
Application of 
Physics to Medicine

Piergiorgio Cerello
INFN ςTorino

cerello@to.infn.it

Danube School on Instrumentation in Elementary Particle & Nuclear Physics
University of Novi Sad, Serbia, September 8th-13th, 2014



Nuclear Physics for Medicine 
NuPECC2014

Medical Imaging

http:// www.nupecc.org/pub/npmed2014.pdf



Overview
Õbrowse the developments in Medical Physics applications?
Õselect some examples and try and give some insight

Radioisotopes

PET Imaging

Innovative PET detectors

Hybrid imaging technologies (PET/MRI/EEG)

PET detectors application in particle therapy monitoring

Nanotechnologies + particle therapy

Image Processing



Medical Imaging



Physics and Medicine have been 

tightly bound by Medical Imaging 

technologies for more than a 

centuryé

Medical Imaging can beé

é morphological (e.g., CT)

X-rays!!! (Roentgen, 1895)

MedicalImaging



X-rays are absorbed by the target (i.e., 

the human body)

Absorption is related to the density via the

Lambert-Beer law

I(z) = I(0) exp(-ɛ(ɟ)z)

ɟ=ɟ(z)

By measuring I,ɛcan be evaluated!

And the body local density, with an

amazing resolutioné

Letôstake a look at a CT scané

MedicalImaging



Spatial Resolution: ~ 100 ɛm

Time Resolution: irrelevant

Energy Resolution: irrelevant

is morphological information enough 

for diagnosis, staging, follow-up of a 

disease?

MedicalImaging



Physics and Medicine have been 

tightly bound by Medical Imaging 

technologies for more than a 

centuryé

Medical Imaging can beé

é morphological (e.g., CT)

é functional (e.g., PET)X-rays!!! (Roentgen, 1895)

MedicalImaging



Nuclear Medicine

Should the peptide/antibody be specific or not?

It depends on the targeté

é is multi-disciplinary!
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Nuclear Imaging: Ingredients

1) a radioisotope bound to 
ΨŦǳƴŎǘƛƻƴŀƭƭȅ-ǊŜƭŜǾŀƴǘΩ ƳƻƭŜŎǳƭŜǎ

1) the emitted particle must be 
(in)directly detected

2) a detector

generates information about energy, 
position, time of the interaction

3) Reconstruction software

provides a 2D/3D activity map

Nuclear Imaging 
is functional!



Functional Imaging: Modalities

Positron Emission Tomography 
(PET)

Single Photon Emission Computed 
Tomography (SPECT)

Computed Tomography Perfusion 
Imaging (CT)

Functional Magnetic Resonance 
Imaging (fMRI)



SPECT Imaging: ingredients

1) A ɔemitting isotope bound to 
ófunctionally-relevantô molecule

1) the emitted photon must be in the         
70 -300 keV energy range

2) a photon detector 

gamma camera + collimator

3) Reconstruction software

provides a 2D/3D activity map



Gamma camera          SPECT

SPECT Imaging: ingredients



ɔɔ++-+
ee

AnnihilationǾ- decay

PET Imaging: Ingredients



PET Imaging: Ingredients

1) a ɓ+ decaying isotope bound 
to ófunctionally-relevantô molecule

1) the emitted e+ annihilates (almost 
at rest) close to the emission point 
into a (nearly) back-to-back 511 
keV photon pair

2) a photon detector (typically a 
crystal)

generates a list of Lines Of 
Response (LOR)

3) Reconstruction software

provides a 3D activity map



SPECT/PET Imaging: Operations

0) Choose Radiotracer 

1) Synthesize Radiotracer 

2) Inject Radiotracer 

3) Wait (about 60 min)

4) Scan patient

How do you select and

produce a Radiotracer?



Radioisotopes



é the fuel of Nuclear Medicine

What is the optimum isotope for an application ? 

Are we using today the optimum isotopes? 

Is there sufficient supply of isotopes at 

reasonable cost? 

How reliable is the isotope supply ? 

Radioisotopes



Radioisotopes
more than 3000 known radioisotopesé

half-life

decay properties

chemical properties



SPECT Radioisotopes: eɹmitters



Radioisotopes supply chain



t9¢ wŀŘƛƻƛǎƻǘƻǇŜǎΥ ʲҌ ŜƳƛǘǘŜǊǎ



Therapy with Radioisotopes

Å the peptide/antibody MUST be VERY specific

Å half-life: delivery and washout

Not only imaging!



Tumor therapy comparison


