
Network modeling analysis

• Resting state preprocessing


• Node definition and edge calculation


• Group analysis and challenges


• Comparison of resting state methods



Careful cleanup required

• Structured artefacts much more of a problem for 
rfMRI than task-fMRI


• No model of expected activation


• Instead based on correlating timeseries with 
each other

Low motion > high motion

Van Dijk et al (2012)

https://www.sciencedirect.com/science/article/pii/S1053811911008214?via=ihub


Noise sources

• Head motion


• Cardiac & breathing cycles


• Scanner artifacts

Bijsterbosch et al (2017)

https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&


Preprocessing overview

Bijsterbosch et al (2017)

https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&


Nuisance regression

• Head motion parameters


• White-matter / CSF


• Use GLM to remove nuisance 
timeseries


• Perform analysis on residuals


• “CompCor” method (PCA-based)

Muschelli et al (2014)
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https://www.sciencedirect.com/science/article/pii/S105381191400175X?via=ihub


Volume censoring

• Remove volumes with high motion


• Very effective to fully remove large 
motion effects


• But, does not remove small motion 
effects and other noise sources


• Also known as scrubbing, spike 
regression, de-spiking

Power et al (2012, 2013, 2014; Bijsterbosch et al (2017)

https://www.sciencedirect.com/science/article/pii/S1053811911011815?via=ihub
https://www.sciencedirect.com/science/article/pii/S105381191200290X?via=ihub
https://www.sciencedirect.com/science/article/pii/S1053811913009117?via=ihub
https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&


ICA based cleanup

Salimi-Khorshidi et al (2014), Pruim et al (2015), Bijsterbosch et al (2017)

• Semi-Automatic labelling methods 
available (ICA-FIX, ICA-AROMA)


• Removes most types of artefacts 
(motion, physiology, scanner)


• But, does not capture global 
(spatially extended) noise

https://www.sciencedirect.com/science/article/pii/S1053811913011956?via=ihub
https://www.sciencedirect.com/science/article/pii/S1053811915001822?via=ihub
https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&


Cleanup: classification
FIX 


● fsl.fmrib.ox.ac.uk/fsl/fslwiki/FIX  

● Classifier with many features

● Requires manually labelled training data

● 99% accuracy on high-quality data


ICA-AROMA 


● github.com/rhr-pruim/ICA-AROMA 

● Simple classifier with only 4 features

● No training data required

● Mainly designed for motion artefacts

Griffanti et al (2017)

http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FIX
http://github.com/rhr-pruim/ICA-AROMA
https://www.sciencedirect.com/science/article/pii/S1053811916307583?via=ihub


Physiological noise regression

Glover et al (2000), Jones et al (2008)

• PNM, RETROICOR


• Requires physiological measurements 
during scan


• Generates regressors based on 
physiological data

https://onlinelibrary.wiley.com/doi/full/10.1002/1522-2594(200007)44:1%3C162::AID-MRM23%3E3.0.CO;2-E?sid=nlm:pubmed
https://www.sciencedirect.com/science/article/pii/S1053811908006393?via=ihub


Lowpass temporal filtering

• E.g., common to remove 
frequencies > 0.1Hz


• May remove useful signal


• Not guaranteed to remove much 
artefact

Bijsterbosch et al (2017)

https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&


Global signal regression

• Regress out mean timeseries across all voxels 
(or all grey matter voxels)


• Shifts connectivity values to be zero mean


• Therefore, more negative correlations 


• Not necessary if using partial correlation

Murphy et al (2009)

https://www.sciencedirect.com/science/article/pii/S1053811908010264?via=ihub


Clean-up comparison



Clean-up comparison

no additional correction

24RP-regression

24RP + volume censoring

ICA-AROMA

DVARSFMRI data



Clean-up comparison

Ciric et al (2017)

https://www.sciencedirect.com/science/article/pii/S1053811917302288?via=ihub


Summary and advice



Preprocessing advice
• Read up on the latest literature


• Nuisance regression is not enough


• Low-pass filtering is not enough & often not necessary when using other 
approaches


• Use ICA-based methods and/or volume censoring


• Use physiological noise regression when interested in brainstem or other 
vulnerable brain regions


• If using global signal regression, also show results without



Data acquisition advice
• Just a guide, may vary depending on study aims!


• Whole brain coverage, voxelsize: 2 - 3 mm


• Scan duration: 


• 10-15 minutes per scan 


• Potentially multiple scans


• Repetition time: ideally close to 1 second 
(multiband/ multiplexed imaging)


• Paradigm: eyes open, fixation cross


• Auxiliary data: physiology, sleep
Bijsterbosch et al (2017)

https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&


Resources
• FSL mailing list


• Book (Amazon/ OUP)


• All references on the bottom of slides contain 
‘clickable’ links 
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Spontaneous ‘resting-state’ fluctuations in neuronal activity o!er insights 
into the inherent organization of the human brain, and may provide markers 
for diagnosis and treatment of mental disorders. Resting state functional 
magnetic resonance imaging (fMRI) can be used to investigate intrinsic 
functional connectivity networks, which are identified based on similarities 
in the signal measured from di!erent brain regions. 

From data acquisition to interpretation of results, Introduction to Resting 
State fMRI Functional Connectivity discusses a wide range of approaches 
without requiring any previous knowledge of resting state fMRI, making it 
highly accessible to readers from a broad range of backgrounds.
 
Supplemented with online datasets and examples to enable the reader to 
obtain hands-on experience working with real data, this primer provides 
a practical and approachable introduction for those new to the field of 
resting state fMRI.
 
The Oxford Neuroimaging Primers are short texts aimed at new researchers 
or advanced undergraduates from the biological, medical or physical 
sciences. They are intended to provide a thorough understanding of the 
ways in which neuroimaging data can be analyzed and how that relates to 
acquisition and interpretation. Each primer has been written so that it is 
a stand-alone introduction to a particular area of neuroimaging, and the 
primers also work together to provide a comprehensive foundation for this 
increasingly influential field.
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https://www.jiscmail.ac.uk/cgi-bin/webadmin?A0=FSL
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