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fMRI
Subject looks at 
flashing disk while 
being scanned
“Activated” sites 
detected and  
merged with 3-D 
MR image

Stimulus

Activation

Slide from Terry Peters

http://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/introduction

http://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/introduction


Outline
Ø What are we going to observe ?

l Physics and physiological basis of brain 
activation and of the MRI contrast

Ø How to collect such information ?
l Data acquisition 

Ø Data analysis 
l Statistical criteria

Ø Examples



Some slides from 
http://users.fmrib.ox.ac.uk/~peterj/lectures/miccai99/sld001.htm

http://users.fmrib.ox.ac.uk/~peterj/lectures/miccai99/sld001.htm
http://users.fmrib.ox.ac.uk/~peterj/lectures/miccai99/sld001.htm


Brain mapping techniques

Spatial resolution (log size), time resolution (log time)



The history of brain mapping



The physiology 
behind it
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The physiology behind it



Vascular network

Source: Buxton book Ch 2





Magnetic properties 
of Red Cells

Slide by Daniel Bulte



Susceptibility Artifacts
ü Susceptibility: generation of extra magnetic fields

in materials that are immersed in an external field
ü In T2*-weighted images, susceptibility determines

signal loss



Susceptibility Artifacts
ü Susceptibility: generation of extra magnetic fields

in materials that are immersed in an external field
ü In T2*-weighted images, susceptibility determines

signal loss

sinuses

ear
canals
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Paramagnetic 
contrast agents

Ø The MRI contrast agent 
modulates the relaxation 
times of the tissues
Ø Paramagnetic 

susceptibility
Ø Paul Lauterbur was the 

first to demonstrate the 
feasibility of using 
paramagnetic contrast 
agents
l Nobel Prize 2003 in 

Medicine: Paul C Lauterbur
and Peter Mansfield 

www.imaios.com/en/e-Courses/e-MRI/Improving-MRI-contrast-Contrast-agents/contrast-agents
T1 weighted images

http://www.imaios.com/en/e-Courses/e-MRI/Improving-MRI-contrast-Contrast-agents/contrast-agents


Blood magnetic properties 



Paramagnetic 
contrast agents

In fMRI 
deoxyhemoglobin is  
exploited as an 
endogenous contrast 
agent

l BOLD contrast
lBlood 
lOxygen 
lLevel 
lDependent

spin intravascolare 

desossiemoglobina e
regione perturbata

spin extravascolare



BOLD fMRI … on one slide!
Blood Oxigen Level Dependent

Stimulus occurs

Neurons are activated

Changes in CMR02,
CBF, and CBV

Oxygen is consumed
Hb02 ® Hb

Return to baseline

Ø Hb02 is diamagnetic
l creates a weak opposing 

magnetic field 

Ø Hb is paramagnetic
l a strong additive magnetic field

Ø Increasing field strengths 
cause the signal to dephase
more quickly, decreasing the 
signal
l T2* effect

www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/brain-activation-bold-contrast

http://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/brain-activation-bold-contrast


Is BOLD signal visible ?



Blood Oxygen Level Dependent (BOLD) signal is 
a relative value:
üIt is necessary to collect both basal and
stimulated images and comparing them



Source: Doug Noll’s primer
What we 

want to 
study

What we 
observe



First Functional Images

Source: Kwong et al., 1992

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data


Hemodinamic response
and MRI signal

https://www.imaios.com/en/e-Courses/e-MRI/Functional-
MRI/brain-activation-bold-contrast

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/brain-activation-bold-contrast
https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/brain-activation-bold-contrast


Visual stimulus

Stimulus

Activation



Block paradigm 
experimental protocol

Ø about ~150 images
Ø Task and rest periods
Ø Total acquisition times ~5 minutes

0 5 10 15 20 25 30 35 40
image number

task

rest

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data


Block paradigm 
experimental protocol

Ø Task and 
rest periods

 



How to do



 

Block protocol and BOLD signal

Block protocol:
Timing of the stimulus

BOLD signal:
Signal intensity of a voxel 
during the scans (time)



Hemodynamic Response 
Function

ü % signal change 
• = (point – baseline)/baseline
• usually 0.5-3%

ü initial dip
• more focal
• somewhat elusive so far

ü time to rise 
signal begins to rise soon after stimulus begins

ü time to peak
signal peaks 4-6 sec after stimulus begins

ü post stimulus undershoot
signal suppressed after stimulation ends





üinitial dip
• more focal
• somewhat elusive so far







fMRI modelling

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data


Statistical analysis 

General linear model



Slice Thickness
e.g., 6 mm

Number of Slices
e.g., 10

SAGITTAL SLICE IN-PLANE SLICE

Field of View (FOV)
e.g., 19.2 cm

VOXEL
(Volumetric Pixel)

3 
mm

3 mm
6 mm

Slice Terminology

Matrix Size
e.g., 64 x 64

In-plane resolution
e.g., = 3 mm



Statistical analysis 

General linear model



fMRI pre-processing

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data


Head Mo4on: Main Ar4fact

time1 time2®

before registration after registration



fMRI processing and display

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data


Finger tapping



Finger tapping dx con comando acustico



Experimental results
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Task vs. imaginary task
(finger tapping)
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immagine (#) 
rest  rest  rest  task task task

simulazione mentale movimento



Finger tapping

Right handLeft hand



Clinical applications:
stereotactic surgery



Clinical applications:
stereotactic surgery



Inverted BOLD in tumor 



Calendar neuroimaging 
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Functional imaging
summary

Functional imaging methods are based on
acquiring MR images at different states of the
function: the changes are assumed related to
the function

ØCardiac function: 
Øthe heart are imaged at several phases of the 
cardiac cycle and the ventricular and atrial volumes 
are measured as a function of cardiac phase
l by means of cardiac-gated acquisition 



Functional imaging
Ø In fMRI images of the brain, brainstem,

and/or spinal cord are acquired at different
states of neural function

Ø Any regions of the central nervous system
that change in the images between the two
states are assumed to be somehow involved
with the function that was varied



fMRI
The essential steps to create maps of neural
function out of the MRI methods are:
Ø to repeatedly acquire images over time in
order to describe a time series
Ø to make the MRI signal intensity depend on
neural activity

l BOLD contrast
l Other contrast mechanisms



fMRI
Images are acquired 
multiple times while 
the person being 
studied performs tasks 
to systematically vary 
the neuronal
activity

• time series
• type of task: 

cognitive, sensory, 
motor, etc

The primary 
limitation of fMRI is 
that it can only 
show differences in 
neural function 
between states


