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1. Introduction

Pl ease cite as 0 dusing theaidual witalrbrain sofevaré packaga VDB3®
(https://www.nitrc.org/projects/vdpivhile using thesoftwareto make publicizegaper

VDB13 is a 3D visualization tool of human brain, which is used to research neural activities of bre
regions evokedby the virtual stimulating signal (or the virtual task signal). In addition, this tool can also hel
researchers to study causal relationships among brain regioaal degree and the shortest path lefigiim
one brain area to another time directionabrain network This softwaretool is also used to design tasks and
obtain the stimulating signal of task. Andividualized virtual digital brain can be constructed by using
VDBL1.3 based on restirgtate fMRI data of one participant. The virtual dighiehin is similar to virtual reality
technology.To investigate activation of brain regions, the stimulating signal of task is directly exerted to sol
brain regions of thendividualized virtual digital brain instead of exerting to real human brain of yever
participant.Researchers can exert the stimulating signal of task to any brain area of the virtual digital brain

observe activation of brain regions.

This software was developed by Guarig Zhang and Hua Ma, Taishan Medical University, Taian, Shapdon
China.

Contact information:

GuangYu Zhang:gyuzhn@163.com

Hua Ma:mahua73@yeah.net


https://www.nitrc.org/projects/vdb/
mailto:gyuzhn@163.com

2. Installation

Firstly, you need to download the softwapackagefrom (https://www.nitrc.org/projects/vdp/and unzip

downloaded file. Copy all filem the folderivDB1.30 to the directory: D\\WDB, and theradd the executable file VDB

1.3.exein the folderfivDBo to the desktop shortcut.

3. Construct and display the virtual digital brain

3.1 Data preprocessing

Datawere preprocessagsingspmghttp://www.fil.ion.ucl.ac.uk/spm/software/spm8rhe performance is

described afollows.

(1) Slice timing and motion correctiomsefirst executed, and then processed functiomalges structural
images,and Brodmann Area (BA) or AAL maslare normalized to the standaifgrain template from the
Montreal Neurological Institute (MN152) by applyingnonlinear registratiorirhe parameters of bounding box
(in mm) are described as follows9p -126-72; 90 90 108]. Copyormalized BA or AAL masko the folder

fiNormTemplated( the directory :D:\\WDB \\NormTemplate). It is worth noting that normalized BA mask

must be named as WBA.nii, and normalized AAL mask must be named as WAAL.nii.

(2) Spatial smoothing with a Gaussian kernel of a specified width is applibé twormalized functional
images.

(3) Normalizedstructuralimages areegistered to the normalizédnctional images by applying rigid
registration.

(4) Those registeresdtructural imageare segmented into thvehite matter, gray matter, amegrebrospinal
fluid images.

(5) Preprocessed functional images of every sulgeetplaced in a folders named as Subxxx(such as
Sub001). All folders (Sub001, Sub002,Subxxx) are combined into a big destination folder(for example,
Detrend).

Preprocesskdatamentioned abovarefurtherpreprocessedsingthe following procedures

(1) The removal of linear and quadratic tren@penthe software(i.e. run the VDB1.0.exe file in the
folder AVDBO or the desktopand click on the meniiPreprocessing and therclick on the optiomDetrena,
select the foldefiDetrend in the opened dialog. Finally, click on the butf#ko, the procedure wiliun and
executeDetrend Processed functional image files with the préido are stored in the foldéiDetrena (Figure

1).


https://www.nitrc.org/projects/vdb/
file://///VDB
http://www.fil.ion.ucl.ac.uk/spm/software/spm8/
file://///VDB
file://///NormTemplate
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Figure 1 Detrend

(2) Copy the white matte cerebrospinal fluid and motigmarameter image files of every subject to those
folders Subxxx(such as Sub001, SubB0gn the folderfiDetrendo.

(3) Regress out covariates includingalignment paramete(motion parameters)the global mean signal,
meanwhite mattersignal andthe mearcerebrospinal fluigignal Click on the optiorfiRegressOut Cavin the
menufiPreprocessirmy Click on the buttoriiStarting regressianin the covarte regression dialognd select
the folderfiDetrend in the opened dialog. Finally, click on the butf@dko, the procedure will run and execute
covariate regressiorProcessed functional image files with the prditx 0 are stored in thelirectory : D:

\\DetrendCoved(Figure2).
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Figure 2 Covariate regression
(4) Integrating 3D images to 4D.As shown in Figure 3, firstly, click on the mefiBreprocessing and
then click on the optioA3DTo4D and Copy. Select the foldefiDetrendCovedin the opened dialog, finally,
click on the buttoriilOko, the procedure will run and execute data transform. Constructed 4D data are store

the folderfiDetrendCoved4@(the directory :D\DetrendCoved4D).
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Figure 3. Integrating 3D images to 4D
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(5) Bandpass temporal filterAs shown in Figure 4, firstly, click on the mefBreprocessirmy and then
click on the optiomBandpass filtar. Select the foldefiDetrendCovedDo in the opened dialog, finally, click
on the buttonfiOko, the procedure will run and execuiktering. Filtered 4D data are stored in the folder

fiConstructionVDBYthe directory D: \\ConstructionVDB).
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Figure 4. Banepass temporal filter
3.2 Calculate interregional causalconnectivity and regress coefficients

The steps of construction are described as follows:
1. Firstly, gpenthe software andlick on the menu VDB, and then start the construction of the brain cause

network(Figure5).
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Figure5.Construction othebraincausal network.
2. SelectiBAO or AAAL 0 in the mask choic€jSynchronous in the mode choicejTime P o i rint the @ata

acquisition,and then clickon the buttonfiObtain Causal € n n e ¢ tandwpen theddestination foldgfigure
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Figure6. Opering the destination folder
3. Run the procedure and obtain the matrix of synchronous causal connectivity. Thés ragtdtnatically

stored in the directonp: \\WDB\CausalConnectiviiifFigure7).
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Figure 7.0btaining the matrix of synchronous causal connectivity
4. SelectiiAsynchronoué in the mode choice and repeat the steps 2and 3. The matrix of asynchronc

connectivityis alsostored in the directory: DIVDB\CausalConnectivity

5. SelectiBAO or AAAL 0 in the mask choicdjTime Point® in the data acquisitiortorrected parameter in the
multiple comparisons, anthen click on the buttonfiObtain Regress Coefficiehtand open the destination
folder. Run the procedure and obtain the regress coefficient. The isegutbomaticallystored in the directory:

D:\\VDB\\RegressCoefficier{frigure8).
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3.3. Display the virtual digital brain

1. Display the individualized virtual digital braifirstly, open the software and click on the menu VDB, and

~

theni nput the code of subject (for example,Al0 or

button fDiusad!| ayi (Bgute@A). Theresalt isdsplged in Figure 8.
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2. Display the virtual digital braimf each groupFirstly, open the software and click on the menu VDB, and
theninput the code ofroup( f or exampl e, A10 or @r@up choia®) ii mp uth efn (
edit control ACA hi acikc eo no ft hseu bbj uetictg aort. a fi (Bigoee @). ah@result is t

displayed in FigureB.
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4.1 Nodal degrees othe causal connectivity network

1. Nodal degrees of all subjecBelectiBAO or FAAL 0in the mask choicdiSynchronous or flAsynchronoud

in the mode choicéjinputo or fOutpud in the choice of nodal degreeprrected parameter in the multiple
comparisons (this parameter must be etuahe value that has been used infiDbtain Regres€ o e f f i c i
step), iExceb in the output modesand thenfill 700 in the editor controfiGroup choicé. In addition, the
number of participants must be filled in these editor con{@teup one tdour). Click on the buttorfiNodal

degre® andobtain thenodal degrees of all subjectEhe resulis showed inanexcel file (Figure9).
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Figure9. Nodal degrees of all subjects
2. Nodal degrees ahe group (causal connectivity of every brain regidglectiBAO or AAAL 0 in the mask
choice, corrected parameter in the multiple comparidibhs;eb in the output modes, ariden fill the code of
group such as#loor others 2-4) in the editor controfiGroup choice. In addition, the number of participants
must be filled in these editor contrql&roup one to foyr Click on the buttorfiNodal degree and obtain the

nodal degrees dhe group The resulis showed inanexcel file (FigurelQ). Positive real numbers indicate the
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strengthof synchronous causabnnectivity, and negative real numbers indicatesthengthsof asynchronous
causal connectivityThe real numbers of every row indicate the strengths of output causal connectiv
corresponding to every nodand the real numbers of every column indictite strengths of input causal

connectivity corresponding to every node.
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N7 Motor Auditory Associat Frontal
nsory nsory nsory nsory nsory nsory Cortex Cortex ion Cort 59 0
o i Cortex Cortex Cortex Cortex Cortex Cortex orreX 83 |-2. 85406
i Outputing nodal degree excel is completed 1 Cortex 54 o
2.32545 2.571432 2. 31.4132 2. 76_8793 2. 3?435 2.258733 2.272513 -2.58341 85 -2.24052

[ = ]

2 0 \L3.653026
Synchronous output causal connectivity of BA 1L
nchronous output ¢ 1 connectivity of BA 1L > BA 8L
Svync 10us input caus

sal connectivity of BA 1 BAs 2L, 3L, 3R, 4L

\ 1L BAs 10L,23L,23R,29R,30L,30R,8R,9R

Figurel10. Nodal degrees of the group
3.Nodal degree of one brain regi@@D visualization)SelectiiBA0 or FAAL 0 in the mask choicéiSynchronous
or fAsynchronoué in the mode choicdjinputo or AOutpubd in the choice of nodal degree, corrected parameter
in the multiple comparisonsgnd fi3Do in the output modedijll the index of displayed brain region in the
fiChoice of brain regions control, andthen fill the cale of group such a&loor others (24) in the editor
control AGroup choicé, the index of 3D view in theditor controlfi3D views ( the indexflo indicates the
superior view,fi20 indicates thenferior view,i30 indicates the left vieido indicates theight view), andthe

index of brain region in the editor conti@hoice of brain regiong see also table 1 and table 2 for detdiis
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addition, the number of participants must be filled in these editor controls (Group one to four). Click on
buttonfiNodal degre@ and3D visualization will run The resulis showed irthe left of client areéFigure11l).
The size of bar indicates the strength of causal connectivity, and the arrow indicates the direction of ce

connectivity.

& Virtual digital brain (VDB1.0)--Taishan Medical University o | ()

Virtual digital brain =
Mask Choice Mode Choice
l)° BA AAL (2) Synchronous @ Asynchronous
Choice of nodal degree Data acquisiton

3)9 Input Output Time Points 230
Multiple comparisons
(4)30nec( 0.05 FDR corrected

Constructing virtual digital brain

Obtain Causal Connectivity | Obtain Regress Coefficient

Modal choice oftasks Output modes

© Single mode ) Multiple modes (5)0 3D Excel

Choice of brain regions Group choice 3D views

(6)64 (7)1 (8)3

Number of participants
Group one Group two Group three Group four

o)1 10 0 0
Activation analysis
Single subject Single group
Multiple groups(ANOVA) Two groups(Post hoc)
Progress Output choice (10) Choice of subject

Activation Nodal degree 0

3D visualization has been completed

Figurell. 3D visualiation ofthenodal degree.

Table 1 Indexes of brain regions and corresponding Brodmann areas

Indexes Index of Brodmann Areas

1 1 (L). Primary Somatosensory Cortex
2 1 (R). Primary Somatosensory Cortex
3 10 (L). Anterior Prefrontal Cortex

4 10 (R).Anterior Prefrontal Cortex

5 11 (L). Orbitofrontal Cortex

6 11 (R). Orbitofrontal Cortex

7 13 (L). Insular Cortex

8 13 (R). Insular Cortex

9 17 (L). Primary Visual Cortex

10 17 (R). Primary Visual Cortex

11 18 (L). Secondary Visual Cortex

12 18(R). Secondary Visual Cortex

13 19 (L). Associative Visual Cortex
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

19 (R). Associative Visual Cortex

2 (L). Primary Somatosensory Cortex
2 (R). Primary Somatosensory Cortex
20 (L). Inferior Temporal Gyrus

20 (R). Inferior Temporal Gyrus

21 (L). Middle Temporal Gyrus

21 (R). Middle Temporal Gyrus

22 (L). Superior Temporal Gyrus

22 (R). Superior Temporal Gyrus

23 (L). Ventral Posterior Cingulate Cortex
23 (R). Ventral Posterior Cingulate Cortex
24 (L). VentralAnterior Cingulate Cortex
24 (R). Ventral Anterior Cingulate Cortex

25 (L). Subgenual cortex

25 (R). Subgenual cortex

27 (L). Piriform Cortex

27 (R). Piriform Cortex

28 (L). Posterior Entorhinal Cortex

28 (R). PosterioEntorhinal Cortex

29 (L). Retrosplenial Cingulate Cortex
29 (R). Retrosplenial Cingulate Cortex
3 (L). Primary Somatosensory Cortex
3 (R). Primary Somatosensory Cortex
30 (L). Cingulate Cortex

30 (R). Cingulate Cortex

31 (L).Dorsal Posterior Cingulate Cortex

31 (R). Dorsal Posterior Cingulate Cortex

32 (L). Dorsal anterior Cingulate Cortex

32 (R). Dorsal anterior Cingulate Cortex

33 (L). Anterior Cingulate Cortex
33 (R). Anterior Cingulate Cortex
34 (L). Anterior Entorhinal Cortex
34 (R). Anterior Entorhinal Cortex
35 (L). Perirhinal cortex

35 (R). Perirhinal cortex

36 (L). Parahippocampal cortex
36 (R). Parahippocampal cortex
37 (L). Fusiform gyrus

37 (R). Fusiform gyrus
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53 38 (L). Temporopolar Area

54 38 (R). Temporopolar Area

55 39 (L). Angular gyrus

56 39 (R). Angular gyrus

57 4 (L). Primary Motor Cortex

58 4 (R). Primary Motor Cortex

59 40 (L). SupramarginalGyrus

60 40 (R). SupramarginalGyrus

61 41 (L). PrimaryAuditory Cortex

62 41 (R). Primary Auditory Cortex

63 42 (L). Primary Auditory Cortex

64 42 (R). Primary Auditory Cortex

65 43 (L). Subcentral Area

66 43 (R). Subcentral Area

67 44 (L). IFC pars opercularis

68 44 (R). IFC pars opercularis

69 45(L). IFC pars triangularis

70 45 (R). IFC pars triangularis

71 46 (L). Dorsolateral Prefrontal Cortex
72 46 (R). Dorsolateral Prefrontal Cortex
73 47 (L). Inferior Prefrontal Gyrus

74 47 (R). Inferior Prefrontal Gyrus

75 5 (L). Somatosensorssociation Cortex
76 5 (R). Somatosensory Association Cortex
77 6 (L). Premotor Cortex

78 6 (R). Premotor Cortex

79 7 (L). Somatosensory Association Cortex
80 7 (R). Somatosensory Association Cortex
81 8 (L). Dorsal Frontal Cortex

82 8 (R). DorsaFrontal Cortex

83 9 (L). Dorsolateral Prefrontal Cortex
84 9 (R). Dorsolateral Prefrontal Cortex

Table 2 Indexes of brain regions and corresponding\AL areas

Indexes AAL Areas

1 Precentral (L)
2 Precentral (R)
3 Frontal Sup (L)
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© 00 N o o b

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Frontal Sup (R)
Frontal Sup Orb (L)
Frontal Sup Orb (R)
Frontal Mid (L)
Frontal Mid (R)
Frontal Mid Orb (L)
Frontal Mid Orb (R)
Frontal InfOper (L)
Frontal InfOper (R)
Frontal Inf Tri (L)
Frontal Inf Tri (R)
Frontal Inf Orb (L)
Frontal Inf Orb (R)
RolandicOper (L)
RolandicOper (R)
Supp Motor Area (L)

Supp Motor Area (R)

Olfactory (L)
Olfactory (R)

Frontal Sup Medial (L)
Frontal Sup Medial (R)

Frontal Med Orb (L)
Frontal Med Orb (R)
Rectus (L)

Rectus (R)

Insula (L)

Insula (R)
Cingulum Ant (L)
Cingulum Ant (R)
Cingulum Mid (L)
Cingulum Mid (R)
Cingulum Post (L)
Cingulum Post (R)
Hippocampus (L)
Hippocampus (R)

ParaHippocampal (L)
ParaHippocampal (R)

Amygdala (L)
Amygdala (R)
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43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

Calcarine (L)
Calcarine (R)
Cuneus (L)
Cuneus (R)
Lingual (L)
Lingual (R)
Occipital Sup (L)
Occipital Sup (R)
Occipital Mid (L)
Occipital Mid (R)
OccipitalInf (L)
Occipital Inf (R)
Fusiform (L)
Fusiform (R)
Postcentral (L)
Postcentral (R)
Parietal Sup (L)
Parietal Sup (R)
Parietal Inf (L)
Parietal Inf (R)
SupraMarginal (L)
SupraMarginal (R)
Angular (L)
Angular (R)
Precuneus (L)

Precuneus (R)

Paracentral Lobule (L)

Paracentral Lobule (R)

Caudate (L)
Caudate (R)
Putamen (L)
Putamen (R)
Pallidum (L)
Pallidum (R)
Thalamus (L)
Thalamus (R)
Heschl (L)
Heschl (R)
Temporal Sup (L)

18



82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

Temporal Sup (R)
Temporal Pole Sup (L)
Temporal Pole Sup (R)
Temporal Mid (L)
Temporal Mid (R)
Temporal Pole Mid (L)
Temporal Pole Mid (R)
Temporal Inf (L)
Temporal Inf (R)
CerebelunCrus1 (L)
Cerebelum Crusl (R)
Cerebelum Crus2 (L)
Cerebelum Crus2 (R)
Cerebelum 3 (L)
Cerebelum 3 (R)
Cerebelum 4 5 (L)
Cerebelum 4 5 (R)
Cerebelum 6 (L)
Cerebelum 6 (R)
Cerebelum 7b (L)
Cerebelum 7b (R)
Cerebelum 8 (L)
Cerebelum 8 (R)
Cerebelum 9 (L)
Cerebelum 9 (R)
Cerebelum 10 (L)
Cerebelum 10 (R)
Vermis 1 2

Vermis 3

Vermis 4 5

Vermis 6

Vermis 7

Vermis 8

Vermis 9

Vermis 10

5. Task design
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The proceduréiTaskDesign in the folder VDB (D:\\VDB\\TaskDesigh is an exampl®f designing taskThe
integrated development environment of this procedurblicgosoft Visual studio 2008 or aboveéseveral
functions have been built in tlbassiT a s k C o n s, tard these furcctiods are responsible for constructing
tasks or reading constructed signdlle testing functions have been built in tHasesiC Tas k De s i ¢
and fCTaskDesignView, and these functionsare responsible for displaying the waveforms of the design
matrix and constructed task sign@ggure 12). Users can add member functions in these classes to achie\
task design and waveform displayhe softwarefivDB1.00 canbe used taandysis brain region activations

based on these constructed task signals.

............

Figurel2.Task design and waveform display
6. Task-based activation analysis
6.1 Activation analysis of single subject
1. Activation of single subjecSelectfiBAO or IAAL 0 in the mask choice, corrected parameter in the multiple
comparisongcorrection is for the results of activation&pingle mode or Multipleno d ansthiie modal choice
of tasks andthen fill the index of brain regiofif need to fill multiple brain regios, the format is as follows:
brain region A, B, C, D, . For example, 12, 3. The stringfil, 2, 30 indicates that the task stimulating signal
will be exerted to 3 brain regionand the indexes of these brain regions atdnd 3 When seleciiMultiple
mo d anstite modal choice of tasks, the format is as follows: brain region A, B; €, B;For example, 61,
62;1,2;9,10.The stringf61, 620 indicates that the first task stimulating signal will be exerted to brain region:

61 and 62; the strinfl, 20 indicates that the second task stimulating signal will be exerted to brain regions
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and 2; the string9, 100 indicates that the third task stimulating signal will be exerted to brain regions 9)and 1
in the editor controfiChoice of brairr e g i. thraddidion, the number of participants must be filled in these
editor controls (Group one to foulill the index of subject in the editor conti@hoice ofs u b j. Eiralty,0
click on the buttorfiSingles u b j aadihe procedure starts tan (Figure13). The result of analysis named

as NBAxSubxActivationFile.dat or AALxSubxActivationFile.datand is automatically stored in the folder

iAAct i Vthedireconyd: \\WDB\\Activation).

& Virtual digital brain (VDB1.0)--Taishan Medical University
File Edit View Help VDB Tool Preprocessing

Virtual digital brain
Mask Choice Mode Choice

)0 BA AAL © Synchronous Asynchronous
Choice of nodal degree Data acquisiton

Output Time Points 230

9 Input
Multiple comparisons

2) Comect 005 FDR corrected -

Constructing virtual digital brain

Obtain Causal Connectivity|| Obtain Regress Coefficient

Modal choice oftasks Output modes

;)0 Single mode ©) Multiple modes 93D Excel

Choice of brain regions Group choice 3D views

4)1 1 1

=)

Procedure is running.it will take about a few minutes

¥

Progress

Number of participants
Group one Group two

10

Group three
0

Group four

1

0

| Activation analysis (6
Single subject Single group

Actication analysis of single subject has been completed

Multiple groups(ANOVA)
Output choice Choice of subject

Two groups(Post hoc)

Activation Nodal degree (5) 2 s

(@)
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2 Virtual digital brain (VDB1.0)--Taishan Medical University = @

™

Virtual digital brain =
Mask Choice Mode Choice

1)0 BA AAL © Synchronous Asynchronous
Choice of nodal degree Data acquisiton

o Input Output Time Points 230

Multiple comparisons

Progress ‘ (2) Comect 005 FDR corrected .

. . . . . Constructing virtual digital brain
Actication analysis of single subject has been completed

Obtain Causal Connectivity|| Obtain Regress Coefficient

' = ‘ Modal choice of tasks Output modes
3) 9 Single mode ) Multiple modes 93D Excel
‘ Choice of brain regions Group choice 3D views
(4) 123 1 1

Number of participants
Group one Group two Group three Group four

1n 10 0 0

fMRISoft

6
i BA1,2,3SubSActivationFile.dat is stored in the Activation analysis ©®
directory:D:\VDB\Activation T ¢ e

Multiple groups(ANOVA) Two groups(Post hoc)
Output choice Choice of subject

Activation Nodal degree (5) 5

(b)

% Virtual digital brain (VDB1.0)--Taishan Medical University

Virtual_digital brain
Mask Choice Mode Choice

)a BA ©OAAL @ Synchronous © Asynchronous
Choice of nodal degree Data acquisiton

o Input Output Time Points 230

Multiple comparisons

i BAG1,62:1,2:9,10SubSMultTaskActivFile.dat is stored in the 2)Ccnecl 0.0000001 FDR corrected »
directory:D:\VDB\Activation

Constructing virtual digital brain

Obtain Causal Connectivity|| Obtain Regress Coefficient
Modal choice of tasks Output modes
3) single mode © Muliple modes ~ © 3D © Excel

4 oice of brain regions Group choice 3D views

61.62:1.29,10 1 1

Number of participants
Group one Group two Group three Group four

n 10 (6) 0 0

Activation analysis
Progress Single subject Single group
=

Multiple groups(ANOVA) Two groups(Post hoc)
Output choice Choice of subject

Activation Nodaldegree(s) 5

MultiTask actication analysis of single subject is over

(€)

Figurel3. Activation analysis of single subject

2. Activationresultsof single subject(l) Output the activation results through the excel teg#tectcorrected
parameter in the multiple comparisons (correction is forsthengthsof causal conneatity among activated
brain regions)fiE x ¢ elthe AOutput mode§ andthenclick the buttonfiA ¢ t i v.&5electoonedfile in the

folder AActivationo ( the directory: DA\VDB\\Activation) through an openedalog box.These files have been
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generated in previous steplick the buttorfiOpero and then the resuls displayed in an excel table (Figuré)l

In this table, the numbers in the colur@Ho indicate the index of activated brain regions, and the column
ACGO is the strength of activation. Positive real numbers indicate positive strengtddivation On the
contrary, negative real numbers indicate negative strengths of actiiatisitive real numberns every row
indicate thestrengthsof synchronouscausal connectivittamong activated brain regignand negative real
numbers indicate th&trengthsof asynchronous causal connectivityhe real numbers of every row indicate the
strengths of output causal connectivity corresponding to every node, anebthmumbers of every column
indicate the strengths of input causal connectivity corresponding to every Ihaslevorth noting that the

values in the excel table are actual values of activation strengths and causal connectivity.
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9 0 0 0 0 0 0 0 0 0 0 | 9 _I 0
1( 0 0 0 0 0 0 0 0 0 0 0 0 Choice of brain regions Group choice 3D views
11 0 0 0 0 0 0 0 0 0 0 0 0 r 1 1
12 0 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 Number of participants
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Activation analysis
Single subject Single group
Multiple gvoﬁgwov/\) Two groups(Post hoc)
Output choice Choice of subject

AcuvauonVJ/ Nodal degree 2

i Output excel file is over

Figurel4. Activation resultof single subject

(2) Output the activation results through 3D visualizatiBalect iBAO or AAALO in the mask choice,
fiSynchronoud or fiAsynchronoud in the mode choicegorrected parameter in the multiple comparisons
(correction is for thestrengthsof causal connectivity among activated brain regioasyl i3Do0 in the output

modes, andhen fill the index of 3D view in the editor contf@D views ( the indexilo indicates the superior
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view, 20 indicates the inferior viewfi30 indicates le left view,and 40 indicates the right view. In these
views, every color spheiadicates aractivated brain regiarmhe size of the sphere indicates the strength of the
brain region activation(It is worth noting that the sizes are not responding toahstrengths of brain region
activations, these sizes are responding to standardized strengths of activations. The actual strengt
activations can be displayed through the excel tablary bar among spheres indicates the casual connectivit
amongthese brain regions, and the diameter of the bar denotes the strength of the interregional cau:
connectivity (It is worth noting thatthe diametes are not responding to actual strengthsntérregional
causality connectivitythesediametes are responding to standardized strengthsntdérregional causality
connectivity The actual strengths chusality connectivitgan beobtainedthrough the excel tableYhe gold

bar denotes the synchronous causality connectivity, and the light blaemates the asynchronous causality
connectivity. The direction of the arrow denotes the directiocaokalityconnectivity. Especially,when the
index of 3D view is bigger than 4ve display activated brain regions by using color arBé#$erent colors
indicate distincstrengths of brain region activatior8lue is corresponding to weaker activated strength and
yellow indicates stronger activated strendftwlor changes of the color bare corresponding ta@hanges of
activated strengths of brain regiorighe indexfi5o of 3D view indicates that the activated brain regions are
projected to this view fronsuperior to inferiorfied indicates that the activated brain regions are projected tc
this view fromleft to right ; fi70 indicates that the activated bmaiegions in the superiaerebral hemisphere
are projected to this view fromferior to superior 80 indicates that the activated brain regions inittierior
cerebral hemispherare projected to this view frosuperior toinferior; 90 indicates that the activated brain
regions in the lefcerebral hemispherare projected to this view from right to lefil00 indicates that the
activated brain regions in the rigbérebral hemispherae projected to this view from left to righClick on

the buttori Ac t i v Selkedt ane fite in the foldéActivationd (the directory: D:\\VDB\Activation) through

an opened dialog box. These files have been generated in previous stepn@tiekbuttonfiOperd and then

the resulis showed in the left of client area (Figurg) 1
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Figure B. 3D visualization of brain region activations of single subject

6.2. Activation analysis of singlegroup

1. Activation analysis of single groufelectfiBAO or AAAL 0 in the mask choice, corrected parameter in the
multiple comparisongcorrection is for the results of activationépingle mode or Multipleno d eirs tbe
modal choice of tasks, ariden fill the index of brain region (if need to fill multiple bragygions, the format is
as follows: brain regionA, B, C, D} . For example,61, 62. The stringfi61, 620 indicates that the task
stimulating signal will be exerted ®brain regions, and the indexes of these brain region6laaed62 ) in

the editor conbl fiChoice of brainr e g i. inraddidion, the number of participants must be filled in these
editor controls (Group one to four). Fill the index of group in the editor cofi@wup choicé. Finally, click

on the buttorfiSingle group and the procedurstarts to run (Figure@). The result of analysis named as
fBAxGrpxActivationFile.dat or AALxGrpxActivationFile.dat and is automatically stored in the folder

i Act i Vthedireconyd: \\WVDB\\Activation).
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% Virtual digital brain (VDB1.0)--Taishan Medical University = | (= X3

Virtual digital brain S =
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BA61,62Grp2ActivationFile.dat is stored in the xe.otnocacegoe FR8CqLES SN

! directory:D:\VDB\Activation @ Input Output Time Points 230
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Constructing virtual digital brain
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(4) )
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Actication analysis of single group has been completed
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Activation analysis (6)
Single group
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Multiple groups(ANOVA) Two groyps(Post hoc)

Output choice Jhoice of subject

Activation Nodal degree
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Figure16. Activation analysis of singlgroup

2. Activation results of singlgroup (1) Output the activation results through the excel tédctiBAO or
AAAL 0 in the mask choice, corrected parameter in the multiple compalsomsction is for thestrengthsof
causal connectivity among activated brain regipAisk x cire thediOutput mode§ andthen click on the

buttonit Ac t i v Zelkedt ane foe in the foldéiActivationo (the directory: D:\\WVDB\\Activation) through an

opened dialog box. These files have been generated in previous steporCiek buttonfiOko and then the
result is displayed in an excel table (Figu®.1n this table, the numbers in the colu@Ho indicate the
index of activated brain regions, and the coluf@Go is the strength of activation. Positive real numbers
indicate positive strengths afttivation On the contrary, negative real numbers indicate negative strengths c
activation. Positivegal numbers in every row indicate tsteengthsof synchronous causal connectivity among
activated brain regions, and negative real numbers indicatréregthsof asynchronous causal connectivity.
The real numbers of every row indicate the strengtlogitgfut causal connectivity corresponding to every node,

and the real numbers of every column indicate the strengths of input causal connectivity corresponding to ¢
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node (see also Figure4lfor details ) In addition, the number of participants mustfiied in these editor

controls (Group one to four).
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Figurel7. Activation result of singlegroup

(2) Output the activation results through 3D visualizatiSalect iBAO or AAALO in the mask choice,
fiISynchronoud or fiAsynchronoué in the mode choicecorected parameter in the multiple comparisons
(correction is for thestrengthsof causal connectivity among activated brain regioasyl i3Do in the output
modes, andhen fill the index of 3D view in the editor contf@D views ( the indexfilo indicates the superior
view, 20 indicates the inferior viewfi30 indicates the left viewand 40 indicates the right view. In these
views, every color spheradicates aractivated brain regiorhe size of the sphere indicates the strength of the
brain region activation, every bar among spheres indicates the casual connectivity among these brain rec
and the diameter of the bar denotes the strength of the interregional causality connectivity. The gold bar de
the synchronous causality connedityiand the light blue bar denotes the asynchronous causality connectivit
The direction of the arrow denotes the directiorcafisalityconnectivity. Especially,when the index of 3D

view is bigger than 4, we display activated brain regions by using amdasDifferent colors indicate distinct
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strengths of brain region activatior3lue is corresponding to weaker activated strength and yellow indicate
stronger activated strength. Color changes of the color bar are corresponding to changes of siotingtisl

of brain regions. The inde0 of 3D view indicates that the activated brain regions are projected to this vie'
from superior to inferiorfi6o indicates that the activated brain regions are projected to this view from left t
right; 70 indicakes that the activated brain regions in the supexoebral hemispherare projected to this
view from inferior to superiori80 indicates that the activated brain regions in the infergoebral hemisphere
are projected to this view from superior toanbr; 90 indicates that the activated brain regions in the left
cerebral hemispheare projected to this view from right to leffif00 indicates that the activated brain regions
in the rightcerebral hemispheire projected to this view from left tmght ). Clickonthe buttond Act i v a't

Select one file in the folddiActivationo (the directory: D:\\WDB\\Activation) through an opened dialog box.

These files have been generated in previous step. @litke buttonfiOperd and thenhe resultis showed in
the left of client area (Figure8). In addition, the number of participants must be filled in these editor control:

(Group one to four).

Figure B. 3D visualization of brain region activations of giegroup

(3) Output the activation results of all subjects through the excel &dllect iBAO or AAAL 0 in the mask
choice, corrected parameter in the multiple comparisons (correction is fastréregthsof brain region

activation),AiSingle mode or Muiple mo d dnsthi@ modal choice of task8, E x cirethe®Output modeg and
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then fill the index of brain region (if multiple brain regions need to be filled in the editor control, then tf
format is as follows: brain regions A, B, C,ID, For example, 61, 62The stringf61, 62 indicates that the
task stimulating signal will be exerted to 2 brain regions, and the indexes of these brain regions are 61 anc
in the editor controfiChoice of brairr e g i. Bilhf®0dn the editor controfiGroup choicé and the number of
participants in editor controls (Group one to fo#ihally, click on the buttorii Ac t i vaad theo thedresult

is displayed in an excel tableigbre 1BA). In this table, the numbers in the colurare the strength of
adivation of each brain regiariPositive real numbers indicate positive strengthactifation On the contrary,

negative real numbers indicate negative strengths of activ&iieny rowis corresponding to one subject.
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Figure 18A Activationresult ofall subjects
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6.3. Activation analysis oftwo groups

1. Activation analysis ofwo groups. SelectiBA0 or AAAL 0 in the mask choice, corrected parameter in the
multiple comparisongcorrection is for the results of activationépingle mode or Multipleno d eirs tbe
modal choice of tasks, anlden fill the index of brain region (if multiple brain regiomsed to be filled in the
editor contro] thenthe format is as follows: brain regi®A, B, C, D} . For example, 6162. The stringi61,

620 indicates hat the task stimulating signal will be exerted to 2 brain regions, and the indexes of these b
regions are 61 and 62 ) in the editor confi©hoice of brairr e g i. thraddiGon, the number of participants
must be filled in these editor controls (@poone to four). Fill the indes of groups in the editor control
fiGroup choice (The format isas follows: Groups A, BFor example, 12. The stringfil, 20 indicates thathe
groups 1 and 2 participate in the test. Tseonple ttest will be implemented toompare activation results of
group 1 to 2). Finally, click on the buttofiTwo groupso and the pocedure starts to run (Figur8)1The result

of analysisis named asiBAXTrpxActivationFile.dat or AALXxTpxActivationFile.dad and is automatically

stored in the foldefi A c t i Jthedirectanyd: \\VDB\\Activation).
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Figure B. Activation analysis otwo groups
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2. Activation results ofwo groups. (1) Output the activation results through the excel tefaect iBAO or
AAAL 0 in the mask choice, corrected parameter in the multiple compalsomsction is for thestrengthsof
causal connectivity among activatbdain regions)ii E x cir thediOutput mode§ andthen click on the

buttonit Ac t i v Zelkedt ane foe in the foldéiActivationo (the directory: D:\\WVDB\\Activation) through an

opened dialog box. Thesdefs have been generated in previous step. ©licthe buttonfOko and then the
result is displayed in an excel table (Fig@®. In this table, the numbers in the colu@Ho indicate the
index of activated brain regions, and the coluif@Go is the strength of activation. Positive real numbers
indicate positive strengths attivation On the contrary, negative real numbers indicate negative strengths c
activation. Positive real numbers in every row indicatestrengthsof synchronous caasconnectivity among
activated brain regions, and negative real numbers indicasrdreggthsof asynchronous causal connectivity.
The real numbers of every row indicate the strengths of output causal connectivity corresponding to every r
and the relanumbers of every column indicate the strengths of input causal connectivity corresponding to ev
node (see also Figurd and Irfor details ).In addition, the number of participants must be filled in these editor

controls (Group one to four).

2 Virtual digital brain (VDB1.0)--Taishan Medical University S| ) S
File Edit View Help VDB Tool Preprocessing

Virtual digital brain
Mask Choice Mode Choice
© BA AAL © Synchronous Asynchronous
Choice ofnodal degree  Data acquisiton

@ Input Output Time Points 230

Muliple comparisons
Z)CG,M‘ 005 FDR corrected

CF
Constructing virtual digital brain

(84)BA
(1)BA 1: : (60 (62) (64) : Ri
Lest | (99)BA b«m)}“ enes B (e3)ma bff“ Gops  EEA ? R;fm S Obtain Causal Connectivity|| Obtain Regress Coefficient
0: : A : 2: e: 3. Jorsolat
Prinary 107 Left poope (412 Leftip, neprs 423 Left) pooht [43: Legt| 43¢ eral of
Q Supramar Primary Primary A ight activati Modal choice of tasks Output modes
Somatose inal Supranar Audi tor Y auditory Primary Subcentr Subcentr Prefront °¢ !
nsory |~ Binal gy AUALYOTY \ditory AUHOTY yuditory al Area SUPCENTT T on )@ single mode © Mutiple modes (430 ® Excel
Cortex Gyrus ey Cortex ", Cortex . al Area
C yrus Cortex Cortex Cortex
" Choice of brain regions Group choice 3D views
0 0 0 0 0 0 0 0 0 0 0 0 6162 12 1
0 0 0 0 0 0 4. 34971 0 0 0 -7.79331 63
0 0 0 0 0 0 0 0 0 0 -10. 2787 64
0 0 0 0 0 0 0 0 0 0 0 0 Number of participants
0 0 0 0 0 0 0 Q 0 0 -7.81105 66 Group one Group two Group three Group four
0 0 0 0 0 0 0 0 0 0 0 0

n 10 0 0

Activation analysis

Single subject Single group

Multiple grdups(ANOVA)
5 Jutputchoi

Activation Nodal degree 0

« BFj0% (D) » VDB » Activation

Two groups(Post hoc)

Choice of subject

BA61,62GrplActivationFile

BA61,62Grp2ActivationFile
BA61,62Trp1,2ActivationFile
BA61Trp1,2ActivationFile

: BAG61,62Trpl 2Activationfile \Lf@k’l (Cancel)

17%(0) s

Figure20. Activation result oftwo groups
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(2) Output the activation results through 3D visualizatiBalect iBAO or AAALO in the mask choice,
fiISynchronoud or fiAsynchronoué in the mode choicecorrected parameter in the multiple comparisons
(correction is fo the strengthsof causal connectivity among activated brain regioasyl i3D0 in the output
modes, andhen fill the index of 3D view in the editor contf@D views ( the indexfilo indicates the superior
view, 20 indicates the inferior viewfi30 indicates the left viewand 40 indicates the right view. In these
views, every color spheiadicates aractivated brain regiorlhe size of the sphere indicates the strength of the
brainregion activation, every bar among spheres indicates the casumctiwity among these brain regions,
and the diameter of the bar denotes the strength of the interregional causality connectivity. The gold bar de
the synchronous causality connectivity, and the light blue bar denotes the asynchronous causatityitgonne
The direction of the arrow denotes the directiorcadisalityconnectivity. Especially,when the index of 3D
view is bigger than 4, we display activated brain regions by using color Biffasent colors indicate distinct
strengths of brain regn activationsBlue is @rresponding to weaker activatistrength and yellow indicates
strongeractivationstrength. Color changes of the color bar are corresponding to changes of activated stren
of brain regions. The inde0 of 3D view indicateshat the activated brain regions are projected to this view
from superior to inferiorfi6o indicates that the activated brain regions are projected to this view from left t
right ; A70 indicates that the activated brain regions in the supeawgbral hensphereare projected to this
view from inferior to superiorfi8o indicates that the activated brain regions in the infergoebral hemisphere
are projected to this view from superior to inferi®p indicates that the activated brain regions in the lef
cerebral hemispherre projected to this view from right to leftt 00 indicates that the activated brain regions
in the rightcerebral hemisphei@e projected to this view from left to right ). Cliok the buttoni Act i v a't

Select one file in théolder AActivationo (the directory: D:\\WVDB\\Activation) through an opened dialog box.

These files have been generated in previous step. @lithe buttonfiOperd and thenhe resultis showed in
the left of client area (Figur2l). In addition, the number of participants must be filled in these editor control:

(Group one to four).

32


file://///VDB/Activation

Figure21.3D visualization of brain region activationstafo groups

In order to obtain 3D view of brairegions, we can implement followirgleps:SelectfiBAO or RAAL 0 in the
mask choicefi3Do in the output modes, fill the index of brain region in #wbtor controlfiChoice of brain
region®, then fill fi200 in the editor controR3D views. Click the buttoni Ac t i v Setedt one file in the

folder AActivationo (the directory: D:\\VDB\\Activation) through an opened dialog box. These files have beer

generated in previous step. Cliok the buttonfiOperd and therthe resultis showed in the left of client area

(Figure22). In addition, the number of participants must be filled in these editor controls (Group one to four)

Figure22. 3D visualization of selected brain regions
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