
C I B M . C H

FUNCTIONAL MAGNETIC RESONANCE IMAGING

EPFL and CIBM
Valerio Zerbi

CIBM translational MR neuroimaging & spectroscopy, 25.04.2023



C I B M . C H

© CIBM | Center for Biomedical Imaging 

What it is about

FUNCTIONAL MAGNETIC RESONANCE IMAGING
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Keywords:
- Functional imaging, fMRI, BOLD, task and resting-state, 
block design, connectome

Readings:
- Functional Magnetic Resonance Imaging (Huettel, Song, McCarthy)
- Fundamentals of Brain Network Analysis  (Fornito, Zalesky, Bullmore)

Complementary PHD courses : 
- Advanced topics in network neuroscience (Dr. Enrico Amico)
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FUNCTIONAL IMAGING OF BRAIN ACTIVITY
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FUNCTIONAL IMAGING OF BRAIN ACTIVITY

Credit: Misha Ahrens & Philipp Keller/Howard Hughes Medical Institute
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FUNCTIONAL IMAGING OF BRAIN ACTIVITY
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FUNCTIONAL IMAGING OF BRAIN ACTIVITY
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CAN WE IMAGE BRAIN ACTIVITY WITH MRI?
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a typical voxel corresponds to roughly three million neurons, each 
with several thousand connections with its neighbours

a typical temporal resolution for 3D with MRI GE-EPI is between 1.5 and 3s

• In terms of acquisition speed, can we measure fast events?

ü No, but detecting slow events may be possible

• In terms of spatial resolution, can we measure single cells events?

ü No, but detecting large events may be possible  

• In terms of image contrast, can we measure neuronal activity?

ü No, but we can measure brain activity nonetheless 
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1990: THE ADVENT OF FUNCTIONAL MRI
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THE BOLD SIGNAL

CONTRAST SOURCE OF FMRI
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Hemoglobin

Red Blood Cells
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THE BOLD SIGNAL

CONTRAST SOURCE OF FMRI
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The brain has developed trough evolution
lots of strategies to maintain the oxygen
availability high!

OXYGENATED DE-OXYGENATED

O2 BINDS FE2+ EXPOSED FE2+

SLIGHTLY
PARAMAGNETIC

DIAMAGNETIC
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THE BOLD SIGNAL 

CONTRAST SOURCE OF FMRI
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Ioanas et al., Neurophotonics 2022

THE HEMODYNAMIC RESPONSE

Made by   neurons
not only 
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CAREFUL ON THE INTERPRETATION OF FMRI
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THE HEMODYNAMIC RESPONSE
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The neurovascular unit works as a low-pass filter!
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VOXEL RESOLUTION

15



C I B M . C H

© CIBM | Center for Biomedical Imaging 

Regression in fMRI

FMRI DATA ANALYSIS
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Core idea: observed data can be explained by a combination of weighted regressors

Example: explain fuel consumption of a car (miles per gallon), based on the car’s weight and the driver’s height 

Observed data: mpg
Regressor: car’s weight, driver’s height
Weights: βcar’s weight = high

βdriver’s height = low
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Research question: which brain areas decode for scene/faces from scrambled 
images?

FMRI DATA ANALYSIS
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Stimuli are presented in a blocked design:
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Regressors: timing of conditions combined with assumptions about the shape 
of the BOLD response

FMRI DATA ANALYSIS
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Regressors: timing of conditions combined with assumptions about the shape 
of the BOLD response

FMRI DATA ANALYSIS
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Regressors: timing of conditions combined with assumptions about the shape 
of the BOLD response

FMRI DATA ANALYSIS
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Regressors: timing of conditions combined with assumptions about the shape 
of the BOLD response

FMRI DATA ANALYSIS
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Regressors that account for a lot of variance in the signal receive high beta values (weights)!
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FIRST LEVEL ANALYSIS
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Eg. Voxels that get significantly activated during scenes
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SECOND LEVEL ANALYSIS
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Contrasts are used to test for differences among the levels of a factor: 

>
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THE DEAD SALMON
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Bennett et al. "Neural Correlates of Interspecies Perspective Taking 
in the Post-Mortem Atlantic Salmon: An Argument For Proper 
Multiple Comparisons Correction" Journal of Serendipitous and 
Unexpected Results, 2010.
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Number of articles with “fMRI” in their abstract

FMRI: STRENGTH IN NUMBERS
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Source: pubmed.com
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fMRI is still controversial today

FMRI: STRENGTH IN NUMBERS
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“A primary challenge has been replicating associations
between inter-individual differences in brain
structure or function and complex cognitive or mental health
phenotypes (brain-wide association studies (BWAS))”
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FMRI: STRENGTH IN NUMBERS
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FMRI: STRENGTH IN NUMBERS
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à RESTING-STATE fMRI

CAN WE MEASURE MEANINGFUL BRAIN ACTIVITY 

IN THE ABSENCE OF A TASK?
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■ the brain is always active, even in the absence of 
explicit input or output

– task-related changes in neuronal metabolism 
are only about 5% of brain’s total energy 
consumption

■ what is the “noise” in standard activation studies?

– peaks in frequency oscillations from 0.01 –
0.10 Hz

– distinct from faster frequencies of respiratory 
and cardiac responses

Biswal et al., 1995
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Similar	BOLD	oscillations	à functionally	connected!

Resting-state	functional	CONNECTOME

CAN WE MEASURE MEANINGFUL BRAIN ACTIVITY 

IN THE ABSENCE OF A TASK?
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THE CONNECTOME

“a	comprehensive	
description	of	all	the	

network	of	elements	and	
connections	forming	the	

brain	".	
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THE CONNECTOME

Connectome (Google search, 2005) = “Connect home?”

Connectome (Google search, 2020) = 1.500.000 results
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THE CONNECTOME

Step	1:	define	“nodes”	(brain	regions)

Step	3:	analysis	of	the	connectivity	matrix

Step	2:	define	“edges”	(brain	connections)
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THE CONNECTOME

Structural/Anatomical	connectome Functional	connectome

• From	an	anatomical	perspective,	the	connectome	is	the	ensemble	of	all	brain	neurons	of	
axonal	origin,	termination,	and	trajectory	relative	to	other	structures	
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THE CONNECTOME

Structural/Anatomical	connectome Functional	connectome

• From	a	functional	perspective,	the	connectome	is	the	description	of	how	neurons/areas	
interact	with	each	other
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CONNECTOMICS AT DIFFERENT SCALES
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C I B M . C H
Bächinger et al., 2017 J Neuroscience
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CONNECTOME: ONE APPLICATION
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Resting-state fMRI
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THANK YOU FOR YOUR ATTENTION

C I B M . C H



FOR ANY QUESTIONS YOU MAY HAVE, 

PLEASE WRITE AT: 

VALERIO.ZERBI@EPFL.CH



MR COIL WORKSHOP – TOMORROW, WEDNESDAY 26TH

Group1 (Morning) 8.15am-12am:
Francesca Barcellini
Gercek Berk
Jenifer Miehlbradt
Guibert Fabrice Jean 
Brayan Alves
Huang Zhiwei

Group2 (Afternoon) 13.15-17:
Liu Chang 
Jan Luxemburg
Nikolaos Molochidis
Mustafa Arslan
Mark Stephan Widmaier


