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Data preparation

806 DICOM Sorter

DICOM Dveciory:

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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Data preparation P
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Arrange each subject's T1 DICOM images in one directory, and then put P rep rocess | ng

them in “T1Raw" directory under the working directory. an d R_fM R I
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Apply reorientation matrices:
ReorientMats
Rename to:

DownloadedReorientMats
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Remove several first
time points

Slice Timing

806 DPARSFA

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

Prtcsaes

Tompuse .

Stco Momewr
& st

¥ T DICOM1s NIFTT || Crcp T1 4 tesrst 7+ ot 1 T1 Coroglo Fan

Sagrent  varw Segment « CANTEL oot Avir (8) Fuepou

Poromvont | Aussony e (1) Dematve 12
@) e 3¢ T T enp—

Menarnce mpessors WAL C5F Giobad | || Oer : ao a1

s onaing B /9012672908
Nommaios y cor EPymepives () Nomaion by usig T3 mmage st seymaniatons (8) Aesmutoe by DARTEL

f smoum () smoom oy OARTEL  psare| 444

® oot mase () e man () o mae Warp asks o e Soace
W Arrirs amaper| 00|~ 1] e
Scrubeg oo O Loges Comramy
] o

L — "
Pamie Wosan s © Functonal Semens s | Sunieg Drecory Mame: | Furdl
wo | (som| [1ssa) (wwmm] [ Run

Huettel et al., 2004

Preprocessing
and R-fMRI
measures
Calculation

Total slice

806 DPARSFA

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

[T —

T —
S e pemns
TorpueP_ 3| {9 EP1DICOM NIFTI || Aogh Ve (4 Rarove Frst| 10 (..yq...l..«,.s.y..q
T el T | Spacre s weton

o ran o T DCOMBNIFTT || Crop 1 O esrent 1+ O bt 4 T1 CarogoFn

Segment ¥ vw Segment + CANTEL

Al Rntarn o s Sagmarsanon ) Eost Avar (&)

(if 0, The slice order is then
assumed as interleaved
scanning:
[1:2:SliceNumber,2:2:Slice
Number]. The reference
slice is set to the slice

Stipaioniat e 8824232
(Retfatepsiedkicenning)
Slicdiveckaqeétidlivethembe
midgi2)tirpHOfeBBETR
CAUTIOUS!!!)

4 Popromeivent | A dosy 6 Dearve 12
@ o3¢ D AN pres—

Omer covares v 1

[ L —— R T Sy T

o Smoom [ smoum oy OARTEL  pasae. (444

) Dutnat s ) o s ) Usaectned mask Warp Uasks b v Soace
S arranrs sumgpar cor |~ ar| ¥ rew
Scnsteg [ ek 5 Doyes Conamy
o

£l Duien ROI

W Normatze s Symmare Temgaate (o WG =
vt [+ | Moaaaimenena] 1 11 me s m
= e e —

translation

Why?




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)

(Yan etal.,
Neuroimage
2013)
3 1
e o 0z o4 o0 08 1
Mean, FD_, Moan (moan,_ FD,_]
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€-G. Yan e o / Neurolmage 76 (2013) 183-201

A Group mean of Group mean of
Corr(FD,, FD,, Van Dijk)

Group mear
Corr(FD,,, FD,, Jenkinson)
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A
Q‘ 'gi‘/‘ié:
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e

“FD,_, (Power) - Mean,, FD._
+FD_, (Van DIlk) - Mean,, FD._,
4 *FD_ Wenkinson) - Mean,, FD,

*Mean FD_, (Jenkfnson)

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
Check hea

{WorkingD)

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

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
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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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Display the mean image
after realignment. (Could
take this step as a 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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Automask
generation

For checking EPI coverage
and generating group mask

FunimgAR/Sub_001

Masks/AutoMasks/
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.img)
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Brain extraction
(Skullstrip)

For better coregistration

For Linux and Mac:
Need to install FSL.

For Window:

Thanks to Chris Rorden's
compiled version of bet
in MRIcroN, our
modified version can
work on NIfTl images
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Coregister T1 image
to functional space
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Unified ion.
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Nuisance Covariates
Polyryupiaktignds 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
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Head Motion regressi
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Table 3
Summary recommendations.
Summary recommendation
« Individual-level correction with the Friston-24 model is recommended.
e0n Scrubbing Settings + 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
L 9 Setting individual-level correction with scrubbing is recommended for PCC-FC, VMHC
and ReHo (not ALFF*, ALFF, DC®),
FD g @ P Poms FD (Jankinacnl
Additional considerations
FD thrmshokd for ba s ponts: os

Scrubibing ters ponts badors D" lene poets

Seneting tma ponts sher ad s points 2

Scrubtng Method. use sach bad trme pont as 4 regressar

« Inclusion of global signal regression at the individual-level produces robust re-
ductions in the relationships between motion and R-{MRI measures across par-

Yan et al., 2013, ticipants — particularly for measures without Z-standardization. The benefits of
. GSR need to be balanced against potential risks for introduction of artifact in
Neuroimage the spe

cific analyses employ

« For studies x tion datasets, the utility of higher-order Friston 24
model decreases. In this case, we recommend consideration of lower-order
(i.e., 6 or 12-parameter) models to minimize the potential for over-fitting, as
noted in Satterthwaite et al. (2013).

« TALFF appeared to be relatively insensitive to motion correction strategies in
the present work. Prior work (Satterthwaite et al. 2012) has suggested greater

Preprocessing
and R-fMRI
measures
Calculation

= sensitivity in higher motion populations; as such we recommend continued
application of correction procedures at the present time.

* Recommendations against scrubbing for ALFF and fALFF 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
ability to compromise graph construction (see The ability of motion correction st
gies to decrease residual relationships between motion and R-fMRI metrics at grolip=
Jevel section for

800 DPARSFA

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

e om0

TenpuseP. 2| [ BPIDIOM NET) | Ay Mt (9] Rerove Frst| 10 |t roms S T

SveMmber. O | Shw e 1957911 pitwwnce saw. 0 | ¥ hoatgn (| we

S——
Moo A (¥ T1 DICOM I MFTI (| Cop T4 4 hesron 119 bt 9 Tt CoregioFan

Segmars e segmans  DARTEL At pdacnaton s Sograniato: () Eont Avn (@) Euepoas
Possosye () Dumane 12

(WM, CSF, Global)

f Smoom [ Smoum oy CANTEL  ssate. 444/

© Dmstmasn ) b ) unaecnined st Warp sk s vwebs Soace
L
Scnsomg () s . Coges Canany

“ “ e #0 - O ows
[T er—— "

Sammwonan s | 0 | Functonat Semsons £

voo | [Saw | |1sas) [tames] [ ou Run

Nuisance Setting

. L ]
Nuisance = =
Regression = = "
somn B sewwon | wn. B

Bo W & e G5

s
o e
Comcer

B s

e

e —

» 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 et al., 2007]

» Global Signal based on Automask
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Asssosye () Dewave 12

Spatial Normalization

o roattn g o 9012672905

Nommaios by var Py epites () Nommadoe by using 11 mmage b segmantatis (8) Aeveloe by DARTEL |

o Swoom | Seoem ey GARTEL peae 499

) Outnat s ) o mas ) Usaectned mask Warp Uasks b v Soace
S ATr gugper | 000 =] a1 | o e
Scnsteg ([ hare Dogen Conamy
o £l - oot

M Normatze 3 symmare Temsatn. (o V0
Par e s | O | FuscionaiSemenss: | 1

Huettel et al.,
2004

Normalize

Methods:
I. Normalize by using EPI templates
Il. Normalize by using T1 image unified
segmentation
- lll. Normalize by using DARTEL

IV. Normalize by using T1 templates (hidden)

Normalize

lll. 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.




800 DPARSFA

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

Preprocessing
and R-fMRI

measures

Calculation =

UnarsiyegOropson

| EPIDICOMIS NITI || Aol Ve (¥ Aerove P

1 Muwcs si:| 0| 8 maatgn (] Vosa)Spacec vasa uoron
™ T1DICOMIBNIFTY | | Coep T1 (4 Ressest 11 (¥ et 3 T1 Coreg o Fun

Ausssosye () Dewasve 12

Smooth

For ReHo, Degree
Centrality: don’t
smooth before
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¢ Reduce the effects of bad

normalization

D) s (3 e () ot o WMk i v s
calculation G rore g oo 7] 8 e ¢ Increase SNR
Sonenry (] meve - cnpes Gonny
FWHM kernel settings ¢ “ . x °
can be applied to L — .. -
e sawm (™ B our Run 50
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Aot sie:| 0| voan scre v voron

Default mask: SPM5
apriori mask
(brainmask.nii)
thresholded at 50%.
User-defined mask
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Asssosye () Dewave 12

@) Momatos by DRATEL
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Linear detrend
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regression)
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Nuisance Covariates
Regression

0 T3 mape s seymaniatis (8) Acmaioe by DARTEL

If needed, then use the
parameters set in the
upper section.

Warp Uasks b v Soace

) ASRALTE g izt | 001
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ALFF and fALFF calculation
(zang et al., 2007; Zou et 5. owws ¥
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4 o . Deten HOI
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ALFF/fALFF

Amplitude of low frequency fluctuation / Fractional ALFF

b) 3500 c) 008
& rec [ PCC

—SC —SC

\‘\
ik |
H‘ I b

frequency (Hz) frequency (Hz)

fractional power

| I im
H ‘Jl',\'s‘l'; i

/|
"
o b i “\i\.,)‘(‘ /

PCC: posterior cingulate cortex

SC: suprasellar cistern
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defined by FD_Power
(Power et al., 2012) will be
interpolated or deleted as

the specified method.

Zang et al., 2007; Zou et al., 2008 P R i — staneg orscor rame
> wo | (sam) [tesa) (wwmm] [0 Run
62
[-XaXs] DPARSFA
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P re p rOCGSSi n g 800 Serubbing Settings
Partcgans e
o Scrubbing Se
and R-fMRI e
Tompuwer. | [ EPDICOMINIET | Aty Mie o Ramove Frt| 10 |1 romis § Sk g - @ PO Pomn P
measures 197071 | 9| S e vt st “had” time poi P
The “bad” time points Pt

Serng teme ponts belore DA tene ponts.

Scrubting tima points aftar had' tims poets

Scrubbing ethod lledarpolation)
(@) Ct (doiete) Naarest Neghbor Linear

Qutsc Spine Pracowns Cuts: Hermte
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Regional Homogeneity
(ReHo) Calculation

Sagnent ¥ vew Segment » CANTEL A8 Rt o i Sagrmensae | Eovt A

P — P

@) e 20 R L s p—

Omer covares

L [ T Sy

e E
(angetal, 2008) | [T
e e R
4 T T Totes HO!
T Cm—— g =
[ sae " o Run

65

(R — n(R)?
W= (R;)” — n(R)

U oaa
EK (n® —n)

Zang et al., 2004

Zang YF, Jiang TZ, Lu YL, He Y, Tian LX (2004) Regional homogeneity approach to fMRI data analysis. Neuroimage 22: 39/
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Degree Centrality

pe—

Calculation Z,,
(Buckner et al., 2009; Zuo Py
etal, 2012) p— Y

o Smoom [ smom oy CANTEL  seate| 444

> r Threshold

@) Outnot mass () M masn () Unarcnimed mase Warp Masks e owens Soace
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Zuo et al., 2012
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Calculation

S T e ) Venas spacre rosa veton

¥ 1 DICOMIG NIFTI [ Cocp Tt 4 hesront 70 ot 9 T1 Corogl Fun

Functional
Connectivity
(voxel-wise seed
based correlation vy
analysis) 8 e 3 Somem oyttt o] 7
Extract ROI time courses ] @7 0= O wmanama = e --.w,;sm
Arvasirs e 07|~ 47 (5 rom

(also for ROI-wise
Functional Connectivity) I

:

o etz v v Temciin ] WG

Define ROI Famiwman s | 0 | Fncronas Seweon £

stanng Dvcton Name:

oo | [saw | |lsas) (i) [ Run

Define ROI

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

[E M Labes i sk fle
ROI =

| AAL atlas I | Harvard-Oxford atlas |

Dosenbach et al., 2010

| Dosenbach's 180 functional ROIs

| Andrews-Hanna's DMN ROls |
Andrews-Hanna et al.,
2010

| Craddock's 200 elustering ROl

| Define Other ROIs |

Craddock et al., 2011

Define other ROIs

Define ROI

800 ROI List

[ -Remava )

Save ROIs. Load ROIs. ‘ oK |

12
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Define ROI Define ROI

o0 e ROI List
fesimates ]
© 0 O Add Spheric ROl resHarvardOsxdord-cort-maxqrob-thr25-2mm. + Sphera

es/HanvardOxdord-sub-maxprob-thi25-2mm
85/CC200RO_toont5_evel_all nii
es/Zalesky_980_parcellated_compact.nii + Mask

X Y Z  Radus
‘se/Brainhiask_05_01x109x91.img

‘es/Power. Neuron_264R0Is_Radiuss_Maskr + Sesd Senes
es/Schaeler2018_400Parcels_7Netwarks_ord:

- Remove
- Claar A1
(] From Talarach 1o MNI
Cancal Acoept ‘Save ROIs Load ROIs oK

enn DPARSFA Deflne OI

Advanced Edition  DPARSF 4

Preprocessing
and R-fMRI -

measures e
Calculation ;= == =

o T1 0ICOM e NFTI

) Detsne W01 Dmteznctioely [ BB

et R0 60 o wert o ka0 rterecsveh 7
L

it s

Define ROI Interactively

0 means define ROI Radius for each ROI
seperately

©

Define ROI Functional Connectivity

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

ZROI2FCMap_Sub_001.img

For ROI-wise results, please see {working

directory}\Results\FunimgARCW*_ROISignals.
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Calculation Calculation

s e DrogouTraAOr T AAMTADMOPARSF |,

4 T1OICOMIS MITI | Cocp T1 4 tesrst 1+ Bt 1 T1 Corog o Fan ™ T1 DICOM B NIFTI [ ] Coep T+

o T CormgloFun

At Anrtarnaton ' Py

Voxel-mirrored homotopic
connectivity (VMHC) (Zuo

ot 1| o oo ot () Pisoony &

Voxel-mirrored homotopic
v~ as connectivity (VMHC) (Zuo

PrR—

etal., 2010) etal., 2010) =
Prepare for VMHC: Further S Arvnirs g s 01 g
register to a symmetric Scnpoeg () o
Detre RO! rasvacevol o e ourses | Detew HOI

VMHC

1) Get the T1 images in MNI space (e.g., wco*.img or wco*.nii under
T1limgNewSegment 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 T1imgSegment) 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 Gee et al., 2011
from Zuo et al., 2010.

@@@@@0 @OQC

Zuo et al., 2010

)
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Preprocessing _
and R-fMRI - . Preprocessing

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

Warkng Dvecr

sy Drogon TraAG e TraAMTADMAOPARSS |,

measures ‘ and R-fMRI »
Calculation i e MEASUNES B weclelmaiomy moalr] g oo
paratlel Workers i Calculation
paralrerlac:mpuotzn:r:o(vlalbox Mu“ilstessfil:’r:‘cstinnal
is installed)

Each subject is distributed
into a different worker.
(Except DARTEL-Create

Template)

1t session: FunRaw
2"d session: S2_FunRaw
3d session: S3_FunRaw
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4. MDMR

3. Distance Between Participants

Estimate how well ADHD diagnosis Ve
exploins the distances between v
participants. g I
o S8 MS F L4 v
Grop | 1 | 098 |0se | 20 |0o0s e
| Bt P B | 00
Eror | 72 2457 034
| m™Cc ADHD 0.48 Distance
Voxel treeshoid -
Repeat steps 1-4, g (p<003) » ‘h-\
for each gray > > ;.& P
matier voxel. Cluster comection <1 [1f
(p<008)

Shehzad et al., 2014. Neuroimage
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