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Course Arrangement

PART | (10/3)

o rs-fMRI pre-processing

o REST and DPARSF

o REST go through: ReHo, Functional Connectivity, ALFF, fALFF, utilities

PART Il (10/4)

o Advanced connectivity analysis, connectivity matrix
o Statistics

o DPARSF go through
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Employed Software/Package

1. SPM preprocessing
o http://www.fil.ion.ucl.ac.uk/spm/

2. REST functional connectivity, ReHo, ALFF, fALFF, VMHC
o http://restfmri.net/forum/index.php?qg=rest

3. DPARSF/DPABI
o http://rfmri.org/DPARSF
o Data Processing Assistant for Resting-State fMRI (DPARSF)

> Based on SPM and REST toolbox

REST: Song et al., PLoS ONE, 2011.
DPARSF: Yan et al., Frontiers in System Neuroscience, 2010.
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Switch current folder to data folder

More convenient to execute the subsequent processing steps....

Current Folder: C:\Users\Alvin\Desktop\data\data'Subj01 v =
e Functional Connectivity Analysis
O =% P

using REST toolbox
| Subj01 EEERR
) Subjo2z  EEERE
| Subjo3 REERE
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Left ECN for example

FunctCon

— Atlas ROI

ESiice Viewer -- REST 1.8 Chllsers\Alvin\Desktophdata\data\Subjo1\5PMp.
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—— Sace Viewer
|¥ols [+ Crosshar

Kimejimn)  Zimm}
40 [] 4

€ WsermArDesiiopidataic

11

© WserslahiDesiiopdataic

m—rE ]
Threshold ]

B 1 | ot Onke -
Mst v Tempue
Cunter Sue Save Cluster

in any series.
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Misc - Set Range of Threshold

Set a range for threshelding -

Threshold Value's Range: Min, Max( Defaul=-inf inf_)

Set Threshold Value's Series, such as 25.1,7,21 for only showing Brodmann's
area BAZS, BA1, BAT, BAJ when overlay is BA template. This also works for AAL
template. This supports MATLAB array defination syntax. NaN means nol confined
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Extract Subject’s Atlas

IBASPM 64-bit version

http://www.ym.edu.tw/~cflu/software/lbaspm_64.zip
B IBASPM_Atlasing - - IEH

Subject’s mwanat.img

. Input imag
/Atlased/mwanat_AtIas.lmg ( CWsers\Alvin\Desidop\data\dats\Subj  Browse
— Output nimw_Aﬂ.a.S_lle_QLAﬂ.a.S_s_Q

CWsers\AlvimDesidop\data\data\Subl,  Change

Atla:

Atias 118(116 Brain Structures) v | | CodFie

— Modaliy
alky

T1

-fl. IT‘I

— Gray Matter Segmentation Threshokd—
() Use Thresh

Done
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SPW Segmentation...

SPW Normalization...

Volume Statistic...

Compute Brain Volume...

Normalization

Individual
Anatomy

IBASPM

Individual

Transformation Matrix

X3

Normalized
fo MNI Space

&2

Individual
atlas flowchart  jngividuar Gray Matter
A Segmentation - Mask
";"‘ A

2. ¢ .

Individual Atlas
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FunctCon

Atlas ROI

B slice Viewer -- REST 1.8

Cick to Toggle Har info

Sice Viewer
[ voke [+ Crosshar
Ximm) Y{mm} Z{mm)

-0} Set a range for threshelding -

Threshold Value's Range: Min, Max( Defaul=-inf inf_)

11 -~

Set Threshold Value's Series, such as 25.1,7,21 for only showing Brodmann's

area BAZS, BA1, BAT, BAJ when overlay is BA template. This also works for AAL
template. This supports MATLAB array defination syntax. NaN means nol confined
in any series.
LEL

Cluster Sz | Save Cluster

Save Cuusters| C1 Report
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functCon Connectivity Maps

W Slice Viewer -- REST 1.8 C\Users\Alvin\Desktop\data\data\Subj01\Funct.. = 9

Cick to Toggle Har info
Sace Viewer
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B slice Viewer -- REST 1.8
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Atlas ROls

Bslice Viewer -- REST 1.8

Cick 1o Toggle Har it
Shce Viewer
oke | Crosshar
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Threshold Vale's Range: Min, Max({ Default=-inf,inf.)

0,118 ~

-] Set a range for thresholding -

Set Threshold Value's Series, such as 25,1,7,31 for only showing Brodmann’s

area BA2S, BA1, BAT, BA31 when overiay is BA template. This also works for AAL
tempiate. This supports MATLAB array defination syntax. NaN means not confined
in any seres

23 24 35 36 61 82 ~ | veriay

w

oK Cancel

Cluster Size | Save Cluster

Save Custers| CL Asport
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CA\Users\Alvin\Desktop\data\data\Subj01\5PMp... = 2 “

118.0(

Extract Atlas ROI signals

Utilities = Extract ROI Signals

)] Extract ROI Signals =

240% C\Users) : al
Use filtered or
covremoved signal data

Data Direclory: |C\Users\Alvin\Deskiop\dataldata\Subil 1 _fitered

Extract ROI Signléfgr defined mask file

| ¥ wutipie inbei vaiues i a singie mask ie |

Define ROI

Output Dir: (C:\Users\Alvin\Deskiopidate | Run
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= “ data » Subji1

ReHoMap

SPMprac
Subj01_filtered_entireResultCorr.mat
Subj01_filtered_entireResultCorr.txt
Subj01_filtered_entireROISignals.mat
Subj01_filtered_entireROISignals.txt
Subj01_filtered_ROI1_ROllabel1_ROISignals.mat
Subj01_filtered_ROIT_ROllabel1_ROISignals.txt
Subj01_filtered_ROI1_ROllabel2_ROISignals.mat
Subj01_filtered_ROI1_ROllabel2_ROISignals.txt
Subj01_filtered_ROI1_ROllabel3_ROISignals.mat
Subj01_filtered_ROI1_ROllabel3_ROISignals.txt
Subj01_filtered_ROI1_ROllabeld_ROISignals.mat




Extract Atlas ROI signals Correlation/Connectivity Matrix

figure, plot(theROITimeCoursesTotal(:,2)) load entireResultCorr.mat Fle €t View Iwet Toos Destop Vindow Help 2

data » Subjo1 » AtlasROI_aal . . . . 3 I RO BDE L =
? figure, plot(theROITimeCoursesTotal(:,4)) figure, imagesc(ResultCorr) DEESIIAREIEA-GQ BE =0
e ] Figure 1 - = IENl
A % P i i oW ools D) -
# Subjo1_filtered_entireResultCorr.mat = ;"‘JE: : 3 "":“_‘T_f.: B:“; ."’:‘:‘”D "'E:" - e Rﬁuhc‘,@m d@
Subj01_filtered_entireResultCorr.txt | !heROFﬁmeCourmTo@ o 7 = 3 4 5
[v/*  subjo1_filtered_entireROISignals.mat] i
= : : = 1 2 i 1  osom 0.1583 0.2188 o]
Subjo1_filtered_entireROISignals.txt | 4 7981161 \
B ' ' L | 2 0.8071 1 0.2747 0.5703 0,
Subjo1_filtered_ROI1_ROllabell RO »  asoaras  797.0249 i~ N ﬂ,\! ff\/\.
Subjo1_filtered_ROI1_ROllabel1 ROI{ 3 sso4200 7962333 L L\/m 3 0.1583 02747 1 06204 O
# Subjo1_filtered_ROI1_ROllabel2 ROIY 4 8696546 7957288 i ) 00 T 20 750 4 0.2188 05703 0.6204 1 0,
Subjo1_filtered_ROI_ROllabel2_ROIY 5 8700611 7954528 860 < 04768 0.7410 0.5514 0.6922
# Subjo1_filtered_ROI1_ROllabel3 ROI{ & 8703762 7854193 . » JL\/\/‘ | 6 0.4577 0.7162 0.5147 0.7309 0,
Subjo1_filtered_ROI_ROllabel3 o 7 5711823 7957328 Wi '“f\f \W ’\\J 7 05477 0.5605 07443 05227 0
i = IR 80 1 8 0.4411 0.7293 0.5922 09124 0,
o 8724967 7976218
i P . o o 9 05072 07304 04864 06655 0
50 100 150 200 50
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Regress Out Covariates

Correlation/Connectivity Matrix
]

Figure 2

Utilities > Regress Out Covariates H Regress Out Covariables load entireResultCorr.mat Fle Edt View Imet Took Deskiop Window Help -
Regress Out Covariates figure, imagesc(ResultCorr) 2K Bkt B A S AR
Using Covariate-removed images
» data H Resuimor@ﬁxﬂbdoubleb
e
[ % 1 2 3 4 5
A 1 o773 01024 01360 0
| Subjo1 " 2 0.7673 1 02434 05229 0
| Subjo1_filtered Data Directory: |CWsers\ _Rered) | ... 3| 01024 02434 1 06278 0
- () Defout mask (@) NoMask () User-defined mask 4 0.1360 05229 0.6278 1 0
| Subj01_filtered_Covremoved Uisacs mask: T T 5 | 0.4050 0.7013 0.5632 0.6683
| Subjo2 6 03617 06592 05073 07077 0
. c i bt »an 7 04778 0.5240 0.7467 0.5242 0
k. Subjo3 o e 8| 03612 06848 05983 09048 O
Run
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Exercise

Organize data folder

Extract AAL 23,24,35,36,61,62 ROl signals and correlation matrix. After all the processes by using REST toolbox, please organize your
> Create a mask image with selected ROI labels data folder by separating results into different folders
o Extract ROI signals = Figure 2 - oIl » data s data » Subjo1
. L. . File Edit View Insert Tools Desktop Window Help » = S
o Plot correlation/connectivity matrix ©age & w09 ws- o » ] &
) ALFFMap
Subjo1 AtlasRO_aal
Su bj01 filtered AtlasROI_aal_covremoved
Subj01_filtered_Covremoved DMMROL_aal
Subjo2 fALFFMap

FunctCon_aal
FunctCon_sphere
ReHoMap
SPMproc

P& swaREST.hdr
F& swaREST.img

Subj02_filtered_Covremoved
Subjo3
Subj03_filtered

Subjo3_filtered_Covremoved
HITP://WWW.YVLEDU.T

]
J
J
!
| Subj02_filtered
]
|
J
!
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Statistical Analysis

= T L - OneSampT » FunctCon_aal v & 2% FunctCon_aal

4 | data ~ £
4 | OneSampT & i . REST One-Sample T-Test
| fALFFMap zFCMap_Subj01_filtered.nii
| FunctCon_aal f@ zFCMap_Subj02_filtered.nii
| ReHoMap & zFCMap_Subjo3_filtered.nii
Subjo1
Subj01_filtered
Subj01_filtered_Covremoved REST Paired T-Test
Subjo2 '
Subjo2_filtered )
Subjo2_filtered_Covremoved REST ANCOVA
Subjo3
Subj03_filtered i
Subj03_filtered_Covremoved REST Correlation Analysis

REST Two-Sample T-Test

Perform Statistics using REST
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One sample T-test - FunctCon

-] REST One-Sample T-Test

REST One-Sample T-Test

Add Group Images Base:

Mask File:

Output Dir: CWeers\ Al Desitopidataidats\One SamaT

Output Name: | 1 pyncacon Compute
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L £+

= ﬂ B Slice Viewer -- REST 1.8 CAUsers\Alvin\Desktophdata\data\OneSampT\T_.. = & _

Cick s Toggle Har ifo.
—— Sice Viewsr
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One sample T-test - ReHo

: I =
REST One-Sample T-Test = l W slice Viewer - REST 1.8

Cick o Toggle Har info
Sice Viewer
[]¥oke (4] Crosshar
Ximem) vimm)  Zimm)
E-RE]

REST One-Sample T-Test

2

v | METal v

Add Group Images Base: 0%

188901 /768 Mantage

Undertay. v s
€ WsersiahmDeskiopidataic:
Overlsy. v © e

C WsarsianmDesiopidats:
Mask File:

Output Dir: c gl 0
PO0OT
e

Cluster Sze | Save Custer

Output Name: T_ReHs Compute Help

Save Custers| CL Rapon
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One sample T-test - fALFF

REST One-Sample T-Test

REST One-Sample T-Test

Add Group Images Base: L]

Mask File:

Output Dir: CUsersiANnDesitop st \datniOneSampT

Output Name: T_IALFF Compute
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= WsSlice Viewer - REST 1.8 C\Users\Alvin\Desktop\data\data\OneSampT\T... = & En
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Patients vs Healthy Volunteers
Males vs Females

Young vs Old

Two-sample T-test

)] REST Two-Sample T-Test

REST Two-Sample T-Test

Add Group Images Add Covariate Images

N
Two Covariate Image set
data folders
(e.g. gray matter proportion)

Two group data folders

Mask File:
Output Dir: Clsers\ANinDesitopidata\datsiSub3
Output Name: T
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Compute

Add Text Covariates

.
Age, Age Brain Size, Education

Positive T: Group1 > Group2

28




Task1 vs Task2
Task vs Resting

Pa i rEd T'te St Pre vs Post

One-way ANOVA

)] REST Paired T-Test - - IElR REST One-way ANOVA (or ANCOVA)
REST Paired T-Test REST One-way ANOVA (or ANCOVA)
Add Condition Images Add Group Images Add Covariate Images Add Text Covariates

Candiion 1: 1 mg C\ners\AlviDuskiopicataidatn Soty Y N N [ - |

|Condition 2: 1 MC\UM\&NN\DH‘WM\SI&;

Lt 2 b L v
Mask File:
Mask File:
Output Dir: C\UserslAkinDeskicgcataidaty
OQutput Dir: CUsersiAbmiDesktopidataldatalSutio3 Help |
Output Name: T Compute Help I__.

Output Name: F Compute

Positive T: Condition1 > Condition2
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Statistics on Connectivity Matrices Perform ttest on Correlation Map:

Descriptive statistics, one-sample t-test, two-sample t-test, paired t-test,.... Put all Correlation Maps filein |1~ clearall
a “CorrMap” directory 2
3— dirname="\CorrMap’;
BTy ke = - A EE e e IR b OneSampT » CorMap 4—  dirinfo=dir(dirname);
A kﬁ“;! . ¥ i 5 (= = 3 _ s MN=[1
MLl edd AR Frby e ~ . 5— dirnfo(1:2)=[];
LR | ke prioae =% ‘
I: A EI- & E Subj01_filtered_Covremoved_entireRe... 7—  CorrMapall=[];
o ; @ 5ubj02_filtered_Covremoved_entireRe... 8 — [for i=1:length(dirinfo)
@ 5ubj03_filtered_Covremoved_entireRe... D= load([dirname "\' dirinfo(i).name])
10 — CorrMapall(:,:,i)=ResultCorr;
11— ‘end
12—  figure,imagesc(mean(CorrMapall,3))
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Perform ttest on Correlation Map St

14 —
15
16 —
17—
18—
19=
20
2=
2=
23
24
25
26

pMap=zeros(size(CorrMapall,1),size(CorrMapall,2));
hMap=zeros(size(CorrMapall,1),size(CorrMapall,2));

for i=1:size(CorrMapall, 1)

for j=i+1:size(CorrMapall,2)

tmp=squeeze(CorrMapall(i,j,:));

tmp(isnan(tmp))=[J;

[hMap(i,j),pMap(i,))]=ttest(tmp,0); % one-sample

end

enc‘

%% hint for two-sample t-test, and paired t test

% [hMap(i,j),pMap(i,j)]=ttest2(tmp1,tmp2,0); % two-sample
% [hMap(i,j),pMap(i,j)]=ttest(tmp1,tmp2,0); % paired ttest

Correct “nanvar_base”
error in ttest.m

103 — df = max(samplesize - 1,0);

104 xmean = nanmean(x,dim);

105 % sdpop = nanstd(x,[],dim); % by
106 — sdpop = std(x,[],dim);

107 — ser = sdpop ./ sqrt(samplesize);
108 — tval = (xmean - m) ./ ser;
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DPARSF: walk through
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DPARSF GUI

One-stop service
o Similar to the SPM batch

>> DPARSF
>> DPARSFA
>> dpabi

ann m_gsn
Data F for F g-State TMRI
Advanced Edition ~ DPARSF A
P
0 003
Tura Poem: o
Pancpares
™ g o
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Mtarcw smpwrscs AWML L35 Godar O o arasies Filae M2y @0y |~ &1

» DPARSF_demodata
O &%

. Funlmg

i T1Img
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Warp Masks i Indhvidal Space

S I— Serescth Dot

sarng Devciey tara: | Fusfom

A=,

i SPM Correction for !

' Slice Timing i

: ! i

: ( )

E Realignment E Functional connectivity
E DICOM images ] ~ T g '[ Quality Control

! ( Y

; } Co-registration E }

! NIFTI/Analyze75 \ Ji Region of Interest

' images p ! - E (optional)

E Normalization E ALFF/fALFF
5 I i

i ( N

E Smoothing - Statistics
: . J E
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