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Main Functional Neuroimaging Softwares

Statistical Parametric Mapping
SPM8

developed by members and collaborators of
The Wellcome Trust Centre for Neuroimaging
Institute of Neurology, University College London

lPET&VBMJl MEEG Jl fMRI J

| AboutSPM | [ SPMweb | [ Quit |

BrainVoyager
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biobank’

Imaging study

Modality Duration | Voxel, Matrix Key Parameters
T1 4:54 ;3)5‘;2'%"61)('35“6““ 3D MPRAGE, sagittal, R=2, TI/TR=880/2000 ms
o |35z | LSBO I T DS e 2 P8
SWMRI 2:34 (2)58;?2%);?;{28mm I31112’GRE, axial, R=2, PF 7/8 TE1/TE2/TR=9.4/20/27
dMRI 7.08 ffjﬁg?mm Ilt/IPB=3, R=1, fat sat, b=0(5x + 3x p)hase-encoding-
rfMRI 6:10 223:;828;}:;314 mm TE/TR=39/735 ms, MB=8, R=1, flip angle 52°, fat sat
tfMRI 4:13 2.Ax2.4x2 4 mm | Acquisition same as riMRI. Task1s faces/shapes

88x88x64

“emotion” task.




Clinically Meaningful
Image-Derived Phenotypes (IDPs)
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Automated Clinically Meaningful
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1771 Automated
Image-Derived Phenotypes (IDPs)

biobank’

Imaging study




Imaging study
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Automated Clinically Meaningful
Image-Derived Phenotypes (IDPs)

SMRI dMRI tfMRI rfMRI
39 675 16 1771
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Early life factors
Lifestyle general

Lifestyle
food and drink

Lifestyle alcohol

Physical
general

Physical
bone density and size

Physical cardiac

Cognitive
phenotypes

1100 Health Related Factors (11 Cat)
2501 IDPs (6 Cat)

O T1

O swMR
ttMRI

O dMRI

O rfiMRI amplitudes
fMRI netmats
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What is Resting Functional MRI?
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Task-based fMRI (Task>Rest)

Rest Task Rest Task Rest Task Rest Task Rest
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What happens during REST? (Rest>Task)






Default Mode Network (DMN)




bascline Default Mode Network (DMN)




Lets do some calculations!

24



13*12="7

156



15*16="

240



23*21="7°

483



24 *15="7

360






Salience

Default



Environmental Cues |

SN dACC




Environmental Cues |

Executive
Control







by Frits Ahlefeldt
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Spontaneous Low Frequency Fluctuations during Rest Have Meaningful Signals
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How to Analyze These Time Series of Data (rfMRI)?
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Analysis
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Somatomotor

Single Seed
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Driven

Dorsal attention

Control

Salience



Default Mode Network with Seeds in PCC

seed C
(-2, -54, 27)

« (Cole, et al., 2010)



seed A
-2, -39, 38) __
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seed B
(2, -60, 36)

seed C
(-2, -54, 27)

o

Default Mode Network with Seeds in PCC

(Cole, et al., 2010)
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-2, -39, 38)

seed B
(2, -60, 36)

seed C
(-2, -54, 27)

(Cole, et al., 2010)
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Extracting time courses

Whole Brain

Seeds | Defining
e ROIls
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Extracting time courses
|

Preprocessing &\ '/
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Temporal Concatenation

voxels

FMRI data |
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Temporal Concatenation

voxels #components voxels
) —

FMRI data | group ICA maps
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From Group ICA to Indiv

voxels
— H

dual Maps

Group ICA

group ICA maps

syjuauodwod#

Spatial maps
1,2,3,..,n2,n-1,n

Dual-Regression Analysis

Spatial regression Temporal regression
Y=XB+¢€ Y=XB+E
Y = Subject data X = Group-level maps Y = Subject data X = Subject-specific temporal dynamics
fMRI volumes 1, 2, ..., t-1, t Spatial maps 1, 2, ..., n-1, n fMRI volumes 1, 2, ..., t-1, t Temporal dynamics for spatial maps 1, 2, ..., n-1,n
b S 22—
i
s =g
% & L =
e T >
Sl

For each spatial map, estimates subject- For each voxel, estimates subject-specific functiona
specific temporal dynamics connectivity with each spatial map




Beckmann, et al., 2005
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Amplitude of Low Frequency Fluctuation (ALFF)

460 - !
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Remove Linear Trend Before Power Spectrum

5000 [+ « 0.01 Hz « 0.08 Hz
@ 4000 [ !
= 3000} ! !
= : :
£ 2000 5
. - l M\{
0.1 0.15 0.2 0.25

Frequency( Hz), Sample Period( TR}=2 seconds
31.2

fALFF

.6.0 (Zang et al., 2007, 2008)




Regional Homogeneity (ReHo)

 Similarity of the time courses within usually 27 neighboring voxels
* Measured with Kendall Coefficient of Concordance (KCC) (0-1)
e Recorded as a value for the central voxel

* Results in a voxel wise KCC values in the individualized maps

(Zang et al., 2004, Liu, et al., 2010)
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Now, What is this?

biobank’

Imaging study




IDPs: 55 (out of 100) Nodes
(Regional ALFF) and 1695
Edges (Connectivity)!




Number Matters?




Early life factors
Lifestyle general

Lifestyle
food and drink

Lifestyle alcohol

Physical
general

Physical
bone density and size

Physical cardiac

Cognitive
phenotypes

What do you do with this database?

natre .
Nneuroscience

1100 Health Related Factors &
2501 Image-Derived Phenotypes (IDPs)

dMRI tfMRI rfMRI
675 16 1771



What do you do with this database?

nature .
Nneuroscience

1100 Health Related Factors &
2501 Image-Derived Phenotypes (IDPs)

Levels of Data Analysis

Univariate Correlations (one by one)
Covariates of No Interest or Confounders (Age, Gender, and etc)

Data Driven Multivariate Analysis

= w e

Hypothesis Driven Analysis



Early life factors
Lifestyle general

Lifestyle
exercise and work

Lifestyle
food and drink

Lifestyle alcohol
Lifestyle tobacco

Physical
general
Physical
bone density and size

Physical cardiac
Blood assays

Cognitive
phenotypes
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1. Univariate Correlations (one by one)

Lifestyle general

Lifestyle .

exercise and work i

2.8 million testing

FDR (P=3.8.107) and Bonf (P=1.8 . 1078)
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1. Univariate Correlations
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