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Download Demo Materials

IDVE B 2R 5T HE BN 4
DB FBHE(MR)P O @K EERE > BIFER

http://fmri.ncku.edu.tw/tw/download/20160528 29rsfMRI/adrsfMRIdata.zip

AR EARE
MR T IRREE > BIEER

http://www.ym.edu.tw/~cflu/adrsfMRIdata.zip
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Course Arrangement

PART | (5/28)

° Preprocessing of rs-fMRI

> SPM preprocessing batch

o Modification of batch file

o Group independent component analysis (group ICA)

PART Il (5/29)
o Seed-based functional connectivity
o Complex network analysis
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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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Resting-state fMRI (rs-fMRI)

Task-specific fMRI
v Model-based Analysis v Model-free (data-driven) Analysis

v Model-free (data-driven) Analysis

Open Closed Open Closed Open Closed Open Closed

% BOLD change

Nature Reviews Neuroscience 8.9 (2007): 700-711.
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Rs-fMRI Analyses

1. Functional connectivity analysis
o Linear correlation analysis
> Independent component analysis (GIFT-ICA; Calhoun et al., Neurolmage 2001)

o Granger causality analysis (GCA), effective connectivity

2. Depicting local features of BOLD signal
http://www.ym.edu.tw/~cflu/CFLu_course_speech.html
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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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. GIFT (v3.0a), group ICA
o http://mialab.mrn.org/software/gift/#

4. Brain Connectivity Toolbox/Network Based Statistic Toolbox
o https://sites.google.com/site/bctnet/

HTTP://WWW.YM.EDU.TW/~CFLU

2016/5/28~29 Chia-Feng Lu

DICOM format!! & wifm (.nii) or Analyze75 (*.hdr, *.img)

EST » data > dicom » Subjo1 » REST

= o —
= Sl 1] MR.HEAD_IBRU.3.1.2011.02.21.12.20.42.328125.100216930.IMA

MR.HEAD_IBRU.3.2.2011.02.21.12.20.42.328125.100216948.IMA
[ ] MRHEAD_IBRU.3.3.2011.02.21.12.20.42.328125.100216966.IMA
[ MRHEAD_IBRU.3.4.2011.02.21.12.20.42.328125.100216984.IMA
[ MRHEAD_IBRU.3.5.2011.02.21.12.20.42.328125.100217002.IMA
[ 7 MRHEAD_IBRU.3.6.2011.02.21.12.20.42.328125.100217020.IMA
[ ] MR.HEAD_IBRU.3.7.2011.02.21.12.20.42.328125.100217038.IMA
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DICOM (1993)

« Digital Imaging and COmmunication in Medicine

» NEMA, Suitg 1752
2 1300 Horth 17" Street
S Rosslyn, VA 22209
= Ph: (703) 841.3285
Digital Imuging and Communications in Medicine hitp:filicom nemaorg

http://dicom.nema.org/

+ ACR & NEMA formed a committee in 1983
« American College of Radiology
- National Electrical Manufacturers Association

“The Common Language of Medical Equipment”
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DICOM format

Header + Image data

1008, 0020,5tudy Date=20151204 Mosaics
0008,0021,Senes Date=20151204 .

0008.0022 Acquisition Date=20151204
0002,0023 Image Date=20151204
0002,0030,Study Time=122630
0008,0021,5enes Time=122800
0008,0032 Acquisiion Time=122800

0008.0032 Imad 78 0050 Shce T hickness=5

00030050 Acc
0002.0060 Mod
0002,0070,Ma
00020020, Insti
0003,0030, Fief
0002.1010,5tat
0002,1030,5tu
0008,103E Seri
0003,1070.0pey
0002.1030.Ma

0018,0080,Fepetition Time [TH, ms]=8002
0018,0081 Echo Time [TE, ms]=127.948
0018.0082 |rwversion Time=2000
0018,0083 Mumber of &verages=1
00718,0084.Imaging Frequency=63.854303
00718,0085,Imaged Mucleus=1H
0018.0086.Echo Mumber=

00718,0087 k agnetic Field Strength=1.5
0018,0088,5pacing Between Slices=6

0018,0091 Echa Train Length=1
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Retrieve of subject/imaging information.
Use with caution! Personal privacy!
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[0 Data query
O Image Information
O Communication
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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 . @
r data
[] =& B
| Subjo1 EBEERRT
| Subjo2 EBEERT
| Subjo3 BEFER®K
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SPME (Alvin): Menu — [m] *
DICOM =

o
L]
import Preprocessing for rs-fMRI
Realign (E... ~ Slice timing g th
> Subj01 > RESTING . e . , \
Corsgister . ~ |1 . YW  Segment e . Similar to that used for task-specific fMRI analysis Correction for
] Name o Slice timing L Slice Timing )
&' 1001-0003-00001-000001-01.hdr o i
Specify 1st-level Review :i' : Reallgnment r l N\
(S 1001-0003-00001-000001-01.img o Co-registration (with anatomical images) Realignment
Specity 2nd-level Estimate ME! f001-0003-00002-000002-01_hdr + Normalization 9
P& £001-0003-00002-000002-01.img hi b T g
Results & 001-0003-00003-000003 01 her Smoothing ( )
_ _ F& {001-0003-00003-000003-01.imgy o Segment (tissue classification; optional) Co-registration
Dynamic Causal Modelling
ME! £001-0003-00004-000004-01.hdr - T o
R S — T ME! £001-0003-00004-000004-01.img s N
X P& §001-0003-00005-000005-01 hdr é;.v = Normalization
2. Check converted images | C_ Dspay ) cCheckReg Render.. v FURI w e ﬁ
I £001-0003-00005-000005-01.img - \ T J
oot L Fre zCac "°°" 1. Convert DICOM to NIfTI Standard procedure for fMRI preprocessing N
Help Utis... w Batch Quit o Smoothing
http://www.ym.edu.tw/~cflu/CFLu_course_mriprinp.html|, Week 16 )
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Realignment of head motion

Correction for slightly different imaging timing

- for multi-slice acquisitionin a TR. The signal variation from movement is larger wanslation
e than hemodynamic response. 15 . . . -
ald For example: . o
ol Acquire 5 slicesin 1 TR 6—fparam¢ter Rll‘gld bochy resgtjlstqatlon it " A, ot
2 Temporal offset between slices 8 transformation (align to the 1tvolume) | e whaihn | |
2 => 6 co-variates for rs-fMRI analysis = e
'
¢ ‘ SN T T
g | FE S8 Wi w T W 0 0
rofation

[ 12 N
Time [TRs] Sladky et al, Neurolmage 2011,58:588-594.
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z translation

X translation

fMRI slides from http://culhamlab.ssc.uwo.ca/fmridnewbies/Tutorials.html
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y translation

EPI undistortion/unwarp

Magnetic inhomogeneity can cause
o Signal loss
o Spatial distortion

Fieddenp in Hz

Magnetic field warps at tissue boundaries
o The frontal pole, orbito-frontal cortex
> Medial temporal lobe (hippocampus)

£5

Warpad

The benefit of undistortion/unwarp

o Make the shape of an individual's fMRI data more
similar to their anatomical images.
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Co-registration

Align fMRI (EPI) data to structural (T1) images.
o Rigid body transformation using mutual information
° Manual adjustment

T1images

HTTP://WWW.YM.EDU.TW/~CFLU
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EPI fMRI

Normalization

We can perform spatial normalization using either anatomical (T1) images or
fMRI (EPI) data.

normalized T1

Subject T1 template T1

v

Transformation
Subject EPI matrix

template EPI 3
P normalized EPI
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Gaussian Smoothing Preprocessing Step-by-step _
http:f ferwwym.oedute [~cllu 6/11/2014 Lesson 16 Chia-Feng Lu

- Each voxel becomes weighted average of surrounding voxels. fMRIprocess_CFLu.pdf
- Render the data more normally distributed.

Mt/ frwnyrm. e . tw~clia 6/11/2014 Lesson 16 Chis-Feng Lu 1. Mg MATLAB ($h#% e % % Set Path) » {f command

- Compensate for inaccuracies in normalization between individuals. REANAD BTASTMNANTE window & A spm finri
. . ' LT8R wEne 2 AR P (Shik M dataset_L16/Subj01 & ag§4%)
- Increase signal-to-noise ratio (1) Shice timing : #0049 4 dy S0 1 o £ L
etk M (Siemens MRI = interleave images » & fy §8 $1 75 41 i JiL 4

WA 24,13, YERWERGN 1.3,....2,4,.)

(2) Realign (Est & Res) ! K iE 4 1] volume [ &35 35 £ #

(3) Coregister (Estimate) : 4§ T1 (. #f {2 £ fMRI #1§.

(£ Check Reg & # {0 8 1)

(4) Segment : 3t ¥ GM - WM st CSF #5ik £ Bt

(5) Normalise * 35 % {88 R4t £ ICBM-152 #i
(Boundmg box: -100 -130 -80; 100 100 110)

(4) Smooth : #f IMRIF MR T =ML FaiLEn

normalization Normalization+smoothing http://www.ym.edu.tw/~cflu/MRI_PrinApp_Class16_CFLu.pdf

2x2x2mms
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Batch Step-by-step Batch of SPM fMRI preprocessing*

http:/ ferwew.ym.edu.tw/~cfiu 6/11/2014 Lesson 16 Chia-Feng Lu

F g A dataset_L16\INRIbatch_process.mat . [T
[£ - B8k © Batch 1% Z ¥ b il 9] : :ﬁf’:‘“ SRRk i ﬁf . ) >> spm fmri = Batch PP
» =Kk &Rk # (dataset_L16 M IRIbatch_raw.mat) v" Named Directory Selector : Input Name #i A subject fMRI_preprocess_v2.mat e O R
1. th A T %1% 4 &) module fw A £ batch ¢ directory ; & Directories #* ;3% T & Directory t} 8. — g::'??cﬂ?mmm fod tame cigect directory
v' BasiclO - Named Directory Selector <X Wik Pty e &t bty <x
¥ BasiclO -> Change Duectory ¥ Make Directory : New Directory Name # A stats » 324 M LIt _ Nomtse Wit
¥ BasicO -> Make Directory SPM &5t ir B HR EWRE mm:M' AL ot Wi
¥ SPM -> Temporal -> Shee Tummg v" Slice Timing : Data %% F # 8.<-X : Number of Slices: Slice Timing <X
¥ SPM - Spatial -> Realign: Estimate & Reshice 40; TR:2:TA # A 2-(2/40): Slice order[2:2:40,1:2:40] : Realign: Estimate & Reslice DEP e
¥ SPM - Spatial > Coreg: Estimate Reference Shce:1 Coreg: Estimate <X ce e
v SPM > SPN?“I = Segmfﬂ_mﬂon . v Realign : Data %% F + iR Session 1.1-!:1-}{ zgﬁ::::g‘ Ews;:'[r;ate DE}; I
¥ SPM -> Spanal -> Nommalise: Write ¥ Normalise : Data %% T fw A —1{4 Subject ; £ 2¢ Normalise: Write DEP . i [P
v SPM -> Spatial - Smooth bounding box 4 -100 -130 -80: 100 100 110 Smooth DEP m
v Sooth : + i % FWHM £ # A Stnng s entred

The string must have af keast 1 characters
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Batch of SPM fMRI preprocessing ~ Batch of SPM fMRI preprocessing *

>> spm fmri >>spm fmri
H ’
Save as your own batch template Save as subject’s batch Subject data folder
Module List Module List / C:\Users\Alvin\Desktop\data\data\Subjo1
Change Directory DEP le:ange IZIJlret'.ﬂ:rr\,r DEP rs-fMRI data
Slice Timing <X | T1template image Slice Timing \?é‘-» C:\Users\Alvin\Desktop\data\data\SubjO1\REST.img, 1
Realign: Estimate & Reslice D! C:\Users\Alvin\Desktop\softwares\spm8\templates\T1.nii, 1 Realign: Estimate & Reslice D 240 volumes
Coreq: Estimate <X Coreq: Estimate <X i ) . .
Normalise: Estimate X Normalise: Estimate <X C:\Users\Alvin\Desktop\data\data\SubjO1\REST.img,240
Mormalise: Write DEP Mormalise: Write P
Normalise: Write DEP Normalise: Write DE T1W data
Smooth DEP Smooth DEP C:\Users\Alvin\Desktop\data\data\Subjo1\anat.img,1
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Modification of Batch File

tianslation Batch Editor = View = Show .m Code

https://online2pdf.com/convert-ps-to-pdf i B atch Code Browser - o X
ek = T ] matlabbatch{l}.cfg basicic.cfg _named dir.nams = 'subject dizectezy':

mavlabbatch{l}.cfg_basicic.cfg_named dir.dirs = {{'C:\Users\Alvin\Desktop\data_proc'Subj02\"}}:

Always Check Your Data!

SPM processing logfile (spm_2016May28.ps)

matlabbatch{2}.cfg basicic.cfg_ed.diz(l) = cfg_dep;
I ™ \ 1 mavlabbatch{2}.cfg_basicic.cfg_cd.dir(l) .cname = 'Direcvory';

R e N, ey I‘“"_v\- T matlabbatch{2}.cfg basicic.cfg cd.diril).cge_spec{l}(l) .name = 'fileac';
matlabbatch{i}.cfg_basicic.cfg_cd.dir(l).ogo_spec{l}il).valu
matlabbateh{2}.cfg_basicic.cfg_cd.diz(l).tgt_spec{l}(2) .na=e
matlabbatch{i}.cfg_basicio.cfg_cd.dir(l) .tgc_spec{l}(i).value = ‘e';

matlabbatch{2}.cfg basicic.cfg_cd.diz(l).sname = 'Hamed Di y Selectozr: subject di yil} '

matlabbatch{i}.cfg_basicio.cfg_cd.dir(l).src_exbranch = substruet(".","wval®, “{}*,{1}, *.",."wval", *"{}°,.{1}):
. matlabbatch{Z}.cfg basicic.cfg_cd.diz(l).szc_cutput = subsczucti'.’,'dizs’, *{}',{1}};
rotation %
T T T T matl h{3}.apm. 1.sc_scans = {
—— i
P *C:\Users\Alvin\Deskcop\daca_proehSubj02\RESTIRG, £002-0004-00001-000001-
. e c re\Alvin\Desktop\data_proc\Sub)02\RESTING\ £002-0004-00002~-000002-
£ - e i c ra\hlvin\Deskcop\daca_proe)Sub)02\RESTING\f002-0004-00003-000003-
1 saail e rs\Alvin\Desktop\data_proci\Subj02\RESTING\ £002-0004-00004-000004-
- c:\

C: ra\hlvin\Deskcop\daca_proe)Sub)02\RESTING\f002-0004~00005-000008-

[ - ® E _~ 4 *C:\Users’\Alvin\Desktop\data_proc\SubjO02\RESTING\ £002~-0004-00006-000006-

. . - "C:\Users\Alvin\Deskcop\daca_ proec)Subj02\RESTING\f002-0004-00007=-000007-
*C:\Users\Alvin\Desktop\data_prochSubj02\RESTING\ £002-0004-00008-000008 ¥

< >
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Independent Component Analysis

A cocktail-party problem

% ()
X, (t)

X (1)

Number of microphones>=number of speakers
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X, () =0.7s,(t) + 0.25,(t) + 0.1s, ()
X, (t) =0.3s,(t) +0.4s, (1) + 0.3, (t)
X, (1) =0.1s,(t) + 0.2s, (t) + 0.7s,(t)

5

ARG

S (D)

A is the mixing matrix

Independent Component Analysis

A cocktail-party problem
_ + Sensorimotor network X (1) =0.7s,(t)+0.2s,(t) + 0.1s, (1)
X, (1) =0.3s,(t) +0.4s,(t) + 0.3s, (1)

X, (1) =0.1s, (1) +0.2s, (1) + 0.7s, (1)

-

s, v Y
ﬁ Visual network

‘i Default mode network
X (1) s (1)
\‘\\%} xz‘(t) _A stt)

X (1) 8 (V)

Number of microphones>= number of speakers A is the mixing matrix
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Independent conponents

A. parts of visual cortex

B. default mode network

C & D. left and right memory
function

E. visual cortex
F. sensorimotor cortex

G. occipitotemporal pathway
(ventral stream)

H. superior parietal cortex
I. auditory cortex

J. executive control & working
memmory

Consistent resting-state networks across healthy subjects. PNAS 2006, 103 37): 13848-13853.
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Group ICA/ Concat-ICA

voxels #Hcomponents vonels

« i [ — E s

: : :

FMRI data | = o °§ X g
55
] b 2 o

F; o

FMRI data 2 E

Group comparison of resting-state FMRI data using
multi-subject ICA and dual regression
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Dual Regression

identify, within each of the N individual X
subjects’ FMRI data, spatial maps and i
associated timecourses corresponding to =
the multi-subject ICA components. For
each individual dataset separately

§

(A) use the group-level spatial maps as a
set of spatial regressors in a GLM, to
find temporal dynamics associated with

each group-level map
(B) normalization of these timecourses to unit variance (optional, depending or

what question the experimenter wants to ask later)

1 18P 4id
sdew o) dnoad

(C) use these timecourses as a set of temporal regressors in a GLM, to find subject
specific maps (still associated with the group-level spatial maps:
vomeh.

FMRI data i

Group comparison of resting-state FMRI data using
multi-subject ICA and dual regression
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3D to 4D File Conversion

- R -

| File Edt  View SPM  BassciQ )

Batch > SPM > Util 2> ;
3D to 4D File Conversion ped b

Module List Current Module: 10 to 40 File Conversion
¢~| |Help on 3D to 4D File Comversion o
3D Volumes 240 files
Output Filename 4D nii

THE END [ o

B * Subji1 > RESTING

alvind016@ym.edu.tw ] Name - :

Current fiem: 30 Volumes.

1] 4D.mat C\UsersiAMniDeskiop'data\Subi0 1\ RESTING 00K
- C:\Users\AliniDesktop'data\Subj01\RESTINGY00
M8 ap.nii ~ v

< >
@ f001-0003-00001-000001-01.hdr :
ME! £001-0003-00001-000001-01.img
ME! £001-0003-00002-000002-01 hdr \Select the volumes to concatenate
HET £001-0003-00002-000002-01 ima
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Create Your First Batch

B Batch Editor

| e Edt  View SPM  BasiciD
bDEa b

3D to 4D File Conversion DEP
Move/Delete Files DEP
DICOM Import

3D to 4D File Conversion DEP
Move/Delete Files DEP

{Output directory

’saan a directory where files are written.

o
Cutrent Modsle: DICOM imoart
|Help on: DICOM Impaort -~
DICOM files 192 files

\Directory structure for converted files Mo directory hierarct

C\Users\AMin\Deskio

|Conversion options
| . Output image format
Use ICEDims in filename

Two file (img-+hdr) NIFTT
No

L I—
|CUsers\AMniDesktop\data\Subj0 1171\
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