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Abstract. The techniques for data processing, combined with the development of fast and more powerful 
computers, makes the Monte Carlo methods one of the most widely used tools in the radiation transport 
simulation. For applications in diagnostic radiology, this method generally uses anthropomorphic phantoms to 
evaluate the absorbed dose to patients during exposure. In this paper, some Monte Carlo techniques were used to 
simulation of a testing device designed for intra-oral X-ray equipment performance evaluation called Odontologic 
Dosimetric Card (CDO of “Cartão Dosimétrico Odontológico” in Portuguese) for different thermoluminescent 
detectors. This paper used two computational models of exposition RXD/EGS4 and CDO/EGS4. In the first 
model, the simulation results are compared with experimental data obtained in the similar conditions. The second 
model, it presents the same characteristics of the testing device studied (CDO). For the irradiations, the X-ray 
spectra were generated by the IPEM report number 78, spectrum processor. The attenuated spectrum was obtained 
for IEC 61267 qualities and various additional filters for a Pantak 320 X-ray industrial equipment. The results 
obtained for the study of the copper filters used in the determination of the kVp were compared with experimental 
data, validating the model proposed for the characterization of the CDO. The results shower of the CDO will be 
utilized in quality assurance programs in order to guarantee that the equipment fulfill the requirements of the 
Norm SVS nº453/98 MS (Brazil) "Directives of Radiation Protection in Medical and Dental Radiodiagnostic". We 
conclude that the EGS4 is a suitable code Monte Carlo to simulate thermoluminescent dosimeters and 
experimental procedures employed in the routine of the quality control laboratory in diagnostic radiology. 
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1. Introduction 
 
The application of X-ray is presently very common in dental diagnostic procedures. In radiology area, 
the use of ionizing radiation demand precise knowledge of the radiation characteristics and the amount 
of energy deposited in the environment. The relationship between radiation dose and image quality is 
also one of the most important factors to protect patient from radiation and to optimize diagnostic 
radiology [1]. According to Moralles at al., for better it understand, precise calculations of production 
and transport of radiation in any materials is feasible, since the interactions of radiation with matter are 
well understood and there is enough data of cross-section for these interactions [2]. 
Nowadays, the Monte Carlo method is recommended in a very broad area of science, it can be easily 
applied in systems with complex geometries and different materials. The precision obtained in the 
simulations depends much on the computation time. This method describes many processes, physical 
systems, and phenomena are simulated by statistical methods employing random numbers. The general 
idea of Monte Carlo analysis is to create a model, which is as similar as possible to the real physical 
system of interest, and to create interactions within that system based on known probabilities of 
occurrence, with random sampling of the probability density functions. As the number of individual 
events (called “histories”) is increased, the quality of the reported average behaviors of the system 
improves, meaning that the statistical uncertainty decreases [3]. Several Monte Carlo codes have 
developed to perform calculations of interactions of radiation with matter and one of them is EGS4 
(Electron Gama Shower) witch provides the necessary interactions of particles with matter in a wide 
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range energy [4]. The techniques for data processing, combined with the development of fast and more 
powerful computers, makes the Monte Carlo methods one of the most widely used tools in the radiation 
transport simulation. For applications in diagnostic radiology, this method generally uses 
anthropomorphic phantoms to evaluate the absorbed dose to patients during exposure [5]. 
In this paper, some Monte Carlo techniques were used to simulation of a testing device designed for 
intra-oral X-ray equipment performance evaluation called Odontologic Dosimetric Card (CDO of 
“Cartão Dosimétrico Odontológico” in Portuguese) for different thermoluminescent detectors (TLD) 
[6]. The testing device will be utilized in quality assurance programs in order to guarantee that the 
equipment fulfill the requirements of the Norm SVS nº453/98 MS "Diretrizes de Proteção Radiológica 
em Radiodiagnóstico Médico e Odontológico"[7]. This paper used two computational models of 
exposition RXD/EGS4 and CDO/EGS4. In the first model, the simulation results are compared with 
experimental data obtained in the similar conditions. The second model, it presents the same 
characteristics of the testing device studied (CDO). 
 
2. Materials and Methods 
 
2.1. The EGS4 Monte Carlo Code 
 
EGS4 is a freely distributed package which provides a set of tool for Monte Carlo simulation of 
nuclear and high energy physics experiments. This code simulates the radiation transport in arbitrary 
geometric form and permits the inclusion of practically all materials. The simulations employ the low 
energy electromagnetic interactions: bremsstrahlung and ionization for electrons, while photons, via 
Rayleigh effect, Compton scattering and photoelectric effect. In X-ray dosimetry, simulations 
connected to the response of dosimeters demand the best possible description of the radiation field in 
the energy range of hundreds de eV up to several MeV. For the irradiations, the X-ray spectra were 
generated by the IPEM report number 78, spectrum processing software describe below [8]. The 
attenuated spectrum was obtained for IEC 61267 qualities and various additional copper filters for the 
characteristics of the Pantak 320 X-ray industrial equipment of the CRCN metrology laboratory. 
 
2.2. Spectrum Processor IPEM Report 78 
 
The electronic version of the data book includes spectrum processing software based on semi-
empirical model for computing x-ray spectra of Birch and Marshall [9] and uses XCOM photon cross-
section library of Berger and Hubell [10], which allows the generation of spectra for a variety of target 
and filter materials over the diagnostic radiology energy range. The IPEM report number 78 was used 
in simulations because of its popularity and wide availability.  
 
2.3. The Monte Carlo Simulation 
 
The simulations used two computational models of exposition RXD/EGS4 and CDO/EGS4. In the 
first model, the different X-ray spectra are used for each tube voltage and additional copper filter 
combinations. The TLD are in a block of air with 10 cm tall, 10 cm wide and 1 cm thickness called 
RXD phantom. The simulations were carried out utilizing different numbers of histories for each 
combination (Table 1). In the second model, four X-ray spectra are used for the qualities listed above 
and each additional copper filter is a new phantom with the same dimensions of the first. The copper 
filter was placed in front of the TLD in a block of air with 10cm tall, 10cm wide and differents 
thickness. These phantoms are called CDO phantom. The simulations were carried out utilizing 6x108 
histories for each combination. The simulations utilizing a personal computer with Athlon 64 3800+ 
processor, 1GB of RAM memory and Windows XP operational system. 
 
2.3. The Experimental Setup 
 
The X-ray beams were produced by a COMET tube (type MXR-320 HP/11) with a tungsten rotating 
anode. The anode of the tube has an angle of inclination of 11º added to the angle of inclination of the 
tube that is 11º also. The fraction of produced photon cross a 3.0 mm beryllium windows before 
leaving the tube. Different filters can be employed to attenuate the photon beam to obtain the radiation 
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with desired quality. Different materials TLD, lithium fluoride (LiF2) TLD100, calcium fluoride 
(CaF2) TLD400 and calcium sulfate (CaSO4) was used to measure of the absolved dose for different 
combinations of voltage and filters. The eight detectors were positioned at the distance of 1 meter 
from the X-ray tube. The attenuated spectrum was used for IEC 61267 qualities (RQR3, RQR4, RQR5 
and RQR6) and various additional copper filters in a Pantak 320 X-ray industrial equipment. A lead 
collimator, with an aperture of 2.5 cm was placed in front of the tube along with the filter of 
aluminium of 2.5 mm thickness. A second collimator, with an aperture of 3.0 cm was placed at the 
distance of 50 cm from the X-ray tube to maintain the backscatter radiation at convenient levels. 
 

Table 1. Number of histories for each voltage and filter combination for RXD/EGS4 model. 
 

Quality 0,2mmCu 0,4mmCu 0,6mmCu 0,8mmCu 
RQR3 162509176 57063623 23642739 10000000 
RQR4 78578672 35649231 18630972 10000000 
RQR5 51550679 27211769 16265564 10000000 
RQR6 38615629 22689602 14865498 10000000 

 
3. Results 
 
Tables 2 to 5 shows the results for different voltages and different combinations of filters copper 
measured by the ionization chamber (IC) and different materials TLD. 
 

Table 2: Comparisons for RQR3. 
 

RQR3 Filters 
Combination IC  LiF2 CaF2 CaSO4 

0,2/0,4 3,16 2,46 3,52 3,55 
0,2/0,6 7,77 2,40 7,27 9,03 
0,2/0,8 18,94 2,51 13,57 21,59 
0,4/0,6 2,46 0,97 2,06 2,54 
0,4/0,8 5,99 1,01 3,85 6,07 
0,6/0,8 2,44 1,05 1,86 2,39 

 
Table 3: Comparisons for RQR4. 

 
RQR4 Filters 

Combination IC  LiF2 CaF2 CaSO4 
0,2/0,4 2,51 1,89 2,71 2,49 
0,2/0,6 4,93 2,26 4,96 5,29 
0,2/0,8 9,68 3,29 9,88 10,70 
0,4/0,6 1,96 1,19 1,83 2,12 
0,4/0,8 3,86 1,73 3,65 4,29 
0,6/0,8 1,97 1,45 1,99 2,02 

 
Table 4: Comparisons for RQR5. 

RQR5 Filters 
Combination IC  LiF2 CaF2 CaSO4 

0,2/0,4 2,15 1,88 2,28 2,46 
0,2/0,6 3,77 2,41 3,94 4,42 
0,2/0,8 6,38 2,60 7,01 7,80 
0,4/0,6 1,75 1,29 1,72 1,80 
0,4/0,8 2,97 1,39 3,07 3,17 
0,6/0,8 1,69 1,08 1,78 1,76 
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Table 5: Comparisons for RQR6. 
 

RQR5 Filters 
Combination IC  LiF2 CaF2 CaSO4 

0,2/0,4 1,92 1,51 2,01 2,02 
0,2/0,6 3,02 2,87 3,55 3,78 
0,2/0,8 4,65 3,40 6,18 5,98 
0,4/0,6 1,58 1,90 1,77 1,87 
0,4/0,8 2,43 2,25 3,08 2,96 
0,6/0,8 1,54 1,19 1,74 1,58 

 
Tables 6 to 9 shows the results for different voltages and different combinations of filters copper 
simulated by RXD/EGS4 model. 

 
Table 6: Comparisons for RQR3. 

 
RQR3 Filters 

Combination LiF2 CaF2 CaSO4 
0,2/0,4 3,19 3,09 3,12 
0,2/0,6 8,12 7,83 7,93 
0,2/0,8 18,78 17,74 18,05 
0,4/0,6 2,55 2,53 2,54 
0,4/0,8 5,89 5,74 5,79 
0,6/0,8 2,31 2,27 2,28 

 
Table 7: Comparisons for RQR4. 

 
RQR4 Filters 

Combination LiF2 CaF2 CaSO4 
0,2/0,4 2,50 2,44 2,47 
0,2/0,6 4,99 4,97 5,05 
0,2/0,8 9,20 9,14 9,29 
0,4/0,6 1,99 2,03 2,04 
0,4/0,8 3,67 3,74 3,76 
0,6/0,8 1,84 1,84 1,84 

 
Table 8: Comparisons for RQR5. 

 
RQR5 Filters 

Combination LiF2 CaF2 CaSO4 
0,2/0,4 2,13 2,14 2,16 
0,2/0,6 3,76 3,86 3,91 
0,2/0,8 6,08 6,32 6,45 
0,4/0,6 1,76 1,80 1,81 
0,4/0,8 2,85 2,96 2,98 
0,6/0,8 1,62 1,64 1,65 
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Table 9: Comparisons for RQR6. 
 

RQR6 Filters 
Combination LiF2 CaF2 CaSO4 

0,2/0,4 3,01 3,21 5,05 
0,2/0,6 4,43 4,86 9,29 
0,2/0,8 1,59 1,65 2,04 
0,4/0,6 2,34 2,50 3,76 
0,4/0,8 1,47 1,52 1,84 
0,6/0,8 3,01 3,21 5,05 

 
 
 
Figure 1 shows the comparison between simulated and experimental curve of kVp versus 
relation of lectures of TLD after the copper filters of 0.2 and 0.6mm of thickness. 
 

Figure 1. Simulated and experimental curve of kVp versus 
relation of lectures of TLD. 
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4. Conclusions 
 
The results obtained for the study of the copper filters used in the determination of the kVp were 
compared with experimental data, validating the model proposed for the characterization of the CDO.                           
Except TLD100 not produced good agreement between experimental and simulated results, due to its 
low sensitivity to this range of doses. The results shower of the CDO/EGS4 model will be utilized in 
study of different materials TLD, lithium fluoride (LiF2) TLD100, calcium fluoride (CaF2) TLD400 
and calcium sulfate (CaSO4). New measurement and simulations with a range of different parameters 
will be conducted using the CDO/EGS4 model. The results shower of the CDO will be utilized in 
quality assurance programs in order to guarantee that the equipment fulfill the requirements of the 
Norm SVS nº453/98 MS (Brazil) "Directives of Radiation Protection in Medical and Dental 
Radiodiagnostic". We conclude that the EGS4 is a suitable code Monte Carlo to simulate 
thermoluminescent dosimeters and experimental procedures employed in the routine of the quality 
control laboratory in radiodiagnostic.  
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