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ABSTRACT 

 
One of basic principles for radiological protection is the optimization of techniques for obtain radiographic 

images, in way that the dose in the patient is kept as low as reasonably achievable (ALARA). Intensifying 

screens are used in medical radiology, which reduce considerably the dose rates in the production of 

radiographic images, maintaining the quality of these, while in dental radiology, there is no a intensifying screen 

available for intraoral examinations. From this technological requirement, this paper evaluates a computational 

modeling of an intensifying screen for use in intraoral radiography. For this, it was used the Monte Carlo code 

MCNP5 that allows the radiography simulation through the transport of electrons and photons in the different 

materials present in this examination. The goal of an intensifying screen is the conversion of X-ray photons to 

photons in the visible spectrum, knowing that radiographic films are more sensitive to light photons than to X-

ray photons. So the screen should be composed of an efficient material for converting x-rays photons in light 

photons, therefore was made simulations using different materials, thicknesses and positions possible for placing 

screen in radiographic film in order to find the way more technically feasible. 

 

 

1. INTRODUCTION 

 

The fundamental principles of radioprotection are dose justification, dose optimization and 

dose limitation for workers.  One practical application of optimization principle is the 

construction of devices which make possible decrease the patient dose, with maintenance of 

the images quality. One of these devices, widely used in conventional radiology, 

mammography and panoramic dental radiology is the intensifying screen.  The operating 

mechanism of a screen is fluorescence. Fluorescence created by x-ray was phenomenon 

observed by the physicist Wilhelm Conrad Roentgen in his experiments with cathode rays 

and plate platinocyanide barium [1]. 

 

Fluorescent substances are chemical compost that has the property of producing light when 

stimulated in some way, for chemical reactions, light, ultraviolet [2]. Soon after the x-rays 

discovery, large amount of radiation was used to make the first radiographs. In order to 
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enhance the x-rays performance in the image production and reduce the exposure time, the 

intensifying screen was created. These screens consisted in a sheet of cardboard covered with 

fluorescent substance, placed next to the radiographic plate, producing visible light during 

exposure. In the current screens the cardboard was replaced by transparent plastic, it is 

usually used in pairs and applied on two sides of radiographic film [2]. 

 

Currently, there are two main materials used in screens, they are calcium tungstate and rare 

earths. Calcium tungstate screens were, and still are, much used. This substance consist of 

tungsten (Z = 74) and calcium (Z = 20), and emits light with wave-length between the blue 

and violet colors, region of sensibility in the radiographic films used years ago. In order to 

increase the luminescence capacity of the screens and therefore reduce the patient irradiation, 

faster intensifying screen was investigated to replace the calcium tungstate. Nowadays, the 

fluorescent substances more studied are the rare-earths. These substances emit light 

predominantly in green region of the visible spectrum, and then films sensitive to this color 

were constructed. The rare-earths more used are gadolinium and lanthanum, for every 100 

units of X radiation this emits 18 units of visible light, whereas calcium tungstate screens 

emit five units of visible light [1].  This made the rare-earths screens more efficient than 

calcium tungstate screens. 

 

In intraoral examinations there is no any device like an intensifying screen which allows 

reduces the exposure time for patient. It was observed that the entrance skin dose for a typical 

adult patient in an intraoral examination, using a group E film, is 3.5 mGy [3], while the 

entrance skin dose in chest examination P-A is 0.4 mGy [3] to medium speed image receptor. 

From this comparison and considering the increase in the amount of dental radiographs 

performed, it is clear the importance of developing a device that reduces the radiation dose to 

the patient in this exam. 

 

The Monte Carlo N-Particle code (MCNP) was used in this work; this code can be used to 

transport neutrons, photons, electrons, neutron / photon / electron coupled. It is an arbitrary 

three-dimensional configuration of materials in geometric cells [4].  In particle transport, the 

Monte Carlo technique is to follow each of many particles throughout his way until some 

terminal event like 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 [4]. The simulation of particle transport is an important tool 

for improvement of radiological procedures because it allows evaluate the processes, by 

statistics analysis, without patient’s exposure.  Several studies using the Monte Carlo report 

the achievement of X-rays spectra using this code [5, 6, 7, 8, 9, 10, 11 and 12]. 

 

This paper provides an introduction to intensifying screens and their application in the 

reduction radiation dose to patients.  The aim of this work is to evaluate a computational 

modeling of an intensifying screen for use in intraoral radiography. Several types of materials 

were tested for the intensifying screen constitution. Non-fluorescent and fluorescent materials 

were used, because this allows to performed comparisons of the absorption spectra of x-rays 

and the production of electrons in these materials. The inferences from these results allow 

predicting the most suitable options.  
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2. METHODOLOGY 

 

In this study, it was used the Monte Carlo MCNP5 code, which simulates a radiography 

through the transport of electrons and photons in the different materials presents in this exam. 

The geometry of X-ray tube was defined, containing a point X-ray source, aluminum filter, 

the film-screen coupled, an empty cell to count the photon flux, collimator cylinder, steel box 

and a glass ampoule (part of inherent filtration), like showed in Fig. 1.  The dimensions and 

distances between these cells were described based on Timex Gnatus 70 C X-ray equipment 

and Kodak Insight intraoral film. 

 

 

 

 
 

Figure 1. It is x-ray tube geometry in external and 

inner view.  

 

 

 

A tool on Siemens OEM Products site [13] provides a bremsstrahlung spectrum, according to 

selected parameters, which in this case were: anode of tungsten, 70 kV voltage level, ripple 

factor of 0.05 and 3.81 mm aluminum filter. 

From the spectrum obtained from this tool, a point photons source was constructed in the 

position corresponding to the anode of equipment, with the characteristic photons energy 

distribution for selected parameters. The modeled source has a parabolic spatial profile, like 

that shown in the Fig. 2. 
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Figure 2. It is the parabolic spatial profile of beam 

[14]. 

 

 

 

It was simulated the trajectory of two billion photons emitted by the source. The photon flux 

after interaction with tube materials in the absence of screen material was counted in a cell 

below the film-screen set, from which was obtained a bremsstrahlung and characteristic x-ray 

spectrum of the tungsten target for the corresponding voltage.  This spectrum was compared 

with the literature [15], ensuring the reliability of the modeling done. From this, an equivalent 

source was defined within the screen-film coupled, closer screen cell, to avoid the 

transmission losses. 

 

The analyses of photons absorption were performed for gadolinium oxysulphide, calcium 

tungstate, polyethylene terephthalate and paper. The photon absorption and electron 

production for these materials were considered.  The same parameters were used for all 

simulated material, allowing comparisons from the results. 

 

 

3. RESULTS 

 

Fig. 3 shows the spectrum obtained from MCNP5 simulation with a point source with a 

parabolic spatial profile, without intensifying screen material for voltage of 70 keV. 
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Figure 3.  Photon spectrum obtained by MCNP5 

simulation with voltage of 70 kV. 
 

Fig. 4 shows the photon spectra transmitted to gadolinium oxysulphide, calcium tungstate, 

paper and polyethylene terephthalate. From this figure, can be observed a higher absorption 

in gadolinium oxysulphide, resulting in a lower photons number in the cell located below the 

screen-film set. 

 
 

Figure 4.  Photon spectra transmitted to 

gadolinium oxysulphide, calcium tungstate, paper 

and polyethylene terephthalate (plastic). 
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Fig. 5 shows the electrons flux produced within the screen cell. From this figure, can be 

observed a higher electron flux produced in cell containing calcium tungstate, in the same 

energy range for the two fluorescent materials. 

 

 

 

 
 

Figure 5.  Graphic comparing the electron flux 

produced to gadolinium oxysulphide, calcium 

tungstate, paper and polyethylene terephthalate 

(plastic). 

 

 

 

The comparison between gadolinium oxysulphide and non-fluorescent materials, 

polyethylene terephthalate (PET plastic) and paper, allows verifying that there was greater 

absorption of X-ray beam in gadolinium oxysulphide. Regarding to electron production, the 

electron flux produced was higher in gadolinium oxysulphide than in paper and PET plastic, 

for the same energy range. Considering PET plastic and paper, the gadolinium oxysulphide 

absorbed the beam radiation and produced a greater electrons flux. Due to the lower photon 

flux in the cell below the screen-film for gadolinium oxysulphide, there is a hypothesis that 

some of the photons suffered photoelectric absorptions. 

 

The behavior of PET plastic and paper allows say that these materials are almost transparent 

to x-rays comparing the spectra in the presence and absence of these materials. 
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On the other hand, the electrons flux produced in the screen cell was higher in calcium 

tungstate, compared to gadolinium oxysulphide, indicating greater photoelectric absorption in 

this material. 

 

In the case of a fluorescent material, such as gadolinium oxysulphide and calcium tungstate, 

the x-ray absorption by photoelectric effect results in photon emission in visible range of 

electromagnetic spectrum. 

 

This issue was not directly observed due to a limitation of the code MCNP5 about transport 

of low energy photons. The photon energy regime is from 1 keV to 100 GeV in this code [4].  

Based on the performed observations, it was assumed that the photoelectric effect probability 

and the emission of visible light are higher for calcium tungstate. Due to its lower 

photoelectric absorption of the radiation beam, compared to gadolinium oxysulphide, was 

produced a greater flow electrons. 

 

Although the use of this material has decreased with the advent of rare-earth, this simulation 

showed that their absorption characteristics and emission of radiation are interesting for 

application in radiological screens. 

  

Therefore, to produce an intensifying screen for intraoral radiography, it is reasonable to 

consider the calcium tungstate as fluorescent material, due their characteristics of 

photoelectric absorption and emission in the visible spectrum.  

 

 

4. CONCLUSIONS 

 

Materials that can be used to build a screen for intraoral radiology were evaluated using a 

Monte Carlo code. 

 

Simulations were performed with fluorescent and non-fluorescent materials, in order to 

compare the absorption characteristics of the x-ray beam and electrons production by 

photoelectric effect for the following materials: oxysulphide gadolinium, calcium tungstate, 

paper and PET plastic.  The simulations showed greater x-ray absorption with voltage of 70 

kV in oxysulphide gadolinium, compared to the other tested materials.  The simulations also 

showed a greater electron production in calcium tungstate with voltage 70 kV, compared to 

the other materials tested. 

 

Based on these data, the calcium tungstate material was considered a material with interesting 

characteristics for the production of radiology screens, because it presented a greater flow of 

electrons produced from a smaller amount of radiation absorbed. 
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