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DPARSF: a MATLAB toolbox for “pipeline” data analysis of
resting-state fMRI
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Edited by: Resting-state functional magnetic resonance imaging (fMRI) has attracted more and more
‘L‘;"*O Uddn Snford Universit.  attention because of its effectiveness, simplicity and non-invasiveness in exploration of
Aoviowody. the intrinsic functional architecture of the human brain. However, userfriendly toolbox for
Martn Waler, Ottovon-Gusrike- “pipeline” data analysis of resting-state fMRI is stil lacking. Based on some functions in

Univrsiat Magebur, Statistical Parametric Mapping (SPM) and Resting-State fMRI Data Analysis Toolkit (REST),
s i Stanfor we have developed a MATLAB toolbox called Data Processing Assistant for Resting-State
u MRI (DPARSF] for “pipeline” data analysis of resting-state fMRI. After the user aranges the
Correspondence: Digital Imaging and Communications in Medicine (DICOM) files and click a few buttons to
Yan Chao-Gan, State Key Laboratory of

hs set DPARSF will then give all the preprocessed (slice timing, realign, normalize,
Bojing Normal University Bejing  smooth) data and results for functional regional plitude of low-
100875, China. frequency fluctuation (ALFF), and fractional ALFF. DPARSF can also create a report for excluding
ngg”gg subjects with excessive head motion and generate a set of pictures for easily checking the

effect of normalization. In addition, users can also use DPARSF to extract time courses from
regions of interest.
alysis, DPARSE REST, sP
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Baiing Nor
10075, China.
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Template Parameters

Data Organization

ProcessingDemoData.zip

Funimg

Sub 001 Functional NIfTI data
- (.nii.gz., .nii or .img)

Sub_002
Sub_003

Tlimg
Sub_001 ‘ Structural NIfTI data ‘

.nii.gz., .nii or .im

Sub_002 (nit.g g)
Sub_003
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Data Organization

ProcessingDemoData.zip

FunRaw
Sub_001 Functional DICOM data ‘
Sub_002
Sub_003
T1Raw
Sub_001 \‘ Structural DICOM data ‘
Sub_002
Sub_003
http://rfmri.org/DemoData o
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Image Calulator

o0
Image Restcer
oPsBisu 13
Oymamc Sty Ansyses T4 Images Averager
Qustty Gontet 1 Image Defacer
Somoseon
Voxel Szs Augmentor
Pen—
RO Signal Extactor
Dual Regression
e
T Rt Msps Pt Tost Retost Relabity: 100
Branimagenst
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Data preparatio

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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00007.dem  0OO0S. dem  0000S.den  00010.dem  00011.den 00012 dem
() Sub_oo2

v B B B

) Sub_005
=) Sub_006 00013.dem  00014.den  0001S.dem  00016.dom  0OD1T.dem 00018, dem

Sub]ectmbpw%gg Impgry, please name as this
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Data preparat

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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DICOM Sorter
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‘Quaity Control
T1 Image Defacer
Standargaaton
VorelSize Augmentor
‘Satital Anayss
ewer ROI Signal Extractor
b Dual Regression
The MR Maps Projct
Test-Rtest Relabilty: ICC
Branimagetet
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Number of time points

(if 0, detect from NIfTI
header)

Template Parameters

DICOM to NIfTI, based on
MRicroN’s

dem2niix
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and R-fMRI -

(if 0, detect automatically)
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File Edi View Insert Tools
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Remove several first
time points

Slice Timing
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Preprocessing and R-fMRI
measures Calculation
Apply reorientation matrices:
ReorientMats

Rename to:

DownloadedReorientMats
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Huettel et al., 2004
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FieldMap Correction

FieldMap Correction

FieldMap Settings

DICOM to NIFTI

Calculate Voxel Displacement Map (VDM)

Data Format
© PhaseDIffRaw + Magnitude1Raw [+ Magnitude2Raw] |
+ + + |
Echo Time 1 (Short) 0 ms (0 for reading from DICOM)
Echo Time 2 (Long) 0 ms (0 for reading from DICOM)
EPI-Based Field Map

\oply Field Map Correction in Realign & Unwarp

Accept

8/28/20

FieldMap Correction
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FieldMap Correctio

Sub_001
=E= =
m Magnitude1Raw = RUS0013 L.
Magnitude2Raw RUS001_3 Li...
T1Raw PhaseDiffRaw RUS001_3_Li..-00003.dem
3 RUS001_3 Li..-00004.dem
# RUS001_3 Li..-00005.dcm
2 RUS001:
& RUS001
5 RUSO0T 2 11 -00N0R dem
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Why?

translatfon
translatfon
translatifon

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

A Group mean of Group mez Group mean of
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“FD_ (Power) - Mean,, FD,_ +Mean FD_, (Power) R
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*Mean FD_ (Jenkfnson)

1 slope =1.86

(Yanetal.,
Neuroimage
2013)
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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

35
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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)

32

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
ExcludeSulgSNv k)

Excluding Criteria: 1.0mm and 1.0 degree in max head motion
007
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GSR need to be balanced against potential risks for introduction of artifact in

. . Hoac moton scrueong rapressors
Neuroimage the specific analyses employed. Nuisance Regressors Oer covarates -
« For studies limited to low motion datasets, the utility of higher-order Friston 24 (WM, CSF, Global) 5 vorersse:| 899
model decreases. In this case, we recommend consideration of lower-order ot by i e s iy O At g 10 B S ptatr () Mot by AT
(i.e., 6 or 12-parameter) models to minimize the potential for over-fitting, as e T —— “
noted in Satterthwaite et al. (2013). @ smoom () Smoom by DARTEL  Fpite (444
- fALFF appeared to be relatively insensitive to motion correction strategies in D e e e — Vierp Maska o b Space
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ability to compromise graph construction (see The ability of motion correction strate-
gies to decrease residual relationships between motion and R-fMRI metrics at group-
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Nuisance
Regression

[ ) Nuisance Setting
Covarates Giobal Signal
Wnito Matter csF Botn win & wiout GSR
Mask Mask
Segment a spmapron [ o B
099 s
Metnod Metoa
PG Numer 5
Cancel ‘Accept

» 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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Filtering

The filtering parameters
will be used later (Blue
checkbox).
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Huettel et al.,
2004

LIRS
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Methods:
I. Normalize by using EPI templates
Il. Normalize by using T1 image unified
segmentation
- 11l. Normalize by using DARTEL
IV. Normalize by using T1 templates (hidden)
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IIl. 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
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calculation

FWHM kernel settings
can be applied to
later steps
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Why?

¢ Reduce the effects of bad

normalization

¢ Increase SNR
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Mask

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

Warp the masks into
individual space by the
information of DARTEL or
unified seg ion.
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Nuisance Covariates
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If needed, then use the
parameters set in the
upper section.
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Preprocessing
and R-fMRI
measures
Calculation

ALFF and fALFF calculation
(Zang et al., 2007; Zou et
al., 2008)
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8 00 Scrubbing Settings
Scrubbing Settings
FDtype <) FD (Power) FD (Jenkinson)
The “bad” time points
defined by FD_Pow.er T .
(Power et al., 2012) will be ) =
Scrubbing time points after "bad" time points: 2
interpolated or deleted as
the specified method. Method (Interpolation):
Nearest Neighbor Linsar
Cubic Spine Piecenise Cubic Hermite
oK
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LFF/fALFF

Amplitude of low frequency fluctuation / Fractional ALFF

(b)3500 (c) 008
—PCC —PCC
3000, —sC —sc
2500 y O
g
5 2000 2
2 E 004
2 1500 l ( 2
]
&
1000 | 002 f
500 [
- - % 0.05 . . 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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ReHo (Regional Homogeneity)

_ XiR;\: mE‘.\:

%K:(HE —n)

Zang et al., 2004

Zang YF, Jiang T, Lu YL, He Y, Tian LX (2004) Regional homogeneity approach to fMRI data analysis. Neuroimage 22: 394-400.
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Preprocessing
and R-fMRI
measures
Calculation

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

> r Threshold
(default 0.25)

800 DPARSFA
Data Processing Assistant for Resting-State fMRI
Advanced Edition  DPARSF A
Users
R ——
Tma poms
Partcpants
Tempiae . @ EPIDICOM 10 NIFTI (] Apply Mats (¥ Romove Frst| 10 | 1ens poms & Sice Temng

Sice Oder: (13579 11| Rutoronce sice:| 0| Reaign () Vo

sico Mumbor: 0 Heaa Moo

o ReonentFun' @ Aviowask (] T1 DICOMIoNIFTI ] Crop T1 (@] Reoren 11° (@ et T1 Coregto Fun

Segmant. [ New Segment + DARTEL Afine Roguarisation in Segmentaton: () East Asian (&) Eur

9 Rogrossion l

Agersonys () Do

@) Faston 24 Vo Hoad motn scrubong ragrossors
s o Goba) Othor covarates 01|~ o1

o Nomae  Bounding Box: 9012672909 ey siwe:| B3F

71 mage .

o Smoom (] Smoom oy DARTEL bt /444]

©) Detaut mask () Nomask () Userdemed mask Warp Masks o Indwdual Space

I AFFANFE By 20 o e

Scrubbng () Aot

oL o e Detes 0!
¥ Normatze to Symmetc Templato (¥ VHC
[r—

Functonal Sessons #: | 1 Staning Drectory Name: | Funfiaw

Functional
Connectivity
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Extract ROI time courses

(also for ROI-wise
Functional Connectivity)
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Calculation

Partcpants
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Sico Mumbor: 0
o Foorent Fun® @ Aviowask
‘Sagment (@ New Segment + DARTEL

« Rogression
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Atine Regulrsaten i Segmentaton:

XeYe) DPARSFA
Data ing Assistant for Resting-S fMRI
Advanced Edition  DPARSF A

UsersycyDIopbox TTraARONine TraAWTTIaDMaDPARSF. | ...

Aopy Mats (¥ Remove Frst 10 Teme pomts & e Trng

o Reaign (] Vorerspece

e Heaa voron

NIFTI () Crop T1 (¥ Reorent T1* (¥ Bet @ T1 Coregto Fun

Regional Hi i Musanc
(ReHo) Calculation
(Zang et al., 2004)

O —

o smoon

‘Smoom oy DARTEL b | /449

Scrubbng () Rero

™ Normaize to Symmetric Template (V] VMHC

Parase woners -

@ Functions Comnectwiy (¥ Exract RO! ime courses | Dete ot

Functonai Sessons #.

Warp Masks o Indwual Space

F ALFFVALFF  Bang

Dotne RO/

1 Stanng Dssctoy Name: | FunRaw

o rae
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Zuo et al., 2012

22260288

76

Define ROI

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

¥/ Multiple Labels in mask file
ROI

AAL atlas

Harvard-Oxford atlas

Dosenbach et al., 2010

Dosenbach's 160 functional ROIs

Andrews-Hanna et al.,

Andrews-Hanna's DMN ROIs

2010

Craddock's 200 clustering ROIs

Craddock et al., 2011

Define Other ROIs

Define other ROIs

77

78
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Define ROI

806 ROI List

+Seed Seres |

- Remove

Save ROIs Load ROIs OK

79

Define ROI

ROI List

/aal.nii

‘es/HarvardOxford-cort-maxprob-thr25-2mm, + Sphere
‘es/HarvardOxford-sub-maxprob-thr25-2mm,
£s/CC200R0_toon05_2level_all.nii
‘es/Zalesky_980_parosliated_compact.ni +Mask
es/Dosenbach_Science_160R0Is_Radius5_N
es/BrainMask_05_91x100xd1.img
es/Power_Neuron_264ROls_RadiusS_Mask.r + Seed Series
es/Schaefer2018_400Parcels_7Networks_ord:

- Remove

- Clear Al

Save ROIs Load ROIs OK

81

Define ROI

) Define ROI Interactively [C][BJ[X)

How many ROIsdo you want o defineRO inferactively?
g

s define for each ROl seperstely):

0 means define ROI Radius for each ROI
seperately

83

8/28/20

Define ROI

© O O Add Spheric ROI

Sonere
X Y Z  Radius

From Talakach to MNI

Cancel Accept

80

Preprocessing
and R-fMRI
measures
Calculation

Define ROI Interactively

800 DPARSFA
Data ing Assistant for Resting-State fMRI
Advanced Edition  DPARSF A
Working Dvectory: [Usersyoo/Dropbox/TraAOmine TraAITraDaaDPARSE | .
N —
Particpants: Lt
Template P. @ EPIDICOM 1o NIFTI | Apply Mats (W] Remove Frst 10 Time Pomts & Sice Tmng
Sice Mumber. Sice Order: @ Reasgn
@ Roonent Fun' ¥ Automask Crop T1 (¥ Reor

Segment [ New Segmant + DARTEL Ao Rogursatin i Segmencaton: () Evst Ase

@ Nusance Covarates Regression  Poynomilrend:

o Nomaze  Bounding

o Smoom () Smoom oy DARTEL b /444
) Dotaur mask () Nomask () serdetied mask Warp Masks o Indwual Space
& AFFAALFE B b 001 |~ 01| & P
Scrubbng () Rero

@ Functonal Connectivty (¥ Exract RO tme courses | Defre ROI

™ Normaize to Symmetric Template (V] VMHC

ParatoiWoners#: | O | Functonai Sessons . Stanng Ore

82

Define ROI

SPM8 (yco):Graphics

File_Edit

View Insert Tools Desktop Window SPM Figure Help

14



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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800 DPARSFA

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

reprocessing
and R-fMRI

measures -
Calculation e [ [Ty S R

skco

ntor: 0 | sice Oter 113579 11| Puterance sice:| 0 | Roasn

© Reonent Fun® @ Auiowask (] T1 DICOM 1o NIFTI ] Crop T1 (¥ Reanemt 11

Segmant. [ New Segment + DARTEL Atine Regutrsaton n Segmentaton

wriates Rogression Foynomaltrend. | Head Motin mode!

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

W ALFFOALFF  gangmz) 001 = 01|

¥ Functional Connectwity (W Extrac ses | Detne ROI Detine ROV interactvew
¥ Normaize to Symmetric Template

Par s ssons e | 1 Staning Drectory Name: | FunRaw

™ Loaa names ou Run
87
= Intrahemispheric A . " 8 p
Heterotopic P o £

Madis

O0EHEE 600

Zuo et al., 2010

Gee et al., 2011

89
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800 DPARSFA

Data ing Assistant for Resting-S fMRI

Preprocessing Advancedeation . DPARSF 4
measures e
Calculation | ... . ..oovr v v

v

Sico Mumber Sico Oder: 11357911 Rataronce sk

@ Reorent Fun' [ Automask @ T1DICOM 1o NIFTI Crop T1 (V] Rax

Voxel-mirrored homotopic

connectivity (VMHC) (Zuo
et al., 2010)

Prepare for VMHC: Further
register to a symmetric Scrubbng () Reto
template ¢ ty (@] Extact ROt

86

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 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 a reference
from Zuo et al., 2010.

s
88
Data ing Assistant for Resting-S fMRI
Advanced Edition DPARSF 4
Preprocessing e I
and R-fMRI
measures | B S et

357911 uterence sice:| 0| &

Calculation

@ T1 DICOM 1o NIFTI () CropT1 [ Reosent
TeL Atine Rt at

Hoad Mo

Parallel Workers (if
parallel computing toolbox
is installed)

Each subject is distributed

into a different worker. Senong (] R
(Except DARTEL-Create & Functonal Comectty (¥ Exract RO e courses | Detne RO1 PN —
Temp|ate) ymmetric Template (W] VMHC
v | [ oo toaa | [vomes) (o Run

90
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Preprocessing
and R-fMRI
measures
Calculation

Multiple functional
sessions

1%t session: FunRaw
2" session: S2_FunRaw
3rd session: S3_FunRaw

800 DPARSFA

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

Teve poms: | 0
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o o
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Paratoi s 5 | 0 Stang Droctoy Name: | FunRaw
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800 DPARSFA
Data Processing Assistant for Resting-State fMRI
Advanced Edition  DPARSF A
.
Preprocessin e
an R_ Paricpants '::’:“" =
measures -
. TompatoP.. | [ EPIDICOM o NIFTI (] Apply Mats (¥ Remove Frst 10 | rens poms & sice Teng
Calculation ... e

Connectome-wide
association studies based
on multivariate distance
matrix regression
(Shehzad et al., 2014)

o RoorentFun® & Autowask (@ T1DICOM1o NIFTI ) Crop T1 (V] Rearent T1* (¥ Bet @ T1 Coreg o Fun

Sogment [ New Sagment + DARTEL Ao Regulasaton n Sogmentan: () Exst Asn () Eupean
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Resource consuming as " [T By I
compared to other Y e y e
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Processing

Template Parameters

Cakciate in NI Space: TRADITIONAL order

Cakuate Reto ang

Intracperatve Processing

Task (MRl data proprocessing
and DARTEL)

VBM (unied segmentaton)

Barw
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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
ABBr‘é&l.:a .'8;\‘%:':‘ '"‘af,es
AYiet fayebeen sice

timed, realigned and

R:8 ed.
W - Normalize

S - Smooth

D - Detrend

F - Filter

C - Covariates Removed
B - ScruBBing
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— -
1. One Voxel 2. Participant Connectivity Maps
- C ADHD
b\ 1 2 37 38 3 . 7
N e @ SR e
-
4. MDMR 3. Distance Between Participants

Vorels
Estimate how well ADHD diagnosis ! & )
explains the distances between 3
participants. /0
{
\
d | SS  MS | F P =
=3
Group [ 1 | 098 | 098 | 29 |0.006 5

Eror | 72 | 2457 | 034

Voxel threshold » —— N
Repeat steps 1-4, 3 (p<003) 5 g
foreachgray =~ ———> —_— ;_f‘ﬁt“
it Cluster comection 1 1
(p <0.05)
Shehzad et al., 2014. Neuroimage %
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Calculation

 Roosent Fun ] Auoask

Segment.  New Segment + DARTEL
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No realign since there is no

 roorent - Autovask

o T1 DICOMIONFTI () CropTh o ot 4 T Corog 0 Fun

head motion. DPARSFA will
generate the mean functional
images automatically.

Define ROI Interactively
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Preprocessin

measures
Calculation

(derivatives)

Smooth R-fMRI measures
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fMRI Data
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VBM

Resting State
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DPARSFA

VBM

Partcipants

VBM (Now.. ¢

Only New Segment +
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Define the Starting Directory
Name as T1IRaw
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