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Resting-State fMRI: Principles

Al of the human high
mental functions such as
thinking, emotion and
consciousness rely on brain,
an extremely complex
system (Singer, 1999)
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Resting-State fMRI: Principles

Averaged blood flow  Conditions Averaged difference. Task
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] - There are very
i important activities in
the brain during
resting-state (Fox and

Raichle, 2007; Zhang
and Raichle, 2010)

Raichle et al,, 2010. Trends Cogn Sci 5

=P - Principles & Computational Algorithms
* Methodological Issues & Computational Platform

* DPARSFA Usage

Resting-State fMRI: Principles

Resting metabolism

Raichle et al., 2010. Trends Cogn Sci 4

Resting-State fMRI: Principles

* Traditional fMRI analysis

Baseline

(KA kel

Activities in the baseline state (usually resting-state)

=P Noise?

Fox and Raichle, 2007. Nat Rev Neurosci ¢




Resting-State fMRI: Principles

* Temporal synchrony of spontaneous fluctuations

Biswal et al., 1995. Magn Reson Med
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Zhang and Raichle, 2010. Nat Rev Neurol Biswal et al., 2010. PNAS

* Resting-State fMRI: Principles

» « Data Analysis: Computational Algorithms
« Data Analysis: Methodological Issues
« Data Analysis: Computational Platform

« DPARSF Usage

11

Resting-State fMRI: Principles

* Functional networks identified by functional connectivity with

resting-state fMRI (RS-fMRI)

Visual network (Lowe ct B}

+2 _16 px et al., 2006. PNAS)
DMN (Greicius et al., 2003. PNAS)
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Resting-State fMRI: Principles
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Figure 1. Number of R-fMRI related studies in PubMed (key
words: “resting+state+fmri”).
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Computational Methodology

* Integration approach
* Regional approach

* Graphical approach

12




Computational Methodology

Integration approach

* Functional Connectivity

a
* Effective Connectivity: (Friston et al., 2002)

* Hierarchical Clustering: (Cordes et al., 2000;
Salvador et al., 2005)

* Self Organization Map: (Peltier et al., 2003)

Computational Methodology

The “Resting” Brain

Courtesy of Dr. Daniel Marguiies

Computational Methodology

* Correlation
R
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Zhang and Raichle, 2010. Nat Rev Neurol

Computational Methodology

« Correlation: Temporal synchrony of spontaneous

fluctuations
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Computational Methodology

* Independent Component Analysis
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Computational Methodology

* Voxel-mirrored homotopic connectivity (VMHC)

= Intrahemispheric

Heterotopic:
= Homotopic

@@@@@O @.@00.

Zuo et al., 2010

Gee et al., 2011

19

Computational Methodology

Directionality

» Statistical techniques

« Structural Equation Modeling (McIntosh and Gonzalez-Lima, 1994)

* Dynamic Causal Modeling (Friston et al., 2003)

« Granger Causality Analysis (GCA) (Granger, 1969; Goebel et al., 2003)
* Lesion studies

* Brain stimulation

Craddock, , Yan et al., 2013. Nat Methods 21
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Yan et
al., 2011.
PLoS
ONE
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Computational Methodology

Directionality

Association ?%

(undirected network)

Directionality
Causality
(directed network)
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Computational Methodology

Regional approach

“Integrative” is really good, but:

Decreased

functional connectivity

Question: Is A, B, C, or...... abnormal?
25
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Computational Methodology

ReHo: motor task state vs. pure resting state

Rest > Motor

Motor > Rest

a) Higher ReHo in bilateral primary motor cortices
during motor task

b) Higher ReHo in default mode network (PCC,

MPFC, IPL) during rest (raichie et al., 2001; Greicius et al.,
2003)

(Zang et al., 2004) 27

27

Computational Methodology
ALFF

PET
(Raichle et al., 2001)

ALFF
(Zang et al., 2007)

noise
29
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Computational Methodology

Regional Homogeneity (ReHo)

Similarity or coherence of the time courses
within a functional cluster
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Computational Methodology

Amplitude of low frequency fluctuations
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Zang et al., 2007
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Computational Methodology

Improvement: fractional ALFF
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Computational Methodology

Improvement: fractional ALFF

Boy group

Adult group

31

Zou et al.. 2008. J Neurosci Methods
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Computational Methodology

Graph theoretical analysis

Anatomical Ipmlhnm\ J Recording stes
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Bullmore and h-u’ il
Sporns, 2009 / —
T

Graph theoretical analysis 33
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Computational Methodology

Graph theoretical analysis

Hub

Module

Yan et al., 2011. PLoS ONE
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Computational Methodology

Graphical approach

* Graph theoretical analysis: (Salvador et al., 2005,
Bullmore and Sporns, 2009)

* Degree connectivity, functional connectivity
density, degree centrality: (Buckner et al., 2009;
Tomasi et al., 2010; Cole et al., 2010; Zuo et al.,

2012)

32
Computational Methodology
Graph theoretical analysis
Regular Small-world
Node: brain region
Link: connection
P30 ——— P |
Increasing randomness
Watts and Strogatz, 1998. Nature
Regular: Small-world: Random: Sma]l-world. networks contain
h . low G many local links and a few
high Gp high Gp ow Cp 1 dis links (s lled
high Ly low Lp low Lp 2?1%:1 é;fgg;e inks (so-cal
Cp: average clustering of a network
Lp: average shortest path length of a network 34

Computational Methodology

Degree centrality
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Zuo et al., 2011. Cereb Cortex 36

Cole et al., 2010. Neuroimage
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Computational Methodology Computational Methodology

Dynamic perspective Dynamic perspective
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Chang and Glover, 2010, %
Neuroimage — i L R ST S
Kang, , Yan et al., 2011.
Neuroimage Allen et al., 2013. .
Cereb Cortex 37 Margulies et al., 2009. PNAS Yang, , Yan, Milham, 2014. Neuroimage 33
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Computational Methodology Computational Methodology

A GrOWing Range of R-fMRI Indices for Concordance Among Indices of Intrinsic Brain Function

Intrinsic Brain Function @1@ @,;&
4 \..-: ‘\\--f\-.‘;.}‘.
80060 00OBO

@ Voxel strength: ALFF/fALFF

Regional synchronization: ReHo

@ Homotopic connectivity: VMHC

Global connectivity: Degree Centrality

0 Global Signal Correlation

39

Yan et al., 2017. Science Bulletin 40

39 40

Computational Methodology

+ Resting-State fMRI: Principles

+ Data Analysis: Computational Algorithms

» + Data Analysis: Methodological Issues

+ Data Analysis: Computational Platform

+ DPARSF Usage
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Yan et al., 2017. Science Bulletin 41 42
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Methodological Issues

Yan et al., 2013a. Neuroimage
Yan et al., 2013. Front Hum Neurosci

* Head motion
« Standardization Yan et al., 2013b. Neuroimage

Chen, Lu, Yan*, 2017. Human Brain

 Multiple-comparison correction
Mapping

* And many many more...
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Methodological Issues: Head Motion

Proposed an effective head

@" 0"“” @f M’M‘ W motion correction strategy
iﬁi:, > Individual-level correction
@I@ with the Friston-24 model
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» Group-level correction with

head motion covariate

Cited: 1456 times
ESI Top 0.1% highly cited paper

v
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Yan et al., 2013a. Neuroimage
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Methodological Issues: Standardization
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The Impact of Standardization Procedures
on Confound Variables: Site Effects

The Impact of Standardization Procedures
on Variables of Interest: Age Effects

» Cited: 428 times

Proposed an effective
» ESI Top 1% highly cited paper

standardization strategy

Mean regression + SD division Yan et al., 2013b. Neuroimage
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dological Issues: Head Motion
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Power et al, 2012. Neuroimage
Van Dijk et al, 2012. Neuroimage

Head motion is a critical factor in R-fMRI data processing.
Need an effective motion correction strategy!
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Methodological Issues: Standardization

Table 1. Factors can inroduce unintended variations in IMRI measurement

Factor

[Category

1. Acquisition-refated | Scanner make and

variations. pe (spiral vs. echo planar, single-echo vs. mut-echo) (Klarhofer et
al., 2002), paraliel vs. conventional acquisition (Feinberg et al., 2010;

Lm etal, 2005),col type (surface vs. volume, number of charinels,
riatin) replion e, rumber of epetlons, ip angl,ccho
ize, sice

e A I
llon) Friscman and Glover, 2006

thickness/gaps, slice prescr
2 Experimental- Participant m«mwonsmamvaenaw 2011), eyes-openieyes-ciosed
rolated varations | (Yan of . 2005; Yang ot l 2007 visual dispiays, oxparmen
o Fang o ok 3007 Jom DI e

S Sonodior maastrss Cho.sa 100 BT aral Toaa]

3 Environment

videos) (Cullen et al., 2009), head-motion resiraint techniques
Vacuum pad, am pac, i br, paster cas ead hoder) (Ecwar et
al.,2000; Menon et al., 1997). room temperature and moisture
(Vanhoute o al, 2006
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Biswal et al., 2010, PNAS
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Methodological Issues

Standardization
Collaborate with Dr. Xi-Nian Zuo @ IPCAS

Dr. Jia-Hong Gao @ PKU
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National Natural Science Foundation of China (81671774) (PI: Yan)

Beijing Municipal Science & Technology Commission (Z161100000216152) (PI: Gao)
National Basic Research (973) Program (2015CB351702) (Co-I: Zuo)
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The last 15 years of fMRI research
might be totally useless.

Due to the recent discovery.ofan fMRI bug,
about 40,000 papers on brain research /&

may now beinvalid. T
Eklund et al., 2016. PNAS
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eproducibility and Multiple Comparison
Correction

Multiple Comparisons

Gaussian Random Field Theory Correction

Monte Carlo simulations (AlphaSim)

51

51

Reproducibility and Multiple Comparison Correction

Permutation Test
Permutations
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Winkler et al., 2016. Neuroimage 53
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1-0.05=D0.96.05 = 0.95 - 0.05 = 01950.05 = 0195005 = 0.95 50

50

Reproducibility and Multiple Comparison Correction
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Fig. 1. Results for one-sample  est,showing estimated FWE ratesfor (4) Befing and (8) Cambridge data analyzed with § mm of smoothing and four
€1, and E2), for SPM, FSL These resuts ar fora roupsizeof 20, The stimated AW rtes
the number of
s daTing e (T of P 803 and 8 PWE vt treinos o1 = 00 cuner vt i COT of - 6001 o 8 PWE o bcte
threshold of P = 005, and voxel i5 P =0.001 in SPM and P = 0.01 in FSL (AFNI
does not have a default setting).

Eklund et al., 2016. PNAS 52
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Reproducibility and Multiple Comparison Correction

Threshold-Free Cluster Enhancement (TFCE)

original
signal

_TFCE
enhancement

Fig. 1. Tllustration of the TFCE approach. Left: the TFCE score at voxel p is given by the sum of the scores of all incremental supporting sections (one such is
shown as the dark-grey band) within the area of “support” of p (light grey). The score for cach section is a simple function of ts height A and extent e. Right:
example input image and TFCE-enhanced output. The input contains a focal, high signal, a much Lk land of overlapping
signals of intermediate extent and height. The TFCE output has the same maximal values for all three cases, and preserves the distinct local maxima in the third
case.

Smith et al., 2009. Neuroimage
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Family wise Error Rate
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Different Multiple Comparison Correction Strategies

20 vs. 20 Permutation 1000 times

Chen, Lu, Yan®, 2018. Human Brain Mapping *
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Family wise Error Rate

TABLE Il. FWER under correction of three kinds of cluster-based correction with the strictest threshold, 6 versions of PT-based correction as well
as FDR correction

FWER
Cluster ALFE fALFF  ReHo DC  VMHC  ALFF (8 mm
Voxel threshold threshold ALFF  ALFF ReHo  DC  VMHC withGSR withGSR with GSR with GSR with GSR  smoothed)
Smoothness 794% 734X 936X 78X 631X 79X  7RX 924X 806X 611X 1188 %
(mm, xxyxz) 731X 742X 872X 797X 687X 731X 741X  BS%6X  BI6X 661X 1153 X
0 830 1 661 719 18 0 3
ATNI 3CHustSim P < 00005 P<0025 6% 73%  B5%  60% 66% 5% 65% 4%
(one-tailed) @>329)
DPABI Alphasim 79% 8%  85%  102% 90%  78% 7% 78% 83% 96% 69%
Gl 51% _ 55% 49%. 74% 5% 8% 59% 51%
vy G 0 T T 1E% —TET 5 =TT
2>23)
(wo-ailed)  P<001 P<005  54%  40% ST 4% s3% 38% 50%
2>25%)
p<oon p<00s 4% s3% as% 4% 45% 50% 51% %
2309
P<0001 P<005 43
(2>329)
PTTFCE 5 5
PT VOX 6 .
FDR correction 4 3
‘The smoothness in the second row is the estimated effective smoothness of the final metric maps feed to statistical analysis, and was different form the applied smoothness

(4 mm FWHM) in pre-processing. The effective smoothness was used in 3 versions of cluster-based correction (i, GRF theory correction, AENI 3dClustSim and DPABI
Alphasim)

20 vs. 20 Permutation 1000 times

Chen, Lu, Yan®, 2018. Human Brain Mapping 7
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Test-retest Reliability

Family wise Error Rate

TABLE I. FWER and cluster size of ALFF (smoothness: 7.94 X 7.31 X 6.86) without GSR under corrections of GRF
Theory, AFNI 3dClustSim, and DPABI AlphaSim
(One-tailed twice) AFNI 3dClustSim DPABI AlphaSim GRF
Voxel threshold Cluster threshold FWER Cluster size FWER Cluster size FWER Cluster size
P<001(2>239) P<005 400% 6605073 483% 6024168 365% 6935109
P <0.005 (Z>258) P<005 27.6% 43.59 +0.42 349% 3945+1.13 24.5% 4670+ 075
P <0.001 (Z>3.09) P<005 1L5% 19984031 158%  1840+061  106%  2129+046
P <0.0005 (Z>3.29) P<0.05 9.6% 1453 +0.25 125% 1393 +0.54 8.2% 1582+ 0.39
P <001(Z>233) P<0.025 7450 +1.14 39.0% 67.72+2.36 27.7% 7896+ 124
P <0.005 (Z>2.58) P<0025 7015059 27.0% 4448160  183% 5348085
P <0.001 (Z>3.09) P<0025 22.63+025 10.6% 21.00 +0.87 68% 2494+ 041
P<00005 (Z>329)  P<0025 17332022 79%  1603+071 51%  1851+050
20 vs. 20 Permutation 1000 times
Chen, Lu, Yan", 2018. Human Brain Mapping 55
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est-retest Reliability

V1: significant
Voveriap| voxels in test

Test-retest reliability

Sex differences in test and retest
Time T1 Time T2

V2: significant
voxels in retest

Voverlap: Voxels

2 X Vovertap igni i
o - Dice = ——°vertap significant in both
Statistical significant voxels V,+V, test and retest

Chen, Lu, Yan®, 2018. Human Brain Mapping
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TABLE Ill. Test-retest reliability of sex differences for all R-fMRI metrics with and without GSR under correction of
three kinds of cluster-based correction with the strictest threshold, six kinds of PT-based correction and FDR cor-
rection, calculated between the first and second sessions in the CORR dataset

Test-retest reliability (dice coefficient)

Cluster ALFF  fALFF  ReHo DC  VMHC
Voxel threshold threshold ALFE fALFF ReHo DC VMHC with GSR with GSR with GSR with GSR with GSR

AFNI 3dClustSim P < 0.0005 P<0025 065 051 050 034 039 064 048 044 028 024
(one-tailed) (Z>329)
DPABI AlphaSim 065 051 049 034 039 064 048 045 027 027
(one-tailed)
GRF (one-tailed) 064 051 050 035 039 065 048 043 028 024
PT cluster extent P <0.02 P<005 065 070 056 045 040 062 068 045 0.30 040
correction (Z2>233)
(two-tailed)  P<0.01 P<005 067 066 052 032 033 060 063 046 027 032
(2>258)
P<0.002 P<005 063 055 051 036 038 063 052 047 023 032
(2>3.09)
P <0001 P<005 064 051 048 037 038 064 048 044 028 026
PT TFCE 068 075 054 048 044 066 074 044 031 042
FDR correction 064 067 054 039 037 063 064 047 023 029

For test-retest reliability for all the 31 kinds of multiple comparison correction strategies, please see Supporting Information Table S13

> Moderate test-retest reliability
> ALFF, fALFF, ReHo are better than DC and VMHC .
> P 212Mvs. 208 F X 21t
Chen, Lu, Yan*, 2018. Human Brain Mapping VS mes 59
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Sample Size Matters

z 0.6- A
g 0.4-
0.2-
]
% 00 100 150 200
2 Sample Size
Randomly draw k A B
subjects from the 06
“SWU 47 site in the 04
CORR dataset, which
has two sessions of 116 02
males and 105 females ool
h 50 150 200

100
Sample Size

150 200

100
Chen, Lu, Yan®, 2018. Human Brain Mapping Sample Size 61
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Permutation Test with TFCE

© wosr|

) PALM Setting

Gustefoming o @

0 e FoR 9 Two s
Proprocasingfor Tk MR D o
Aocolraton mathod Mo sccmeton (i pemutatons B
o ouput
sty Con | Cancs Pocep
OupiDr

Integrated from PALM
(Winkler et al. 2016. Neuroimage)

Yan* et al., 2016. Neuroinformatics
ESI Top 0.1% highly cited (>3007 times)
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The R-fMRI Maps Project

Shared data of 4770 subjects:
Amplitude of low frequency fluctuations (ALFF)
. Fractional ALFF (fALFF)
. Regional Homogeneity (ReHo)
. Voxel-mirrored homotopic connectivity (VMHC)
Degree Centrality (DC)
. Functional Connectivity Matrices
a. Automated Anatomical Labeling (AAL) atlas
b. Harvard-Oxford atlas
c. Craddock’s clustering 200 ROIs
d. Zalesky’s random parcelations
e. Dosenbach’s 160 functional ROls
In addition, gray matter, white matter and CSF
density and volume files were shared

CUAWNS

Downloaded by
593 researchers
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Reproducibility of R-fMRI Metrics on the Impact of Different

Strategies for Multiple Comparison Correction and Sample Sizes

* Permutation test with TFCE reached the best balance between FWER and
reproducibility

* Although R-fMRI indices attained moderate reliabilities, they replicated
poorly in distinct datasets (replicability < 0.3 for between-subject sex
differences, < 0.5 for within-subject EOEC differences)

* For studies examining effect sizes similar to or even less than those of sex
differences, results from a sample size <80 (40 per group) should be
considered preliminary, given their low reliability (< 0.23), sensitivity (<
0.02) and PPV (< 0.26).

» Cited 96 times
» ESI Top 1% highly cited

Chen, Lu, Yan', 2018. Human Brain Mapping 62
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The R-fMRI Maps Project

Data Contributor Brain Imaging Data Sharing Platform 0o g
JC3 z o B Storage
z ”
A
Data acquisition “ ;

DN ’O'g O andantied pocessed resls
q L m‘

Central server,

Data acquisition

The R-fMRI Maps Project

Data acquisition
High-Performance Computer at IPCAS

Part of the Human Brain Data Sharing Initiative (HBDSI), IPCAS
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+ Resting-State fMRI: Principles

+ Data Analysis: Computational Algorithms

+ Data Analysis: Methodological Issues
» + Data Analysis: Computational Platform

+ DPARSF Usage
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DPARSF: a MATLAB toolbox for “pipeline” data analysis of
resting-state fMRI
o hac G sna g

Yan and Zang, 2010. Front
Syst Neurosci.

HEBAEE; BUEHES
Cited: >2000 times - __.
DPARSF: 7k

gRIMRIEEL |
IR : e

Co-registration

Smoothing

Realignment

Registration!

S =
Bl
£ g MRISE
B &
H%, ®BE
¥, St

> B 4&DPARSF
LRI, #5135900K
> BEFHEF R
k5 (#511456:%)
ML (#51428)%)
ZELRKIE (#5302)%)
> SIERIEMTE M

SRR G ELEBESHELE

RlT3R40 R B

el Ee CCOMMUNICATION
50k T3 omaan 2016 046

Reporting of Resting-State Functional Magnetic
R Imaging F ing Mett I

Syed Hamza Weheed! Sacedeh Mirbagher? Srui Agarwal? Arash Kamaif”
Noushin Yahyavi Firouz-Abadi” Amvmar Chaudy? Michal DiGianitori’
Sachin K. Guiar” Jay J. Pila®" and Haris | Sair*"

Twelve different software packages were used in the 100
studies. Many articles utilized the use of multiple software for
analysis. The most commonly used software was SPM (56%)
followed by DPARSF (29%) and FSL (25%). Other less com-
monly used software included AFNI and various MATLAB
toolboxes, such as the GIFT toolbox and the Conn toolbox.

12MREIRIEREE. . SERSR SHIRIERSPM (56%) ,
SRIERDPARSF (29%) FIFSL (25%) ...

Haris 1. Sair
295 BESHAFHIR
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> RBEHZETR 5 Bt
Seiji Ogawa Bharat Biswal
Yan* et al., 2016. Neuroinformatics IRERIERAFAA BRI EREIIAA
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800 DDPARSFA
DPARSF e
Advanced Edition ~ DPARSF A

Data Organization B
Resting State peo
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Data Processing Assistant for Resting-State fMRI
Advanced Edition DPARSF 4
R-fMRI
measures e ronac[ 0
. mer [ o
Calculation |, .. oo
SkcoMumber: O | ko Oder: 11357911 Rutorence Skee: 0 | (¥ Reasgn Voxe-Spectic Head Moton

ALFF and fALFF calculation
(Zang et al., 2007; Zou et
al., 2008)

o FacrantFur & Avowask (@ T1 DICOMIoNIFTI () Crop Tt ¥ Reorent 11 Bt T Coregto Fun
Segment [ New Segment + DARTEL Aftine Regularis aton in Segmentation: Esot Asier
4 Regrossion i Agereo

P T T

Nomatcs by . Nomaise by using 71

@) Normaize by DARTEL

o Smoom (] Smoom oy DARTEL e /44)

©) Doraut mask () Nomas () Usordamad mask Warp Masks o Indwidual Spaco

o1 | & ra
Scrbbng () Rero Togres Convatty
@ Functional Connectivty (W] Extract ROI time courses | Deme ROI Dotine ROI Interactvely”

¥ Nomaize o Symmetc Tomplto @ VMHC

Functonal Sessons #: | 1 Stanng Drectoy Nama: | FurRaw

oo | [sawe | [Losa| [vwes] [ ou Run
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R-fMRI
measures
Calculation

Filtering

Use the parameters set in
the blue edit boxes.

=XeXe) DPARSFA

Data Processing Assistant for Resting-State fMRI
Advanced Edition  DPARSF A

sers.

T Poms:| 0
Paricpants

TemplteP... 3| (¥ EPIDICOM1o NIFTI (] Apply Mats (] Removo First| 10 | rme pots  Sice Tenng

SicoMumbor. 0 | s Ontr: (1357917, Ruternce Sice:| 0| Faakn () VoxerSpacee Heaa Moton

o hoorent run' o Auoask (& T1 DICOM 1o NIFTI (] Crop T1 (] Reonsmi 11 ¥ set. (& T1 Coreg to Fun
Sogmant. [ New Segment + DARTEL Aine Regulrsaton n Sogmentaton. () Esst Asan () Euopean

) Regression 1 Rgisoay6 () Dewvave 12

Hoad moten scrubon rogrossors

ome .
08 Yoro/see: (99
Nomatzo by usng ER1templates Nomaie by using T1 mage untied segmentaton  (8) NomaX by DARTEL

o Smoom (] Smoom oy DARTEL | /444

® ostut mask () o mask () Usedomed mask Warp Masks o inea
@ AsEonSE Bang | 007~ 07
Scrbbng () v

Degree Cerrany

@ Functional Comectity (¥ Extract ROI time courses | Detne ROI Dotine ROI Interactvely”

o Normaizo to Symmetrc Tomplate (¥ VMHC

Partoiwortars: | 0 | Funcionai Sessons5: | 1 Staing Oracioy ama: | FunRaw

oo | [saw | [Losa| [vmes] [ ou Run

Resting-State fMRI: Principles

Data Analysis: Computational Algorithms
Data Analysis: Methodological Issues
Data Analysis: Computational Platform

DPARSF Usage

92

92

LFF/fALFF

Ampli of low freq ion / Fr: | ALFF
(b)3500 (c) 008
—PCC
3000‘
5560 5 006
z
5 2000 2
H S 004
2 1500 2
g
&=
1000 -
500)
OF it % 0.05 0.1 0.15 02 02

frequency (Hz)

frequency (Hz)

PCC: posterior cingulate cortex

SC: suprasellar cistern

Zang et al., 2007; Zou et al., 2008
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Data ing Assistant for Resting-State fMRI
Advanced Edition DPARSF 4
R-fMRI R
measures
. TempateP... | (¥ EPIDICOM1o NIFTI (] Appy Mats (¥ Remove First| 10 | Tame poms & Sice Tmng
Calculation oo o v v e
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Scrubbing

@ Reoent Fun' & AutoMask (¥ T1DICOM 1o NIFTI (| Crop T1 (¥ Reonent T1* (¥ Bet (¥ T1 Coreg to Fun

Segment  New Segmant + DARTEL Afine Reguarisatin i Segmentaton: () Esst Asan (@) Evropean

£} Regression 1 Agabodys () Denvatve 12

Hoad moton scrueom ragrossars

Nomaie by using EPY lempltes

Momatze by usig T1 image unsied segmentatin () Nomaize by DARTEL
 Smoom (] Smoom oy DARTEL e, 44/
@) Dotaut mask () ho mask () Userdetined mask Warp Masks o Indwidual Space

@ APt ganapp| a7 ~[ 07| @ e

Degree Cenraty
T FoRctonar Connectvity (¥ Extract ROI tme courses | Detne RO! Dotine RO! Interactwely”

@ Normaize to Symmetric Template (¥ VMHC.

Paratoiwomars : | O | Funcoonai Sessans#: | 1 stanng Orectory Name: | FunRaw

oo | [save| [tosa| [vmmes| [ ou Run
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The “bad” time points
defined by FD_Power
(Power et al., 2012) will be
interpolated or deleted as
the specified method.

8 00 Scrubbing Settings
Scrubbing Settings
FD type: (®) PO (Power) FD (Jenkinson)

FD threshold for "bad" time points:

Scrubbing time points before "Dad" fime points.

Scrubbing time ponts ater "bad" time points 2
Scrubbing Method (Interpolation).
(@ Out (csete) Nearest Neighbor Linoar
Cutic Spine Pisceniss Oubic Hommite

oK

97

Ho (Regional Homogeneity)

Zang YF, Jiang TZ, Lu YL, He Y, Tian LX (2004) Regional homogeneity approach to fMRI data analysis. Neuroimage 22: 394-400.

(32 2
W= ZI(R, —n(R)
ﬁK:(n3 —n)

Zang et al., 2004
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R-fMRI
measures
Calculation

Degree Centrality
Calculation
(Buckner et al., 2009; Zuo
etal, 2012)

> r Threshold
(default 0.25)
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@ Reonent Fun' & AutoMask (¥ T1DICOM 1o NIFTI | Crop T1 (V] Reonent 11 (¥ Bet ] T1 Coreg to Fun

Segmant [ New Segment + DARTEL. Atine Rogularsatin in Segmentaton: () Esst Asin (&) Euopean

) R 1
Hoad moten scrubon rogrossors
Ohor covariates

Aoigsoays () Dematwe 12

© pown2s Vomipecte 12
Nores s (L 7 Gl
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Nomaice by usig T1

Romatze by

 smoom (] smoom oy DARTEL bt (444]

Warp Masks ino Indwidual Space

R ) AFFAALFF anggie): 001~ 01| Frar

[==]

FunRaw

®) Detaut mask () Nomask () Userdemed mask

Scrbbng () Rero
o v Dotne ROI

o Normaiza o Symmotic Tamoite [ WHC

Patoivonarss: | 0 | FunctonaiSessons s: | 1 Stanng Dreciory Name:

Hop Save Load Unames Qut Run
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Preprocessing
and R-fMRI
measures
Calculation

806 DPARSFA

Data Processing Assistant for Resting-State fMRI
DPARSF 4

Advanced Edition
e Twme Pomts: O
Paricpants
mer | 0

TempateP.. :| (¥ EPIDICOMIo NIFTI ] Apply Mats (¥f Remove Fist 10 | Teme pomis ¥ Sice Tmng
Sice Onder: (1357911 Ruerence Sice:| 0 | (& Roskgn (] VoxerSpecc Head Moten

Sico Mumbor: O
CropT1 ¥ Reonem 11 (¥ Bet (¥ T1 Coreg o Fun

o reosemFun & Avovasc (@ T1 DICOM 1o NTI

East Asin (&) Evopean
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@) Faston 24 Vorstspects: 12 (| Head moton scruboig ragressors

s, Govar Fotor (Hz)[ 207 ]~ a7

-1 5 Y
(ReHo) Calculation
(Zang et al., 2004)
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Data ing Assistant for Resting-Sf fMRI
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. Participants: Tana o
Calculation [
Tempate P... 3| (¥ EPIDICOMIoNIFTI ] Apply Mats ¥ Remove Fest| 10 | Tme poms & sice Tmng

koo Oder: (1357917 Ruterence Sice:| 0 | (& Rasign () VoxerSpecnc Head Moten
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East Asin (&) Evopoan

Segment @ New Segmant + DARTEL Afine Regutars aton n Segmentaton.
] Regresson ' Roasoays () oematve 12
@) Fston 24 Voratspecss 12

Hoact moten scruteess regressors
s Gobar Fite (v2)[ 207 ]~ 01

8! y
(ReHo) Calculation
(Zang et al., 2004)

O Nomas sounding B 9012572909 yoxarsea:| 999

Nomaice by usig T1 image unsied segmentaton  (8) Normaice by DARTEL

Nomatze by usng EP tempisies
f smoom () smoom oy ONRTEL  pupie] /444
Warp Masks eto Ingwidual Space

o e

®) Dotaut mask () o mask () Userdotined mask

S AFFNSE Bang iy 007~ 07

Dogree Cenraty

Scrubbing () Rato

(¥ Functional Connectity (¥ Extract ROI tme courses | Detne RO! Dotine RO! i

o Normatza o Symmow Tenpite  WWHC
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100
100
DC-zstat
PeRIEE
Zuo et al., 2012
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Preprocessing
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measures m 7

TompiateP... | (@ EPIDICOMIoNIFTI ] Apply Mats (¥ Romove First| 10 | Tms poms & Sice Tmng

Calculation ... . . v v i

o Rooremrun” @ Aviovask (¥ T1DICOMIO NIFT () Crop T1 ¥ Reorem 1 ¥ 8at ] Ti Carog o Fun

Usersye

Functional Segment @ New Segment + DARTEL
Connectivity
(voxel-wise seed

based correlation

Atine Rogutaisatin i Segmentatn: () Esst Asian (&) Euopean

Rogression ' Roissoays () Dervatwe 12

Hoad moten scruteng regrossors

Oter covarates 01|~ a1

& Nomatte  gounding Box. (9012672908 youarse:| (399

N Nomaioe by usng £t tempites () Nommal by usb 1 mage B sopmentton (@) Nomatee by ARTEL
analysis) 5 em O Smwomoy DAL ] 7979
. © st mask () Mo mask () Usedemed mas Warp Masks o i Space
Extract ROl time courses Flrai per e R T
(also for ROI-wise S R > e
Functional Connectivity) B A I owme Fo1
™ Normaize to Symmetric Template (W] VMHC
Deﬁne Rol Paratel Womers . 0 Functonal Sessions #: ! Stang Dractory Name: | FunRaw
oy save Load Uives oun Run
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Define ROI

8006 ROI List

+Seed Serles |

- Remove )

Load ROIs | oK

105

Define ROI

( XN J ROI List

s/aal.ni
s/HarvardOx10rd-Cor-maxprob-inr25-2mm_Y' + Sphere
s/HarvardOx1ord-sub-maxprob-thr25-2mm_Y'

S/CC200R0I_tcomo5_2level

+ Mask

g

e_160ROIs_Radus5_!
ranMask_05_91x109x31.img
s/Power_Neuron_264ROls_Radius5_Mask.r

+ Seed Seres

Remove

Clear Al

Save ROIs Load ROIs oK

107

fine ROI

Multiple labels in
mask file: each label
is considered as one

ROI

Dosenbach et al., 2010

Andrews-Hanna et al.,
2010

Craddock et al., 2011

Define other ROIs

¥ Multiple Labels in mask file

AAL atlas Harvard-Oxford atlas

Dosenbach's 160 functional ROIs Andrews-Hanna's DMN ROIs

Craddock's 200 clustering ROIs Define Other ROIs

104

Define ROI

©® O O Add Spheric ROI

— Senere.

7 Y Z  Radius

(] From Talarach 1o MNI

Cancel Accept
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R-fMRI
measures
Calculation

Define ROI Interactively
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 Smoom (] Smoom oy DARTEL e, 44/

® Dstaun masx () o mask () Usardemed mask Warp Masks o IndidalSpace
I APRATE a0~ 07| Paee

Scrubbing () Reto

Convany

4 Functona Connectwiy (¥ Exvact ROl tme courses | Deme o1

@ Normaize to Symmetric Template (¥ VMHC.

Paratoiwomars : | O | Funcoonai Sessans#: | 1 stanng Orectory Name: | FunRaw

oo | [save| [tosa| [vmmes| [ ou Run
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Define ROI

) Dofine ROT Tatorsctively (LB

How many ROIs o you want o defineRO ineractively?

ROl R (. 0" means define for each RO seperately):

0 means define ROI Radius for each ROI
seperately

109

Functional Connectivity

You will get the Voxel-wise functional connectivity results of
each ROl in {working directory}\Results\FC:
zZROI1FCMap_Sub_001.img

zROI2FCMap_Sub_001.img

For ROl-wise results, please see {working

directory}\Results\FunimgARCW*_ROISignals.

111

=XeXe) DPARSFA

Data Processing Assistant for Resting-State fMRI
Advanced Edition DPARSF 4

R-fMRI
measures ,,
Calculation O
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(1357917 utornce Sice:| 0| Foakgn (] VorssSpactc Head Moton

 T1 DICOM 1o NIFTI ('] Crop T1 (@ Reonen 11° ¥ et (@ T1 CorogloFum

Seqmont  New Segment+ DARTEL Ao Rogutrsaton i Sagmentaton: () Esst Asin

Rogression ' Rgiteoays () Dematwe 12

Voxel-mirrored homotopic
connectivity (VMHC) (Zuo
etal., 2010)

Hoad oo

crubting regrassors

o smoom (] smo

DYDARTEL  Fypate| 4

®) Detaut mask () Nomask () Userddotned mask

Warp Masks o Indwidual Space

O AFFALFE Gang iy 001 | = 01| W e
Scrubbing () Reto Degree Convaty
@ Functional Connectivty (W] Extract ROI time courses | Deme ROI Dotine ROI Interactvely”

o Normaize to Symmetrc Tomplatd
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Define ROI

00 SPM8 (yco):Craphics
File Edit View Insert Tools Deskiop Window SPMFigure Help

110

806 DPARSFA
Data ing Assistant for Resting-State fMRI
R iMRI Advanced Edition DPARSF 4

measures =

Calculation .. " .

 Foorent Fun” & Au

s (¥ T1DICOMINIFTI [ ] CropT1 (¥ Reos

Segmant  New Segmant + DARTEL Atine Regutarsaton in Segm

M Nuisance Covariates Regression Foynomairend: | 1 | Head Moton mocet

Voxel-mirrored homotopic
connectivity (VMHC) (Zuo
etal., 2010)

Hoad motin scrubting regrossors

©) Normaize by DARTEL

 smoom (] smoom oy DARTEL e 44/

©) st mask () o sk () Usrotnna sk Warp Masks o i Space
Prepare for VMHC: Further W APRAE B i 001~ 01 | (4 raw
register to a symmetric Bttho L Dogroe Contaty

M Functional Comectty (W] Extract ROI tme courses | Deme AOI Dotno RO Ivractvey”

template

S Normatzo v

e Tompitd ( VG

Parstiwomers ;| O | Functonal Sessans | 1 Stanng Ovoctory Name: | FunRaw

oo | [save | [tosa| [vmmes| [ ou Run
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112

1) Get the T1 images in MNI space (e.g., wco*.img or wco*.nii under
T1llmgNewSegment or TlimgSegment) for each subject, and
then create a mean T1 image template (averaged across all the
subjects).

2) Create a symmetric T1 template by averaging the mean T1
template (created in Step 1) with it's flipped version (flipped
over x axis).

3) Normalize the T1 image in MNI space (e.g., wco*.img or wco*.nii
under TlimgNewSegment or T1LimgSegment) for each subject to
the symmetric T1 template (created in Step 2), and apply the
transformations to the functional data (which have been
normalized to MNI space beforehand). Please see a reference
from Zuo et al., 2010.
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