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Today’s Mission

My mission today is to
teach you the basic concept of VBM
and how to use SPM12

to perform basic T1-VBM analysis

(with real world example)




The Notice of Today’s Course !

Don’t think any shortcut solutions

y\ Practice, practice and practice

Ask me questions when we have free time




Which Imaging Protocol We Will Focus on ?

FLAIR-T2 dMRI

Structural MR Functional MR
(sMRI) (fMRI) 4



The Real World Example of VBM Study (But Be Careful !)
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Same Result Presentation ! Same Analysis Pipeline ?
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Recall Your Memory - The Classical Pipeline of ftMRI Analysis

First level analysis Second level analysis

fMRI data Design matrix Contrast images -
.6 3
Q ‘
O 6
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U) ‘6

Group level

statistics

R/
Contrast images
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General Concept of T1 VBM

The core modules of VBM

1. Tissue segmentation

2. Spatial normalization

.......................... > 3. Tissue modulation (optiona|)

4. Tissue smoothing

5. Statistical modeling

Yang et al. Pain. 2013. 10



Why Should the Tissue Need to Be Segmented ?

- High-resolution T1 images reveals fine structural detail in the brain, but not all of it reliable
or interesting (noise, intensity-inhomogeneity. vasculature ...... )
- Intensity of T1 image is usually not quantitatively meaningful (related to imaging parameters)
- Regional volumes of the three main tissue types: gray matter, white matter and CSF,
are well-defined and potentially very interesting

- We obtain tissue probability map after segmentation procedure .



Why We Need Spatial Normalization ? (1)

Shape and size of the brain can vary among subjects

Subject 1 Subject 2 Subject 3

Subject 4 Subject 5 Subject 6



Why We Need Spatial Normalization ? (2)

Report final result in the standard template space (MNI)

TABLE Il. Anatomical regions with significant gray matter volume reductions in patients with Parkinson’s disease
compared with the healthy control group

MNI coordinates

x y z Cluster size Side Anatomical region Brodmann area Z-score
-12 —~45 ~53 8657 Lt. Cerebellar tonsil : 5.42
33 —70 —-33 Rt. Cerebellar tonsil ! 5.11
8 18 -3 3331 Rt. Caudate : 5.15
-2 8 =11 Lt. Anterior cingulate BA 25 4.70
-6 17 -2 Lt. Caudate : 4.67
-35 -12 -39 3303 Lt. Parahippocampal gyrus : 4.54
51 -9 i+ 2777 Rt. Precentral gyrus BA 6 5.07
56 15 9 Rt. Transverse temporal gyrus BA 41 494
-3 —34 33 792 Lt. Cingulate gyrus BA 31 4.89
48 ~24 12 691 Lt. Transverse temporal gyrus BA 41 4.77
59 —40 4 552 Rt. Middle temporal gyrus BA 22 433
~18 =70 12 519 Lt. Posterior cingulate BA 30 5.13
29 -3 -21 456 Rt. Parahippocampal gyrus : 4.23
41 45 24 423 Rt. Middle frontal gyrus BA 10 4.32
15 ~72 7 339 Rt Lingual gyrus BA 18 4.25
33 —-27 —-26 328 Rt. Parahippocampal gyrus BA 35 4.11
56 -3 ~26 264 Rt. Middle temporal gyrus BA 21 3.83
-8 —18 18 192 Lt. Thalamus ! 3.76
24 62 1 166 Rt. Superior frontal gyrus BA 10 4.11
47 —-33 62 164 Rt. Inferior parietal lobule BA 40 3.73
—45 -34 40 125 Lt. Inferior parietal lobule BA 40 4.28
—-51 -13 —41 122 Lt. Inferior temporal gyrus BA 20 3.71
41 ~76 13 121 Rt. Middle occipital gyrus BA 19 3.64

Chou et al. HBM. 2015. 13
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Do We Need Tissue Modulation !? (Optional)

Corrects for changes in brain VOLUME caused by non-linear spatial normalization
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~1/3mm? in original space Imm? in warped space

Figures were adapted from FSL course 2009 15



The Material of Today’s Course

Subjects: [Put the demo dataset into your folder]

10 healthy controls and 10 patients with Alzheimer’s disease

Scientific question:

Do AD patients show less gray matter volume than healthy controls ?
Analysis approach:

Whole brain gray matter volume voxel based morphometry analysis

Statistical approach:

(1) 2 sample T-test with covariate of non-interest (Analysis of covariance test ; ANCOVA) ]
1



The Interface of Statistical Parametric Mapping (1)

~ eWEEEEEE)Y
Reail... v v Smooth q
Norm... O "i'f-'i'f-'."
Core... C [ | Segment v
® e nannant
Basic models Revew
Estimate Bayesian
Resuits
Display Check Reg Re... O PET
To.. 2 PPls ImCalc DICOM Impont
Help . 2 Batch Quit
® SPM12 (6685)

———— >

File Edit View Insert Tools Desktop Window SPM Figure Help

Welcome to SPM12

Please refer to this version as "SPM12" in papers and communications.

Wi

{
S

The SPM12 Manual and Release Notes are available as PDF documents in
the man directory of your SPM installation.

Updates will be made available from time to time and advertised on the
SPM mailing list. You can also check for updates by clicking here.

We would love to hear your comments or bug reports - please contact us
at <fil @ucl >.

SPM is developed under the auspices of the Functional Imaging Laboratory (
FIL), the Wellcome Trust Centre for Neurolmaging (WTCN), in the Institute
of Neurology at University College London (UCL), UK.

SPM is free software; you can redistribute it and/or modify it under the
terms of the CNU Ceneral Public Licence as published by the Free Software
Foundation; either version 2 of the Licence, or (at your option) any later

AR

Image Preprocessing

Practice in 5 mins

17



Obtain Normalized Modulated / Unmodulated Tissue Segments in One Step

Current Module: Segment

Help on: Segment
Data

.-.thgrnn?! ..... 20 6
" “Volumes ™" es
" Bias regularisation light roqularis%té')on (0.001#

O = L L mm culo

: igem Bias .%mmzd. ; Save Field and Corrected

'I‘uis_sues

. 1li1ssue

.. Rssue probability map Users/PaulSmith/Research_Software/spm12pmyTPM.nii,1

e NUM. Gaussians....... 1

... Native Tissue : Native + Dartel Imported

" -.I,"q‘/gbr.gﬁi. Tissue........ Modulated + Unmodulated

» Rssuesgrobabihty map MUsers/PaulSmith/Research_Software/spm12tpm/TPM.nii 2

-NUM. Gaussians........ 1

:.. Native Tissue : Native + Dartel Imported

E-.'.f.V!’."’.'.E?ﬂ Tissue . : Modulated + Unmodulated

"Tissié

.o Rssueﬁ;;robabihly map MUsers/PaulSmith/Research Softwate!spmlzltpm/TPM.nigs

UM, Gaussiana......

... Native Tissue : Native + Dartel Imporned

i, Warped Tissue H Modulated + Unmodulated
Warping & MRF
. glﬂF Grameter T 1
.Clean Up ight Clean
.Mawiog Begularisation. 1x5 double
~Affine Reqularisation_  : ICBM space template - East Asian brains
. Smoothness 0
Samalng distanca...... 3
“Deformation Flelds. ....: Inverse + Forward

Volumes:

Input dataset
Output file:
(1) Bias field (BiasField_*.nii) and bias field corrected (m*.nii) native space T1 image
(2) Native (c1~c3) and DARTEL imported (rc1~rc3) tissue segments - Optional
(3) Modulated (mwc1~mwc3) and unmodulated tissue segments (wc1~wc3)
- The most important output files

(4) Deformation field of each participants (y_*.nii and iy_*.nii)
Practice in 15 mins 18



Why Do We Need to Smooth Data ?

- Primary reason:
- Make data become more gaussian distributed (for parametric statistical analysis)
- Compensates for inaccuracies in spatial normalization procedure

- Recommendation : 6 ~12 mm

2mm smooth 4mm smooth omm smooth

&

Original data

8mm smooth 12mm smooth



Smoothing Data with SPM12

Current Module: Smooth

Help.on: Smoath...,

dmages to Smooth : 20 files
FEWHM. .o [8 8 8]
Data Type SAME
Implicit masking...... No
Filename Prefix : s8

Image to Smooth:

Input dataset : Modulated gray matter segments (mwc1*.nii)

FWHM:

The FWHM of Gaussian smooth kernel in mm

Filename Prefix:

The prefix of output file: s8mwc1*.nii

Practice in 5 mins 20



The Result You Obtained After VBM Image Preprocessing

Normalized and modulated Normalized, modulated and smoothed
GM segments GM segments

21



Calculate Global Tissue Volume With SPM12

Using two modules in a single batch

Module List
Practice in 15 mins
Tissue Volumes
Pass Output to Workspace DEP
\ 4

: 1st module
- Current Module: Tissue Volumes
Help on; Tissye, mes.
;sﬁg’?n%%m’éﬁ‘\‘m 12? § H 20 files
iMaximum issue.class....: , 3
Haskimage........oeees . Msers/PaulSmith/Research_Software/spm12Apm/mask_ICV.nii,1
;Output file . Tissue_Volumes

Location: SPM -> Utils -> Tissue Volumes

Segmentation mat-files: Input files (*_seg8.mat)
Maximum tissue class: 3 (GMV, WMV and CSFV) or 2 (GMV and WMV)
Output file: filename of output CSV file

‘e K
......
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

....................................................................................................................... \ A
) 2nd module -
© Current Module: Pass Output to Workspace
5&:&&%&%!&?%&9 """" : o Total_Tissue Volume
:  Output ltem : . . . DEP (4 outputs)  :
———— Location: BasiclO -> Variable Input/Output -> Pass Output to Workspace :

Output Variable Name: Name of output variable

Output item: Use “Dependency” option [related to the option of 1st module]
................................................................................................................................................................................................................................................... 292




The Interface of Statistical Parametric Mapping (2)

Reali... Smooth
Norm... O
Core... O Segment
eNEEEEEREEREWN,
L) Basic models w Review
*
Jdizgannnnne?d
& Estimate e Bayesian
4YpEEEEEEEEERRD
eWNEEEEEEEN,
[ ] Results
AR R R RN
Display Check Reg Re... O PET
To... C PPls IimCalc DICOM Import
Help v, 2 Batch Quit
@® SPM12 (6685)

File Edit View Insert Tools

Welcome to SPM12

Please refer to this version as "SPM12" in papers and communications.

s

The SPM12 Manual and Release Notes are available as PDF documents in
the man directory of your SPM installation.

Updates will be made available from time to time and advertised on the
SPM mailing list. You can also check for updates by clicking here.

We would love to hear your comments or bug reports - please contact us
at <fil @ucl >,

SPM is developed under the auspices of the Functional Imaging Laboratory (
FIL), the Wellcome Trust Centre for Neurolmaging (WTCN), in the Institute
of Neurology at University College London (UCL), UK.

SPM is free software; you can redistribute it and/or modify it under the
terms of the CNU Ceneral Public Licence as published by the Free Software
Foundation; either version 2 of the Licence, or (at your option) any later

AR

Desktop Window SPM Figure Help

Model Construction

Model Estimation

Statistical Inference

Practice in 5 mins

23



The Basic Statistical Pipeline of SPM

Model Construction Model Estimation Statistical Inference

24



General Linear Model - Modeling Tissue Segments

Why? Make inferences about effects of interest

How? - Decompose data into effects and error

- Form statistic using estimates of effects and error

A +

Dependent Variable Independent Variable Relative Contribution =rror

(What you are measuring) (What you are manipulating) (These need to be estimated) (The difference between
the observed data and
that which is predicted by

the model)
Aim: To explain as much of the variance in Y by using X, and thus reducing E

Morethan 1EV ? Y =XiB1+ XoB2+ ... Xn Bn.... + E

. )
Univariate analysis !! o5



Gray Matter Volume Atrophy in Patients with Alzheimer’s Disease

“Is there significantly lower gray matter volume
in the patients with Alzheimer disease than in the healthy controls

after adjusting total intracranial volume ? (2 sample T-test )”

Y = B1(AD) + B2(NC) + B3(TIV) + €

o

SPM(T )

AD NG TIV AD NC TIV

Model construction Statistical inference Result visualization

26



2 Sample T-test with Covariate of Non-interest (Model Construction)

Help on: Factorial design specification

girectory. Msers/PaulSmith/Analyze_Field/SPM12_VBM_Pipeline_NTU_Simple_VersionS_Step_4_Statistical_Modeling
esign
= J&%EST"J&%‘?"E 10 files
. - 10 files
.. Independence Yes
.. Vanance Unequal
.. Grand mean scaling No
.. ANCOVA No
(S0 7 14721 T
» vanate =
:.Vector . 20x1 double
=. Name - TV
lnteracnons . Overall None
rall mean
'*'u% e, VA, .
Threshold maskmg
: . Absolute .
=... Threshold . 0.2
. lmpncat Mask = Yes
- ..wk‘t“agk llllll
Global calculation
. Omit
Global normalisation
. Ongrall grand mean scaling
. Normalisation None

Directory: The output directory of your statistical model

Design: The statistical model you want to use (Two sample T-test)

Covariates: The effect you want to adjust (TIV)

Masking: The region you want to do statistical inference

Practice in 10 mins 27



2 Sample T-test with Covariate of Non-interest (Model Estimation)

Current Module: Model estimation

Help on: Model estimation

/MUsers/PaulSmith/Analyze_Field/SPM12_VBM_Pipeline_NTU_Simple_Version/5_Step_4_Statistical _Modeling/SPM.mat
Yes

. Classical

Select SPM.mat: The statistical model file of your design (SPM.mat)

Write residuals: Save the residual file of GLM estimation

Practice in 5 mins

28



2 Sample T-test with Covariate of Non-interest

(Statistical Inference & Result Visualization)

® SPM contrast manager AD Smaller NC
Select contrasts...
[ t-contrasts F-contrasts o all
contrast

228 [type] : name contrast(s)

001 M:ADSmalleeNC |
002 {T} : AD Larger NC

SPM(T .}

Define new contrast... Reset

® ® SPM12(6685): Stats: Results T value
apply masking none 7
threshold {T or p value] 0.001 (;
& extent threshold {voxels] | 0 1]
3
2
1
0

Statistical criteria: Cluster location:

Uncorrected voxel p < 0.001 with 39 extended voxels (x,y,z) =(21,-15, -16)

Practice in 10 mins

29



Take Home Messages

Select the appropriate MR modality to

served as input for VBM analysis

The core modules of VBM
1. Tissue segmentation
2. Spatial normalization
3. Tissue modulation (optional)
4. Tissue smoothing

5. Statistical modeling




Analyzing Your

Structural Data for FUN 11

N4 dargonchow | @gmail.com




