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Radiation therapy simulationé a note and a diagram in the chart



Radiotherapy  1-D and 2-D



Typical dosimetric

calculation

=

Computation of 

Beam- ON time for a 

Co-60 treatment

BOTi=PDi/100 x T100,d,FS



Radiotherapy 1-D +

Planning 
Simple beam arrangements

Prescription to a point

Calculations
Standard condition tables (PDD and BOT)

Corrections for SSD and field size

Blocked field corrections = > Equivalent Square

Point of interest calculations
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In ñ2Dò radiotherapy

ÅThe target is defined in relation to anatomic landmarks 
ïheavy reliance on bony anatomy

Å The extent of fields is driven by knowledge of anatomy 
and by disease pathways

ÅExtensive use of physical examination, palpation and 
physical measurements of the patient.

Å Dose distribution information limited to single plane of 
major significance in order to cover the target. Energy 
selection is very important. 

Å Protection of critical organs set by experience 
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Radiotherapy 2-D with R/F simulation

Targeting 
Palpation

Use of planar images 

Reference to Anatomical landmarks

No Information on actual volumes

Beamôs eye-view of simple fields

Choice of field size - usually by disease site rules 

Blocking
Protection of critical structures rather than conformality.

Based on clinical experience to avoid complications

Treatment fields not conformal to target 



ÅWe never treated our patients with 2D 
RTé

ÅOur information was 2D
ðRadiographs collapsed all the anatomy unto a 

2D radiographic film

ðWe could only represent one plane at a time 

ÅOur patients? All of them tri - dimensional !



Perez and Brady - Principles and Practice of Radiation Oncology-1998, and others

The 90ôs ïthe 

era of 3D



3-D Conformal Radiotherapy

(3-D CRT)

ÅñThe design and delivery 

of radiotherapy treatment 

plans based on 3-D image 

data with treatment fields 

individually shaped to 

treat only the target 

tissueò



Tools in 3-D planning systems 

design beam orientations

display beamôs-eye-views (BEVs)

design of beam weights 

calculate dose distribution throughout patient volume

computation of 3-D dose to the PTV and PRV

evaluation of the dose plan using dose volume histograms (DVH) 

evaluation of  the biological effect of the plan using tumor control 
probability (TCP) and  normal tissue complication probability (NTCP)
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The Radiotherapy Process ï3D-CRT



Immobilization  Increasingly Important in 3D-CRT





3D-CRT

high quality 3-D  imaging used to define :

gross tumor volume (GTV)

clinical target volume (CTV)

planning target volume (PTV)

planning organ at risk volume (PRV)







Four fields+ 2 arcs for a small Prostate EBT
Total prescription 65 Gy to Isocenter



Green Dose Cloud for four fields plus 2 arcs for the small prostate

Isodose is the 65 Gy prescription



Dose Cloud for four fields plus 2 arcs for the same small

prostate PTV
Isodose is now 97% of isocenter prescription ( 63 Gy)



Same Green Dose Cloud for four fields plus arcs for the LARGE PTV

Isodose is 97% of isocenter prescription 63 Gy



Virtual Simulation 







Treatment Portal Evaluation  Tools

ÅDigitally Reconstructed Radiographs 

(DRR)

ÅPort verification films

ÅElectronic Portal Imaging Devices (EPID)  

ÅOn Board Imagers (OBI)

ÅPort comparison Software



CT guided Conformal Plan 

One of Six fields
Prescription 77.4Gy to PTV





Dose Cloud for a Six Fields CRT

Prescription Isodose 77.4 Gy small PTV



Dose Cloud for Six Fields CRT

Prescription Isodose 77.4 Gy LARGE PTV





Acoustic neuroma not 

clearly visible on  CT image

Mass clearly seen on reformatted 

MRI image after fusion with CT 

Multimodality image registration



Multiple beams 

projected on a surface 

rendering of the 

patient facilitate 

setting the patient up 

for treatment. The 

puckered surface 

represents the mask 

used to immobilize the 

patientôs head in the 

correct treatment 

position.

Dosimetric effects caused by couch tops and immobilization devices:

Report of AAPM Task Group 176 - Med. Phys. 41 (6), June 2014



Non-coplanar beams 

(peach and red)  

aimed at a brain 

tumor(purple), 

displayed on a 

digitally 

reconstructed 

radiograph. The 

brain stem (green) 

and the optic chiasm 

(orange) are spared 

using conformal 

shaping of the 

beams 
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External Beam Arrangement for 3-D conformal  PBI



Dose distribution for External 3-D conformal PBI



Cranio- spinal Irradiacion



3ïD Conformal RT

Essential use of CT information

Å Major increase in the use of CT information enables the 
construction of volumetric data sets

Å The targets are constructed slice by slice from knowledge of 
anatomy and by disease pathways but aided by visualization of 
organs and boundaries between them and the targets. Physical 
examination, palpation and other tests are complemented with 
cross sectional images.

Å The fields outlines are ñconformedò to the BEV of the targets

Å Physical measurements of the patient are substituted by digital
image measurements tools.

Å The target is still defined in relation to anatomic landmarks ï
significant reliance on bony anatomy. Use of DRRôs



3ïD Conformal RT ïcont

ÅDose distribution information expanded to multiple 
planes

ÅMultiple beam directions and non-coplanar
arrangements reduce the dependence on beam energy

ÅAccounting for dose contributions from other planes is 
made possible by better beam models. Increased weight 
given to doses to critical organs

ÅNew tools required to describe target and critical organ 
doses (DVH) and for plan evaluation

ÅDVHôs of critical organs started to generate Organ dose 
tolerance information and partial volume dose tolerance


