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Kilovoltage x-ray beam dosimetry 

 These are x-ray units used for therapeutic use such 
as treating cancer or other skin conditions. 

 Energy range: 40 – 300 kVp. 

 Energy specified by: 
 HVL (half-value layer) in mm of Al/Cu 
 kVp (peak voltage). 



Kilovoltage X-ray beams 



X-ray spectrum 



1.  The EGSnrc Monte Carlo code 

2.  EGSnrc relevant to Nuclear Medicine and PET 

3.  What you could use? 

Topics to be covered 



EGSnrc 

 The EGSnrc Monte Carlo system is based on older 
EGS4 code and developed by the NRC in Canada 

 Can model photons and electrons/positrons in the 
energy range 1 keV to 10 GeV. 

 Very well developed and maintained system. 
 Incorporated many improvements in both the 

physics and speed of the system since EGS4 
 Website: http://www.irs.inms.nrc.ca/EGSnrc/

EGSnrc.html 



EGS5 code 

 The EGS5 code is based on EGS4 code (EGS3) 

 EGS = Electron Gamma Shower, so it only covers 
photons, electrons and positrons. 

 EGS4 code developed at SLAC 

 Currently developed at http://rcwww.kek.jp/
research/egs/egs5.html 



BEAMnrc 

 BEAMnrc is a general purpose Monte Carlo 
simulation system for modelling radiotherapy 
sources  

 Based on the EGSnrcMP code system for modelling 
coupled electron and photon transport. 

 Provides a whole set of modules in which you can 
design your linear accelerator or x-ray source. 

 Website: http://www.irs.inms.nrc.ca/BEAM/
beamhome.html 



PENELOPE 

 PENELOPE performs Monte Carlo simulation of 
coupled electron-photon transport in arbitrary 
materials and complex quadric geometries. 

 Written in FORTRAN 
 Provides some useful user codes for running your 

simulations (slab, cylindrical and general 
geometries) 

 Developed from several Spanish universities 
 Website:  
 http://www.nea.fr/abs/html/nea-1525.html 



Cross section data - NIST 

http://physics.nist.gov/PhysRefData/Xcom/Text/XCOM.html 



W H Y  A N D  H O W ? 

EGSnrc and Nuclear Medicine 



EGSnrc photon calculations 

 EGSnrc includes all the relevant interaction 
processes for low energy photons. 

 Has many options available to switch on or off 
according to the need of the user. 

 Does perform the calculations quickly 

 See review paper by Verhaegen and Seuntjens in 
Physics in Medicine and Biology. 



EGSnrc photon calculations 

 Does not consider radioactive decay. 
 Has good documentation and user codes. 
 New C++ type library for powerful geometry and 

source definitions. 
 Lots of benchmarking of MC codes 

 Note - PENELOPE code is similar, less options and 
slower. 







Search using Entrez PubMed 

Search Terms Number of hits 

EGSnrc and Nuclear Medicine 9 

EGS4 and Nuclear Medicine 27 

ESGnrc and PET 0 

EGS4 and PET 2 

EGS4 and Positron Emission 
Tomography 

4 

PENELOPE and PET 2 



Any relevance? 

 Initial impressions are possibly not very good. 
 Many publications on detector response using MC 

techniques. 



EGSnrc and Nuclear Medicine 

 Accurate dosimetry calculations at lower gamma 
energies particularly SPECT. 

 Similar to low energy x-ray dosimetry in RT. 

From Brown et al (2008) – Applied Radiation Isotopes 



Main issues? 

 Definition of your source ie. radionuclide within the 
body. 

 How do you specify both the source distribution and 
subsequent biological changes? 

 Unfortunately this is not easily achieved with the 
current user codes provided with EGSnrc or 
PENELOPE. 



Nuclear medicine dosimetry review by Michael Stabin. 
Phys. Med. Biol. 51 (2006) R187–R202. 



Current literature 

W H A T  H A S  B E E N  A C H I E V E D  I N  T H E  P A S T ? 



Investigation of scattered radiation in 3D whole-body positron 
emission tomography using Monte Carlo simulations 

L-E Adam et al, Phys. Med. Biol. 44 (1999) 2879–2895. 



SPECIFIC ABSORBED FRACTION FOR KOREAN ADULT VOXEL 
PHANTOM FROM INTERNAL PHOTON SOURCE 

C. Lee et al, Radiation Protection Dosimetry (2007), Vol. 123, No. 3, pp. 360–368 



ESTIMATION OF UNCERTAINTIES ON DOSE CALCULATIONS 
OF THE 99mTc-MDP-INJECTED PATIENTS IN NUCLEAR MEDICINE 

Keiichi Akahane et al, Radiation Protection Dosimetry (2007), Vol. 127, No. 1–4, pp. 558–562 



A test of water equivalency using 
gamma ray transmission values 



Technetium-99m source 

  Tc-99m source: 140.5 keV 
– main gamma ray 

  Phillips Gamma Camera 

  ±10% energy window on 
counting software 

  Five phantom materials 
including water. 



  Corrections for 
decay of source 

  Thickness from 0 – 
10 cm. 

  Calculated 
uncertainty: 0.8% 

Transmission values 



Linear attenuation coefficients 

Three sets of linear attenuation coefficient µ: 

1.  Measured 
2.  EGSnrc calculations 
3.  XCOM – NIST database 

Sigmaplot software used to calculate µ from transmission data. 

cf. Midgley paper (Radiation Physics and Chemistry) 2005 – agreed with XCOM. 



How to use EGSnrc for Nuclear 
Medicine applications? 









egspp: the EGSnrc C++ class library 

 Development of a C++ library system for EGSnrc 

 Allows use of complex geometries 

 Allows easy development of your own user code that 
is applicable to the problem you are solving. 



Application of egspp 





Defining your sources 



Defining your sources (2) 




