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Sub_001 Functional DICOM data

Sub_002
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Template Parameters

T1Raw
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Data preparation

Arrange each subject's T1 DICOM images in one directory, and then put
them in “T1Raw" directory under the working directory.
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Save participant ID to a text f

Preprocessing
and R-fMRI
measures
Calculation

Detected participants

Sentmng () R 5 Coges Carmany

o o vt omtea v0r

7 Normala 1 Syt Tomgite. (] NG
Pansmcwnasn s | 0 | puncsens Sessoms £ Stanng Owscoy tame: | Forfam

oo | (s | o | [oemm| | O Run

2019/8/1

Data preparation

Arrange each subject's fMRI DICOM images in one directory, and then

put them in "FunRaw" directory under the working directory.
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Working Dir where
stored Starting Directory
(e.g., FunRaw)

Detected participants
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Number of time points
(if 0, detect automatically)
TR

(if 0, detect from NIfTI
header)

Template Parameters

DICOM to NIfTI, based on
MRIcroN’s

Apply redriadtation

matrices
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Remove several first
time points

Slice Timing

Preprocessing
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Calculation

Total slice
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Apply reorientation matrices:
ReorientMats
Rename to:

DownloadedReorientMats

Huettel et al., 2004

translation

Why?

Y
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SV
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Check head motion:

{WorkingDir}\RealignParameter\Sub_xxx:

rp_*.txt: realign parameters

FD_Power_*.txt: Frame-wise Displacement (Power et al., 2012)

FD_VanDijk_*.txt: Relative Displacement (Van Dijk et al., 2012)

FD_Jenkinson_*.txt: Relative RMS (Jenkinson et al., 2002)

Excluding Criteria: 2.5mm and 2.5 degree in max head motion
None

Excluding Criteria: 2.0mm and 2.0 degree in max head motion
Sub_013

Excluding Criteria: 1.5mm and 1.5 degree in max head motion

ExcludeSu Sub_013

Excluding Criteria: 1.0mm and 1.0 degree in max head motion
Sub_007
Sub_012
Sub_013
Sub_017
Sub_018
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Voxel-Specific Head
Motion Calculation

(Yanetal.,
Neuroimage o e (o) D e
2013) AR T AT

€-G. Yan e o / Neurolmage 76 (2013) 183-201

A Group mean of
Corr(FD,,,, FD,, Power)

Group mean of Group m
Con(FD,,,, FD_, Van Dijk) Corr(FD,, FD,, Jenkinson)
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03} " -,
*Mean FD,_ (Jenpinson) o~ (50

(Yanetal.,
Neuroimage
2013)
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Mean,, FD_, Moan [moan,, FD,_}

Check head motion:
HeadMotion.csv: head motion characteristics for each subject

(e.g., max or mean motion, mean FD, #or % of FD>0.2)

Threshold:
Group mean (mean FD) + 2 * Group SD (mean FD)

Yan et al., in press Neuroimage; Di Martino, in press, Mol

Psychiatry

ecific Head Motio

C-G. Yan et al. / Neurolmage 76 (2013) 183-201

Group CV of FD_,
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Reorient Interactively

This step could improve the
accuracy in coregistration,
segmentation and
normalization, especially
when images had a bad
initial orientation.
Also can take as a QC step.
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Automask
generation

For checking EPI coverage
and generating group mask

FunlmgAR/Sub_001

Masks/AutoMasks/
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Display the mean image
after realignment. (Could
take this step asa QC
procedure.)

The reorientation effects on

and realigned functional
images and voxel-specific
head motion images.

QC scores and comments
are stored at {WorkDir}/QC
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Brainextraction

(Skullstrip)
For better coregistration

For Linux and Mac:
Need to install FSL or
dpabi docker

For Windows:

Thanks to Chris Rorden's
compiled version of bet
in MRIcroN, our
modified version can
work on NIfTl images
directly.

Preprocessing

and R-fMRI
measures
Calculation

Coregister T1 image
to functional space
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Bet & Coregistration

TlimgBet/Sub_001

Preprocessing
and R-fMRI
measures
Calculation

Unified Segmentation.
Information will be used in
spatial normalization.
(1n YpNi PRESMPRE AL nt)
DARTEL.

Information will be used in
spatial normalization.

Affine regularisation in
segmentation

Preprocessing
and R-fMRI
measures
Calculation

Nuisance Covariates
Polyq@g!wsg[snds as
regressors:

0: constant (no trends)
1: constant + linear trend
(same as linear detrend)
2: constant + linear trend +
quadratic trend
3: constant + linear trend +
quadratic trend + cubic
trend

Coregister] l
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T1imgCoreg/Sub_001

Segment

RealignParameter/Sub_001/mean*.nii

Apply .

T Y W

RealignParameter/Sub_001/Bet_mean*.ni
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Head Motion regression

model
6 head motion parameters
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defined by FD will be used
as a separate regressor.
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Nuisance Regressors
(WM, CSF, Global)
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Preprocessing

and R-fMRI
measures
Calculation

Voxel-specific 12-
parameter model: the 3
voxel-specific translation

motion parameters in x, y,
z, the same 3 parameters
for one time point before,
and the 6 corresponding
squared items

Head Motion Scrubbing
Regressors

Yan et al., 2013,
Neuroimage

Nuisance
Regression
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Table 3
Summary recommendations,

Summary recommendation

+ Individual-level correction with the Friston-24 model is recommended

+ Additionally, group-level correction for mean FD is recommended, and removes
the need for scrubbing

+ If group-level correction for mean FD is contraindicated or not practical, then
individual-level correction with scrubbing is recommended for PCC-FC, VMHC
and ReHo (not ALFF, IALFF, DC¥).

Additional considerations

+ Inclusion of global signal regression at the individual-level produces robust re-
ductions in the relationships between motion and R-fMRI measures across par-
ticipants — particularly for measures without Z-standardization. The benefits of
GSR need to be balanced against potential risks for introduction of artifact in
the specific analyses employed.

* For it d: ch Friston 24
model decreases. In this case, we recommend consideration of lower-order
(ie.. 6 or 12-parameter) models to minimize the potential for over-fitting, as
noted in Satterthwaite et al. (2013),

+ ALFF appeared to be relatively insensitive to motion correction strategies in
the present work. Prior work (Satterthwaite et al_ 2012) has suggested greater
sensitivity in higher motion populations; as such we recommend continued
application of correction procedures at the present time.

* Recommendations against scrubbing for ALFF and {ALFF apply to commonly
employed FFT-based implementations (see Limitations and future directions section
for alternatives).

Recommendations against scrubbing for DC were based on concerns regarding its
ability to compromise graph construction (see The ability of motion correction strate-
gies 1o decrease residual relationships between motion and R-IMRI metrics at group-
level section for demonstration).

Muisance Setting
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fro -
comgcer
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[— s
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» Mask based on segmentation or SPM apriori

» CompCor or mean [note: for CompCor, detrend (demean) and variance
normalization will be applied before PCA, according to Behzadi etal., 2007]

» Global Signal based on Automask
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Normalize

Methods:
I. Normalize by using EPI templates
Il. Normalize by using T1image unified
segmentation
=) Ill. Normalize by using DARTEL
IV. Normalize by using T1 templates (hidden)

2019/8/1

8006 DPARSFA

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

Preprocessing
and R-fMRI
measures
Calculation

Prtceares

TonpuweP. 3| (9 EP1DICOM1NITI | Ay Vet (4 erove Frst| 10 | T porss ke Tewg

Aetwmace sice:| 0 Vera spacee v e

4 T1 DICOM s MFTI

Filtering
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Huettel etal.,
2004

Normalize

Ill. Normalize by using DARTEL

Structural image was coregistered to the mean functional
image after motion correction

The transformed structural image was then segmented
into gray matter, white matter, cerebrospinal fluid by
using a unified segmentation algorithm (New Segment)
DARTEL: create template

DARTEL: Normalize to MNI space. The motion corrected
functional volumes were spatially normalized to the MNI

space using the normalization parameters estimated in
DARTEL.
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Smooth

For ReHo, Degree
Centrality: don’t
smooth before
calculation

FWHM kernel settings
can be applied to
later steps

Mask

Default mask: SPM5
apriori mask
(brainmask.nii)
thresholded at 50%.

User-defined mask

Warp the masks into

8nen DPARSFA

Data Processing Assistant for Resting-State fMRI
Advanced Edition  DPARSF A4

2| o EPIDICOMIS NIFTI || Aol Mats (¥ emove Frst| 10 T pomss 4 Skce Tong

O | ke Outer: 1357911 fatucnnce e @ | Waangn || VonaiSpacee vesa Moton
o nocamss (¥ T1 DICOMISNIFTY || Coop T1 ¥ Nessont 11" bot. 9 T1 Corng o Fun

oo Avie (8) vposs

Poymormarvont | | Aussosye () Duware 12

P Rl e T—
Mosnce mpssons W C57 Gotad | | Ot corarses F

o e g pon /9012672905,y sra 1Y

paes g -

(®) Dvtstmass () Mo masn ) Uneraamed mas Warp Masks i owes Soace

AN B izt 00 ] e
scnetmg [ e 5 Loyes Cortnmy
o °] Datea 101
Lo e — o
Paraie Woman & Functonal Seenn s | Stuning Orectory Name: | FunRam
o | [(sam) [isea) [wwmm] [0 Run
800 DPARSFA
Data Processing Assistant for Resting-State fMRI
Advanced Edition  DPARSF 4
T
TompuseP. 2| [ GPDICOM1 NETI | Aoy Mt (9 Rerove Frst| 10 1 o § Ske g
o Mmer. O | Sie Outer 1357911 turmnce stce:| 0| ¥ Maatgn (] Vosasspacrc hsa soton

o ooseniru f macorn ] T1 OICOMIGNIFTY || Coap T1 4 esrwst 11" bt ] T1 CorogtoFun

sagmen oot Avin (8) Epos

& R Rutory e () Duwanve 12
@) frmson 34 P v —

Noance s W Co7. Gobad | || O covaries

e s o (907207205 s 599

& Smoom | Smoum oy DANTEL  suse 444

ek S W [ [ oo e
individual space by the T i ancpir oot~ a7 B
information of DARTEL or i 11T male R
unified seg ation. °] °] e
(oL e—— O
PamWonan 8. O Functosar sessenr _ Suning Orecton Name: | Funaw
o | [(Sam ] [1oas] [wmes] [oue Run
8006 DPARSFA
Data Processing Assistant for Resting-State fMRI

Preprocessing
and R-fMRI
measures
Calculation

Nuisance Covariates
Regression
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parameters set in the
upper section.
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Why?
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e Reduce the effects of bad

normalization

¢ Increase SNR

Preprocessing
and R-fMRI
measures
Calculation

Linear detrend
(NO need since included in
nuisance covariate
regression)

Preprocessing
and R-fMRI
measures
Calculation
ALFF and fALFF calculation

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

Amplitude of low frequency fluctuation / Fractional ALFF

(b)3500 soc [© 0 —
—SC —SC
5 006
g
=
” mh g o
M\, ‘J h“\m £ o
A
a2V 1Y b TR
W )
% ﬁ ks L. | % 0.1 015 02 02
equency (Hz) frequency (Hz)

PCC: posterior cingulate cortex

SC: suprasellar cistern

Zang etal., 2007; Zouet al., 2008
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The “bad” time points
defined by FD_Power
(Power et al., 2012) wil be
interpolated or deleted as
the specified method.
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oo | [saw | [isss] [(inmes] [ oue Run
800 Scrubbing Settings
Scrubbing Settings
FOtype (@) PO Power) FD enkinsan)
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St teme pores belore ad” e parts 0
Scrubting time points afler " time pords 2
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Zang YF, Jiang TZ, Lu YL, He Y Tian LX (2004)

(R = n(R)?

]]—ZKZ(M3 —n)

W=

Zang et al., 2004

o is. Neurcimage 22:394-400.
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Define ROI

Multiple labels in
mask file: each label

is considered as one T Widiipie Labels in mask 11

ROI

| AAL atlas

| Harvard-Oxlord atlas I

Dosenbach et al., 2010
| Dosenbach's 160 functional ROIs

Andrews-Hanna et al.,

2010

| Craddock's 200 clustering ROls

Craddock et al., 2011

| | Angrews-Hanna's DMN ROIs |

| Define Other AOIs |

Define other ROIs
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Degree Centrality
Calculation
(Buckner et al., 2009; Zuo
et al, 2012)

> r Threshold
(default 0.25)

Preprocessing
and R-fMRI
measures
Calculation

Functional
Connectivity
(voxel-wise seed
based correlation
analysis)

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

Prtceares

Tomguso P | [ EPIDICOM 1o NIFT) || Acsly M () Rerove Fist| 10 Tme pomes & Sk Tewg

& meann (| voussSpacec vasa oton

57011, pnce st €

Rossont 11 ot 9 T1 CorogloFun

4 T1 DICOM s MFTI
Eout Avi (@) Fuepoas

P Ty

) Smoom () Smosmoy ONNTEL  rpete| (444

) Dutnat mas ) o s () Usaecned mask

Scnsteg ([ Mars
o £l Dutns HO!

 Mamaee s Symrov Terien §f o

Params W+ Functonai Somsene#: | 1 stuneg Owcon Nama: | Funfam

806 DPARSFA

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

Putcpares e

TonpueP. 3| (¥ EP1DICOMINITI || Ay e (9 emove Frst| 10 | T pores §f ke Teng

St pmter | O | st ot 1357911 ety sa:| © | & Mo (] Vonmsspacec v oo
oot mact (¥ THOICOMIG NIFTT || Cocp T4 4 Nesrst 1° 4 b1 1 T1 Corogto Fun

oot s @) Evepoan

A8 Rt e i Sogmersan
s bt et () Rt docy &

Sagmarn e segment + ARTEL
5 Mo Covrims Foprossn Anpormiownt | 1
ot ot scabig rpoasers

pre— :

Dwwane 12

L —— e T ey Y

o Smoom | Smosmoy ONNTEL  rsete| (444

Warp Masks b bows Soace

Extract ROl time courses | O e =
Arvarr gt o7~ 47] rom
(also for ROI-wise sy () me [S——
Functional Ci ivity) [@ i ===
T e = o
Define ROI R SRR e —
o | (s ] [iosa) (wmet) [ Run

Define ROI

8 006 ROI List

| + Sphers |

+Mask

+ Sead Senes

- Ramave

Save AOIs Load ROIs

12



2019/8/1

Define ROI Define ROI

e0e ROI List

® O O Add Spheric ROI

— sanere

res/HarvardOxford-cort-maxprob-thr2 5-2mm + Sphera
es/HarvardOxford-sub-maxprob-thi25-2mm
#s/CC200ROI_teon05_2level allni

es/Zalesky_980_parcsilsied_compact.nii + Mask
X Y  Z Ratus as/Dosanbach_Sciencs_160R0Is_Radiuss_I
as/BranMask_05_91x109x31 i
es/Pawer_Neuron_264R0Is_Radiuss_Maskr + Sesd Senes
es/Schacter2018_400Parosls_7Netwarks_orch
- Remave
- Clear Al
(] From Tairacn to i
| [FhT Save ROIs Losd ROIs ok

— Define ROI
Data Processing Assistant for Resting-State fMRI

Advanced Edition  DPARSF 4
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Calculation ;=
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Define ROI Interactively

0 means define ROI Radius for each ROI
seperately
(@ Funcaenal Comnectvty (W Extract RO e cowses | Detes RO!

o Nt e Tergiate (o VW

Functional Connectivity

Fie Edt View Inser Tools Deskiop Wdow SPMFgue Help

You will get the Voxel-wise functional connectivity results of
each ROI in {working directory}\Results\FC:
ZROI1FCMap_Sub_001.img

zZROI2FCMap_Sub_001.img

For ROl-wise results, please see {working

directory}\Results\FunimgARCW*_ROISignals.
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Voxel-mirrored homotopic
connectivity (VMHC) (Zuo

et al., 2010)
Prepare for VMHC: Further o o
register to a symmetric sl
template

oo | [saw | |isas )| [(temms] [ o Run

VMHC

1) Get the T1 images in MNI space (e.g.,, wco*.img or wco*.nii under
TlimgNewSegment 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 TlimgSegment) 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 areference
from Zuo etal., 2010.
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Preprocessing
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P

Parallel Workers (if
parallel computing toolbax
is installed)

Each subject is distributed
into a different worker. Sensong [ o
(Except DARTEL-Create IS N ot
Template) | e & e
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Voxel-mirrored homotopic
connectivity (VMHC) (Zuo
et al., 2010)
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Multiple functional
sessions

1st session: FunRaw R
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3rd session: S3_FunRaw
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Starting
Directory Name

If you do not start with raw
DICOM images, you
need to specify the
Starting Directory
Name.

E.g. "FunimgARW" means
Al l?ﬁeuéf: rotn‘s"f'th images
aWgich have been slice

timed, reaﬁned and

n ized.
- Normalize
S - Smooth
D - Detrend
F - Filter
C - Covariates Removed
B - ScruBBing

1. One Voxel

- \) .\7
A
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2. Participant Connectivity Maps
C ADHD

R EE e

4. MDMR 3. Distance Between Parficipants
Estimate how we#l ADHD diognosis 2 - Appag »
explains the distances between
participants.
af SS  MS F L
Group | 1 l 0se | 098 | 29 0008
Emor | 72 ‘ 2457 034
Repeat steps 1-4,
foreachgray = ———>
matter voxel.
Shehzad et al., 2014. Neuroimage 87
ena DpARSEA

Resting State
fMRI Data
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The R-fMRI Lab

Jed WeChat Official Account: RFMRILab

Thanks for your attention!
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