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Abstract. The Practical Peak Voltage — PPV is adopted to measure the voltage applied to X-ray tube. The PPV is
recommended by IEC 61676 (2002) and accepted and published by the code of practice TRS 457 (IAEA, 2007). The
PPV is defined and applied to all forms of waves and it is related to the spectral distribution of X-rays and the
properties of the image.The calibration of X-rays tubes was performed by the Monte Carlo code MCNPX. An X-ray
tube for dental radiology (single phase) and X-ray tube reference (constant potential) were used in simulations for
the energy range of interest: 40 kV to 100 kV and obtained results indicated a linear relationship between the tubes
involved.
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1. Introduction

A new quantity, known PPV — Practical Peak Voltage, was proposed by Kramer et al. (1998) for measure the
voltage applied to X-ray tubes used on diagnostic radiology in general (IEC, 2002). The PPV was defined for a single
setup applied to general radiology and after generalized to other applications of the radiodiagnostic. However, the PPV
was not check up for each modality of the radiology. Believing that for applications directed to dental radiology, some
considerations should be necessary to determine the PPV due to own particularity of radiodiagnostic in dental field.

The value of the PPV, for a given X-ray equipment, corresponds to the voltage applied to an X-ray equipment
constant potential, which present the same image contrast obtained after the passage of X-ray beam through an acrylic
phantom of 10 cm thick, with and without the addition of an aluminum attenuator filter (Kramer et al., 1998; Baorong
et al., 2000; Ramirez-Jiménez et al., 2004). At definition of the PPV, obtained images with the PPV same on different
X-ray equipment that present types different of the rectification can be compared (Becker et al., 2003; Cassiano et al.,
2008). The definition of the PPV brings the values of the voltage used X-ray equipment for medical diagnosis a direct
relationship between the voltage applied and the obtained contrast from the radiographic image. Obtaining the
radiographic image depends on the spectra of X-ray. The spectra are dependent on several factors, especially of the high
voltage applied to X-ray tube and of the beam filtration.

The dental radiology is a useful tool for diagnosis and supplements in health care (Dezotti, 2003; Van der Stelt,
1997; EC, 2004). Currently, the diagnostic radiology is considered the main source of artificial radiation in which the
population is exposed (Gilboy and Fung, 2001) with approximately 14% of the total dose received each year from all
sources of radiation (UNSCEAR, 2000).

In recent years a growing interest has been seen in simulating X-rays images in a number of applications
(Gray, 1988; Xu et al., 1999; Souza et al., 2008; Correa et al., 2010). The main reason for this interest is the ability to
study how changes in relevant operating parameters may affect the quality of the image without the restrictions imposed
by the experimental procedure and without causing exposure to radiation.

The Monte Carlo method is one of the methods employed for simulating X-ray images due to its to the
stochastic nature of radiation emission, transportation and detection process. Among the main general-purpose codes
based on the Monte Carlo method, the MCNPX (Monte Carlo N-Particle eXtended) code has specific functions to
simulate X-ray images (Pelowitz, 2005). However, though the MCNPX code provides specific commands to simulate
X-ray images, a number of procedures still must to be performed to make the MCNPX compatible with images obtained
by experimental detectors (Correa et al., 2010).

Because of properties mentioned, in this paper we are not making simulations of the X-ray images, but only we
used the specific command to simulate X-ray image. The objective of the paper is to study a possible relationship
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between X-ray tube specific to dental field and X-ray tube constant potential, which is considerate as reference tube for
evaluate the PPV.

2. Methods
2. 1. MC Simulations and Source Parameters

The MCNPX code employs a set of point detectors close enough to one another to create an image based on
the fluence of particles passing through each detector (Pelowitz, 2005).

Usually, the MCNPX code calculates dosimetric quantities of interest by conversion factors. Thus, the
MCNPX code can calculate the air kerma by the F5 command and conversion factors from fluence to kerma (DE/DF
command). The DE/DF command is used to correlate obtained data in the simulation with other quantities of the
interest, such as for example fluence conversion factors for air kerma through the introduction of a multiplier dependent
on energy. The term DF is equal to a response function of a specific material for the incident radiation’s DE energies, in
MeV, in which each simulation result (fluence) is multiplied by a value of the DF conversion factor equal to the
incident radiation’s DE energy. Energy values outside of the range defined in the DE/DF command are interpolated
between any of the higher or lower energy values contained in the respective sequences.

The distribution X-ray energy used as input parameters for simulation of the radiation beams were got through
the software TASMIP (Tungsten Anode Spectral Model using Interpolating Polynomials) with tungsten anode and
voltage applied to the tube varing from 40 kV to 100 kV. The spectra were provided in ranges of 10 kV. The filtration
on the beam was considered a 1 mm Be (Boone and Seibert, 1997; Meyer et al., 2004; Ay et al., 2005; Fewell and
Shuping, 1977; Boone and Chavez, 1996).

The geometry of the irradiation is shown in figure 1. A specific input file for MCNP code was developed to
calculate the air kerma on the imaging detector. For values of air kerma, a punctual detector (F5 command) was
positioned aligned with the central axis of the radiation beam at 50 cm distance of the acrylic phantom. The conversion
factors DE/DF, provided by the ICRP 51 (1987), were used to convert fluence to air kerma. The attenuation filter (1 mm
Al) was used to cover the area of the phantom before of the detector (Cassiano, 2010).
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Figure 1. The diagram of the adapted setup for LNMRI’s room. It is used in simulation by the MCNPX code.
The attenuator material is a plate of the aluminum with high purity (99.999%) of certification by the
manufacturer.

2. 2. Calibrating

The range of voltage applied to X-ray tube for dental radiology varies from 40 kV to 110 kV and minimum
effective range of voltage of the 60 kV to 90 kV with tungsten anode and additional aluminum filtration (IEC 61676,
2002). In this paper, we used voltage applied to X-ray tube from 40 kV to 100 kV, due to cover all minimum effective
range of voltage that the IEC 61676 document recommends.

At this stage of the computational modeling, we consider the main types of the X-ray tubes used routinely in
applications of dental radiology and we observe that X-ray tubes applied to dental radiographic in Brazil are of the
single phase. For this, two X-ray tubes were used on simulations: a single-phase and ripple 100%, corresponding to the
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typical X-ray tube dental equipment and one X-ray tube constant potential without ripple corresponding to the X-ray
tube of the LNMRI s room. The spectra of the both X-ray tubes were provided by the TASMIP.

Thus, we study each spectral distribution of the X-ray tubes to find values close of the radiographic contrast of
the phantom with the attenuator material of the 1 mm Al. We call this process of calibration of the X-ray tubes in the
quantity PPV. The objective this calibration is present the radiographic properties similar of the X-ray tubes in study, so
we would be compared.

In this study, the data are given by means of values of the equivalent contrast. The equivalent contrast is a form
practical and precise to determinate the quantity PPV. The value of the equivalent contrast is calculated by measuring
the quantity the air kerma (ICRU 33, 1980) into the point of test for two configurations (figure 1): an acrylic phantom
without an attenuator material and after the same phantom with an attenuator material (aluminum plate). Obtaining
value of the equivalent contrast is through of the ratio between the measurements of the air kerma at the point of test
after the phantom with and without the addition of the aluminum plate (equation 1).
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where K """ is the value of the air kerma for the measurements without the attenuator material and K" represents

the value of the air kerma with the addition of the aluminum plate.
3. Results
The obtained results for the two X-ray tubes modeled by the MCNPX code are shown in table 1.

Table 1: Calibration of the X-ray tubes in the quantity PPV.

Nominal Voltage Equivalent Contrast Percentage
(kV) Constant Single difference (%)
Phase
40 1,3916 1,3860 0,40
50 1,2859 1,2894 0,27
60 1,2309 1,2244 0,53
70 1,1967 1,1964 0,03
80 1,1713 1,1755 0,36
90 1,1530 1,1597 0,58
100 1,1393 1,1473 0,70

The data indicated in table 1 show percentage difference less than 1% for the entire range of voltage used. This
means that the MCNPX code and the software TASMIP attended, satisfactorily, all the modeling proposed in this paper.
These values indicate that both X-ray tubes could be compared in environments of dental practice because they had
similar radiological properties in the simulations.

During the calibration of both X-ray tubes, we observed a linear relationship with each other. The relationship
is given by the equation 2:

x+5, paraU < 60kV
= [kV] 2)

x+10, paraU = 60kV

where x is the value of voltage corresponding to the X-ray tube constant potential and y is the value of voltage of the X-
ray tube with single-phase.

The equation (2) suggests that during the calibration process, the adjustment values of the voltage for the X-ray
tube with single phase are higher than the values of voltage of the reference tube. This is presented as a warning sign for
the routine in clinics and hospitals, because, according to the relationship above, a value of nominal voltage of a
constant potential implies greater voltage in the X-ray tubes of single phase (dental radiographic) or exposure
unnecessary on patient and can compromise the quality of radiographic images.

4. Conclusion
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The MCNPX code was used to simulate the setup to determinate the quantity PPV applied to dental radiology.
The obtained results indicated that the PPV, quantity to measure the voltage applied to X-ray tube, can be employed in
dental radiology as defined by Kramer et al. (1998) and adapted for LNMRI’s room and to Brazilian scenario.

In calibration of the X-ray equipments (single phase and constant potential) the data showed percentage
differences less than 1% for all observables. This has an important meaning, because these data confirm that the
geometry simulated in the validation of the spectra was correctly modeled and the software TASMIP was powerful in
generating different types of spectra.
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