
Voxel-based Morphometry 
& Group level (2nd-level) analysis 

K.H. Chou, Ph.D ( )

2016.07.14
Assistant research fellow / Brain Research Center / National Yang Ming University



2

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)

Today’s Mission



Don’t think any shortcut solutions

Practice, practice and practice 

Ask me questions when we have free time

The Notice of Today’s Course !
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Structural MRI 
(sMRI)

Functional MRI 
(fMRI)

T1 T2 FLAIR-T2 dMRI SWI Task / rs-fMRI

Which Imaging Protocol We Will Focus on ?
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The Real World Example of VBM Study (But Be Careful !)

http://www.nownews.com/n/2010/12/28/578022

http://news.rti.org.tw/index_newsContent.aspx?nid=273628&id=6&id2=2

http://pansci.tw/archives/468
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Look Into More Details About VBM Based Research 

Tissue: GM/WM
Anatomy location of brain 
Statistical analysis 
Many subjects
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The Possible Flowchart of VBM Based Research

Imaging

Image processingVisualization Statistical Inference
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Same Result Presentation !  Same Analysis Pipeline ?

Cheng et al. Neuroimage. 2010. Cheng et al. Neuroscience. 2009. 8



Recall Your Memory - The Classical Pipeline of fMRI Analysis  

Group level 
statistics

fMRI data

Su
bj

ec
t 1

Design matrix Contrast images

First level analysis Second level analysis

fMRI data

…
…

..

Design matrix Contrast images

fMRI data

Su
bj

ec
t N

Design matrix Contrast images
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The core modules of VBM

1. Tissue segmentation

2. Spatial normalization

3. Tissue modulation (optional)

4. Tissue smoothing

5. Statistical modeling

Subject 1

Subject 2

Subject N

.

.

General Concept of T1 VBM 

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  
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Why We Need Spatial Normalization ? (1)

Subject 1 Subject 2 Subject 3

Subject 4 Subject 5 Subject 6

Shape and size of the brain can vary among subjects
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Why We Need Spatial Normalization ? (2)

Report final result in the standard template space (MNI)

Chou et al. HBM. 2015. 13



Deformation Field

Local Expansion

Local Shrinkage

Encode how we map 
individual brain into 

MNI space
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Do We Need Tissue Modulation !? (Optional)

Corrects for changes in brain VOLUME caused by non-linear spatial normalization

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)
16



The Interface of Statistical Parametric Mapping (1)

Practice in 5 mins

Image Preprocessing
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Obtain Normalized Modulated / Unmodulated Tissue Segments in One Step

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

Original data

2mm smooth 4mm smooth 6mm smooth

8mm smooth 12mm smooth 19



Smoothing Data with SPM12

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 
GM segments

Normalized, modulated and smoothed 
GM segments
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Calculate Global Tissue Volume With SPM12
Using two modules in a single batch

Practice in 15 mins

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

1st module

Location: BasicIO -> 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]

2nd module
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The Interface of Statistical Parametric Mapping (2)

Practice in 5 mins

Model Construction

Model Estimation

Statistical Inference
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The Basic Statistical Pipeline of SPM

Model Construction Model Estimation Statistical Inference
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Y = X x β   +   E 
Dependent Variable  

(What you are measuring)

Independent Variable  

(What you are manipulating)

Relative Contribution  

(These need to be estimated)

Error  

(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

 More than 1 EV ? Y = X1β1 + X2β2 + ....X n βn.... + E 

 Univariate analysis !!

Why? Make inferences about effects of interest

How? - Decompose data into effects and error

- Form statistic using estimates of effects and error

General Linear Model - Modeling Tissue Segments
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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 = β1(AD) + β2(NC) + β3(TIV) + ε 

Model construction Statistical inference Result visualization
TIVAD NC TIVAD NC
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2 Sample T-test with Covariate of Non-interest (Model Construction) 

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



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

2 Sample T-test with Covariate of Non-interest (Model Estimation) 
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2 Sample T-test with Covariate of Non-interest 
(Statistical Inference & Result Visualization) 

Statistical criteria: 

Uncorrected voxel p < 0.001 with 39 extended voxels

Practice in 10 mins

Cluster location: 

(x,y,z) = (21 , -15 , -16)
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Take Home Messages

The core modules of VBM

1. Tissue segmentation

2. Spatial normalization

3. Tissue modulation (optional)

4. Tissue smoothing

5. Statistical modeling

Select the appropriate MR modality to 

served as input for VBM analysis
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Analyzing Your 

Structural Data for Fun ! !

dargonchow1@gmail.com


