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Sometimes imaging = miraging

Can you find the position of the camels?
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1. Historical introduction

2. Anatomical imaging in RO localization

3. Functional imaging in RO localization

4. Immersion into 3D

5. 4D imaging in RO localization

6. Virtual simulation imaging

7. 3D guidance imaging

Objectives
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Medical imaging
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Usage of imaging in medicine 1/2

All types of waves
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Usage of imaging in medicine 2/2

üWell established in diagnostic

üExtensively used for tumor detection and staging

üUsed throughout radio-oncology:

ïfor planning

ïfor irradiation

ïfor verification
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Reference imaging

Guidance imaging
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Historical evolution of imaging in RO



Å2

FMH resident physics training in RO, PSI,  3/09/2007 :  J.-F. Germond 

Imaging in conventional simulation 1/4
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üSimulator radiographs 

are used for drawing 

beams aperture

üOnly based on

ïBony structures

ïAir cavities

ïContrast agent in 

specific organs

üOnly 2D

Imaging in conventional simulation 2/4
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Imaging in conventional simulation 3/4

Simulation film Verification film

Verification by portal film

FMH resident physics training in RO, PSI,  3/09/2007 :  J.-F. Germond 

üStill in use for palliative treatments => 30% of patients

üStill in use for pre-treatment verification of ports

üReference image = Simulator image

üPortal film or electronic image used for verification

Imaging in conventional simulation 4/4
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The 4 cornerstones of modern radio-oncology
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Workflow

3/4 of workflow 

is imaging
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Features of imaging in RO

1. RO is image guided (IGRT) in three aspects:

a. For the definition of volumes during planning (localization).

b. For the setup of fields in simulation (virtual simulation).

c. For the verification of the ballistic during treatment (guidance).

2. Imaging for RO is multimodal (CT,MRI, PET, é)

3. Images RO must be stored, transferred and linked 

(DICOM)
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GTV : Gross Tumor Volume

CTV: + subclinical envolvement

ITV: + Internal margin

PTV: + Setup margin

Paradigm of target volumes definition

ICRU 50 & 62

GTV and CTV are 

oncological concepts 

based on a frozen 

anatomy
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Main issues of imaging in RO

1. Does the imaging modality allow to distinguish the target 

volume from its environment?

Å Adjacent tissues with similar electronic densities in CT exams 

(atelectasy)

2. Does the imaging modality reflect the true anatomy?

Å Artefacts

3. Does the image display allows the observer to perceive 

the target volume?

Å JND index
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Visual perception of images
Definition:

The   Just Noticeable Difference (JND) is the luminance difference 
that the average human observer can just perceive at a specified 
luminance level and viewing conditions

ÅHuman eye is more 

sensitive in the low 

luminance range 

(Fechner law)

ÅDelineate in rooms 

with reduced ambient 

light (15- 60 lux)

ÅDICOM GSDF 

conforming displays 

can compensate for 

this effect
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1 time

Several times

Major steps in the RO workflow
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Major steps in the RO workflow

Localization

Virtual 

simulation

Dose 

planification

Guidance

Irradiation
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Localization in RO

üGoal:

Precisely define the position, shape and volume of organs

ïTarget (tumor, lymph nodes, tumor bed, é)

ïAt risk (spinal cord, lungs, bladder, rectum, é)

üMaterial:

All 3D imaging modalities

ïCT, MRI, PET, SPECT, MRS, é

ïMultimodalities registration and fusion

üMethod:

Organs delineation

ïManual contouring

ïAutomatic (thresholding, deformation, interpolation, atlas, é)
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Information characteristics of imaging in RO

üAnatomical imaging => Structures and morphology

üFunctional imaging => Biological and molecular

abnormalities in tumors

From Smith A. and K.S. Clifford Chao,  Radiation Research, 2005
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GTV : Gross Tumor Volume

CTV: + subclinical envolvement

ITV: + Internal margin

PTV: + Setup margin

Paradigm of target volumes definition

ICRU 50 & 62

Anatomical imaging in 

RO is extensively used 

for delineating the GTV
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Reference imaging

Guidance imaging
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Historical evolution of imaging in RT
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CT equipment for RO

Large gantry 

aperture

Movable 

lasers

Flat table 

top

Software + 

protocols
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Artist view, courtesy of  Philips Medical Systems
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ü Acquisition in helical (spiral) mode

ü

Mode of acquisition

(L) length nCollimatio

(d) rotation 360 over shift Table
 Pitch

¯
=

Full sampling for 

360Árecontruction

Full sampling for 

180Árecontruction

More complex for 

multislices CT

Pitch = 1 

d = 1 x L

Pitch = 1.5 

d = 1.5 x L

Pitch = 2    

d = 2 x L

Axial   

scan
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CT data acquisition

Transmission profile
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Transmission profile
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Reconstruction by backprojection
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Transverse image

Example of a point object

Dpretense of reality only!
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üThe usefulness of images is affected by 
several of their characteristics:

ïArtefacts

ïContrast

ïResolution

ïNoise

üThe image characteristics depend strongly 
on modalities.

Image quality
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Different 

structures 

seen

Different resolution

Different noise

CT PET
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Image charateristics

Different 

structures 

seen

From F. Schoenahl , Cours CFPFTRM, 2005 
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Definition:

An artefact is any visible structure which does not reflect the 

reality of the patient anatomy (wrong CT numbers)

Artefacts

Artefacts may be patient related:

a. Metallic objects inside the body (prothesis, clip, dental filling,é)

b. Patient voluntary or involuntary motions

c. Field of view smaller than patient size (obese patients)

L
o

c
a

li
z
a

ti
o

n
w

it
h

C
T

 


