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Agenda

• Introduction of dose components of photon beams

• Types of algorithms
• Correction-based, Model-based, Principle-based

• Why Principle-based is required for small field?

• Beam configuration of Monte Carlo simulation algorithm

• Conclusions
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Problem
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Physical Background

• Four main dose components for photon 
beams
1. The primary dose (primary photon)

• Dominates more than 70% of total dose

2. The phantom scatter dose (scattered 
photon)

• The second-largest contribution, represents 30% of 
total dose

3. The head scatter dose (scattered photon)
• Less importance, 5-10% of total dose

4. The contaminant charged-particle energy 
deposition (secondary electron)

• Large influence, especially for high-energy photon 
beams, but only at small depths (buildup region).
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Measurement based Physics based

Classical
(Correction-based) 3D calculation (Model-based) Principle-based (Type C)

1

Equivalent depth and ratio of 
TAR (1D)

Type A
(Longitudinal 
scaling)

1. Convolution
2. 2D pencil 

beam 
kernel

Type B
(Long & Lateral 
scaling)

1. Convolution
/Superpositi
on (CCC)

2. 3D pencil 
beam 
kernel 
(AAA) 

1. Monte Carlo method

(Stochastic algorithm:  tracking
each particle

Error: finite no. of particle 
being tracked

2
Power-law method (1D) 2.   Deterministic algorithm 

(Model-based): (Acuros XB 
grid-based method: LBTE) →
discretize environment (Space, 
Energy, Angle)


Less computational effort

3

ETAR (3D)

4

Fast Fourier transformations 
(2D)
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Correction based

RTAR,Batho,ETARMeasurement
PDD,o/p,profile

Calculation →
SSD,depth,fs,etc
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Correction for Patient Shape and Inhomogeneities

Patient Shape Inhomogeneities

• 1.Effective SSD method

• 2.Ratio of TAR or TPR method

• 3.Isodose shift method

• 1. Ratio of TAR (or TPR) Method

• 2. Power-Law Correction (Batho  

Correction)

• 3. Equivalent Tissue Air Ratio

(ETAR) Correction
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Isodose shift method

Photon energy 
(MV)

k (approximate)

 1 0.8

60Co - 5 0.7

5-15 0.6

15-30 0.5

30 0.4

Parameter k used in the isodose shift method 
for correcting isodose distributions for an irregular
surface

Correction for Patient Shape
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• Considering  the effect of scattering structures by 
the scaling of the field size parameter (account 
for the 3D shape of the inhomogeneity)

• CF  =     T(d’,r’)

T(d,r)

d’ =  d .  =  water equivalent depth

d   =  actual depth

r’ =  r . ’   =  scaled field size dimension

r   =  beam dimension at depth d

’ijk = weighted density of the 

irradiated volume (scatter elements)

• It is the first practical method for computerized  
treatment planning using CT data

P
e=1

e

e=1d1

d2

d3

Correction for Inhomogeneities

Equivalent Tissue Air Ratio Method (ETAR)
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Equivalent Path Length (EPL)

m = electron density of material / electron density of water11



Primary-Scatter separation

 Principle of the method

 This method developed to solve the problem of dose 

calculation in irregular fields such as mantle fields 

(Cunningham et al. 1972).

 This idea originated from Clarkson’s scatter integration 

method.

 This method uses the Scatter-Air Ratio (SAR), defined as the 

ratio of the dose at a point due to the scattered radiation only to 

the dose in free space at the same point (Cunningham 1972)

 SAR(z, Az) = TAR(z, Az) – TAR0(z)

 TAR(z,Az)  =  tissue-air ratio at a depth z in the field of size Az 

 TAR0(z)    =  tissue-air ratio at the same depth but in a field of 
zero area (to represent the primary radiation)
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Physical Background

 Four main dose components for photon 
beams

1. The primary dose (primary photon)
 Dominates more than 70% of total dose

2. The phantom scatter dose (scattered 
photon)

 The second-largest contribution, represents 30% of 
total dose

3. The head scatter dose (scattered photon)
 Less importance, 5-10% of total dose

4. The contaminant charged-particle energy 
deposition (secondary electron)

 Large influence, especially for high-energy photon 
beams, but only at small depths (buildup region).
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Model-based (Type B)

Scaled using EPL

Model-based (Type A)



Measurement based Physics based

Classical
(Correction-based) 3D calculation (Model-based) Principle-based

1

Equivalent depth and ratio of 
TAR (1D)

Type A
(Longitudinal 
scaling)

1. Convolution
2. 2D pencil 

beam 
kernel

Type B
(Long & Lateral 
scaling)

1. Convolution
/Superpositi
on (CCC)

2. 3D pencil 
beam 
kernel 
(AAA) 

1. Monte Carlo method

(Stochastic algorithm:  tracking
each particle

Error: finite no. of particle 
being tracked

2
Power-law method (1D) 2.   Deterministic algorithm 

(Model-based): (Acuros XB 
grid-based method: LBTE) →
discretize environment (Space, 
Energy, Angle)


Less computational effort

3

ETAR (3D)

4

Fast Fourier transformations 
(2D)
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Scatter kernels of different dimensions (AAPM #85)

a) Point spread function                   b) Pencil beam kernel

c) Planar spread function           d) Multiple planar spread function

AAPM 8521



Model-based (Type B)

AAA CCC

23

 Source parameters are pre-calculated by MC 

simulations and fitted to the measured data 

during the configuration process

 Cartesian coordinate system (x, y, z)

Tom Knoos, Lund, Sweden

Spherical coordinates: r, , 



Model-based (Type B)

AAA CCC
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 Source parameters are pre-calculated by MC 

simulations and fitted to the measured data 

during the configuration process

 Cartesian coordinate system (x, y, z)

Tom Knoos, Lund, Sweden

Spherical coordinates: r, , 



Challenge Conditions

 Interface

 Build-up, Build-down, Backscatter

 Small fields

 Fail CPE, Source occlusion, 

Detector perturbation

 High energy photon

 Longer range of charged particle
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Charged Particles
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Heterogeneous phantom: 
1  = 0.24, 0.1, 0.001 g/cm3

2  =  1  g/cm3

Bone  =  1.5  g/cm3
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4.0 4.0 cm2, 6 MV photon beam 

Lung 0.24 g cm−3 low-density lung 0.1 g cm−3 air 0.001 g cm−3 

Build down 
in lung and 
then build up 
in water
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4.0 4.0 cm2, 18 MV photon beam 

Lung 0.24 g cm−3
low-density lung 0.1 g cm−3 air 0.001 g cm−3 

Build down 
in lung and 
then build up 
in water
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15 10 cm2, 6 MV photon beam

Bone  =  1.5  g/cm3 ,Lung 0.24 g cm−3
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15 10 cm2, 18 MV photon beam

Bone  =  1.5  g/cm3 ,Lung 0.24 g cm−3
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Challenge Conditions

• Interface

• Build-up, Build-down, Backscatter

• Small fields

• Fail CPE, Source occlusion, Detector perturbation

• High energy photon

• Longer range of charged particle
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Charged Particles



Principle based (Type C)

Deterministic algorithm

• Finite

• Using LBTE

Stochastic algorithm (Monte Carlo)

• Random

• Statistical uncertainty
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2012 AAPM Annual Meeting - Session: Source Modeling and 
Beam Commissioning for Clinical Monte Carlo
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A schematic illustration of a Monte Carlo Photon History

Water phantom

1 2 3

5

4

6

5

7
Compton scattering

Scoring region

1. Sample energy, direction, and starting position 

2. Sample distance to interaction

3. Sample type of interaction 
4. Sample energy, direction, . . . of new particles

1
2
3
4



Iwan Kawrakow, NRC
1 line represents 1 history or 1 event
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For instance…
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MC simulate in patient’s tissue

Elements (Brainlab)

• Reference beam model
• Pre-generated for different photon source sizes 

(corresponding to electron spot sizes in the 
bremsstrahlung target).

• User provide accurately measured output 
factors and cross profile penumbra widths of 
very small fields

• By comparing the calculated (from different 
photon source sizes)and measured 
parameters, then the Reference Beam Model 
shall be selected.

TomoPen (TomoTherapy)
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Route 1. Small static fields

Source: Alfonso et al. 2008 Med Phys 35: 5179-86



Determination of Field output factors

Field output correction factor

Correcting for perturbation factors
- Density
- Atomic composition 
- Extracameral components
- Volume
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MC simulate in patient’s tissue

Elements (Brainlab)

• Reference beam model
• Pre-generated for different photon source sizes

• User provide accurately measured output 
factors and cross profile penumbra widths of 
very small fields

• By comparing the calculated (from different 
photon source sizes)and measured 
parameters, then the Reference Beam Model 
shall be selected.

TomoPen (TomoTherapy)
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There are alternative solutions

→ TomoTherapy system
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69

As long as no source occlusion,
D/FW will be the same
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Conclusions

• Review dose calculation algorithms
• Correction, Model, Principle-based

• Examples of beam configuration for MC simulation for tuning electron 
source spot size
• Using field o/p factor and profile

• Alternative → Using scanning beam to calculate dose/FW → independent to the 
detector’s size

• All in all → Validation & Verification are required.
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Thank you!
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