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Outline

• Compare our patient to a reference 
group of healthy controls (two-sample 
t-test)

• Voxel wise (mass-univariate: 
independent statistical tests for every 
single voxel)

• Obtain a statistical parametric map, 
showing areas where there is a 
significant difference between patient 
and healthy controls (decreased or 
increased metabolism)
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Voxel-level PET image analysis

• 1) Spatial Registration, Normalization (or Warping) 
and Smoothing –> to put all the different images in 
the same “space”, crucial for statistical 
comparisons

• 2) Creation of a Parametric Image (SUVRs, DVRs, 
BP…) -> to put all the different images in the same 
«scale»

• 3) Statistical Model -> to statistically compare 
images

Healthy 
control

Courtesy of Leonardo Iaccarino, PhD, Eli 
Lilly

Stroke 
patient
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Somatosensory
Cortex

Whole Cerebellum
(or only CER GM)

PONS

SPM standard approach considers a 
“Global Mean”, which computes an 
average value from all the GM 
cortical regions.

A reference region should be: 
- Spared by the disease of interest
- Devoid of tracer specific uptake
=> The delivery of the tracer in this region is similar across patients and healthy 
controls

Courtesy of Leonardo Iaccarino, PhD, Eli 
Lilly

Scaling

This allows us the compute a 
standardized uptake value ratio 
(comparable across subjects) that 
can be used for further analysis

Each image (patient and controls) is 
scaled to its global mean; this provides a 
relative, NOT absolute measure of 
metabolism! 

When comparing patient and controls we 
then obtain a relative measure of 
decreases and increases
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General linear model: two sample t-test

• Employs GLM, assuming the residuals are normally distributed, GLM: Y = Xβ + 
ε

• In the case of a two-sample t-test:
Y =              X          β      +   ε

Voxel value G1  G2

SPM Study Design

Parameters
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Comparison with healthy controls

https://search.kg.ebrai
ns.eu/instances/Datas
et/68a61eab-7ba9-
47cf-be78-
b9addd64bb2f

Scanner 
Gemini TF PET-CT scanner 
(Philips Medical Systems)



Comparison with healthy controls

www.molecularconnectivity.com



• Brain mask is provided by the 
experimenter (default brain mask
provided in SPM fieldmap toolbox used in 
our case)

Masking
Explicit Mask Relative Mask

• Creates mask based on intensity values of 
the image

• Usual threshold set to 0.8 (exclude the 
voxels with intensity >80% of the mean
global value, computed after excluding
image voxels < mean global value/8) 9



Contrasts

Contrast

The contrast you
specify relates to your
question.

Courtesy of Leonardo Iaccarino, PhD, UCSF
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Results

Statistical adjustments

FWE Uncorrected

Bennet et al 2009Courtesy of Leonardo Iaccarino, PhD, Eli 
Lilly
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SPM maps

Significant areas

Details, t-val and p-val,
peak coordinates
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