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Resting-state functional magnetic resonance imaging (RS-fMRI) (1) Graphical user interface (GUI) flexible pipeline for both pre-

[1,2] provides relatively high spatial and temporal resolution for
mapping spontaneous brain activity non-invasively. It has been
widely used in cognitive neuroscience and clinical studies. A num-
ber of comprehensive software packages have been developed for
RS-fMRI data analysis, among which a MATLAB package named
REST (RESing-state fMRI data analysis Toolkit, released in October
2008 at http://www.restfmri.net) [3] is the earliest one dedicated
to RS-fMRI analysis. REST focuses on RS-fMRI postprocessing met-
rics. Combining preprocessing procedures in a famous software
toolkit named Statistical Parametric Mapping (SPM) [4] and the
postprocessing toolkit REST, a pipeline software named DPARSF
(Data Analysis of Resting-State fMRI) was developed [5]. Based
DPARSF and SPM, a new version named DPABI was developed [6]
with several new features added.

REST, as a user-friendly toolbox, has been widely used in RS-
fMRI studies. However it has not been updated for a long time.
We here introduced a new version of REST, named RESTplus
(Fig. 1). RESTplus was derived from REST [3], DPARSF [5], and
SPM12 (http://www.filion.ucl.ac.uk/spm). It was written in
MATLAB m-scripts. The toolkit, the codes, as well as a detailed
usage of RESTplus are freely available at http://www.restfmri.net.
An exemplar dataset and manual were also shared. For validation
purpose, we compared the results of a few metrics and found that
the results were the same between RESTplus and existing analytic
tool DPARSF V2.3 (http://www.restfmri.net/forum/DPARSF). The
detailed information could be found in http://www.restfmri.
net/forum/RESTplusV1.2. RESTplus supports Windows, MacOS,
and Linux operating systems. Compared with REST, RESTplus has
the following new features.
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processing and postprocessing steps. This flexible pipeline
consists of all processing steps used in the mainstream RS-
fMRI data analysis, including image reorientation, slice tim-
ing correction, motion correction, spatial normalization, spa-
tial smoothing, bandpass filtering, detrending, nuisance
covariate regression, and RS-fMRI metric calculation (i.e.,
postprocessing).

(2) A new RS-fMRI metric named percent amplitude of fluctua-

tion (PerAF) [7]. For standardization purpose, the widely
used RS-fMRI metric amplitude of low-frequency fluctuation
(ALFF) must be divided by the global mean ALFF and hence a
mALFF map is generated. PerAF is an analog to the percent
signal change that has been widely used in the task fMRI
studies. PerAF is standardized at the single voxel level, and
could be further standardized by the global mean PerAF,
i.e., mPerAF. Both PerAF and mPerAF can be used for
group-level statistical analysis [7,8].

(3) A flexible batch script “pipeline_batch.m” for both prepro-

cessing and postprocessing steps. This batch script is exe-
cuted in MATLAB command line and more flexible than the
GUI panel. Its parameters can be easily modified for users
who are skilled in programming. In order to create a robust
batch script, we refactored some REST V1.8 code.

(4) A GUI-based wrapper for Arterial Spin Labeling Perfusion

MRI Signal Processing Toolbox (ASLtbx) [9]. This plug-in pro-
vides a user-friendly environment for using ASLtbx. Users
can toggle up each of the processing step in the entire pipe-
line, such as image re-orientation, realignment, bandpass fil-
tering, spatial smoothing. Both 3D and 4D Nifti format are
acceptable. The output includes the mean cerebral blood
flow (CBF) map and the CBF map at each acquisition time.
The 4D CBF-weighted images can be used to calculate met-
rics like those generated from RS-fMRI data.
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Fig. 1. The main interface of pipeline module.

(5) A module for positron emission tomography (PET) analysis.
This module includes spatial normalization, the standard
uptape value (SUV) calculation, and the global mean normal-
ization or standardization. The SUV calculation formula was
adopted from [10]. The spatial normalization of the PET
image is based on SPM [4].

(6) A quality assurance module for calculating spatial signal to
noise ratio (SNR) and temporal SNR (tSNR) [11].

(7) A module of inverse transformation to transform an image
from the standard space back to its original space. The inver-
sion is based on the inversing deformation field generated
from spatial normalization.

(8) A module for converting coordinate from original space to
the standard space, and vice versa. The conversion is based
on the inversing deformation field generated from spatial
normalization.

(9) A module for calculating intraclass correlation (ICC). It can
be used for reliability analysis or similarity analysis of twin
study.

(10) A module for calculating standardized effect size (Cohen’s d)
for between-group design and within-group design.

(11) A fixed pipeline module towards multi-center data analysis
in which the parameters were fixed. Meta-analysis on raw
data is absolutely better than coordinate-based meta-analy-
sis. However, many research centers are not willing to share
the raw data. We recently carried out a meta-analysis on RS-
fMRI raw data of Parkinson’s disease (PD) from 20 research
centers wordwide (please see preprint from https://www.
biorxiv.org/content/10.1101/285171v1). We compiled a
pipeline and sent to research centers who wanted to per-
form data analysis themselves. The analytic parameters
were fixed, therefore, the data analyses are completely the
same for all research centers. After data analysis, the pipe-
line automatically packed all intermediate results of each
subject, including a few RS-fMRI metrics, the head motion
parameters, the spatial normalization images, detailed log
files, and so on. Each research center sent the package to

us for quality assessment and then meta-analysis. We imple-
mented this fixed pipeline into RESTplus. It will be helpful
for other meta-analyses on raw RS-fMRI data.
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