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ABSTRACT 

 

 
In this study the MCNPX code was used to investigate possible influences of the attenuation beam by the 

surface bone during radiotherapy treatments of the skull. The computer simulation was performed on 

topographic image obtained from the National Cancer Institute, in Rio de Janeiro, database of patients treated 

with radiotherapy.  The image segmentation process were performed using the SAPDI program developed to 

this purpose. The segmented image conversion for the input file recognized by MCNPX code was performed by 

SCAN2MCNP Software.  The simulation was done using 10MeV Clinac 2300C spectrum considering two 

opposite parallel beams, with field size 2x2 and 4x4 cm
2
, incident on a slice located above the eyes, containing 

two row of detectors positioned on the central region with a radius of 0.03 cm and arranged perpendicular to the 

radiation beams.  After analyze the results,  the relative error values in the range of 2 at 4% for the high dose 

region, and 26 at 37% for the low dose area were found, respectively. These differences were attributed to the 

radiation field attenuation on the bone surface at the entrance of the beam. It was observed that most situations 

on the high dose region the beam profile, from more realistic scenarios, became smaller than the one obtained 

when the tomography image was considered consisting of water.  However for the low dose area the profile, 

obtained of the realistic situation, became higher than the one which was obtained when the tomography image 

was considered consisting of water. The results showed significant differences between both analyzed cases 

which show the need to use a correction factor by the treatment planning system used in radiotherapy services 

when the real chemical composition of patient head is unconsidered during the patient treatment planning. 
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1. INTRODUCTION 

 

 

Human body has many sorts of tissues, which can be combined in a complex geometry, with 

different properties and ways to interact with radiation. In treatments procedures using 

external beam radiation therapy optimizing dose in treatment area, in order to minimize 

complications in healthy tissues around tumors are necessary. So, planning systems which is 

commercially used for radiotherapy have been improved in recent years [1]. 

 

Due to the complexity of calculating the transport of scattered photons in heterogeneous 

media, conventional planning systems make use of some approaches. However, some 

limitations of such approaches are related to loss of electronic equilibrium in the areas at the 

interface in heterogeneous media, which can result in a difference between the calculated 

dose and the one delivered during treatment [2].  

 

The ICRU Report 24 [3] recommends an accuracy of ± 5% in the radiation dose during 

radiation therapy.  

Skull bones could be considered as heterogeneous media during head and neck radiotherapy 

treatment, and in such context. Cardoso and others developed a study to quantify the effects 

of bone heterogeneity on the profile of dose in radiotherapy treatments using small radiation 

fields and they found differences ranging from 10, 5 and 3% for field sizes of 1x1, 2x2 and 

10x10 cm
2
, respectively [4]. Juste and others proceeded a comparative study of dose 

distribution in heterogeneous medium using the code MCNP5 and planning system for 

conventional radiotherapy and concluded that the planning system has limitations for the dose 

calculation in heterogeneous media [5]. 

 

In this way, in order to determine possible influences for the disregard of some conventional 

planning systems of skull bone heterogeneity, the present work conducted a study, using the 

Monte Carlo [6] MCNPX code version 2.5 [7], considering several scenarios on computer 

tomographic images from patients undergoing radiotherapy, which could allow the 

percentage differences’ verification in delivered dose due to the disregard of the actual 

geometry of the treated patient. 

 

 

2. METODOLOGY 

 

2.1.  Conversion of Tomography image in an input file recognized by the MCNP code 

 

 

After segmentation process using Boia et. al. [8] methodology and the Scan2MCNP software, 

a subsequent conversion of the tomographic images to input files which can be recognized by 

the MCNP code was performed. In order to quantify the effect of radiation attenuation on 

bone’s surface at the entrance of the head, two scenarios were considered for simulation: in 

the first one, bone’s surface at the beam entrance was ignored and the internal structures of 

the head were considered as consisting of water (Figure 1).  In the second one, a more 

realistic scenario was created, which was considered the inclusion of bone at the entrance 
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surface and the materials inside the head were considered consisting of the brainstem tissue 

(Figure 2).  

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

Figure 2. Image from Moritz graphic viewer [9] showing the 

second scenario simulation where can be seen the skull bone  

on the entrance surface of the radiation beam can be seen. 
 

Figure 1. Image from Moritz graphic viewer [9] showing 

the first scenario simulation with the tomography image 

composed of water. 
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2.1.1. Modeling of the beam and detectors in the MCNPX  code 

 

The effect of the attenuation and scattering due to the bone surface at the entrance of the 

radiation beam were perform using a circular fields of radius R equivalent to the square fields 

(2x2 and 4x4 cm
2
) of side L, which was  projected in the plane of isocenter positioned in a 

medial region of the tomography image. 

 

The MCNPX  simulation using circular geometry were carried out considering two opposite 

parallel circular radiation beams (Figures 3 and 4). For each analyzed scenario, the wgt 

MCNP function was intended to normalize the radiation field to region of interest. 

 

 
                                     

 

 

 

 
 

 

                                    

 

Figure 4.  Beam entrance from right to left direction. 

 

Figure 3. Beam entrance from left to right direction. 
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The influences of bone’s surface attenuation were determined based on the dose profiles from 

spherical geometry detectors with rays about 0.03 cm, which were linearly arranged along the 

y and z axis positioned in a medial region of the input file obtained by the tomography 

images as showed in Figure 5. The profiles were determined by the deposited energy in the 

microspheres using the *F8 MCNPX  tally detector and the simulations were performed 

using the Orion Cluster  which belongs to  Neutron Laboratory of the Radiation Protection 

and Dosimetry (IRD/CNEN). 

 

As the detectors were placed in a deep area, input file from a spectrum of a linear accelerator 

with 10 MV potential accelerator, published by Roger and others [10] was used.  

 

 
 

         

 

 

 

3. RESULTS 

 

The Figure 6 shows dose profile from the 4x4 cm
2
 irradiation square field considering 

tomographic image consisting of water for the first scenario and, in a more realistic situation, 

the second scenario where the tomography consists of bone on the beam entrance and normal 

tissue as showed in Figure 5. In this case the dose profile was obtained by microspheres 

detectors lines placed at the y axis direction. The maximum relative error, which is attributed 

to the unconsidered tomographic images’ real composition, was below 3% to the high dose 

region and approximately 26% to the low dose region.    

 

 

Figure 5. View of orthogonal detector lines positioned in a     

medial region of the brain in y (horizontal) and z (vertical) 

directions. 

 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

 
 

 

 

 

Figure 7 presents comparative results from microspheres placed at the z axis direction. After 

analyzing the simulation results, the maximum relative error was about of 3% to high dose 

region and approximately 28% of error was met to the low dose region for the profile 

obtained from z axis direction. The high and low values at dose area were slightly higher than 

obtained on the y axis direction and was attributed to the higher thickness of bone in the z 

axis direction.  

 

 
 

 

Figure 6. Comparative results to the dose profile from 4x4   

cm
2
irradiation field at y axis direction, between water and bone. 

 

Figure 7. Comparative results to the dose profile obtained from 4x4 cm
2
 

irradiation field at z axis direction, between water and bone. 
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Figure 8 presents the results for dose profile which was obtained from 2x2 cm
2
 irradiation 

field for the y axis direction. For the smallest radiation field a relative error about 2% was 

found for high dose area and for the low dose area a difference about 27%was found.   

 

 

 

 

 

Figure 9 shows the comparative results of 2x2 cm
2
 irradiation field in z axis direction.  For 

high dose area the relative error was below 3% and for low dose region the maximum relative 

error founded was about 37%.  

 

 

 

 

 

 

Figure 8. Comparative results to the dose profile obtained from 

2x2 cm
2
 irradiation field at y axis direction, between water and 

bone. 
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4. CONCLUSIONS  

 

After results’ analysis, from MCNPX code simulations for 2x2 and 4x4 cm
2
 irradiation 

fields’ relative error values in the range of 2 at 4% for the high dose region, and 26 at 37% 

for low dose area were found. These differences were attributed to the radiation field 

attenuation on the bone surface presented at the entrance of the beam.  

It was observed that most of situations on the high dose area the beam profile, which is 

obtained for the more realistic scenarios, became smaller than one obtained when the 

tomography image was considered consisting of water.  However for the low dose region the 

obtained profile from the realistic situation became higher than the one from the case where 

the tomography image was considered consisting of water.  

The results presented significant differences between both analyzed cases which show the 

need of use a correction factor for the treatment planning system used in radiotherapy 

services when the real chemical composition of patient head is unconsidered during patient’s 

treatment planning.   

The differences in dose calculations when the real geometry of the patient is disregarded can 

generate cases of either low or high doses which may compromise the expected results of 

treatment and may even result in cases of tumor recurrence or even compromise the adjacent 

organs’ good functioning.  

Considering the obtained results, the application of a correction factor, which take into 

account the real composition of the patient, becomes strongly recommended in patient’s 

treatment planning.  

 

Figure 9. Comparative results to the dose profile obtained from 

2x2 cm
2
 irradiation field on z axis direction, between water and 

bone. 

bone. 
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