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Brief history of MRI and fMRI

Magnetic
Imaging

Resonance

functional
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1937

https://journals.aps.org/pr/abstract/10.1103/PhysRev.51.652 

Isidor Isaac Rabi
(1898 – 1988)

4

https://journals.aps.org/pr/abstract/10.1103/PhysRev.51.652


1946

https://journals.aps.org/pr/abstract/10.1103/PhysRev.70.474 

Felix Bloch 
(1905 – 1983)

Edward Purcell 
(1912 – 1997)
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https://journals.aps.org/pr/abstract/10.1103/PhysRev.70.474


https://pubmed.ncbi.nlm.nih.gov/17781388/ 

Jerome R. Singer
(1921 – 2019)

1959
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https://pubmed.ncbi.nlm.nih.gov/17781388/


https://pubmed.ncbi.nlm.nih.gov/909957/ 

1977

Raymond Damadian 

(1936 – 2022) – left –

and Larry Minkoff, his

postdoc (right).

Cross-section through

the chest (bottom).
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https://pubmed.ncbi.nlm.nih.gov/909957/


https://www.nature.com/articles/242190a0 https://journals.aps.org/prb/abstract/10.1103/PhysRevB.12.3618 

1973

Led Zeppelin 
Houses of the Holy

1975

Paul Lauterbur
(1929 – 2007)

Peter Mansfield
(1933 – 2017)

Bob Dylan
The Basement Tapes
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https://www.nature.com/articles/242190a0
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.12.3618


THE NOBEL DISPUTE

Paul Lauterbur (left) and Peter Mansfield (right) 
shared the 2003 Nobel Prize in  Physiology or 
Medicine for contributions to the development 
of MRI.

https://www.nytimes.com/2004/03/23/science/denied-nobel-for-mri-he-wins-another-prize.html 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC214010/ 

Raymond Damadian was not awarded the Nobel Prize.
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https://www.nytimes.com/2004/03/23/science/denied-nobel-for-mri-he-wins-another-prize.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC214010/


https://pubmed.ncbi.nlm.nih.gov/22309802/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC55275/ 

1990

Seiji Ogawa
(1934 - )

Depeche Mode 
Violator
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https://pubmed.ncbi.nlm.nih.gov/22309802/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC55275/


1992

https://pubmed.ncbi.nlm.nih.gov/1608978/ Elliott et al., (2021), Trends in Cog. Sci.
https://www.sciencedirect.com/science/article/pii/S1364661321001297 

https://brainimpact.eu/why-fmri/ 
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https://pubmed.ncbi.nlm.nih.gov/1608978/
https://www.sciencedirect.com/science/article/pii/S1364661321001297
https://brainimpact.eu/why-fmri/


MRI hardware
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https://www.youtube.com/@radiologytutorials 13

https://www.youtube.com/@radiologytutorials


https://www.youtube.com/@radiologytutorials 

Ampère’s right hand rule

André-Marie Ampère
(1775 – 1836)

“The magnetic field created by an electric 

current is proportional to the size 

of that electric current with a constant 

of proportionality equal to the permeability 

of free space.”

Magnetic field strength is dependent on:

- number of coils of wire;

- amount of current that runs through the wire.
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https://www.youtube.com/@radiologytutorials


https://www.youtube.com/@radiologytutorials 

Liquid Helium
Niobium Titanium Alloy

current resistance

We overcome this by using a 

superconductor that will allow us to run 

a strong enough current through the wire 

and hence obtain a strong enough 

magnetic field

This superconducting wire is usually made of 

Niobium Titanium Allow bathed in 

liquid Helium at -269°C (4.15 K)
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https://www.youtube.com/@radiologytutorials


https://www.youtube.com/@radiologytutorials 

Shim

passive shim

sheet of ferromagnetic metal placed along the magnetic bore; manipulates the magnetic field

Shims help maintain a homogenous main magnetic field

active shim

have their own electricity supply, which we can change in order to manipulate the magnetic field
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https://www.youtube.com/@radiologytutorials


https://www.youtube.com/@radiologytutorials 

https://ro.mouser.com/applications/medical-imaging-overview/ 

MRI transmitter, receiver, and coils

Gradient coils can create their own 

magnetic field => manipulate the 

main magnetic field (i.e., the precession

of Hydrogen protons) => spatial encoding
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https://www.youtube.com/@radiologytutorials
https://ro.mouser.com/applications/medical-imaging-overview/


https://www.youtube.com/@radiologytutorials 

The radiofrequency coil generates an alternating magnetic field 

(i.e., radio frequency pulse) that is perpendicular to the main magnetic field

https://www.youtube.com/watch?v=b6fwywMZEZA 

18

https://www.youtube.com/@radiologytutorials
https://www.youtube.com/watch?v=b6fwywMZEZA


MRI – structural imaging
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Fordham et al., (2021)
https://pubmed.ncbi.nlm.nih.gov/34199151/ 

Hydrogen atoms => abundant in the human body

spin

rotation around own axis

precession

tilt around the B0 axis

The protons in the nucleus of the Hydrogen atoms

are characterized by spin and precession

B0
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https://pubmed.ncbi.nlm.nih.gov/34199151/


Fordham et al., (2021)
https://pubmed.ncbi.nlm.nih.gov/34199151/ 

When placed in the MRI 

scanner, proton axes align

to the B0 axis

B0
21

https://pubmed.ncbi.nlm.nih.gov/34199151/


Fordham et al., (2021)
https://pubmed.ncbi.nlm.nih.gov/34199151/ 

Then a radio frequency (RF) 

pulse causes the protons to 

precess in phase 

B0
22

https://pubmed.ncbi.nlm.nih.gov/34199151/


Fordham et al., (2021)
https://pubmed.ncbi.nlm.nih.gov/34199151/ 

Then a radio frequency (RF) 

pulse causes the protons to 

precess in phase

B0

flip angle

the angle at which the 

net magnetization vector 

is rotated away from the 

z-axis by an RF pulse, 

relative to the main

magnetic field (B0)  

net magnetization 
vector

net magnetization

vector

the summation of all the 

magnetic moments of the 

individual H nuclei
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https://pubmed.ncbi.nlm.nih.gov/34199151/


Fordham et al., (2021)
https://pubmed.ncbi.nlm.nih.gov/34199151/ 

The RF pulse must match the 

natural frequency of the 

H protons 

(the Larmor frequency)

resonance

selective response of an 

object/system that 

vibrates in phase with an 

externally applied 

oscillatory force

ω = γB

Larmor frequency 
(in MHz)

gyromagnetic ratio 
(in in MHz/T)

strength of the static 
magnetic field B0 (in T)

In a field (B0) of 1.5T, the resonance frequency of ¹H would be (42.58 MHz/T) x (1.5T) = 63.87 MHz

For Hydrogen, γ is 42.58 MHz/T 
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https://pubmed.ncbi.nlm.nih.gov/34199151/


Fordham et al., (2021)
https://pubmed.ncbi.nlm.nih.gov/34199151/ 

When the RF pulse is turned 

off, protons realign to the 

B0 axis  (relaxation). 

We then measure the energy 

they release as they relax.

B0

Repetition Time (TR)

time between two

successive RF pulses 

Echo Time (TE) 

time between an RF 

pulse and signal read-out 

25

https://pubmed.ncbi.nlm.nih.gov/34199151/


Liu, (2020)
https://www.researchgate.net/publication/347240832
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https://www.researchgate.net/publication/347240832_Advanced_High_Resolution_Diffusion_Tensor_Magnetic_Resonance_Imaging


https://case.edu/med/neurology/NR/MRI%20Basics.htm 

By varying TR and TE => different kinds of 

structural images

T1W => most used in research is the 

T2W & Flair => preferred for clinical diagnoses
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https://case.edu/med/neurology/NR/MRI%20Basics.htm


fMRI – functional imaging
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(a) the BOLD signal

Blood

Oxygen
Level

Dependent

These fluctuations induce magnetic field inhomogeneities which can be recorded (i.e., the T2* signal)
Linus Pauling
(1901 – 1994)

He discovered that haemoglobin changes its magnetic properties depending 

on its Oxygen concentration.

Deoxygenated haemoglobin is paramagnetic (i.e., attracted to a magnetic field).

Oxygenated haemoglobin, however, is diamagnetic (i.e., creates no magnetic moment).
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Deoxygenated haemoglobin

 

paramagnetic 

(i.e., attracted to a magnetic field)

Oxygenated haemoglobin

diamagnetic 

(i.e., creates no magnetic moment)

https://www.youtube.com/watch?v=4UOeBM5BwdY 
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https://www.youtube.com/watch?v=4UOeBM5BwdY


Huettel et al., (2014), p. 213

Developed a way to record the BOLD signal from living tissue and established a 

direct relationship between the level of oxygenated haemoglobin 

and functional image properties.

Seiji Ogawa
(1934 - )
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Closely related to the BOLD signal is the Haemodynamic Response Function (HRF)

The haemodynamic response is slow (approx. 5 s to peak

following stimulation), whereas brain processes occur in the 

span of milliseconds => fMRI temporal resolution is small 

=> influences the way we plan our experimental design

Poldrack et al. (2011), p. 13

hemodynamic response 

the increase in blood flow that follows 

a brief period of neuronal activity
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(b) noise and pre-processing steps

Pre-processing (i.e., signal clean-up and quality assurance/QA), are CRUCIAL! 

Just like when taking a picture, if we move the camera, or the subject moves, the picture will come out blurry.

Similarly, the fMRI signal can be affected by various sources of noise, e.g., head motion, but also physiological signals. 

The magnetic field B0  can also contain fluctuations (i.e., inhomogeneities) around the air–tissue interfaces 

(e.g., orbitofrontal cortex) , leading to signal drop-out or geometric distortions.

In addition, spikes can occur due to electrical instability in the scanner.
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Huettel et al. (2014), p. 283

https://www.sciencedirect.com/science/article/pii/S1053811920310703 

Huettel et al. (2014), p. 306
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https://www.sciencedirect.com/science/article/pii/S1053811920310703


Poldrack et al. (2011), p. 46

SNR (Signal to Noise Ratio) 

the strength of our signal of interest 

compared to background noise

The higher the better!
e.g., by acquiring field maps to

quantify B0 inhomogeneities

e.g., independent component analysis (ICA)

blurring; increases SNR, e.g., by 

reducing interindividual variability

Pre-processing essentially aims to increase the SNR.

Huettel et al. (2014), p. 298
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normalization 

mathematically warps subjects’ brains to a 

standard stereotaxic framework => better 

comparisons between individuals within a 

study & allows the reporting of data derived 

from common coordinates for 

comparisons between studiesCommon pre-processing pipelines and reporting standards 

are crucial to overcome the reproducibility crisis! 

(functional–structural) co-registration 

matches functional data to higher-resolution 

structural images => a better anatomical 

localization of activation within a subject
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(c) experimental design

Task-based

Resting state

- records brain activity at rest

- no cognitive load for participants

- more inclusive than task based (can

be used with participants who are unable 

to respond, e.g., coma)

- allows for various analyses

(a) event-related = stimuli are presented in short succession (e.g., 10 s)

(b) block design   = stimuli are presented in groups called “blocks”, and varied at larger intervals (e.g., 1 m)

(c) naturalistic viewing (e.g., movies)

Huettel et al. (2014), p. 258
37



(d) analysis types

Contrasts => Statistical parametric maps

Within group; one-sample t test

Across groups; ANOVA

Between two groups; two-sample t test
Uscatescu et al., (2023)
https://www.nature.com/articles/s41537-023-00344-1 

Effective (directed) connectivity

estimates the direction in which brain areas 

increase each-other’s activity

Functional (undirected) connectivity 

synchronisation between spatially remote brain areas, 

when exposed to simultaneous stimulation
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https://www.nature.com/articles/s41537-023-00344-1


(e) levels of inference

voxel 

the most basic unit of measurement; 

usually 3 X 3 X 3 mm; 

the volumetric equivalent of a pixel

Uscatescu et al., (2018)
DOI: 10.13140/RG.2.2.30653.72163

e.g., in Multi-Voxel Pattern Analysis (MVPA) 

=> which patterns of voxels are preferentially 

activated by different experimental condition?

At the voxel level
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http://dx.doi.org/10.13140/RG.2.2.30653.72163


Region of Interest (ROI) 

pre-defined brain region; 

useful for multiple comparison control 

(i.e., limits the risk of false positives)

At the region of interest (ROI) level
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At the network level => pre-defined brain networks; can be identified, e.g.,  through Independent Component Analysis (ICA)

Widely used in rsfMRI

DMN SAN DAN

Uscatescu et al., (2021)
https://link.springer.com/article/10.1007/s10548-021-00868-8 
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https://link.springer.com/article/10.1007/s10548-021-00868-8


At the whole brain level => very useful for exploratory analyses

notice whether the reported results

are corrected or uncorrected for

multiple comparisons

Uscatescu et al., (2023)
https://www.nature.com/articles/s41537-023-00344-1 
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https://www.nature.com/articles/s41537-023-00344-1


Safety
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The MRI, while non-invasive, has a very powerful magnet which can cause damage unless precautions are taken.

Both experimenters and participants MUST comply with safety screening.

When available, a metal detector should be used before allowing participants in the scanner room.

Likewise, maintenance personnel MUST be instructed accordingly.

NO ferromagnetic utensils, objects, jewellery should EVER be allowed in the scanner room.

Serious damage can be caused, such as getting burns or hit by flying metallic objects.

The main magnet IS ALWAYS ON unless quenched (i.e., the liquid helium is released, thus deactivating the magnet).

Participant screening is performed before study enrolment, and contains many safety questions such as:

- are you claustrophobic?

- do you have any metal implants, or dental fillings?

- do you work with metal?

- do you have any tattoos (how old)?

- do you have a pacemaker?

- do you have an IUD (i.e., intra-uterine device)?

- do you have any piercings that might be hard or 

impossible to remove?

- are you pregnant?

- if you have any implants/dental fillings, do you know 

what material they are made of, or is it possible to 

obtain clearance from the doctor who implanted them?
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https://www.youtube.com/watch?v=6BBx8BwLhqg 
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https://www.youtube.com/watch?v=6BBx8BwLhqg


https://www.dailymail.co.uk/news/peoplesdaily/article-3678822/Wheelchair-ended-STUCK-MRI-machine-eager-family-pushed-treatment-room-soon-cost-300-000.html 

46

https://www.dailymail.co.uk/news/peoplesdaily/article-3678822/Wheelchair-ended-STUCK-MRI-machine-eager-family-pushed-treatment-room-soon-cost-300-000.html


https://www.ajronline.org/doi/10.2214/ajr.178.5.1781092 
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https://www.ajronline.org/doi/10.2214/ajr.178.5.1781092


https://www.auntminnie.com/clinical-news/mri/article/15610888/mri-accident-in-india-injures-2-employees 
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https://www.auntminnie.com/clinical-news/mri/article/15610888/mri-accident-in-india-injures-2-employees
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https://www.youtube.com/watch?v=9SOUJP5dFEg 

https://www.youtube.com/watch?v=9SOUJP5dFEg


Specific absorption rate (SAR) 

the rate that electromagnetic energy in the radiofrequency 

pulses is absorbed by tissues during MR image acquisition 

measured in watts per kilogram (W/kg)
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Further resources
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Further resources

https://www.youtube.com/@radiologytutorials 

https://neurosci.ro/intro/ 

luscatescu@vt.edu

https://podcasters.spotify.com/pod/show/ohbm 
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https://www.youtube.com/@radiologytutorials
https://neurosci.ro/intro/
https://podcasters.spotify.com/pod/show/ohbm


Thank you!

Dr. Raluca Szekely-Copîndean

Barbu Isloi A penny for your thoughts?
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