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Neurofunctional techniques
neuroimaging
in vivo techniques 

for human brain imaging and mapping

A critical overview of methodology and 
applications

You will run some simple 
MRI experiments of brain mapping

9, 23 and 30 November 



Neuroimaging
… in these lectures

A 2 hands course
Renata Longo and Maja Ukmar

A physicist and a radiologist point of 
view

Ø The physicist is methodology oriented
Ø The radiologist is clinical oriented

Both of us are research oriented



Medical imaging techniques

Medical Imaging is the Process of Converting 
Tissue Characteristics into a Visual Image

http://www.sprawls.org/ppmi2/IMGCHAR/#CHAPTER%20CONTENTS

http://www.sprawls.org/ppmi2/IMGCHAR/


Topics
Ø Nuclear Magnetic Resonance Imaging (MRI)

l fMRI, DTI
l Hands-on sessions at the clinical MRI unit

Ø Computed tomography (CT)
l Basic principles, recent developments

Ø Nuclear Medicine techniques 
l Single Photon Emission Tomography (SPECT)
l Positron Emission Tomography (PET)

Ø Radiobiology and radiation protection: 
 a short introduction

l for researchers and volunteers



Nuclear Magnetic Resonance 
Imaging (MRI)



functional MRI
brain mapping



Diffusion Tensor Imaging
DTI-MRI

brain connectivity



Topics
Ø Nuclear Magnetic Resonance Imaging (MRI)

l fMRI, DTI
l Hands-on sessions at the clinical MRI unit

Ø Computed tomography (CT)
l Basic principles, recent developments

Ø Nuclear Medicine techniques 
l Single Photon Emission Tomography (SPECT)
l Positron Emission Tomography (PET)

Ø Radiobiology and radiation protection: 
 a short introduction

l for researchers and volunteers



x-ray Computed Tomography (CT)

https://www.imaios.com/en/e-Anatomy/Head-and-Neck/Head-CT

https://www.imaios.com/en/e-Anatomy/Head-and-Neck/Head-CT


Topics
Ø Nuclear Magnetic Resonance Imaging (MRI)

l fMRI, DTI
l Hands-on sessions at the clinical MRI unit

Ø Computed tomography (CT)
l Basic principles, recent developments

Ø Nuclear Medicine techniques 
l Single Photon Emission Tomography (SPECT)
l Positron Emission Tomography (PET)

Ø Radiobiology and radiation protection: 
 a short introduction

l for researchers and volunteers



Nuclear Medicine
Radionuclide imaging

A radioactive compound is delivered to 
the subject and images are generated by 
the radioactive emissions from the body



Nuclear Medicine
Radionuclide imaging

Functional (molecular) imaging
Ø Anatomy MRI

l may be CT

Ø Functional
l Positron 

emission 
tomography

Ø Fusion imaging



Topics
Ø Nuclear Magnetic Resonance Imaging (MRI)

l fMRI, DTI
l Hands-on sessions at the clinical MRI unit

Ø Computed tomography (CT)
l Basic principles, recent developments

Ø SPECT & PET techniques and applications
l Single Photon Emission Tomography
l Positron Emission Tomography

Ø Radiobiology and radiation protection: 
 a short introduction

l for researchers and volunteers





Ionizing radiation
Ø Ionizing radiation consists of 

subatomic particles or 
electromagnetic waves that 
are energetic enough to detach 
electrons from atoms or 
molecules, ionizing them
üX ray 

üCT
ü g ray

üNuclear Medicine
üa particle

ü Nuclear Medicine
üb particle 

üNuclear Medicine

http://en.wikipedia.org/wiki/Subatomic
http://en.wikipedia.org/wiki/Particle_radiation
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Ionize




Biological effects 
of ionizing radiation
Biological risk is associate to the 

ionization of the DNA



From the syllabus
our learning agreement

D1:Knowledge and understanding
Ø The purpose of the course is to provide theoretical, 

conceptual and practical basis about the functioning of 
the principal neuroimaging, useful to investigate the 
different aspects of the characteristics of the Central 
Nervous System, in the field of Cognitive Neuroscience 

Ø Advantages and limitation of the different techniques 
should be acquired

http://ecahe.eu/w/index.php/Dublin_Descriptors

http://ecahe.eu/w/index.php/Dublin_Descriptors


From the syllabus

D2 Applying knowledge and understanding
Ø The acquired knowledge will be useful to develop the 

needed capability to design the most appropriate 
experimental plans to investigate the characteristics of 
the Central Nervous System

http://ecahe.eu/w/index.php/Dublin_Descriptors

http://ecahe.eu/w/index.php/Dublin_Descriptors


From the syllabus

D3 Making judgements
Ø The students develop critical abilities useful to better 

understand the functioning of neuroimaging tools

Ø The students will be able to evaluate the different cases 
in which the different techniques may be applied, 
depending on the experimental purposes

http://ecahe.eu/w/index.php/Dublin_Descriptors

http://ecahe.eu/w/index.php/Dublin_Descriptors


From the syllabus

D4 Communication skills 
Ø The requested written reports about experiments, and the 

oral examination will encourage the students to develop 
scientific writing abilities and oral communication skills

http://ecahe.eu/w/index.php/Dublin_Descriptors

http://ecahe.eu/w/index.php/Dublin_Descriptors


From the syllabus

D5 Learning skills
Ø the students will be able to critically evaluate the 

scientific literature using neurofunctional techniques
Ø This will allow them to obtain the propaedeutic 

knowledge to plan research projects in the field of 
Cognitive Neuroscience

http://ecahe.eu/w/index.php/Dublin_Descriptors

http://ecahe.eu/w/index.php/Dublin_Descriptors


Slides and additional material

Ø Slides are uploaded in Moodle
Ø Additional material available in Moodle
Ø Groups composition and reports delivery by 

Moodle



About exam
neuroimaging module

Ø Students are required to take a final oral 
examination and present a report of the MRI 
experiment

Ø The oral examination consists in a discussion of 
30 min, during which the student is invited to 
describe and comment on a few topics covered 
in the course

Ø The final registration, weighed average of the 
marks of the modules, is done by prof. Cingolani
l Find the date in ESSE3



Calendar neuroimaging 
prof. Renata Longo and prof. Maja Ukmar

Ø Thursday 28 September  14-16
Ø Thursday 5 October  14-16
Ø Thursday 12 October  14-16
Ø Thursday 19 October  14-16
Ø Thursday 26 October  14-16
Ø Wednesday 8 November  16-18
Ø Thursday 9 November  14-16.30 group A
Ø Thursday 9 November  16.30-19 group B
Ø Wednesday 22 November 16-18



Calendar neuroimaging 
prof. Renata Longo and prof. Maja Ukmar

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
Ø Wednesday 6 December  16-18
Ø Thursday 7 December  14-16
Ø Thursday 14 December  14-16 seminar by

 dott. G. Hagberg TBC


