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Course Arrangement

PART |

o REST toolbox http://restfmri.net/forum/index.php?qg=rest
o ReHo, ALFF, fALFF, Statistics

PART I

° REST toolbox

° Functional connectivity (seed-based, atlas-based)
° FC strength mapping
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Employed Packages

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

2. IBASPM 64-bit

o http://www.ym.edu.tw/~cflu/software/lbaspm_64.zip
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fMRI Study

o Functional segregation < functional integration

> Functional integration is the study of connected processes.

o Functional connectivity = finding statistical patterns of relationships
o Effective connectivity 2 modeling how regions interacts
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Definition

> Functional connectivity (FC) is defined as the statistical
association or dependency among two or more anatomically

distinct time-series (Friston 1994, HBM 20, 56-78 & Friston et al., 1996,Cereb
Cortex, 60 156-164).
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Functional Connectivity: what for?

°In FC analyses, it does not tell how regions are coupled!
Because it only test some form of correlation against the null
hypothesis.

o FC is however useful to discover patterns (which regions are
coupled), and compare patterns, especially between groups

Friston 2011 Functional and Effective Connectivity: A Review. Brain Connectivity, 1, 13-36
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Dependencies of time-series

> Correlations and cross-correlation of time series
o Biswal et al., 1995, Mag Res Med., 34, 537-541

> Cross-coherence
> Sun et al., 2004, Neurolmage, 21, 647-658

> Mutual information
> Jeong et al., 2001, Clin Neurophysiol, 1120, 827-835
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Functional Connectivity Analysis
using REST toolbox
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FunctCon FunctCon
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FunctCon

Functional Connectivity Maps

B ROI(Region of interest) Definition - EN

FunctCon

Atlas ROl g

() Spherical ROl I

= 1 Define a seed ROI by setting the center coordinate and the radius(mm)

Sninssassaicitysesss s o == W ROI Definition List - X |> Subj02 » procRESTING FunctCon

ROA Centerimm)={ 42, O 47): Rediun=6.8 -
= ~
= [RoIC 42,0, 42), Radus=6.00 mm. Al ] Name

R |q0| C (46, 10, 42); Radus=6.00 mm. e RO

ROI Center{mm={-32, -28, 68). Radius=£.00 mm. Th 4 methods t te the ROI mask file:

| oty c E FCMap_20160529_05360g e o aenemeReEB s

3. From Bredmann template by seiectng sge

A Fromweer duiived sk e D FCMap_20160529_0540.|og . From AAL template by selecting specific area

D ROI_FCMap_ProcRESTING filtered.txt . From Brodmann template by selecting specific area

= F& ROIFCMap_ProcRESTING filtered.nii R IR

S o e @ ROI2FCMap_ProcRESTING_filtered.nii

— \ [ ROI3FCMap_ProcRESTING filtered.nii —@ T
- |

@ zROITFCMap_ProcRESTING filtered.nii User defined time courses contained in a bt file
@ ZROI2FCMap_ProcRESTING_filtered. nii
@ zROI3FCMap_ProcRESTING filtered.nii

Misc v

Done View ROI Delete ROI | Add ROI
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FunctCon

Atlas ROI .
BSlice Viewer - REST18  CAUsers\Alvin\Desktop\data\data\Subjonvspvp.. — © HEEN EXtraCt SUbJECt’S Atlas i

o IBASPM 64-bit version

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

Subject’s mwanat.img

Cic 1o Togple My infe.
Sace viewer
("o [+ Crosshar
Ximm}  imm)  Z{mm)
40 [] 4

Misc = Set Range of Threshold e
CWsers\Alvin\Desidop\data\dats\Subj  Browse

Set a range for threshelding - “

/Atlased/mwanat_Atlas.img (

Mt « - _ Output Directory Atlas 116 or Atlas 90~
e e Threshold Value's Range: Min, Max( Defaut=-inf nf )
Overay.  ~ . 1.1 . . ! 7 CWsers\AliniDesitop\cata\dats\Subll  Change SPW Segmentation...
€ WserydhnDesiiopdatyd:

ot | Atla 4 SPI4 Normalization...

|| S0% Cariay.
0

Atias 118(116 Brain Structures) v | | CodFie

. S »
B 1 | ot Oy -
Mse v v

Labelling...

e Atlasing...
T1(T1 Tempiate) L4

Volume Statistic...

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 not confined
in any series.

NaN -~

Clater Swe Save Custer

— Gray Matter Segmentation Threshokd—
(D) Use Thresh 0 Compute Brain Volume...

oK Cancel Done
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Individual

Normalization Y NAna!c;?'ryd
= -_— e ormallze
IBASPM Ll IBASPM debug
individual | — 1. Remove REST path
e Individual .
atlas flowchart  ,gividuar Gray Matter 2. fileparts error
Anatomy Segmentation - Mask
S J— >> open spm_write_sn.m
3 >> delete the forth output of fileparts

g;&) (line 344 and 345)

5 8| o Aves : function PO :_.prepend (PLpre)
; [pth,nmxt] = fileparts(deblank(PI));

T : PO = fullfile(pth,[pre nm xt]);
Individual Atlas - I
@q— : return;

Individual Gray Matter
Segmentation Mask
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FunctCon

Atlas ROI

Create current cIuster ROI mask

[ shce Viewer - REST 1.8 C\Users\Abin\Desktop\data_peoc\Subjo\T 1\Atasedws002-00, o X B stice Viewsr - REST18 €A T 200 — - Threshald by cluster size
| Togge | cackto Toggle Har mte
| i.: Sice ::,:’ — e | —— sace viewer Set Cluster Size(voxel) must be GREATER than:
30
B [vese £ crosshar Clvee [ croashar
Misc = Set Range of Threshold Nimem)  {mem)  Zimen) K)ol T

w0 | o | = T S 8§ Set Volume (mm*3) must be GREATER than: (this value would be transformed to
[ set a range for thresholding - * 2 - el ~ i R Cluster Size according to the Overlay's size and its voxels size)
810 0

Threshoid Value's Range: Min, Max( Defaut=—inf,inf ) 2810 e lontage
0, 116 - w2

vl G B s =Set rmm value as Connectivity Criterion. If your voxel size is 3'3°3, then

| [ [y |~ = M rmm=4 means 6 voxels (surface connected), rmm=5 means 18 voxels (edge
Undeday: = | |cwsersianmiCeasopidata_p connected, SPM use this criterion), and rmm=6 means 26 voxels (comer

Sat Thrashold Value's Sariss, such as 251,7,31 for anly showing 's W \ ¥

area BAZS, BA1, BAT, BAJ1 when overiay s BA tempiate. This also works for Aal

- Overlay. a7
template. This supports MATLAB array definstion syntax. NaN means not confined P —————
in any series

vy, - < i - connected). You also can type "SPM_Criterion’ if you want to use SPM's
CilnernAhnDesisgidats_f criterion (18 voxels, edge connected). Note: just suitable for cube voxels

currently.
1 A | E] See Overtay — 5
v Threshold L)
can | conce
( uac Template

Step 1| [}

Clisler Sze smm

B.l Inl!rl EI ﬂ.!mﬂ
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NBA | ™™ Connectivity Maps

[ Stce Viewsr - REST 1.8 C\Users\Alvin\ Desktophdata_peoc\Subjo2iT i\ Athsed\ws002-00..  — o x
R ROI Region of interest) Definitio it e [ sice Viewer - REST18  CAUsers\Abin Desktop!data_peoc\Subj02\procRESTING FunctC.. o *
P Shce Viewer
. ICE . T8 ResnaNbackdar. Y
- A 2017rsMR... » Restvsblbackdata » +3 | 2® ResnaNbackdara 2 () Spherical ROI I Cvee L Cick 12 Toggle Har imnto
Ximm)  Yimm) Zimem) Sice Viewer 158

HEER - FARHA Define a seed ROI by setting the center coordinate and the radius(mm)

2 Li = [Iveke £ crosshar

Ximem) Yime)  Zimen}

¢ geAE p2. ~ P “ | a0 | o=
i Onelrive @i lback -
max i Lback fltered — R0l 600 o
et I There are 4 methods to generate the ROI mask file: @ @ r
i TE o rest_filtered 4o
37 Drophox & | Binandask_PreCent_L nii (1 1. From statistical map by selecting cluster after thresholding
. CloudStation & | FCMap_thack_filtered nii (@ 2. From AAL template by selecting specific area : :Iw""w :_'& u:a;unm‘;
4| FCMop.rest filtered nil () 3. From Brodmann template by selecting specific area | =B = =
&L PreCent i () 4. From user defined mask file | CwsernanmiDesiiopiaan

Clsers\lhmiDesitopidata_¢
|

"CMap_Lback filmerad.nii

CMap_rest filvered.nii

i v

[ Bl
| CwsersiasmiDesisopidata

. A— . N
\CloudStation'2017rsfMRlanaiRestvsNbackdata\PreCe L.num P

ime courses

=] User defined time courses contained in a txt file

Done View ROl

2017/6/21 Chia-Feng Lu HTTP://WWW.YM.EDU.TW/~CFLU 2017/6/21 Chia-Feng Lu HTTP://WWWYM.EDU.TW/~CFLU

T Option: Remove Linear Trend
Atlas ROIS - e —— I ry It Option: Idzal Band Pass Fiter
A : < _ o
Bslice Viewer -- REST 1.8 Chlsers\Alvin\Desktop\data\data\Subj01\SPMp... n Flsanagizy | 001 |~ o1 =e [ 2 Filter
Click 1o Togghe Her mfo — Input Parameters R
Shoe Viewar T 180# J:\CloudStation\201 7rsfMRlana\RestvsNbackdatairest _fitered
[|voke [ Crosshar
Xjmm)  Y{mm) Z{mm)
s 44 | a8 | a8
Misc = Set Range of Threshold
x v MNITBL. |
)] Set a range for thresholding = © B Data Direclory: |1 i Cruoves ||
WIETIIEL
Montage Mask
Threshold Value's Range: Min, Max( Defauls-infinf } () Default mask @ MNo mask
0,118 ~
User-defined mask
w
P Don't use any Mask
Cllsers'aAlvn'Desitopidan
Overay. v . Covariables: E
Set Threshold Value's Series, such as 25,1,7,31 for only showing 's CWsars)
area BAZS, BA1, BAT, BA31 when overfay is BA template. This also works for AAL
template. This supports MATLAB array defination syntax. NaN means not confined Functional Connectivity
in any series.
— Output Parameters RN
23 24 35 35 61 62
Prefix testFCHiap testFCMap_rest_fitered {hdrfimg}
oK Cancel Directory: JACH 1 E
Fisher Z.score transformation within the mask (zPrefic_DirectoryName. fhdrima})
Heg Wanual Operations

Help H Fisher Z

l Slice Viewer l lF‘owar Spectrum
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Functional Connectivity logfile

T FCMap_20160529_0601 log - Notepad
File Edit Format View Help

Functional Connectivity input parameters:
Input Data Directories( ):

240# C:\Users\Alvin\Desktop\data_proc\Subj02\ProcRESTING_filtered

Mask file: C:\UsersiAlvin\Desktop\data_proc\Subj02\Mask.nii
Functional Connectivity Parameters

ROI Definition:
Covariables Definition File:
Covariables Polort (Polynomial Orthogonal Degree):

Functional Connectivity output parameters:

<

ROI Definition: ROI Center{mm)=(-42, 0, 42); Radius=5.00 mm.
ROI Definition: ROI Center(mm)=(-46, 10, 42); Radius=6.00 mm,
ROI Definition: ROI Center(mm)=(-32, -28, 68); Radius=6.00 mm.

C:\Users\Alvin\Desktopdata_proc\Subj02\PreCent_R.nii
C:\Users\Alvin\Desktophdata_proc\SubjO2\RESTING\ 1
0
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Extract Atlas ROI signals

Utilities = Extract ROI Signals

-] Extract ROI Signals - o IEHl
[w]®
Use filtered or
-
covremoved signal data
-
W
Data Directory: |CAUsers\AvinD P j01_fitered| | | @
- _User defined mask file
Extract ROI Sagnais
Define ROl &
I [¥] Muttiple label values in a single mask fie I
Output Dir: (C:\Users\Alvin\Deskiopidate | Run #

Subj01_filtered_entireResultCorr.mat
Subj01_filtered_entireResultCorr.txt
Subj01_filtered_entireROISignals.mat
Subj01_filtered_entireROISignals.txt
Subj01_filtered_ROI1_ROllabel1_ROISignals.mat
Subj01_filtered_ROI1_ROllabel1_ROISignals.txt
Subj01_filtered_ROI1_ROllabel2_ROISignals.mat
Subj01_filtered_ROIN_RCllabel2_RCISignals.txt
Subjo1_filtered_ROI1_ROCllabel3_ROISignals.mat

| Subj01_filtered_ROI1_ROllabel3_ROISignals.txt

Subj01_filtered_ROI1_ROllabel4_ROISignals.mat

Colins £ A OOT1 Detlabals Deucs (Parey
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Extract Atlas ROI signals

figure, plot(theROITimeCoursesTotal(:,2))

data

» SubjO1 » AtlasROI_aal

figure, plot(theROITimeCoursesTotal(:,4))

Figure 1 =

File Edit View Imert Tool Desltop Window Help

Ya4- 208 a0

Lyt

50

=N -

* subjo1_filtered_entireResultCorr.mat e = B2
Subj01_filtered_entireResultCorr.txt ﬂj‘heﬂommeComTo@ u.#a LA

* Subjo1_filtered_entireROISignals.mat| > 2
Subj01_filtered_entireROISignals.txt d 79811

# Subjo1_filtered_ROI1_ROllabel1_ROIY ; 72:52:
Subjoi_filtered_ROI1_ROllabel_ ROI{ 3 ss0.4200  796.2333

# Subjo1_filtered_ROI1_ROllabel2 ROIY 4 8696546 7957288
Subjo1_filtered_ROI1_ROllabel2 ROI 5 8700611  795.4528 80

1 Subjo1_filtered_ROI1_ROllabel3_ROIq 6 8705762 7854193
Subjo1_filtered_ROI_ROllabel3 o 7 5711823 7957328

% 8 871.8634
9 | 8724967 797.6218

e B A

e
50
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- i -
100 150 200

27

Correlation/Connectivity Matrix
a

Figure 2

load entireResultCorr.mat Fle Edt View Inset Took Deskiop Window Help s

figure, imagesc(ResultCorr) 230K N

& Rnuhﬁo@m d@

1 2 3 4 5
i 1  osom 0.1583 0.2188 o]
2 0.8071 1 02747 05703 o
3 01583  0.2747 1 06204 0
a4 02188 05703 06204 1 o
5 04768 07410 05514 06922
6 04577 07162 05147 07309 0|
7 05477 05605 07443 05227 0
8 0.4411 07203 05022 09124 0.
a 05072 07304 04864  0eRSS O
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Exercise

Extract AAL 23,24,35,36,61,62 ROl signals and correlation matrix.
° Create a mask image with selected ROI labels
o Extract ROI signals L Fgwe2 - =

. L. . File Edit View Insert Tools Desktop Window Help ¥
° Plot correlation/connectivity matrix o a@e b w<o9es-a >

1

2
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FC Strength Map

(B Functionnl Connectay ==y

Optien: Remove Linear Trend

| ] datrend Detrend
Optica: Fier

Filler ‘

![_]B-ndtHx) 01 [~ 03 TR (8) 1

1. Add fc_Lu_gui; to line 518, and
mark line 517 in rest.m

2. Copy fc_Lu_gui.m, fc_Lu_gui.fig
and fc_Lu.m files to
REST_V1.8 130615 folder.
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gyt Pararmaters

300w J. i jury_fered A
008 JACioedStaben 20 Trs MRlansiratfRIdatarepimgact fitered
| 300 1 CiousSmtieal201 Trs Sl RSanairat i Ridn s nskeime:

Data Dveclory. | JCkuTStaboazot irs: wered L.
St RO Mask

[ Voxel wise |\ © Oefaut mask ) o mask

ROl wise @) User-defred mask

[ 7] Fe Srengtn 4 2. E —

N ol -
~—

Covnables m

Functional Connectivity | Doall ]

o

Brati e abeFCMap_peinjury_Mered {hdrfimg)
Oevciory: \ClorwdSlalionl20 1 Trs MRianaleal MRkl E]

[] Fisher Z-score trans formaion within the mask (zPrefix_DiectaryHame fhdrfimg])

Help || Fisher 2 ||Sli:e\'imr |Pam(9pecuum]

NBA

e

Statistics on Connectivity Matrices

Descriptive statistics, one-sample t-test, two-sample t-test, paired t-test,....

L L

TS 3
x
i1 T

2017/6/21 Chia-Feng Lu

HTTP://WWWYM.EDU.TW/~CFLU

Perform ttest on Correlation Maps

Put all Correlation Maps file in
a “CorrMap” directory

b OneSampT » CorrMap
-
=E
E Subj01_filtered_Covremoved_entireRe...
@ 5ubj02_filtered_Covremoved_entireRe...
@ 5ubj03_filtered_Covremoved_entireRe...
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1— clearall

2

3— dirname="\CorrMap’;
4 —  dirinfo=dir(dirname);
5—  dirinfo(1:2)=[];

6

7—  CorrMapall=[];
& — [for i=1:length(dirinfo)

9 — 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

14 —  pMap=zeros(size(CorrMapall,1),size(CorrMapall,2));

15 hMap=zeros(size(CorrMapall, 1),size(CorrMapall, 2)); Correct “nanvar base”

16 — fori=1:size(CorrMapall, 1) error in ttest.m

17— for j=i+1:size(CorrMapall,2)

18 — tmp=squeeze(CorrMapall(i,j,:)); 103 — df = max(samplesize - 1,0);

19 — tmp(isnan(tmp))=[]; 104 - xmean = nanmean(x,dim);

20 [hMap(i,j),pMap(i,j)]=ttest(tmp,0); % one-sample 105 % sdpop = nanstd(x,[],dim); % by Q & A
21— end 106 — sdpop = std(x,[],dim);

22— enc‘ 107 — ser = sdpop ./ sgrt(samplesize);

23 108 — tval = (xmean - m) ./ ser;

24 %% hint for two-sample t-test, and paired t test

25 % [hMap(i,j),pMap(i,j)]=ttest2(tmp1,tmp2,0); % two-sample
26 % [AMap(i,j),pMap(i,j)]=ttest(tmp1,tmp2,0); % paired ttest

——
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