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Overview

Review of the large-scale studies we are working on at FMRIB 
•  Human Connectome Project 
•  Developing Human Connectome Project 
•  UK Biobank Imaging extension 
•  Multi-study identification of pharmacological biomarkers 

Themes  
•  Pipeline development and applications 
• Multi-modal analysis methods 
• Automated QA 
• Sparse methods 
• Meta-analysis and multi-study inference 



Human Connectome Project

•$30m project:  the best in vivo human macro-connectome mapping 

•Main groups:   WashU (Van Essen),  UMinn (Ugurbil)  &  FMRIB 

•Diffusion-MRI    Resting-FMRI    behavioural measures    genetics 

• 1200 subjects 

•Data and network models freely available

Felleman & Van Essen, 1991



Human Connectome Project

- Parallel Imaging: Multiband Acquisitions

Acquisition



Human Connectome Project

.

Analysis Pipelines



Human Connectome Project

Identifies and removes artifactual 
components from FMRI time series.

- Utilises spatial and temporal 
signatures identified from large, 
human generated training dataset 
(multiband and standard EPI - can 
train your self)

Workflow: 

1) preprocess 2) run ICA  3) run FIX 4) 
run analysis (Feat, Melodic)

- Currently available as download 
(need MATLAB, R).

http://fsl.fmrib.ox.ac.uk/fsl/

FSL FIX



Human Connectome Project

+		preprocessing +		ICA+FIXraw	data	(mul9band	6)

FSL FIX



Human Connectome Project

Glasser, Van Essen et al, under review

Multimodal parcellation



Human Connectome Project

Individual differences

Language Theory of mind Gambling

...
...

...
...

RSNs



Human Connectome Project

Using connectivity as a signature of functional areas

Jbabdi&Behrens Nat Neurosci. (News and views) 2012

Train

Test



Human Connectome Project

Using connectivity as a signature of functional areas

Features



Human Connectome Project

Using connectivity as a signature of functional areas

=

activation features
Nx107Nx1 1x107

betas

=

50 filters -> 50 GLMs per subject 
Filters based on group ICA  
average betas (Leave-One-Out predictions)

=

=

=

…



Human Connectome Project

Results

Using connectivity as a signature of functional areas



Human Connectome Project



Human Connectome Project



Developing Human Connectome Project

.

• Now extend brain connectivity 
mapping to understand brain 
development... 

• ... imaging babies before and after 
birth (>1000 babies) 

• ... and modelling the effects of 
genes and environment 

• Collaboration between FMRIB 
Oxford, Kings and Imperial 

In utero dynamic MRI:  Edwards & Hajnal



Developing Human Connectome Project

.

MB pre-MC cleanup

Rewritten EPI2Struct

Robustified Motion Corr

Upgraded FIX automatic  
artefact cleanup

Adjusted surface 
projection

Automated 
selection of 
fieldmaps, 
templates

Updated Resampling

Updates to pipelines

Slice to volume reg

New age-
dependent 
templates

MSM Surface 
registration



Developing Human Connectome Project

Initial surface projections and ICA



.

• Brain imaging scientific direction:  
Stephen Smith, Karla Miller (Oxford),  Paul Matthews (Imperial) 

• Brain imaging analysis pipeline:  
Fidel Alfaro Almagro, Stephen Smith (Oxford) and many others

• Original prospective epidemiological study:  500,000, 45-70y 

• Imaging Extension:  bring back 100,000 for brain, heart, body imaging 

• Discover multi-modal early imaging markers of disease



.

• How do you scan 100,000 subjects?
• 3 dedicated centres, 54 subjects/day, 7 days/week, 5 years!

• What imaging data can you get in 100,000 subjects?
• 35 mins each: brain MRI, cardiac+body MRI, bone density, carotid US

• Brain imaging (3T Siemens Skyra, 32ch, multiband fMRI/dMRI)
• T1 anatomical (5 mins) 
• T2 FLAIR (6 mins) 
• Multi-shell diffusion (7.5 mins)

• Resting FMRI (6 mins) 
• Task FMRI (4 mins) 
• Susceptibility-weighted (2.5 mins)

• Brain imaging scientific direction:  
Stephen Smith, Karla Miller (Oxford),  Paul Matthews (Imperial) 

• Brain imaging analysis pipeline:  
Fidel Alfaro Almagro, Stephen Smith (Oxford) and many others
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• Brain imaging scientific direction:  
Stephen Smith, Karla Miller (Oxford),  Paul Matthews (Imperial) 

• Brain imaging analysis pipeline:  
Fidel Alfaro Almagro, Stephen Smith (Oxford) and many others

probabilistic dMRI 
modelling: 

dominant fibre 
direction 

averaged over 
4000 subjects
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• Brain imaging scientific direction:  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• Brain imaging analysis pipeline:  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Resting-state 
networks: 
4000-subject 
group-ICA

2.4x2.4x2.4mm3

MB=8, TR=0.73s
tinyurl.com/ukbbrain
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Multivariate population modelling: multimodal Bayesian ICA
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FMRI Biomarker Identification

Wise, 2010



FMRI Biomarker Identification

Wise, 2010



FMRI Biomarker Identification



FMRI Biomarker Identification



FMRI Biomarker Identification
Assessments of 
analgesic studies Assessments of 

control studies 



FMRI Biomarker Identification

Resting-state pharmacologic studies 

Pain Biomarker for Newborn babies (FMRI & EEG)

Biomarker for Antidepressant Action 

Biomarker for Chronic Pain

Predictors of postpartum pain



Summary

Brain imaging is moving to the realm of big data, multimodal data, and 
multi-study data. 
Work at FMRIB is grappling with the increasing complexity of analysis 
pipelines, data exploration, and identification of structure. 
Challenges of integration of modalities remain.   

• We have been cautious about implementing complex  
biophysical models 

• Sparse methods are crucial 
Automated QC is under development 
There is still a central role for tradional, smaller studies.   

•  Analyses need to be integrated into large-scale and multi-scale 
frameworks.



FMRIB Analysis Group


