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What is a T1w image ? 1

• Structural MRI 

• Gives details of the brain : 

 - enhances the signal of fatty tissue

 - suppresses signal of water 

• Best depicts anatomy and can accentuate 
pathology

1. Grey-matter in dark grey
2. White-matter in  light grey
3. Cerebro-spinal fluid (CSF) in dark 
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2Different images for different applications

Brain MRI raw 
image (T1)

High dimensional processing Region of Interest

OR

Volume-based Surface-based

Unstructured data

o Deep-learning

Structured data – high dimensional

o High performance cluster
o Complex statistics, machine learning

Structured data – low 
dimensional

o Simple statistics

Desikian-Killiany atlas
(Desikian et al., 2006). 68 ROI



UK Biobank T1w images 3

5 centers :
- assessment around 4-5 hours
- provides detailed MRI measures of the brain
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Data imaging release 4

2014

10k subjects

• Additional 
processing

 
•  QC pipeline

• Additional 
processing 

• Added IDPs

40k subjects

• 5k second 
scans total

15k subjects 22k subjects 47k subjects



UK Biobank T1w images 5

2 types of T1w available : 

Raw + volume-based 
processed images

Surface-based 
processed images

2nd visit : 66,952 participants
3rd visit : 5211 participants

2nd visit : 43,139 participants
3rd visit : 4629 participants



Type : Bulk 6



Type : Bulk 7

• Large and complex items, such as 
genomic data, imaging data.



Download bulk files 8

File ukb673035.bulk

Participant ID  Field_Instance_Array



Download bulk files 9

File ukb673035.bulk

Download every file from Field 20252

Participant ID  Field_Instance_Array



Download bulk files 10

File ukb673035.bulk

.bulk files can 
be edited

A limit of 1,000 
files per 

ukbfetch call 

Number of files 
to download 

can be specified

Participant ID  Field_Instance_Array

Download every file from Field 20252
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https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=20252

T1_orig_defaced.nii.gz: 
full raw T1 image after 
defacing

Raw + Volume-based processed images - Data Field 20252
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https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=20252

T1_orig_defaced.nii.gz: 
full raw T1 image after 
defacing

T1_brain_pve_1.nii.gz:
segmentation of 
grey-matter 

Jenkinson et al., 2012

50 MB per 
participant

Raw + Volume-based processed images - Data Field 20252



Semi-automated QC 13

Trained 
automated 

classifier

Score > Threshold

Score < Threshold

USABLE

Manual review

Image	processing	and	Quality	Control	for	the	first	10,000	brain	imaging	datasets	from	UK	Biobank,	Alfaro-Almagro	et	al.	,	
NeuroImage,	2018



Surface-based processed images-Data Field 20263 14

https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=20263
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Surface model files : 

• Cortical surface : left and right hemisphere area, 
volume, cortical thickness 

• Subcortical data 

350 MB per 
participant

https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=20263

~ 6h per subject  

Surface-based processed images-Data Field 20263



Imaging-derived phenotypes (IDP) 16

Derived measures of brain structure 

Global Measures : 
Total Brain Volume

Grey-matter Volume

White-matter 
Volume

Regional measures :
 

Left Hippocampus 
Volume 

Cortical Thickness

Goal :

Using imaging data in 
non-imaging analysis

• Association of a wide range of individual chronic diseases and their multimorbidity with brain volumes in the UK Biobank: A 
cross-sectional study, X. Shang et al., eClinicalMedecine, 2022

• Structural brain imaging correlates of general intelligence in UK Biobank, Cox et al., Intelligence, 2019



Example of an application with
T1w images



17

vs.

N=42,272 N=42,272

X 350 MB = 15 TeraBytes X 50 MB = 2 TeraBytes

Which of FSL or FreeSurfer capture the most information ?

Objectives
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vs.

N=42,272 N=42,272

X 350 MB = 15 TeraBytes X 50 MB = 2 TeraBytes

Which of FSL or FreeSurfer capture the most information ?

Objectives

+



Detailed processing 19

FreeSurfer 6.0 recon-allFSLANAT

Bulk 20252
T1_brain_pve_1.nii.gz

Bulk 20252
T1_brain.nii.gz 

Bulk 20263
Surface mgh files

fslvbm_2_template
fslvbm_3_proc

FSLVBM 
fslvbm_1_bet

fslvbm_2_template
fslvbm_3_proc

Cat12_standalo
ne_segment_eni

gma

FreeSurfer 6.0
-qcache

Thickness and surface area 
extraction

3D Volume
744,175 voxels

2x2x2mm

 

3D Volume
902,629 voxels

2x2x2mm 

3D Volume
902,629 voxels

2x2x2mm 
2D-Surface

709,608 vertices
2D-Surface

327,684 vertices

Outputs

Additional
Processing

ENIGMA-Shape

Cat12_standalo
ne_resample

Thickness extraction

UKBiobank
Processing

ENIGMA CAT12
FSLANAT

T2wT1w



Data management 20

1. Download 
1000 bulk-files

2. Keep only
files useful for 

processing
3. Processing

4. Delete all 
except output 

file

1 file per subject per 
processing
FSL : 143G Total



Comparing processing 21

We estimated, for each processing, the percentage of variance of a trait captured by all brain features



Results : potential confounders 22

Sig
na

l to
 no

ise
 ra

tio

Fr
ee

Sur
fer

 A
ll M

od
ali

tie
s

Fr
ee

Sur
fer

 C
or

tic
al 

Th
ick

ne
ss

• All confounders should be included in grey-
matter analysis of the UK Biobank



Results : traits of interest 23
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• The choice of processing impacts the 
percentage of variance estimated



Results : traits of interest 24
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• The choice of processing impacts the 
percentage of variance estimated



More resources 25

https://biobank.ndph.ox.ac.uk/ukb/label.cgi?id=110



26Thank you for listening ! 

Any questions?

Thank you to all UK Biobank staff and participants !

This research has been conducted using the UK
Biobank Resource under Application Number 53185


