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1 Installation

e Environment: Matlab R2010b or higher

¢ Add DCP path to Matlab search path:

Click ‘Set Path’

Click ‘Add with Subfolders...’ button in the popup dialog

Select the ‘DCP’ folder on the machine

Click ‘OK’ button then Click ‘Save’ Button

e Add SPM12! path to Matlab search path

* Type ‘DCP’ in the command window of matlab

2 Procedure

2.1 Input Files

The input files must be organized into specified structure (Figure 1). Under the selected
folder, each subject has one folder which includes two separate sub-folders for DTT and
T1 files separately. In the right of the button ‘Select’, users can choose to process ‘All
subjects’(default) or process specified subject by typing the sequence number of the
subject(l or 2 or 3...). If input dMRI data is in NIfTI format, the required files and their

4 DCP - o =

Diffusion Connectome Pipeline (DCP) v I.ELLLan._l
DataPath Eec Al b > v Data_practice
i PreProcess gl
4 Convert [4 Eddy correct [4 Tensor calcutation v n002
& Brain Parcellation DTI1
Template D:ltoolbox\ICP2-masteritemplatesiMNI52_T1_imm_brai Select T11
T 02 Bo 02 E1AAL 90 B BNA 246 b4 n003
Other Atlas Select DTI1

T
n004

£ Fiber Tractography Single Tensor Tractography

FAthrehold = g2 1 Turn angle 45
Seed number 1 Invert w  SWap no swap -
A Network Construction
Weight FFN EIFA EMD E Length
Mer,
LI Select
Network Analysis
Global
Small-World Global Efficiency Rich-Club

Nosdal
B Clustering Coefficient &4 Shortest Path Length 4 Modal fiiciency
[ Betweeness Centrality & Degree Centrality 4 Local Efficiency
QutputPath Select

Default Save Load Run

Figure 1: Organization of input files

https:/ /www.fil.ion.ucl.ac.uk/spm/



names should be:
e * bval, *.bvec, *.nii in DTI folder
e co*.niiin T1 folder

If the files are generated from FSLs bedpost, the *.bedpostX’ folder is needed. It is noted
that the name of each subject’s folder can’t start with digit.

2.2 Preprocess

Preprocessing includes three steps: (1) converting DICOM to NIfTT; (2) eddy-current
and head movement correction; and (3) computing diffusion tensor metrics. If users
have dMRI data in NIfTI format, the ‘convert’ step can be skipped.

2.3 Parcellation

The instructions of parcellation are shown in Figure 2. If custom atlas is used, users
should put the ‘nii’ file of the atlas under the ‘templates’ folder which is under DCP
folder.

Brain Parcellation
Template  D:\toolbox\DCP2-mastertemplates\MNI152_T1_1mm_brai (1) Select

1 02(2) Bo 02 (@) MAAL90@) 1BNA246(5)
Other Atlas (6) Select

@ Select template used for normalization
@ The threshold of t1 bet

(3 The threshold of b0 bet

(@ Use AAL 90 cortical regions atlas

(5) Use BNA 246 cortical regions atlas

(6) Use custom atlas which was warped to individual space

Figure 2: Instructions of parcellation

2.4 Tractography

Deterministic fiber tracking is used to reconstruct all possible fibers. Users can choose
single-tensor or multi-tensor fiber tracking algorithm according to acquisition parame-
ter of their data.

2.4.1 Single-tensor fiber tracking

The instructions of single-tensor fiber tracking are shown in Figure 3.



Fiber Tractography Single Tensor Tractography @

FAthrehold | g2 1 ® Turn angle 45 @
Seed number 1 @mvert z @ ~| Swap no swap @ v

(@ Choose single/multiple tensor tractography

@ Set FA threshold to select mask voxels

®) Set turning angle threshold to restrict tracking
@ Set number of random seed points in each voxel
(®) Invert the orientation of bvecs to fit tracking

(® Invert the orientation of volume to fit tracking

Figure 3: Instructions of single-tensor tracking

2.4.2 Multi-tensor fiber tracking

If the files are generated from FSLs bedpost, multi-tensor fiber tracking should be cho-
sen. Multi-tensor fiber tracking is performed by using track and procstreamlines com-
mand in Camino?. Since Camino can only run on Linux OS, users need to call the com-
mand by Docker.

* Install Docker Desktop®.

 Pull and run the image by typing the command in cmd:
docker pull forsaint/docker_camino
docker run forsaint/docker_camino

If it succeeds, the ‘forsaint/docker_camino’ will appear in the local images on Docker
Desktop (Figure 4).

© Images Give reedback
An image is a read-only template with instructions for creating a Docker container. Learn more

-
- Local Hub

832 41 MB / 832.41 MB in use 2 images Last refresh: about 23 hours age (3
EXT
® Q =

O Name Tag Status Created Size Actions

forsaint/docker_camino

O cb99c4d92698 )

latest In use 5 days ago 83241MB »

Figure 4: Docker image pulled successfully

Zhttp://camino.cs.ucl.ac.uk/
3https://docs.docker.com/desktop/



The instructions of multi-tensor fiber tracking are shown in Figure 5.

EAFiber Tractography .Multip(e Tensors Tractogra... ~

Curvethresh = 45 @ Curveinterval 5 ® Bedpostkminf = 0.1 @

Tracker |fact @ .| Interpolator |nn @ . Stepsize | 2 @

Mintractiength | 20 | (7)  Maxtractiength | 250 ()

@®(@ Default parameters mean checking at 5mm intervals and
terminate tracking if the curvature exceeds 45 degrees

(® Compartments where the mean_f is less than the threshold
are discarded and not used for tracking

@ set tracking algorithm

® Set interpolator algorithm

(® Step size for euler and rk4 tracking

@ streamlines shorter than Mintractlength mm will be discarded

@® streamlines longer than Maxtractlength mm will be truncated

Figure 5: Instructions of multi-tensor tracking

2.5 Network Construction

The instructions of network construction are shown in Figure 6.

Network Construction

Weight EIFN ® |2|FA® % MD@EI Leng1h©

@ Use fiber number as edge weight

(@ Use mean FA as edge weight

(® Use mean MD as edge weight

@ Use mean fiber length as edge weight

Figure 6: Instructions of network construction

2.6 Matrix Merge

In this step, the matrixs of all subjects will be merged into one single .mat file. The
instructions of matrix merge are shown in Figure 7. The ‘merge’ step can’t be executed
alone without the boxes selected in ‘network construction’ step.

Merge
= 9 D:\project\DCP\result Select @

@ Select the resultant file

Figure 7: Instructions of merge



2.7 Network Analysis

The instructions of network analysis are shown in Figure 8. The ‘network analysis’ step

can't be executed alone without the path selected in merge step.

1 Network Analysis
Global
Small-World i1 Global Efficiency Rich-Club @

Nodal
Clustering Coefficient Shortest Path Length Nodal fficiency
Betweeness Centrality Degree Centrality Local Effi ciency@

OutputPath D:\project\DCP\topo_result Select

(@ Compute global topological properties of networks

(@ Compute nodal topological properties of networks

Figure 8: Instructions of network analysis

2.8 General Setting

The functions of buttons at bottom are shown in Figure 9. The subject names and status

are shown in the green box. When ‘finished’ shows up, it means the pipeline finishes.

Defacu)llt | save | Loa%@ ” Run@

@ Reset Defaults

(2 Save the configuration
() Load the configuration
@ Monitor running process

(® Start running data

Figure 9: Instructions of buttons at bottom

3 Output Files

Under each subject’s folder, three output folders named ‘DCP_’ are generated (Figure
10).



3 practise » data processed > n002 »

=2
DCP_DTI_DATA
DCP_MATRIX
DCP_PARCELLATION

* DCP_DTI_DATA

Ifinputs are raw images in DICOM or NIfTI format, the files generated under DCP_DTI_DATA

DTI_1

11

Figure 10: output folders

folder are shown in figure 11.

« | 20210602_212407001Heads015a1001 bval 2023/3/1 12:01 BVAL 30i& 1KB
« | 20210602_212407001Heads015a1001.bvec 2023/3/112:01 BVEC 3% 2 KB
& 20210602_212407001Heads015a1001.nii 2023/3/1 12:01 NIl 32 626,689 KB
| bwval 2023/3/1 12:02 =0 2 KB
| bvec 2023/31 12:02  =0i% 4 KB
2 DATA_AD.nii 2023731 12:02 NIl 32 1,253,377 KB
® dti 45 0.2 14rk 2023/3/1 12:38  Track File 216,413 KB
& dti_adc.nii 2023/3/1 12:33 NIl 32 17,400 KB
& dti_b0.nii 2023/3/1 12:33 NIl 32 8,705 KB
& dti_dwi.nii 2023/3/112:33 NIl 3% 8,705 KB
2 dti el.nii 2023/3/112:33 NIl 32 17,409 KB
» dii_e2.nii 2023/3/112:33 NIl 32 17,409 KB
= dti_e3.nii 2023/3/112:33 NIl 32 17,409 KB
® dti_exp.nii 2023/3/1 12:33 NIl =ft 17,409 KB
® dti fa.ni 2023/3/1 12:33 NIl =ft 17,409 KB
=# dii fa_color.nii 2023/3/112:33 NIl =04 13,057 KB
» dii_tensor.nii 2023/3/1 12:33 NIl 304% 104,449 KB
— dti_trackerlog 2023/3/112:38 & 1KB
= dii vl.nii 2023/3/1 12:33 NI =& 52,225 KB
& dii v2.nii 2023/3/1 12:33 NI =& 52,225 KB
B dti v3nii 2023/3/112:33 NIl =0 52,225 KB
| eddy bvec 2023731 12:28 0% 4 KB
& =ddy DATA 4D.niigz 2023/3/1 12:28 GZ i 1,082,443 KB
= eddy DATA 4D.txt 2023731 12:27 &S 15 KB

20xxxHeadxxx.bval, .bvec, .nii: Converted files from DICOM images.
bval, bvec, DATA_4D.nii: b-value table and gradient direction table, 4D DWI volume se-

ries.

Figure 11

: Files in folder ‘DCP_DTI_DATA’

.trk: Result of single-tensor fiber tracking.

dti_xxx.nii: Results of diffusion tensor metrics calculation.



eddy_xxx: Results of eddy-current and head motion.

If inputs are bedpost files, the files generated under DCP_DTI_DATA folder are shown
in figure 12.

| camino_bedpost track 2023/2/28 23:.04 {F 125,008 KB

| camino_bedpost track post  2023/2/28 23.05  {F 108,995 KB
& dti_adc.nii 2023/2/28 22:54 NIl ={F 14,291 KB
“® dti_adc.nii.gz 2021/718 1111 GZ xi§ 2,507 KB
= dti_b0.nii 2023/2/28 22:54 NIl ={F 14,291 KB
= dti_bO.nii.gz 2021/7/18 1:11 G7 i 2,488 KB
= dti_fa.nii 2023/2/28 22:54 NIl =& 14,291 KB
= dti fa.nii.gz 2021/7/18 1:11 G7 i 2,547 KB
® wm_mask_dti.nii 2023/2/28 22:56 NIl 32{& 3573 KB

Figure 12: Files in folder ‘DCP_DTI_DATA’ for bedpost

camino_bedpost_track: Result of multi-tensor fiber tracking.
camino_bedpost_track_post: Post-processing of the tracts.



¢ DCP_PARCELLATION

|| bet_dti_b0.hdr 2023/3/112:35 HDR 3% 1KE
" bet _dti b0.img 2023/3/1 12:35  eSmETiE 4,352 KB
“® bet_dti bO.ni 2023/3/112:35 NIl 32i 4,353 KB
|| bet dti b0 mask.hdr 2023/3/112:35 HDR 2% 1KB
/2 bet dti_ b0 maskimg 2023/3/1 12:35 FERETHE 4,352 KB
& bet dti b0 masknii  2023/3/1 12:35 NIl S2i% 4,353 KB
7 bet TLhdr 2023/3/112:35 HDR 3Tl 1KB
| bet T.img 2023/3/112:35  FeSuETH 4,866 KB
“® bet T1.ni 2023/3/112:36 NI zid 4,866 KB
= clrbet_T1.nii 2023/3/112:37 NIl 30 4,353 KB
= c2rbet_T1.nii 2023/3/112:37 NIl 30 4,353 KB
® c3rbet_T1.nii 2023/3/1 1237 NIl =& 4,353 KB
% cdrbet T1.nii 2023/3/1 1237 NIl =& 4,353 KB
» cSrbet_T1.nii 2023731 12:37 NIl 3% 4,353 KB
|| fdti_bO.hdr 2023/3/1 12:35 HDR 3% 1KB
(o fdti_bl.img 2023731 12:35 FEEETHE 8,704 KB
|| fT1.hdr 2023/3/112:35 HDR 3% 1KE
= fTlimg 2023/3/1 12:35 ST 9,732 KB
B iy rbet T1.ni 2023/3/112:37 NIl 32#% 52,225 KB
& rbet T1.nii 2023/3/112:36 NIl 32 4,353 KB
E rbet T1_seg8.mat 2023/3/1 12:37  MATLAB Data 5,933 KB
& T1.nii 2023/3/1 1201 NIl i 9,732 KB
= T1_bo.tiff 2023/3/1 12:37  TIFF i 492 KB
& waal90.nii 2023/3/1 12:37 NIl i 4,353 KB
& waal30_bo.tiff 2023/3/1 12:37  TIFF 30f4 495 KB
» wBN246_Tmm.nii 2023/3/112:37 NIl 30 4,353 KB
5| wBMN246 1mm_bOsff  2023/3/1 12:37  TIFF 30 494 KB

Figure 13: Files in folder ‘DCP_PARCELLATION’

bet_dti_b0*: Individual T1 image is coregistered to its corresponding individual b0 im-
age and brain mask generates.

*bet_T1*: Individual T1 image that is coregistered to the b0 image space is mapped into
ICBM152 template, generating a nonlinear transformation matrix.

T1_bO.tiff, waal90*, wBN246*: Prior atlases in the standard space are warped to indi-
vidual native dMRI space.



¢ DCP_MATRIX

* waal90_dti 45 0.2_1.trk 2023/3/1 12:39 Track File 77,220 KB
% waal90 dti 45 0.2 1 dti fa.mat 2023/3/1 12:39 MATLAB Data 16 KB
" waal90_dti 45 0.2 1 dti faixt 2023/3/1 12:39  SrAES 127 KB
* waal90 dti 45 0.2 1 dti md.mat 2023/3/1 12:39 MATLAB Data 16 KB
" waal90_dti 45 0.2 1 dti_md.txt 2023/3/1 12:30 S 127 KB
* waald0 dti 45 0.2 1 FNum.mat 2023/3/1 12:39 MATLAB Data 5 KB
© waal90_dti 45 0.2 1 FNum.txt 2023/3/1 12:30  IrAcrs 127 KB
* waald0 dti 45 0.2 1 Length.mat 2023/3/1 12:339  MATLAB Data 17 KB
" waal90 dti 45 0.2 1 Length.txt 2023/3/1 12:30  SrArEs 127 KB
»] wBN246_1mm _dti 45 0.2 1.trk 2023/3/1 12:40 Track File 66,246 KB
% WBN246 1mm dti 45 0.2 1 dti famat  2023/3/1 12:40 MATLAB Data 43 KB
" wBN246_1mm_dti_45 0.2_1_dti fa.xt 2023/3/1 12:40 ST 947 KB
% WBN246_1mm_dti 45 0.2 1 dti md.mat  2023/3/1 12:40 MATLAB Data 42 KB
| wBN246_1mm_dti 45 0.2 1 dti md.it  2023/3/1 12:40 7S 947 KB
% WBN246_1mm_dti 45 0.2_1 FNum.mat  2023/3/1 12:40 MATLAB Data 12 KB
| wBN246_1mm_dti_ 45 0.2 1 FNum.bt  2023/3/1 12:40 T7ArEs 947 KB
% WBN246_1mm_dti 45 0.2_1_Lengthmat 2023/3/1 12:40 MATLAB Data 45 KB
© wBN246_1mm dti 45 0.2 1 Lengthixt  2023/3/1 12:40 T7ATTES 947 KB

Figure 14: Files in folder ‘DCP_MATRIX’

waal90xxx_fa: Matrix constructed with aal90 atlas and using FA as edge weight.
waal90xxx_md: Matrix constructed with aal90 atlas and using MD as edge weight.
waal90xxx_FNum: Matrix constructed with aal90 atlas and using fiber number as edge
weight.

waal90xxx_Length: Matrix constructed with aal90 atlas and using fiber length as edge
weight.

wBN246xxx: Matrix constructed with BN246 atlas, same as aal90 atlas.
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