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Abstract 
The accuracy of dose calculations is of fundamental 

importance in treatment planning of radiation therapy. 
The dose distributions must be calculated and verified by 
an accurate algorithm. The Monte Carlo simulation 
(statistical method, based on random sampling) of 
radiation transport is the only method that makes it 
possible to perform high-precision dose calculations in 
the case of a complex geometry.  The main bottleneck for 
the application of this method in practical planning of 
radiation therapy is the lack of a general virtual source 
model of the accelerator radiation source.  There are 
several approaches that have been described in the 
literature [1].   

The goal of this work is to build a source model, based 
on histogram distributions, to represent the 6 MV photon 
beams from the CyberKnife stereotactic radiosurgery 
system [2] for Monte Carlo treatment planning dose 
calculations.  The transport of particles in treatment head 
of CyberKnife was simulated. Energy, radial and angular 
distributions were calculated. Source model was created 
on the base of the cumulative histograms.  This approach 
provides producing an unlimited number of particles for 
the next dosimetric planning. Results of source modelling 
were verified in comparison with full-scale simulation 
without model.  Good agreement was shown with 
calculations using the source model of the linear 
accelerator treatment head. 

INTRODUCTION 
The human body consists of tissues and cavities with 

different physical and radiological properties. 
Conventional, deterministic dose algorithms cannot 
provide accurate calculation dose distributions in some 
difficult cases, particularly in heterogeneous patient 
tissues. The method Monte Carlo is the most accurate 
method for patient dose calculations in radiotherapy. This 
method allows to simulate processes of material-radiation 
interaction inside the radiotherapy units and in the patient 
body [1].  The MC method, as applied to radiation 
transport problems, has been described by Rogers and 
Bielajew as follows: “The Monte Carlo technique for the 
simulation of the transport of electrons and photons 
though bulk media consists of using knowledge of the 
probability distributions governing the individual 
interactions of electrons and photons in materials to 
simulate the random trajectories of individual particles’’ 
[1]. The one of the drawbacks of Monte Carlo simulation 
as applied to radiation transport has been long calculation 
times.  However, the development computer technologies 

has significantly reduced calculation times. MC treatment 
planning algorithms become widespread in the 
radiotherapy community.  The other aspect, which has 
great influence on using MC method in routine clinical 
practice, is the general virtual model of the linear 
accelerator treatment head.  The general virtual model has 
to permit to apply algorithm of dose calculations for any 
accelerator and substantially improve accuracy. In 
addition, beam modelling can effect considerable savings 
in computing time and disk space [3]. A beam model is 
any algorithm that delivers the location, direction, and 
energy of particles to the patient dose-calculating 
algorithm [1].  Accurate source model is an essential 
requirement for accurate dose calculation within the 
patient’s body. There are three possible approaches, 
described by different authors: direct use of phase space 
information from the accelerator treatment head 
simulation, development of multiple-source models, 
particles are grouped by the location of their last 
interaction and then scored at the phase-space plane 
leading to subsources [1].  Fluence distributions for each 
subsource may be reconstructed from the phase-space 
data in the form of correlated histogram distributions. 
Other approach is measurement-driven models. 
Information for the model can be deconvolved from 
measured data.  The goal of this work is to characterize 
the 6 MV photon beams from the Cyber Knife treatment 
head and develop the source model to accurately 
represent and reconstruct the beam. We have developed 
source model based on a phase space data, which contains 
histogram distributions. 

MATHERIALS AND METHODS 

CyberKnife  
The CyberKnife system used a flattering-filter-free 

6MV     Linac accelerator mounted on robotic arm (Kuka, 
Augsburg, Germany) with 6 degrees of freedom (rotation 
and translation). The CyberKnife has been used to treat 
prostate, lung, brain, spinal cord, liver or pancreas with 
millimetric conformity [4]. Circular treatment fields, 
ranging from 60 to 5 mm field size in diameter at source 
detector distance (SSD) of 80 sm. are created using either 
12 fixed collimators or an Iris variable aperture 
collimator. In this work, the 800 MU/min version 
installed in Department of Radiology and Radiosurgery of 
N.N. Burdenko Neurosurgical Institute, mounted with 
fixed collimators was studied. 
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