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Download Demo Materials
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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

o DPARSF go through
o Statistics

HTTP://WWWYM.EDU.TW/~CFLU
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Spontaneous Fluctuation
Resting-state fMRI (rs-fMRI)
v Model-free (data-driven) Analysis

Task-specific fMRI

v Model-based Analysis
v Model-free (data-driven) Analysis

% BOLD change

% BOLD change

Time [sec)

Nature Reviews Neuroscience 8.9 (2007): 700-711.
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First rs-fMRI Article (MRM 1995)

Functional Connectivity in the Motor Cortex of Resting
Human Brain Using Echo-Planar MRI

Bharat Biswal, F. Zerrin Yetkin, Victor M. Haughton, James S. Hyde

a. Functional activation during tasking
b. rs-fMRI correlation maps
(red: positive, yellow: negative)
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Rs-fMRI Analyses

1. Functional connectivity analysis
o Linear correlation

o Granger causality analysis (GCA), effective connectivity
> Independent component analysis (GIFT-ICA; Calhoun et al., Neurolmage 2001)

2. Depicting local features of BOLD signal
o Regional homogeneity (ReHo; Zang et al., Neurolmage 2004)
o Amplitude of low-frequency fluctuation (ALFF; Zang et al., Brain & Development 2007)
o Fractional ALFF (fALFF; Zou et al., ) Neurosci Methods 2008)

Functional Integration <> Functional segregation
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Preprocessing for rs-fMRI

Similar to that used for task-specific fMRI analysis
o Slice timing
° Realignment
o Co-registration (with anatomical images)
> Normalization
° Smoothing
o Segment (tissue classification; optional)

LA

Standard procedure for fMRI preprocessing

http://www.ym.edu.tw/~cflu/CFLu_course_mriprinp.html, Week 16
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Correction for
Slice Timing

1

Realignment

!

Co-registration

1

,

Normalization

i

N\

Smoothing

Switch current folder to data folder

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

Current Folder:| C\Users\Alvin\Desktop\data\data\Subj01 v @
» data
O &% P

| Subjol  EEEHE
| subjo2  fEEEHIE
) subjo3  EEEHE
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Batch of SPM fMRI preprocessing

Batch of SPM fMRI preprocessing*

Batch oy

>> spm fmri Seelb : >> spm fmri
P T R
fMRI_preprocess_v2.mat ‘meitsvsss e P e Save as your own batch template
Shoe Timer <X Dwociones
R.uhmrf’gunun & ResiceDEF n":‘“m X
Coreg Essmate :.x Module List
Module List b 4 EEE :‘f‘,?:?m &E Name M "
£ ry i e Change Directory DEP -
Change Directory DEP Slice Timing <X T1 template image
S“C? Tlmé“? otk [;EXP I geatign:Eistim;zlie&ResliceDEP —"| C:\Users\Alvin\Desktop\softwares\spm8\templates\TZ.nii, 1
Realign: Estimate & Reslice S oreg’ Estimate
3Coreg: Estimate <X T ~ Normalise: Estimate <X - —
Normalise: Estimate <X Normalise: Write DEP Tissue probability maps
Normalise: Write DEP 2 Normalise: Write DEP C:\Users\Alvin\Desktop\softwares\spm8\tpm\grey.nii,1
Y P _— > ) M
gormé:::se' e [[))Ep _ : okt /JJEF" C:\Users\Alvin\Desktop\softwares\spm8\tpm\white.nii,1
qu;ngem <X Ertera rame for s irectoryselection. Thi rame wid be sptyed 1 e Dependency ksting a5 oupu name e b C:\Users\Alvin\Desktop\softwares\spm8\tpm\csf.nii,1
& ASwIng is entered.
The Ioast 1 characiors
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Normalization

Batch of SPM fMRI preprocessing ™

>> spm fmri We can perform spatial normalization using either anatomical (T1) images or
FMRI (EP1) data. Subject T1 template T1 normalized T1
s ey ubjec
Save as subject’s batch Subject data folder
Module List — C:\Users\Alvin\Desktop\data\data\Subj01
I = — ~
Change Directory DEP rs-fMRI data
Slice Timing A C:\Users\Alvin\Desktop\data\data\SubjO1\REST.img,1
Realign: Es_tima1e & ResliceDEP \ \ \ P\ \ \SubjO1\ 240 vogI:xmes Transformation
Coreg: Estimate <X Subject EPI matrix
Normalise: Estimate <X C:\Users\Alvin\Desktop\data\data\SubjO1\REST.img,240
Normalise: Write
[Normalise: Write DEP \\ T1W data template EPI normalized EPI

|Smooth DEP A~
isz;rzem X C:\Users\Alvin\Desktop\data\data\Subj01\anat.img,1 y & .
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Employed Software/Package

1. SPM preprocessing

Realignment of head motion

The signal variation from movement is larger

translati ° : il.i
than hemodynamic response. . . translation ' http://www.fil.ion.ucl.ac.uk/spm/
6-parameter Rigid body registration 1t AP, it 2. REST functional connectivity, ReHo, ALFF, fALFF, VMHC
& transformation (align to the 1tvolume) il «artn o http://restfmri.net/forum/index.php?q=rest
= 6 co-variates for rs-fMRI analysis = **[ Nr,w«."ﬂ"‘ yhamdn | 7 p: : -Php:q
1) N ——ra g e ___1 it Tyt
o A T RO 3. DPARSF/DPABI
o5 ® m‘om . s o 0 o http://rfmri.org/DPARSF
duon
0s o Data Processing Assistant for Resting-State fMRI (DPARSF)
ety Vi
v - MWW > Based on SPM and REST toolbox
E [T Ll I
MM‘.;C—"J%'- iR
. . L - REST: Song et al., PLoS ONE, 2011.

g DPARSF: Yan et al., Frontiers in System Neuroscience, 2010.

13 2015/10/3~4 Chia-Feng Lu HTTP://WWWYM.EDU.TW/~CFLU 14

8ann DPARSEA
Data Processing Assistant for Resting-State fMRI

DPARSF GUI Advanced Ediion  DPARSF A

: N | | N - F |

. SPM | Correction for : REST E One-stop service | —p|

VT Slice Timing i ! ° Similar to the SPM batch mee | o

1 . J |

! - v \ ! . > Easy to process, but... | et o e b e
| N i . .. | > Obscure to novice : Sow Mmpwr: O | e Ower [TISTH I sppee sive:| © | [ Paagn ] Vommsowcec rasd Moton

: Realignment ! Functional connectivity ! ( §f Possen i G ians (1 DICOMMMIT] (] Crop 1 (4 Pessent 11 0t (4 71 g Fom
! . H i \ & «pARTEL it i St () i (5} g
i DICOM images ~ T 7 E Quality Control g ' Mw mﬁ:;:.“ = oot S
| - N\ N\ ! (&) o 20 Vonsiapeceic 17 || Haad motee aceubbey; regressces

i . . i ! ‘ csr, amear ) o a2t |~ a7

! | Co-registration ! | ReHo — e — T N

' NIFTI/Analyze75 \ ) Region of Interest J E Nty aaryg 77 eopiton () Nsenaton by uae 71 image vt napmaniaion (3} Ao by OATEL
: images ] : (optional) | s ] ey SAREEL prae] 47

H ( At R ! () wtau masn () g mam ) Lnardsimed mun Uun Onft s TR —r —
' Normalization E ALFF/fALFF — R e N g
E ~ /i J | Serabng [ P 3) 2rvms " [—

\ ( ) ! H [ Matmatze 1o Symeretre: Tompiate (W] VAIHC Sormakts Lavseates St Daeatven
! Smoothing - [ Statistics ]— | e [ Funiian

i i |

i ! i
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Easier Way to Learn :)

B semve@avinimens - O HEM gpmv+REST AR [EE

Resting State fMRI| Data Analysis Toolkit

Realign (Esti.. v Slice timing. Smooth i —
Coregister_. | |Normalise (E... Segment

Specify 1st-level Review

Specify 2nd-level Estimate

fasuts ReHo ALFF fALFF | Help

pyneme cavsallosetng | Fun. Connectivity H GC;& J

SPM for functional MRI

| Degree Centrality.] [ VMHC || l Quit l

Display Check Reg Render. V| FMRI w
Toolbox: v PPls ImCalc DICOM Import
|Slatistica] Analysis] | Viewer | | Utilities |
Help Utils. ~ Batch Quit
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Organize data folder

Before using REST toolbox,

Create a new subfolder to archive all SPM-processed data except the
file pair of “swaREST.hdr/img”

» data » SubjO1

] &%

| SPMproc
@ swaREST.hdr
gl swaREST.img
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Initialize REST environment

>> rest -
m SetRESTWorkers  — = [HEM
CPU Intel{R) Core(TM) i5-3317U CPU @ 1.70... | paraliel Computation Toalbox detected. Haw many workers da you want REST to
- 5T e use?
.=z ._ s
N\
OK | Gancel

Welcome: Alvin, 20151002_2312
p 1 REST Version: 1.8, Release: 20130615
FUME: 2 Citation Information:

47% 2.42 GHz
59 ' 1086 34920 Xiao-Wei Song, Zhang-Ye Dong, Xiang-Yu Long, Su-Fang Li, Xi-Nian Zu

L Starting matlabpool using the 'local’ profile ... connected to 2 workers.
Now REST is Running on 2 workers.

fi>>

e
0:00:34:28

3.0 MB
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Create Brain Mask
Utilities = REST Image Calculator

-] Image Calculator o [ %]

Image Calculator

Add Group Images

Add Individual Image

Import subject’s swmeanaREST.img

< »
Dutput Dir: ©WsersuhmiDesop ety dat Su S Uprc

i1>300 oo o e
Output Nama: [ Compute
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B Regional Homogeneity based on Kendall's C.. = & —

Option: Remove Linesr Trend
Ogpton: iesd Band Pass Fiter
[FBand Mz} | 000 M| 008 ™ 2 Filter [

Input Parameters

18O LAl D cidala dataSub 01 ~

ReHo

ReHo Setup

Assign folder with Analyze75 image pair
(.img/.hdr), smoothed images

Data Directory: C WeerviAnvnDeskiophdaty'dataiSeb |
L Choster Mask
. (27 voxin Defaut mask () No mask
Select the user-defined mask = S
19 e (@) Userdefined mask

® 27 vones [

KCC-ReHo | poat |
Pref ﬂ-enclllnm e s SR (ool
Select output directory and prefix Diwctory: P ————————

[+ Dreide Retia brain by the mean within the mask (mPref_Directorytlame [hanimg))

Help Divide Mean

About 2~6 minutes™

Slice Viewer

Power Spectrum
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ReHo

What does ReHo represent?

Regional homogeneity, temporal similarity
between neighbor voxels within a small
cluster.

“ReHo supposed that voxels within a
functional brain area were more temporally
homogeneous when this area is involved in a
specific condition.”

FWHM

Model-free, data-driven ReHo can reflect
cortical activation.

Zang et al., Neurolmage 2004.
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22

ReHo
OBIJECTS
rank i: 5 time points (number of ranks) n=5 R = ZK o
i j=1 ij
JUDGES 4 3 1 5 2 I p—
R= —Z_ R;
j: 3 voxels within 4 3 1 5 5 Nilaj=1
a cluster n
5= Ri-Ry
4 3 1 5 2 i=1( )
k=3 128
Ri=12, RS, Rs=3, R;~15, Rs=6, W= W—n)
R=9, $§=90
_12x90 1 > . ;
=50z -5 unanimous measurements
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ReHo

An example of ReHo (KCC)

OBJECTS
rank i: 5 time points (number of ranks) n=5 _ K
i = j=1ri'1
JUDGES 4 3 1 5 2 I
R=- ;
j: 3 voxels within 5 1 2 3 4 Nilaj=1
a cluster n
S = Z Ri — R)?
3 2 4 1 5 i=1( )
K=3 125
R=12, Rs=6, Rs=7, R=9, Rs=ll, V= iami—ny
R=9, S=24
_12x24 027 S L ’
=5z -5 " ower concordance
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ReHo
OBJECTS
rank i: 5 time points (number of ranks) n=5 R = ZK o
13 ]=1 L]
JUDGES 4 3 1 5 2 I
R = —Z_ R;
j: 3 voxels within 3 5 4 1 5 Nilaj=1
a cluster n
S = Ri — R)?
2 1 4 3 5 = ( )
K=3 128
R=9, R, Rs=9, RS9, RS, “Rw -
R=9, §=0
__12x0 =0 => Total di t
=9a25-5) otal disagreemen
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Neighbors & Cluster size @ =%
(m?u:ube)

Edge connected (12)

Corner connected (8)

J
i

6+12+8+1=
27-voxel cluster

Surface connected (6)

I

6+12+1=
19-voxel cluster

\
\

6+1=
7-voxel cluster
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ReHo

Computation time: 2 ~¥6 mins

Ideal rectangular filter: "C:\Users\Alvin\Desktop\NCKU-REST\data\Subj01"
Read 3D EPI functional images: "C:\Users\Alvin\Desktop\NCKU-REST\data\Subj01".

b data » SubjO1

Load mask "". i e
Band Pass Filter working. Wait....oooooenes L[] &%
Saving filtered images. Wait...

Band pass filter over. /. RehoMap

Elapsed time is 194.178927 seconds. | SPMproc
ReHo: M&' waREST.hdr
F& waREST.img

Read these 3D EPI functional images. wait...
Read 3D EPI functional images: "C:\Users\Alvin\Desktop\NCKU-REST\data\Subj01_filtered".

Rank calculating.............
Calculate the kcc on voxel by voxel for the data set

Regional Homogeneity computation over, elapsed time: 167.781 seconds
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ReHo |' H
Slice Viewer
W slice Viewer - REST 1.8 AL Desktophd \Subj0T\Rek p_Subjol_filtered . = 2
sy
Dwrnae 10001 M
Verstme) a2
Orgintdy: £1.86,41
Overiy (380 4y
Deenson 1001 MxE
Veneame)
Oty
AOrT] g
Sacongy
S Vews
Thresheld by cluster size - = n
Set Cluster Sizefvooel) must be GREATER than:
Underlay:
manat.i mg Set Violume (mm*3) must be GREATER than: (this value would be transformed to
Cluster Size according 1o the Overday's size and s voxel's size)
overlay: 240
RehoMap*.nii

MSBed rmm value 2% Connectraty Cotenon. f your voxel size 15 3°3%3, then
rmm=4 means § voooels (surface connected), rmm=5 means 18 voxels (edpe
connected, SPM use this entenon), and rmm=6 means 28 wxels (comer
connected). You also can type "SPM_Criterion’ if vou want to use SPM's
criterion (18 voxels, edge connected). Note: just suitable for cube voxels
currenlly

&

Adjust threshold

OK Cancel
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FunctCon -

Functional Connectivity

Functional Con. [ .. ~ 77

Optor Besi Bacd Pass Fler
Band (Mz} - ' omm

= Input Parametery —_—
L T et s ta ot e
Select folder of Subjo1_filtered
(No need to apply filter and
mask again) - — *
s s
° ] Dtaut mant & N mank
Voxel wise < ROl wise e
RO wase 1 wne ary Wani
6mmhnmmmamwscwm’wwq”_ T
covariates = =
Functional Connectivity Do all
Frets Folag Felap St fbered [harieg)
Dwectery CserniahniDeskingidataidats Subd |
o Fafer 2.4 witn T et

Hel

P Fisher 2 Shoe Viewer Power Spectrum
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FunctCon
Sphere ROI

B ROl (Region of interest) Definition - El

] Shop Viewer - REST 18 C\Users\Alvin\ AppOata\Local TempiLastspherehask - -l

S01 Comierimmis(-42, 6, 47; fadus-s00mm. B Seed ROI Definition =

Thaew ace 4 mathocs 12 gearate the RDI mask fle Attention:

: For NIFTI images (e.g. preprocessed b
afierihieshi  Spps or above version), just type in th

;_fmmmnmm"" Mill cocrdinates, ie. positive x vaiue

= means right hemisphare of brain, whic
displayed in the left side in REST Shice
Viewer (REST Slice Viewer displayed in

4 From ster defeed mask fie

Radiclogy convention).
For ANALYZE images (e.9. preprocess
e by SPMZ), please check the
Uner oo L value and
lefuiright REST Slice
Viewer because ANALYZE images do n
‘contain lefuright informations=
Done View ROI
Ximm}  Yimm) Zimm) Radusmm)
-2 ] &2 &
[ From Talmirach to M ol
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FunctCon

[ ] Slice Viewer -~ REST 1.8 ChUsershAlvin DesktophdatahdatahSuby0 T\zFCMap_Suby01_filtered nii

Urderay

Dimmrnios 1000 18058
Veansime): 2a3
Cenea, 518441

Overmy. (38 2 3
Dimensne: 10111698

Vel 2x2
ognival): 51,86 41
ONT) pmae. Coniyect

A1

Mortage

taa

Underuy. v o
Csersinmilesigdataid.
Cveray v

€ i TSERSENIEY

B ) | o Ouyel -
sz v Tempiie
Clater S50 Savw Clnter

Feng Lu

m IBASPM 64-bit version
Atlas ROI http://www.ym.edu.tw/~cflu/software/lbaspm_64.zip

EST_ V1.6 130615\REST VI B 1306150Te. = © =]

WlSlice Viewer — REST 1.8 C\Lsers\Alin\ Desktogisa

Set a range for thresholding = _

" Threshold Value's Range: Min, Max( Defaul=-inf Inf.)
2,2 -~

Set Threshold Value's Series, such as 25,1,7.31 for only showing Brodmann's
area BA2S, BA1, BAT, BA31 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 -~
w
oK Cancel

'WWW.YM.EDU.TW/~CFLU 32




ALFF

What does ALFF represent?

Regional activation (regional activity during resting state).

Regional spontaneous neural activity
o ALFF is higher in grey matter than in white matter (Biswal et al., 1995).

o Kiviniemi et al. [22] reported activation in the visual cortex due to low-frequency fluctuations
at about 0.034 Hz using the power spectrum method.

ReHo and functional connectivity analyses focus on the similarities of intra- and

inter-regional time series, respectively, and ALFF measures the amplitude of
regional activity.

Zang et al., Brain & Development 2007
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A% ALFF flowchart

BOLD time series for a given voxel

a0 Preprocessed
440
am
iz ¥
ae
1 198

I
a0 - ¥ B|

Bandpass filtered

=z

40

Power = ALFF = Average over 0.01~0.08 Hz
=

Spectrum = *
18 F|
10 645 | Standardized by divided the ALFF by global mean
1]

(i11]) 00& He 00.0] 008

Zang et al., Brain & Develoement 2007
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fALFF

Fractional ALFF

However, it has been indicated that the ALFF is also sensitive to the physiological
noise.

A fractional ALFF (fALFF) approach, i.e., the ratio of power spectrum of low-
frequency (0.01-0.08 Hz) to that of the entire frequency range.

The non-specific signal components in the cistern areas in resting-state fMRI
were significantly suppressed, indicating that the fALFF approach improved the
sensitivity and specificity in detecting spontaneous brain activities.

Zou et al., ) Neurosci Methods 2008
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ALFF & ALFF

[ =iyl F ““‘““‘“

ALFF/fALFF Setup

B Amplitude of Low Frequency Fluctuation  — = [l EFractional Ampiitude of Low Frequency Fluct.. =

T e e N I ~
Data Depesery CunevasmepansdarSuag!_faeres L. =
st [
Dbt st e mash ntanst st ® 1o sk
e detned sk serdetned mas
Sa ) 801 |mol 208 | mom Bland Hirt Ban ) ant e oo |t | 2 Band Hrt
(taary
e ALFFUtae ALl Scb01_thered (vt Pt 1ALFFitg HALFF U Sck_Saared (i
Dwectary. Cumervarleter Anndaty Susd | Drctery [T 7
7 D ALFF et i 7] Dhvte taL ¥ et =
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fALFF

[ ] Slice Viewer - REST 1.8 ChUsers\Alvin\Desktophdata\data\Subj01\ALFFMap_Subj0n_filtered nii =t -

Urseriwy

Demaraicn: 101118298
Vemsimey 2
Oegnian $1.06.41

ey 8 52 44y
Dwmenaion: 101118396

Vawebmer D2
Degnivat) 51,6641
0TI eage Dagyed
Radagy Conventin

data » SubjO1

| &%

Shee Vewer

[I¥ete [ Cromanar
lll-l "_l Zimey

| ALFFMap

| fALFFMap Q & A

| FunctCon_sphere

| ReHoMap

| SPMproc

&' swaREST.hdr
v|Mg' swaREST.img

x T v

e en |,
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