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ABSTRACT 
 

The use of radiology has been a large increase with the crescent accessibility to dental care, orthodontics and 

aesthetic. Besides the increase in the number of exams, there was an increase in radiation dose during dental 

exams such as computed tomography. The objective of this work is to evaluate the radiation dose to which the 

patient is subjected in a periapical dental radiography. The dose values were measured with a dosimeter pen 

during radiographs in real exams periapical with the X-ray equipment Timex 70 C Gnatus. During the exams 

realization, was maintained, in the holder, the dosimeter pen near to the region of interest. The values collected 

were recorded in dosimeter pen. These values were compared with the reference doses of the portaria 453 of 

ANVISA, this procedure allows to verify if the recommended dose limits for this exam are being respected. 

These data indicates if the used equipment is calibrated and in good condition of use. It was performed a 

comparison between the obtained experimental dose values and the values found from computer simulation with 

the code MCNPX 2.6.0.  

 

 

1. INTRODUCTION 
 

The radioprotection is based on the principles of justification of the exposures, the principle 

of optimization and the principle of dose limitation [1]. 

 

The objectives of radiological protection are prevent and reduce the somatic effects and 

reduce the genetic deterioration of the people, which the problem of chronic exposure 

acquires fundamental importance. The doses resulting from natural radiation and medical 

treatment with x-rays are not considered in the cumulative dose. Therefore, it is 

recommended to health professionals who avoid unnecessary exposure to ionizing radiation 

[1]. 

 

Therefore, any procedure that uses ionizing radiation must be justified and provide a benefit 

to the patient. Once justified patient exposure, such exposure should be kept as low as 
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reasonably achievable. The principle of optimization requires the improvement in 

radiological protection, in the selection, planning and operation of protection protocols, 

equipment calibration and the technique used by the professional to perform the exposure. As 

to principle of limitation of individual dose, it says that individual doses of workers and the 

individual public must not exceed the annual limits established. 

 

For these principles are applied, it is necessary to know the dose that patients are submitted in 

the exams, which allows to verify if exposures are maintained in the limits of reference. If it 

is necessary, optimize the used protocols.  

 

The radiological exam is essential for assessing dental clinic. It is the main addition to the 

diagnosis, allowing planning and monitor treatments [2]. 

 

The traditional radiological exam is well publicized and relatively cheap in Brazil [3]. The 

ease in performing dental radiographs in any clinic became this practice widely used by 

dental professionals. 

 

The increase in access to dental care, orthodontic and esthetic increased the number of 

radiological exams performed. With the arrival of new technologies, such as Cone Beam 

Computed Tomography (CBCT), efforts to comply with the principles of radioprotection 

should be maximized.  

 

The portaria 453 of the Agência Nacional de Vigilânica Sanitária [4] determines that the 

entrance skin dose received by the patient in periapical exam should not exceed 3.5 mGy. 

 

To verify if the reference value set is being respected, this paper proposes to carry out 

measurements of the patients exposures in dental radiology service, using a dosimeter pen. 

 

The dosimeter pens have dimensions of a simple pen. Inside, there is an ionization chamber 

coupled to a capacitor that stores the charges produced in the volume of air [5]. The charge 

stored in the capacitor is measured after exposure through visual reading, thus allowing the 

evaluation of the dose received just after the exam. Fig.1 shows a schematic of inner view of 

dosimeter pen. 

 

 
 

Figure 1. The schematic inner view of a dosimeter 

pen. 
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Two strips or metal wires are carried by an external voltage source. This charge of same 

signal causes the blade repels. The blades are contained in a detection chamber so that the ion 

pairs produced by incident radiation in the chamber will cause a partial discharge of the 

blades. Upon being discharged, gradually, the blades join [6]. 

 

Moreover, computational calculations are performed using the MCNPX code in order to 

compare the values experimentally obtained and the values obtained from simulation. This 

Monte Carlo code can be used to transport neutrons, photons, electrons, neutron / photon / 

electron coupled. The code is an arbitrary three-dimensional configuration of materials in 

geometric cells. In particle transport, the Monte Carlo technique is to follow each of many 

particles throughout his way until some terminal event such as absorption, escape and others. 

For photons, the code considers incoherent and coherent scattering, the possibility of 

fluorescent emission after photoelectric absorption and absorption in pair production [7]. The 

particle transport is an important tool for improvement of radiological procedures because it 

allows evaluating the processes, by statistics analysis, without exposing patients to radiation. 

 

 

2. METHODOLOGY 

 

 

2.1. The dose measurements 

 

In this study, was used a dosimeter pen Arrow-tec, model W 138-S, to perform the 

measurements of exposure of patients during radiological periapical exams. The x-ray 

equipment used was Gnatus Timex 70 C. Measurements were performed in D.T.C. (Dental 

Technology Centre) in the city of Nova Lima, Minas Gerais - Brazil. 

 

The dosimeter pen has scale from 0 to 2 millisieverts (mSv), with divisions of 0.1 mSv. Prior 

to make measurements, the pen was adjusted in the charger brand SE International. Three 

pens were used the same model, alternately. 

 

The film is positioned inside the patient's mouth. The radiation beam is focused along to the 

longitudinal axis of the dosimeter pen. The window of the dosimeter pen is positioned within 

the radiation field. Was used a collimator cone at 20 cm of the equipment and was maintained 

5 cm of distance between the cone and the patient's skin, so that the primary beam focuses the 

window of the dosimeter pen. 

 

 

For each measurement performed, the measured value was showed on the display of the pen 

instantly after the exam.  Measurements were made during periapical radiographs, using the 

bisectrix technique, of premolars and molars of the upper dental arch with exposure times of 

0.5 s, 0.63 s and 0.80 s. 
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2.2. The Monte Carlo simulation 

 

A Monte Carlo simulation was performed for comparison purposes, assuming the dosimeter 

pen in a support and same beam parameters of the real radiological exams. Was used the 

MCNPX 2.6.0 code, which allows the simulation of a radiography through the transport of 

electrons and photons in the different materials presents in this exam. Was defined the 

geometry of X-ray tube, containing a point X-ray source, aluminum filter, an empty cell to 

count the photon flux and the energy deposition, collimator cylinder, steel box and a glass 

ampoule (part of inherent filtration), a cell containing water to simulate the patient’s skin, like 

showed in Fig. 2 and Fig. 3. The dimensions and distances between these cells were 

described based on Timex Gnatus 70 C X-ray equipment. 

 

 

 
 

Figure. 2 External view of the x-ray tube. 

 

 

 
 

 

Figure. 3 Inner view of the x-ray tube. 
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A tool on Siemens OEM Products site [8] provided a bremsstrahlung spectrum, according to 

selected parameters, which in this case were: tungsten as the anode material, voltage 70 kV, 

ripple factor 0.05 and 3.81 mm aluminum filter.  From the spectrum obtained in this tool, a 

point photons source was constructed on position corresponding to the anode of equipment, 

with the characteristic photons distribution for selected parameters. The source has a 

parabolic spatial profile, like as showed in Fig. 4. 

 

 

 

 
Figure 4. The parabolic spatial profile of beam [9]. 

 

 

 

The simulation followed the trajectory of ten billion photons from source. The photon flux 

after interaction with tube materials was counted in a cell below the film-screen set, which 

was obtained a bremsstrahlung and characteristic x-ray spectrum of the tungsten target on 

corresponding voltage. This spectrum was compared with the literature [10] finding 

compatible values of energy, ensuring the reliability of the modeling done. 

 

A cell was created in a position corresponding to the patient's jaw. This cell was filled with 

water, since this material has a density similar to soft tissue (skin) present in this region. We 

used a code card MCNP5 that gives energy deposition by the mass of material. The 

correlations between measurements were carried out, so obtained the dose of entry into the 

patient's skin, in Gray (Gy). 

 

3. RESULTS 

 

The table 1 shows the exposure values obtained experimentally in units of millisieverts. The 

measurements were carried out as required by the dental department of radiology. Therefore, 

more measurements were obtained with exposure time of 0.50 s and 0.63 s, because they are 

more used in the exams. 
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Table 1: Exposure values obtained by the dosimeter pen in millisieverts (mSv), for 

different exposure times. 

 

 Exposure time: 

           0,50 s 0,63 s 0,80 s 

 E
x

p
o

si
ti

o
n

 v
a

lu
es

: 

0.20 0.20 0.25 
0.15 0.15 0.30 

0.15 0.25 0.40 

0.10 0.25 0.40 
0.15 0.20 0.30 

0.20 0.25 0.35 
0.15 0.15 0.30 

0.15 0.10 0.40 

0.10 0.25 0.30 
0.10 0.20 0.30 

0.10 0.20 0.30 
0.20 0.15  

0.10 0.10  
0.10 0.10  

0.15 0.10  

0.20 0.15  
0.20 0.20  

0.10 0.10  
0.10 0.10  

0.10 0.10  

0.15 0.10  
0.25 0.25  

0.15 0.20  
0.20 0.25  

0.20 0.20  
0.25 0.20  

0.20 0.20  

0.20 0.25  
0.20 0.30  

0.15 0.20  
0.20 0.30  

0.20 0.20  

0.20 0.20  
0.20 0.10  

0.20 0.10  
0.25 0.15  

0.20 0.25  

0.10 0.25  
    0.10 0.30  

0.30 0.30  
0.30 0.25  

0.20 0.25  
0.25 0.30  

0.30 0.30  

0.20 0.10  
0.20 0.10  

0.20 0.30  
0.30 0.30  

0.10 0.25  

0.25   
0.20   

0.25   
0.30   

0.30   
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The average dose achieved was 0.194 ± (0.0194) mSv for the exposure time of 0.50 s, 0.198 

± (0.0198) mSv for 0.63 s and 0.327 ± (0.0327) mSv for 0.80 s. After measuring several 

exams, it was observed a variation in the measures for a same time. This variation was due to 

the difficulty in keeping the dosimeter pen in perfect alignment with the primary beam of 

radiation.   

 

For x-rays, the values of absorbed dose and equivalent dose are the same, because the 

weighting factor of this radiation is 1. Therefore, the mean of values absorbed dose is 0.21 

mGy. This value is within the limits established by portaria 453 of ANVISA [4], which 

provides a limit of 3.5 mGy dose entrance into the skin to the patient for periapical 

radiography. 

 

The value of deposited dose obtained from MCNPX was (4.9871 ± 0.37) E-06 mSv. This 

very low value may be due to the small area of interaction that was considered. Another 

possible reason is related to transportation of x-ray photons, which have a relatively low 

energy, so the transmission losses due to absorption in the other materials are great. To obtain 

a more accurate result, it is necessary to increase the number of particles transported. 

However, it was not find the model that optimizes the process. 

 

 

4. CONCLUSION 

 

The experimental dose values obtained were compared with the portaria 453 ANVISA [4], 

which determines that the entrance skin dose in periapical exam should not exceed 3.5mGy. 

According to the measured value, this recommendation was followed. The dose value 

obtained from MCNPX was lower than the measured dose, due to the relatively bit number of 

simulated particles.  

 

The next work will be repeating the dose measurements using a thermo-luminescent 

dosimeter (TLD) in the same conditions, to confirm the experimental results.  The dosimeter 

TLD is more suitable for performing measurements of absorbed dose, however, the necessity 

of waiting for the revelation and the cost of the device having difficult their use at this point. 

The advantage found in the dosimeter pen in relation to dosimeter TLD was to allow the 

evaluation of the dose immediately after the exams. Improvements to adjust theoretical 

values and measurements will be done by increasing in the number of simulated particles. 

 

 

 

ACKNOWLEDGEMENTS 

 

The authors are grateful to FAPEMIG, CNPq and CAPES for the support.  

 

 

REFERENCES 

 

1. L. TAUHATA, I. P. A. SALATI, R. D. PRINZIO, A. D. PRINZIO, “Radioproteção e 

Dosimetria: Fundamentos”, Rio de Janeiro, RJ: IRD/CNEN, Agosto, 2003. 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

2. European Comission, “Radiation Protection 136: European guidelines on radiation 

protection in dental radiology”, Luxembourg: Office for Official Publications of the 

European Communities, 2004. 

3. A. TESCAROLLO, “Tomografia computadorizada: Radiologia odontológica ganha 

novos olhos”, Jornal Odonto, Ano X, edição 148, 10 de dezembro de 2009, 

http://www.jornaldosite.com.br/materias/profissao/anteriores/edicao148/profissao14801.h

tm 

4. Portaria 453, junho 1998, ANVISA (Agência Nacional de Vigilância Sanitária), Brasil. 

capítulo 6, apêndice A - tabela A1. 

5. K. A. C. DAROS, “Detectores de Radiação Ionizante”, Universidade Federal de São 

Paulo, http://www.higieneocupacional.com.br/download/detectores-daros.pdf 

6. “Programa de Qualidade em Radioterapia: Curso de Atualização para técnicos em 

radioterapia – programa teórico”, Ministério da Saúde, Instituto Nacional do Câncer, 

http://www.inca.gov.br/pqrt/download/tec_int/PQRT_curso_atual_tec_rdtrp_p1.pdf 

7. X-5 MONTE CARLO TEAM, “MCNP – A General Monte Carlo Nparticle Transport 

Code, Version 5” LA-UR-03-1987, Los Alamos National Laboratory, April, 2003. 

8. Siemens OEM Products, X-Ray ToolBox, Simulation of x-ray spectra, anode material W 

and a voltage rand of 30-140 kV. Available in: https://w9.siemens.com/cms/oemproducts/ 

Home/X-rayToolbox/spektrum/Pages/radIn.aspx 

9. D. B. Pelowitz, “MCNPX user’s manual”, Version 2.6.0. LA-CP-07-1473, April, 2008. 

10. A. C. THOMPSON, D. VAUGHAN, “X-Ray Data Booklet”. Berkeley, California: 

Lawrence Berkeley National Laboratory, 2001. 

http://www.jornaldosite.com.br/materias/profissao/anteriores/edicao148/profissao14801.htm
http://www.jornaldosite.com.br/materias/profissao/anteriores/edicao148/profissao14801.htm
http://www.higieneocupacional.com.br/download/detectores-daros.pdf
http://www.inca.gov.br/pqrt/download/tec_int/PQRT_curso_atual_tec_rdtrp_p1.pdf
https://w9.siemens.com/cms/oemproducts/Home/X-rayToolbox/spektrum/Pages/radIn.aspx
https://w9.siemens.com/cms/oemproducts/Home/X-rayToolbox/spektrum/Pages/radIn.aspx

