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What is MRI?



What is MRI and fMRI?
- Images taken with MRI scanner (Magnetic Resonanse

Imaging)

- Anatomical MRI: anatomical image gives structure (but
they cannot reveal short-term physiological changes)

- fMRI: functional images
- measure changes in subjects' brains function while they are

focusing on a task in MRI scanner or try not to do anything
- Purpose

- 1) fiding specific part of the brain where mental process happens
- 2) patterns of brain activation associated with mental processe

- signal based on rapid changes in blood oxygenation over time on 
specific areas

- the signal is coming from nuclear level, fMRI measurements are not
interfering with neuronal firing or blood flow

MRI fMRI



Collect enough volumes over time

Raw fMRI data, 1 volume

https://fi.wikipedia.org/wiki/Henkil%C3%B6kohtainen_tietokone

Preprocessing
+ statistics

Beautifull fMRI images



8:00-9:00     Physiology of the BOLD signal and  
image acquisition

9:00-9:45     GLM for fMRI analysis
9:45-10:00   Coffee break
10:00-11:00 Experimental designs for fMRI
11:00-12:00 Preprocessing with fMRIprep
12:00-13:00 Lunch break
13:00-14:00 First level models
14:00-15:00 Second level models
14:45-15:00 Coffee break
15:00-16:00 Data visualization

Research question

Data Acquisition

Designing experiment

Preprocessing fMRI

1st level models

2nd level models

Data visualization

Data analysis



How to collect data?



fMRI
control
computer

Monitor showing
the same as the
monitor in the
sanner room

Trigger
box

MRI 
control
room

MRI scanner
room



Siemens MAGNETOM Sola 1.5 T
https://www.siemens-healthineers.com

Siemens MAGNETOM Vida 3T

Philips Ingenia 1.5 T
https://www.philips.fi/

Philips Ingenia 3T

GE SIGNA 1.5 T
www.gehealthcare.com/products/magnetic-resonance-imaging/

GE SIGNA 3T



Prepare the subject on the table
Some sites ask the subjects to change clothes, some
not, please follow the rules on your own laboratory

Place the subject into the scanner

While scanning:
- Noise à double ear protection
- Claustrophobia à communicate
- SAR (specific absorption rate) à no patients with fever
- Careful screening: no tattoos, implants, ear rings, etc. In 

the scanner. 

Important: make the subject feel comfortable

nurse



Double hearing protection must be

Extra super important: the subject cannot move!
There are selection of different pillows to gently
prevent subjects’ head from moving



Screen for showing stimuli

Mirrow to see the stimuli

Panick button sitting on a easy-reach place

Hands holding the buttons for tasks
Head in head coil, ears protected

Nice and comfortable
positioning, the subject is 
ready to start the task



The magnet is always on

!

https://www.harveynorman.com.au/amable-office-chair-red.html



• 1.5 T is 30 000 times stronger than earth magnetic field

http://www.mrisafety.com/http://www.mrisafety.com/images/PreScrnF.pdf

Safety first! The magnet is always on

True for everyone
and everything
entering the scanner
room

https://www.harveynorman.com.au/amable-office-chair-red.html



http://www.mrisafety.com/images/PreScrnF.pdf

Brix et all., J Radiol
Imaging, 2016, 1(4):29-32



So hungry…

Need to focus!

When you know what to do, image acquisition is fun!



Where is the MRI signal coming
from?



MR imaging is easy

1) Place the subject into the MRI scanner in strong 
magnetic field
2) Sent a radio wave in 
3) Turn the radio wave off
4) The subject emits a signal for head coil to catch
5) Reconstruct the image 



Huettel Scott A., Song Allen W., McCarthy 
Gregory: Functional Magnetic Resonance
Imaging, 2014, Oxford University Press Inc

Sprawls, Magnetic Resonance Imaging, 
Online Edition, provided by Sprawls 

Educational Foundation 
http://www.sprawls.org

https://www.adlibris.com/fi/haku?filter=author%3AHuettel%20Scott%20A.
https://www.adlibris.com/fi/haku?filter=author%3ASong%20Allen%20W.
https://www.adlibris.com/fi/haku?filter=author%3AMcCarthy%20Gregory
https://www.adlibris.com/fi/haku?filter=publisher%3AOxford%20University%20Press%20Inc


1 2 3

1. Spin: 

- Intrinsic property
- Proton spinning on their axis
à 1) because proton has positive charge, spin generates 

electrical current on it’s surface 
à Magnetic moment in external magnetic field (μ)

à 2) because proton has odd-numbered atomic mass and 
when spinning à moving mass results in angular 
momentum (J)

2. Precession 

- Spins align within external magnetic field
- Orange spins on lower energy state = parallel state 

(the amount always more!)
- Blue spins on higher energy state = antiparallel state

3. Net Magnetization (M): 

- Difference between the number of spins in the parallel 
state and the antiparallel state

- The more spins the the parallel state, the larger the M
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A) A neutral situation:

Spins are in external magnetic field, orange lower 
energy state, blue higher energy state

B) A radio wave comes in:

Some of the lower energy state spins jumps to 
higher energy state  (orange spin into blue)

C) Incoming radio wave stops, outcoming  starts:

Some of the high-energy state spins return to the 
lower energy state and release the absorbed 
energy as a radiofrequency wave with the same 
frequency as the excitation pulse

In quantitative way of 
thinking: 90° excitation
pulse tilts the Net 
magnetization





Contrast

Contrast in medical imaging: 
The intensity difference 
between different quantities 
(tissues)

Case Western Reserve University
Magnetic Resonance Imaging (MRI) of the Brain and Spine: Basics
https://case.edu/med/neurology/NR/MRI%20Basics.htm



Case Western Reserve University

Magnetic Resonance Imaging (MRI) of the Brain and 

Spine: Basics

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

Farrall, Magnetic
Resonance Imaging, 
Practical Neurology
2006; 6: 318-325

T1 relaxation and contrast



Case Western Reserve University

Magnetic Resonance Imaging (MRI) of the Brain and 

Spine: Basics

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

Farrall, Magnetic
Resonance Imaging, 
Practical Neurology
2006; 6: 318-325

T2 relaxation and contrast



Local magnetic field 
inhomogeneities à
T2* contrast (even 
faster decay)



Quantitative path


