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Electromagnetic Radiation in Medical Imaging
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Radiation’s effects
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Deterministic effects

Stochastic effects
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Radiopharmaceuticals

Labelling
of pharmaceutical with 
radioactive isotopes

Selection
of pharmaceutical based on 

organ-specific question
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Non invasive determination
of physiologic processes
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Decay Modesα emission
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Radionuclide Generation
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Interaction of Radiation with Matter

Photoelectric effect

eγγγγ ee e
eeee eeγγγγ

The energy of the Gammaquantum is absorbed
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Interaction of Radiation with Matter

Compton - Scattering

Part of the γ-Energy is passed to the electron
the γ-Quantum changes its Energy and direction

e

e

γγγγ

e
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...)( 2211 ++= ffmix mmm µµµ

κστµ ++=m
τ� is the part of µm due to photoelectric effect
σ� is the part of µm due to Compton Effect
κ� is the part of µm due to pair production
µm Absorption coefficient involves both absorption and scattering processes. 
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Scintillation Crystals
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Scintillation Crystals
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Scintillation Crystals: Ideal Properties

- High photoconversion
- High light output 
- Good stopping power

- Fast response

- High optical light transmission and no self-
absorption

- Index of refraction close to that of the PMT

- Nonhygroscopic and robust  
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Scintillators
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Photomultiplier Tubes

Photocathode

Focusing electrode

Window
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Scintillation Crystal
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The Gamma Camera
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Principle of the Gamma Camera

Scintillation

NaI-Crystal
(40 cm x 40 cm)

Photomultiplier
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na
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Place,
Energy
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Energy Spectrum
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Collimators

• Diverging Hole
– Large FOV; minifies large objects
– Poor sensitivity, resolution

• Parallel Hole
– No magnification

• FOV, sensitivity constant with distance
• Resolution limited by camera intrinsic resolution

• Pinhole, Converging Hole
– Magnification of small objects
– Sensitivity and resolution good at close 

distances
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The Objective of the Gamma Camera is to get an 
image of the distribution of the activity
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Behind the scene…
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SPECT
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Tomographic Images
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Measured data grouped into projections: SINOGRAM

Projection at 0�
0����

45����

90����

-45����

Projection at 90�

θθθθ

s
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Image Reconstruction Methods
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PET
� ���� � � 
� ���
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Electronic Collimation

Nucleus

γγγγ
(511keV)

γγγγ
(511keV)

e+

e-

Coincidence Circuit
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PET Acquisition Modes

3D2D
Sensitivity

Scatter
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PET Coincidence Types
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Short Coincidence Window

Good Energy Resolution

High Crystal Efficiency

3D
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Attenuation: Transmission Scan

SPECT

PET
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PET Clinical Applications

Brain

Kidney

Bladder

" � � �� �
# �� � � �

48 years old patient
Malign Lymphoma
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PET Clinical Applications

MRI (T1, Gd-DTPA)
methionine-PET

„image fusion“

tumor volume: 4 ml tumor volume: 72 ml

Definition of tumor extension
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PET Clinical Applications

von rechts

Surface Projections
Normal Person

Early Alzheimer Disease Typical Alzheimer Disease

right left

Glucose Metabolism in the Brain

100%

0%
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CT

Gantry

Patient Bed

X-ray source

Detectors
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CT
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Hounsfield Scale

Page 45



PET/CT

PET

Fused Image

CT
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CT–based attenuation coefficients
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Research at NMK in KRI 

Respiratory gating system:

Image taken from http://www.jcu.edu/biology/RESP4.JPG

Pressure sensor

Patient Belt

Computer

Trigger(s)

End expiration

Gate(s)

End inspiration

List Mode 
Acquisition

+
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Respiratory Movement
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Thanks to our Russian 
colleagues for the 
great time together
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Thank you very much 
for your attention
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