
Introduction
The image guided radiotherapy (IGRT),  has experienced significant development in the last 

years.  There  is  no  doubt  about  the  benefits  that  this  technique  has  had  on  radiotherapy 
treatment, uncertainty about the optimal frequency of obtaining images still persists. This occurs 
because the extra radiation dose to the patient in the volume included in the generated image. 
From  the  point  of  view  of  radiation  protection  of  the  patient  (to  minimize  the  possibility  of 
generating a secondary cancer) it should be have an accurate knowledge of the dose distribution. 
Monte Carlo simulation is the ideal tool to achieve this goal.  

    The aim of this work was to characterized by means of Monte Carlo simulation, the radiation 
field produced by a kilovoltage cone beam computed tomography (CBCT) unit integrated in the 
Elekta® Synergy® linear accelerator.    

    This is the first step towards the development of a tool to calculate individually (i.e., for each  
patient).  This  information  is  of  great  importance  for  optimizing  the  imaging  protocol  (i.e., 
frequency, FOV, etc.) associated with radiotherapy treatment for each patient.

Material and Methods
The  work  was  carried  out  using  the  Monte  Carlo  EGSnrc/BEAMnrc.  Eight  collimator 

cassettes  were  simulated.  The  simulation  was  based  on  technical  specifications  and  target 
geometric  details  of  the  X-ray  tube  and  filters  provided  by  Elekta® (Crawley,  UK)  under 
confidentiality agreement. Were obtained spectral distributions, fluence profiles and percentage 
depth  doses  curves  of  each  simulated  cassettes.  Information  about  anode,  including  target 
design, material composition and density were obtained from the manufacturer Dunlee® Philips®, 
Aurora, Ilinois, USA.

The  simulation  of  the  Elekta  XVI  beamline  was 
split  into  two  parts.  First  the  tube  housing  was 
simulated and a phase space PHSP file recording 
energy,  position,  and  directional  cosines  of 
particles  crossing the back of  the filtration cone 
was generated at 6.45 cm from the source. Second 
the PHSP file was used as input to the simulation 
of  the  rest  of  the  beamline,  including  the 
collimator  and  filter  cassette.  In  this  second 
simulation the PHSP file was rotated to reproduce 
the 3.5°  tilt of the tube housing. A second PHSP 
file was then generated for each insert at 100 cm 
from  the  source,  and  used  for  the  subsequent 
simulations of dose distribution in water.
Photoelectron  angular  sampling,  Rayleigh 
scattering,  atomic  relaxations,  spin  effect,  and 
electron impact ionization were also included in 
the  simulations.  Rayleigh  data  were  generated 
with the PEGS4 code system for all the materials 
based on  Compendium of material composition 
data  for  radiation  transport  modeling[4].  The 
energy thresholds for secondary particle creation 
AE, AP and energy cutoff ECUT, PCUT for particle 
transport  were set to AE= ECUT= 0.521 MeV for 
electrons and AP = PCUT= 0.01 MeV for photons.

Figure 1:  Schematic simulation of the Elekta 
XVI unit

Results

Zlast distribution 

95%  of  the  bremsstrahlung  photons 
produced  in  the  tungsten  target  are 
absorbed by the filtration cone. Only 1% of 
the  photons  reach  the  exit  of  the  unit 
through the collimation system. It  can be 
noted that 90% of the photons that exit the 
unit had their last interaction in the target. 
The remaining component 10% is scattered 
from other elements of the beam line.

Figure 2: Distribution for the z position, along 
the central axis of the unit, of the last site of 
interaction for photons for the S20 collimator 
cassette.

Mean energy 

The  mean  energy  was  calculated  on  a 
square region centered in the center of the 
radiation field at 100 cm from the source. It 
can  be  noted  that  the  mean  energy 
increases  when  having  different  fields  of 
view  (FOV)  for  same  size  of  collimator 
aperture.  This  is  because  the  beam  is 
harder  off  axis  due  to  two  reasons:  1) 
Increased  filtration  of  the  beam  by  the 
target in the anode direction, filtering the 
beams  intense  part,  which  has  the  less 
energetic  photons.  2)  Hell  efect  increases 
filtration towards anode. 

Figure 3: Mean energy of the radiation beams 
for XVI collimators cassettes.
Absolute errors are also reported.

 
Energy fluence profiles

The  beam  hardening  effect  is  clearly  for 
M20,  L20  collimator  (the  most  off  center 
casssette).  The  lowest  fluence  of  the 
M15X15  collimator  is  due  to  the  smallest 
aperture.

                                                                                                                                    Figure 4: Energy fluence profiles.

Spectral distribution

   In  congruence,  L20  and  M20  show 
decrease  in  low  energy  photon  with 
respect S20. This is due to heel effect.   
   As expected the lower energy photons 
are  removed  from  the  X-ray  beam, 
producing  a  relative  beam  hardening. 
Furthermore  K  series  characteristic 
radiations  can be observed  in  57-59 keV 
and 67-69 keV.

Figure  5:  Spectrum  distributions  for  the 
radiation  beams  defined  by  a  selected 
number of XVI collimator cassettes.

PDD

   Normalized  PDD  were  obtained  for  all 
cassettes.

By  way  of  example  S20  PDD  are 
displayed in figure 5, it is shown attached 
to the simulation obtained by Spezi [1], the 
agreement  of  both  simulations  is 
appreciated.

Figure  5:  Spectrum  distributions  for  the 
radiation  beams  defined  by  a  selected 
number

Conclusion
It  has  carried out  a  successful  simulation of  an XVI  unit  as  a  basis  for  further  research that 
addresses  issues  such as  individualized dose distribution in  patients  undergoing CBCT.  This 
work will be the basis to quantify the impact of the choice of the cassette in the dose deposition 
in  the  patient  (by  modifying  the  mean  energy  and number  of  photons  impacting  volume) 
during  clinical  imaging  (where  the  arc  sweep  either  collimator  could  offset  the  differences 
detected in a fixed beam irradiation).
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