(5) T1_to_MNI152;

Figure29. The 2D snapshot picturesmdrmalized T1 to MNI space (Ba

Figure 28 and Figure 29 represent a good registration of T1 to MNI space and a bad
one, respectively. The error in Figure 29 occurred because the brain extraction of T1

image is not successful (the neck is also retained in the image).

8) Results in ndive_space folder
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2/ » data » s3 » cuizaixu » test » DTl_res » 00001 » native_space

|Name £

) bvals

] bvecs

1 bvecs_Raw.mat

j data.nii.gz

) data_b0_average.nii.gz

) data_b0_average_crop.niigz

[ ecclog.mat
nodif_brain.nii.gz

) nedif _brain_mask.nii.gz

] test_00001_26LDHs.nii.gz

j test_00001_26LDHs _4normalize.nii.gz

P test_00001_26LDOHs _4normalize_mask.nii.gz

) test_00001_27LDHk.nii.gz

ld test_00001_27LDHk_4normalize.nii.gz

j test_00001_27LDHk_4normalize_mask.nii.gz

) test_00001_FAniigz

) test_00001_FA_4normalize.niigz

ld test_00001_FA_4normalize_mask.nii.gz

j test_00001_FA_Parcellated _AAL_Contract_90_2MM.nii.gz

) test_00001_L1.niigz

) test_00001_L1_4normalize.nii.gz

ld test_00001_L1_4normalize_mask.nii.gz

) test_00001_L2.niigz

) test_00001_L3.nii.gz

) test_00001_L23m.nii.gz

j test_00001_L23m_4normalize.nii.gz

) test_00001 L23m_4normalize_mask.nii.gz
) test_00001_MDunii.gz

) test_00001_MD_4normalize.nii.gz

j test_00001_MD_4normalize_mask.nii.gz
) test_00001_MO.nii.gz

) test_00001_50.nii.gz

) test_00001_V Lnii.gz

) test_00001_V 2.nii.gz

) test_00001_V 3.nii.gz

Figure30. Theresultant files in native space folder.

(1) bvals text file with b values.

(2) bvecs text file containing diffusion weighted directions, after eddycurrent
correction.

(3) data.nii.gz 4D DWI image after data preprocessi

(4) data_bOaveragenii.gz the average of all thd0 image with no diffusion
weighting

(5) data_bO_average_crop.nii.gzhe cropped average b0 images, this file will be
created if theCropping Gap is selected in thBiffusion Opt.

(5) *_S0.nii.gz b0 image with no diffusion weightingalculated by dtifit

(5) * _FA.nii.gz, * MD.nii.gz, * L1.nii.gz * L2.nii.gz * L3.nii.gz * L23m.nii.gz

* 26LDHs.nii.gz * 27LDHk.nii.gz fractional anisotropy, mean diffusivity, s'1
eigenvalue (axial diffusivity), ® eigenvalue, "8 eigenvalue, radial diffusivity, local
diffusion homogeneity (Spearman) and local diffusion homogeneity (Kendall) images

in native space.
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(6) * V1.nii.gz * V2.nii.gz * V3.nii.gz 1 eigenvector, ? eigenvector and '8
eigenvector of dffision tensor model, respectively.
(7) *_Parcellated_* individual brain parcellated image, which can be created when

O6Net work Node Definitiondd is checked.
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4 Utilities

PANDA Utilities _ O x

Full Pipeline

PANDA MoreuUtilities - x
LDH

Tracking & Network
Image Converter

Brain Parcellation
Image Smoother

Bedposix

Merge NIfTI

TBSS

ROI-mean Extractor

Test Bvecs

Cluster Locater

White matter mask ‘
Brain Extraction (T 1) ‘

ROI-mask Extractor

TBSS Statistics ‘

DICOM Sorter
Between-atlas Mappi...‘
DICOM-=NIfTI
File Copier ‘
Resample NIfTI
More ...

Figure31. All the utilities in PANDA.

4.1 LDH

Local diffusion homogenty (LDH) of a given voxel is defined as the overall similarity
of the diffusivity series within its earest neighborhooflGong, 2013 If you have
checked LDH in th®iffusion Opt when running full pipeline, then all the LDH images

for statistics will be created and this utility is unnecessary.
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PANDA _LDH

P

Status Job Mame

3

S freaond v Genframiwe s ] RUN |

Figure32. The GUI for the ity of LDH calculation.

DWI path

Path of 4D diffusion weighted images of each subject. NIfTI images with .nii or .nii.gz
format are supportedf PANDA is used for preprocessing, this filedsd at a .nni i
thenative_spacéolder.

Bvals path

Path ofb value files of each subject.

Neighborhood

This parameter is to define the neighborhood, 7 voxels means two voxels are
neighborhood if their surfaces are adjacent, 19 voxels means line adjacent and 27

voxels means dot adjacent.
FA path
Path of FA imageénative space) of each subject.

Normalizing Target
31
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Path of FA template in standard space. Register the native FA to this template first, and
then apply the acquired the resultant warping transformations to write the images of
LDH images into the MNI spaceRefer to Diffusion parameters->Normalizing

Target.

SubjectIDs

Assign an integer ID for each subject.

File prefix

The prefix for the name of all the resultant files (optional).
Pipeline options

Pipeline mode max queuedandqsub options please refer tBipeline environment

parameterssection.

RUN

Click this button to start running the jobs. A configuration file with suffix
of .PANDA_LDH will be created in theresult path and users can load this

configuration file to check the job status after close thid. G

Results

I/ v data » s2 b cuizaixu v LDH_Test » LDHLUtility » -
|Name L
=] 00001
transformation
( LOHs.nii.gz

LDHs _4ncrmalize.nii.gz
LDHs _4ncrm mask.nii.gz

r e_to_target_lmm.niigz
ormalize_to_target_2mm.nii.gz

LOHE_4normalize.nii.gz
LDHk_4normalize_mask.nii.gz
LDHk_4normalize_to_target_lmm.nii.gz
LOHk_4normalize_to_target_Zmm.nii.gz
Wnilgz
A_4normalize.niigz
FA_4normalize_mask.nii.gz

logs
) 2015_07_23_09_48.PANDA_LDH

Figure33. The results of LDH utility.

As shown in Figure 33nithe result path, a folder named with ID is created for each
subject. Under each folder, there are LDH (spearman) and LDH (kendall) images in the

standard space with voxel sigelmm (*_1mm.nii.gz) and 2mm (*_2mm.nii.gz). Users
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can usémage Smoother utility to smooth 2mm images and then do statistics, calculate
the regional average of 1mm images according to prior WM atlas Bgmean

Extractor utility , and do TBSS analysigith 1mm images usin§BSS utility.

4.2 Tracking & Network

This utility is for fiber tracking and network construction (deterministic and
probabilistic). As shown in the bottom left of the figuré &here are three options:
deterministic network, probalstic network and bedpostx + probabilistic network.

PANDA_Tracking

[ o |

Mative folder path
Lfdataf s3/cuizaixu/test_res/00010/native_space
A!dataf s3/cuizaixu/test_res/00011/native_space
jfdataf s3/cuizaixu/test_res/00012/native_space

LI

-l =
/data/s 1/ Public/toolbox/PANDA-1.3.0_64 _ur |

v

Fath of FA
AIdataf53;’cuizaixuftest_restDDlDfnative_spacefDDDDl_FA.
A,fdata,f53)‘cuizaixu,ftest_res,fOOOll)‘native_spar:e}OOOOE_FA.
jfdataf53;’cuizaixuftest_resiDDDl2fnative_spaceIDDDDS_FA.

Figure34. The GUI for the utility of fiber tracking and network construction.

Native folders
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1) To do deterministic fiber tracking, deterministic network construction or bedpostx
+ probabilistic networlconstruction, the full path of a folder containing four files
as listed should be entered for each subject:
(1) a 4D image namedata.nii.gz containing diffusioaveighted volumes and
volumes without diffusion weighting.
(2) a 3D binary brain mask volume nammatif brain_mask.nii.gz
(3) a text file namedbvecscontaining gradient directions for diffusion weighted
volumes.
(4) atextfile namedvalscontaining b values applied for each volume acquisition.
If PANDA is used for data preprocessing, please inputnttéeve spacefolder
under each subjectds resultant folder.
Not e: Di fferent subjectsd native folders
/data/s1subl/native folderl, /data/sduib2native_folder2 and
/data/s1dub3Inative_folder3). An error will occuriffal t he subj ectsd na
are in the same parent fold (e.qg., /data/s1l/native_folderl, /data/sl/native_folder2
and /data/s1/native_folder3).
2) To do probabilistic network, please enter the full path of the resultant folder of
bedpostx.
If PANDA is usal for bedpostx, please use thetive space.bdepodiider under

each subjectds resultant folder.

Subject IDs

Assign an integer ID for each subject. If the data preprocessing was conducted using
PANDA and users want to assign the same IDs as beforecdineslick the button on
the right to load th&. PANDA configuration.

Deterministic fiber tracking

Please refer to thEracking & Network parameters -> Deterministic fiber

tracking section.

Orientation patch

If data processing was done by PANDA, and yowetaready used the corrdntert
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andSwap parameters iDiffusion Opt, here you should udavert Z andNo Swap
Otherwise, you should try all the probabilities to find the codreetrt andSwap
parameters. Doing deterministic fiber tracking with gipalar Invert andSwap

parameter, and then open the fiber fil

(http://www.trackvis.org). If the parameters are right, the fiber file should be similar
to Figue 3, in which you can see the white matter structures (e.g., cingulum, corpus
callosum) clearly. Al so, an example of

Figure &.

Figure35. Whole brain white matter connections acquired by determiniséc tiiacking with
correct Invert and Swap parameters.

Figure36. White matter connections acquirey deterministic fiber tracking with wrong Invert
and Swap parameters.
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