
fMRI

The essential steps
Ø to acquire images over time in order to

describe a time series
Øto make the MRI signal intensity depend on
neural activity

l BOLD contrast
l Other contrast mechanisms

• Water diffusion (discussed later)



fMRI
Images are acquired 
multiple times while 
the subject performs 
tasks to 
systematically vary 
the neuronal
activity
•time series
•type of task: cognitive, 
sensory, motor, etc

Stimulus

Activation



Types of Experimental Designs
Ø Categorical
comparing the effect of one task to the effect
of another task (or rest)

Ø Parametric
varying ‘doses’ of task

Ø Factorial
combining two or more factors within a task 
and looking at the effect of one factor on the 
response to other factor(s)



Categorical design
The design of the reference or baseline state 
is as important as the design of the stimulus

Petra Schweinhardt 2013



Parametric Design
Ø Exploring systematic changes in the brain 

responses according to intesity of task 
l difficulty levels, increasing sensory input

Ø Hypothesis
as task dose changes, BOLD response
changes

l Linear
l Nonlinear
l Model-based (e.g. predictions from learning

models)



Task vs. imaginary task
(finger tapping)
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Factorial design
Combining two or more factors within a task 
and looking at the effect of one factor upon 
the other(s)

Sara Tomiello 2017



Criticisms of 
Subtraction Paradigm 

from John P O’Doherty

üWe assume that adding components to the 
task does not affect other processes
• i.e. assumption of pure insertion

üWe design tasks that differ along one 
significant detail 
• change the task or the stimuli but not both!



fMRI data processing
A challenge for fMRI is to separate image
changes due to
Øneural function 
Øphysiological motion  
Ømovement of the person being studied
Ørandom noise
Øsubtle changes in the MRI system itself

l such as due to heating, vibration, electrical 
power supply fluctuations, etc.

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


fMRI data processing
A challenge for fMRI is to separate image
changes due to
Øneural function 
Øphysiological motion 

lcardiac cycle
lbreathing

Ømovement of the person being studied
Ørandom noise
Øsubtle changes in the MRI system itself

l such as due to heating, vibration, electrical power 
supply fluctuations, etc.



fMRI data processing
A challenge for fMRI is to separate image
changes due to
Øneural function 
Øphysiological motion  
Ømovement of the person being studied

lHead motion artifact discussed previously
Ørandom noise
Øsubtle changes in the MRI system itself

l such as due to heating, vibration, electrical power 
supply fluctuations, etc.

https://www.imaios.com/en/e-Courses/e-MRI/Functional-MRI/analysis-functional-mri-data
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fMRI data processing
A challenge for fMRI is to separate image
changes due to
Øneural function 
Øphysiological motion  
Ømovement of the person being studied
Ørandom noise

lHigher the magnet field higher the SNR
Øsubtle changes in the MRI system itself

l such as due to heating, vibration, electrical power 
supply fluctuations, etc.

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


fMRI data processing
A challenge for fMRI is to separate
image changes due to
Øneural function 
Øphysiological motion  
Ømovement of the person being studied
Ørandom noise
Øsubtle changes in the MRI system itself

l such as due to heating, vibration, electrical 
power supply 
fluctuations, etc.

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


Study design
ü What we want to study

§ requested spatial and temporal resolution
üWhat region of the brain

üAre there problems of artifacts in that 
area?

üAre there simpler or cheaper techniques?
üWhat do you hope to see and what is the null 
hypothesis?

§ condition of rest ?
§ uniquely defined ?
§ which statistical analysis ?



Optimal spatial resolution

Theoretical: 1.5 mm cubic voxel
ØApproximate size of the smallest vascular 
unit

l The extent of the smallest region that is 
supplied by a single arteriole



practicals

Each group will acquire
Ø 2 fMRI exams
Ø 1 DWI and 1 DTI data set

Data processing
Ø fiber tracking from DTI data set
Ø fMRI data processing



Available fMRI protocol

Clinically 
validated fMRI 
paradigms
Ø pre-loaded 

with the 
system 

Ø synchronized 
with the MRI 
scanning 
protocol



Available fMRI protocol

Each group 
acquires 
Ø finger 

tapping 
Ø Another 

paradigm of 
its choice
l May be 2 if 

make sense 
in term of 
science



Available fMRI protocol



Available fMRI protocol
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Available fMRI protocol



Available fMRI protocol
Feet movement



Available fMRI protocol



Available fMRI protocol

In Ita
lian ….



Available fMRI protocol



Available fMRI experiments
Finger tapping protocol can be applied 
2 times to investigate lateralization



Before practicals

Ø Select a volunteer
l MRI compatible !!!

Ø Select your paradigms
l What are the expected activated areas?
l What can we learn comparing the results of 

different paradigm?



During practicals

Collect information for the 
report
Ø Data acquisition
Ø Data analyses
Ø Fiber tracking of various tracts
Ø Comparison between DWI and 

FA map
Ø Time course of the BOLD 

signal during the fMRI 
experiment  



Safety
Ø No ionizing radiation
Ø The magnetic field is 

10000 times higher 
than our Earth field !



Safety
Ø Static magnetic field strengths greater than 

1.5 T may induce mild sensory effects when 
a person moves within the field

Ø Time-varied gradient field strength may 
cause peripheral nerve stimulation
l Gradients are measured in gauss per centimeter 

per second

Ø The RF pulses have the potential to heat 
tissue 
• Due to the conductivity of the tissues
• Pay attention tattoo !!!



Safety

Ø ferromagnetic objects: the static magnetic 
field may torque the object and exert a 
translational force 

Ø Prior to MR imaging examinations, 
technologists and clinicians should 
carefully question patients about whether 
they have ferromagnetic implants 
l surgical clips, coils, stents, and pacemakers
l tatoo

https://educationalgames.nobelprize.org/educational/medicine/mri/game/index.html

https://educationalgames.nobelprize.org/educational/medicine/mri/game/index.html


Safety
Ø Fatal accidents in MR imaging were 

caused by the failure to identify subjects 
with a cardiac pacemaker
Ø New cardiac pacemakers are MRI compatible

Ø The FDA recently received several reports 
of serious injury in patients with 
neurologic stimulators
Ø including coma and permanent neurologic 

impairment 



Safety
Projectile effect
Ø Magnetic objects are attracted at high 

speed to the scanner
Ø Severe or fatal injury to the patient is 

possible



QUESTIONARIO PRELIMINARE 
ALL’ESECUZIONE DI 

RISONANZA MAGNETICA 
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Practicals
Cattinara Hospital

Meeting at the entrance of the MRI units
ground floor, radiology area

Ø Thursday 9 November 14-16.30 group A
Ø Thursday 9 November 16.30-19 group B

Ø Thursday 23 November 14-16.30 group C
Ø Thursday 23 November 16.30-19 group D

Ø Thursday 30 November 14-16.30 group E
Ø Thursday 30 November 16.30-19 group F


