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ABSTRACT

Monte Carlo code MCNPX coupled with an adult voxel female model (FAX) were used to investigate how
radiation dose in chest radiographic examinations vary with antiscatter techniques (air gap and grid) and
projection geometry (anterio-posterior — AP and posterio-anterior — PA) for different tube voltages. The
radiation doses were evaluated in terms of organ and effective doses, for afixed air kerma at the image detector.
The results show that the effective dose for grid technique decreases with increasing tube voltage, while that for
air gap great variations were not observed. Besides, the work also showed that doses are larger for AP
projections and that use of the air gap is recommended in the place of the anti-scatter grids.

1. INTRODUCTION

Chest radiography is the most frequent tool in medical diagnostic examination for allowing
the evaluation of a very wide range of clinical complaints [1]. However, radiation exposure
can not be assumed to be purely beneficial. X-rays are capable of stripping electrons from
atoms to form substances that are highly reactive in a chemical sense. Molecular bonds
between atoms can be broken, and if this occurs within the nucleus of a cell in the body it can
lead to irreparable damage, with long-term consequences for the viability or correct
functioning of the cell. For this is important that radiologica examinations performed are
justified and optimized. To justify radiological examinations, risks to the patient from the
radiation exposure should be known. Although the knowledge of the organ doses is
important, these can not be measured directly inside patients. For thisreason it isimportant to
establish ways to study organ doses.

Monte Carlo code MCNP has been widely accepted as one of the most accurate tool for
calculating dose distributions. MCNP is a general purpose transport code that can be used for



neutron, photon and electron or coupled particle transport. It has the capability of easily
inputting complex geometry in three dimensions making the code very user friendly.
Moreover, it has a wide range of capabilities for medical physics applications, mainly when
used voxel phantom.

Kramer et al. [2] has developed an adult voxel female model (FAX) phantom based on CT
images of female patients, whose organ and tissue masses have been adjusted in order to
correspond to the anatomical specifications defined by the ICRP Publication 89 for the
Female Reference Adult [3]. This new phantom connected to the Monte Carlo code
MCNPX“ come as a great alternative in the study of parameters that can affect the dose in
medical applications.

The objective of thiswork isto use the above-mentioned Monte Carlo code MCNPX and the
FAX voxel phantom to provide the organ and effective doses in chest exams. These
quantities will be studied for different tube voltages, projection geometry (anterio-posterior —
AP and posterio-anterior — PA) and antiscatter techniques (air gap and grid) for a fixed air
kerma at the image detector of 5 uGy.

2. MODELED SYSTEM
2.1. Computer model

The calculations were made using a Monte Carlo code MCNPX version 2.5.0 [4]. The
imaging system was modeled by simulating photon transport from the x-ray tube and through
the patient and anti-scatter device. The photons were transported taking into account
photoelectric absorption, coherent and incoherent scattering. Each calculation was based on
generation 10° photons. The relative statistical errors were less than 0.05 for energy
deposition, except for ovaries and bladder where was accepted a relative statistical error less
than 0.1.

2.2. X-ray source

The initial photon energy was sampled from an x-ray spectrum pre-cal culated with a program
by Cranley et a. [5], which uses the tube peak voltage, anode material, filter material and
filter thickness as input parameters. The energy distributions of x-ray used were obtained
using 5.0 mm aluminum (Al) filtration and tungsten anode material. X-ray photons were
emitted from a foca point with 3 mm diameter and a lead collimation was used to obtain a
field size of 33 x 29 cm? in the phantom skin.

2.3. Voxel phantom

The voxel phantom FAX [2] was used as a model of a patient. The FAX is 163 cm height and
has a mass of 59.76 kg. It was modeled in MCNPX code utilizing the SCM S software [6],
which is a computational tool for the construction of geometric or anatomic models from
medical images like Computerized Tomography (CT), Single Photon Emission Computerized
Tomography (SPECT) or other similar digital images. The SCMS software interprets the
images and provides an input file to be used by the Monte Carlo MCNPX code for the
simulation of the radiation transport [7].
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2.4. Antiscatter techniques and irradiation setup

Two different antiscatter techniques were studied, the antiscatter grid and the air gap. In the
first technique a linear focused grid was modeled. The interspace and the front and back
covers of the grid were composed of aluminum (Al); the radiopague strips were made of lead
(Pb). The parameters of the grids included in this study are listed in Table 1.

Table 1. Grid parameters.

Strip density Thlckl_less of Thickness of Thlckl}ess of ‘Lead-to- ) )
(lines/cm) aluminum lead strips (pm) aluminum interspace Grid ratio
cover (pm) 'ps (W interespace (Lm) ratio
33 400 50 250 U5 12

The validation of the grid was made by calculation of transmission of total (Tt), primary (Tp),
bucky factor (BF) and contrast improvement factor (CIF) through the methodology and
experimental measurements published by Chan et al. [8]. Table 2 compares simulated and
measured values for studied grid.

Table 2. Comparison of measured and simulated grid performance parameters. The
validation was made using the tube potential of 80 kV with filtration of 2.5 mm Al,
water phantom with thickness of 20 cm, and a pair of Kodak lanex regular screens

(Gdy0;S:Tb, 70 mg/cm2 per screen).

Simulate Values Experimental measurements from Chan et al.

Tt Tp BF CIF Tt Tp BF CIF

0.163 0.604 6.13 3.70 0.159 0.581 6.29 3.65

The grid was placed after the voxel phantom, where the distance from the phantom to the grid
was kept at 1.0 cm. The focal-spot-to-grid distance was 151 cm, equal to the focal length of
the grid studied. In the air gap technique a focal-spot-to-detector distance of 300 cm was used
with 30 cm of separation distance between the phantom and the detector. With these
irradiation setups, chest exposures with posterio-anterior (PA) and anterio-posterior (AP)
projections were evaluated and effective dose and absorbed dose were obtained using 72-150
kV voltage tube range.

2.5. Dose calculation

The effective dose was calculated as the sum of the average absorbed doses in the individual
organs multiplied by the appropriate tissue-weighting factors from ICRP Publication 60[9].
For each technique the doses were normalized to an air kerma at the image detector of 5.0
MGy, corresponding to a sensitivity class of 200 at the automatic exposure control (AEC)
chambers [10].

The doses were measured in terms of the air kerma at the image detector in order to assure

that, independent of the employed technique, the same conditions of exposure at the detector
would be maintained to obtain the radiographic images.
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3. RESULTS

The Figures 1 (a) and (b) show the effective dose as a function of tube voltage for PA (a) and
AP (b) projections using grid and air gap techniques. Compared the Figure 1 (a) and (b) can
be observed that the effective dose for AP projection is larger than PA projection; yet, the
difference is very larger for air gap. This occurred due to alarger number of organs present
higher doses for AP projection with air gap than grid, as shown in the Figure 2 (a) and (b). In
the Figure 2 can aso verify the high values of doses from breast and thyroid for AP
projection, as aresult of the positioning of those organs for the irradiation configuration.
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Figure 1. The effective dose as a function of tube voltage for grid and air gap techniques.
In (a) PA projection, and (b) AP projection.
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Figure 2. Average organ dose for PA and AP projections obtained with 102 kV tube
voltage. In (a) grid technique, and (b) air gap technique. The doses of the bladder and
ovaries can not be observed in the graph due to the low values. Those organs presented
low doses because they were not irradiated directly and due to the small size.

Through the Figures 1 (a) and (b) are also observed that using a grid, the effective dose
decreases dowly with increasing tube voltage. The decrease is about 29% for PA projection
and 30% for AP projection, and it occurs due to higher grid transmission at high photon
energies[10]. Incontrast, for air gap technique, the effective dose isfairly constant with tube
voltage. The variation is approximately 11% for PA projection and 8% for AP projection.

The analyzed data in Figure 1 also show that the doses are higher when obtained with grid for
both studied projections. For PA and AP projections the doses obtained with the grid are
about 45% and 20% higher than obtained with air gap, respectively. Likewise, the average
dose in the radiosensitive organsis also larger for grid in both studied projections as shown in
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the Figures 3 and 4. In these Figures can also be verified that the largest value of absorbed
dose for PA projection was to lung and for AP projection to breast and thyroid, independent
of the antiscatter technique. Besides, the doses in those organs also present a soft decreasing
behavior as a function of the tube voltage when grid is used. For air gap, this behavior is only
observed for breast and thyroid for AP projection. In the grid technique, as sees previously,
there is a higher grid transmission at high photon energies what causes the observed behavior.
For air gap the decrease of the doses in the breast and thyroid with the tube voltage occurs
due a stronger dose gradient from the entrance surface of the phantom for low tube voltage.
In ahigher tube voltage the dose distribution will be more uniform.
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Figure 3. Average organ dose as a function of tube voltage for grid and air gap
techniques with PA projection. In (a) bladder, (b) ovaries, (c) colon, (d) breast, (e) liver,
(f) lungs, (g) esophagus, (h) red bone marrow, (i) skin, (j) stomach, (I) thyroid, (m)
remainder.
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Figure 4. Average organ dose as a function of tube voltage for grid and air gap
techniques with AP projection. In (a) bladder, (b) ovaries, (c) colon, (d) breast, (e) liver,
(f) lungs, (g) esophagus, (h) red bone marrow, (i) skin, (j) stomach, (I) thyroid, (m)
remainder.

4. DISCUSSION

In this study, for purpose of radiation protection, the radiation doses received from chest
exams were evaluated. The present analysis showed that the obtained doses with the grid
technique are larger than with the air gap for both evaluated geometric projections (AP and
PA). Besides, the work also showed that obtained effective doses in AP projection are larger
when compared with PA projection, and that these doses using grid technique decreases with
increasing tube voltage. For air gap technique this behavior was approximately constant.

Similar results were also found by Lloyd et a. [11] and Bell et al. [12] for fluoroscopic and
lateral cervical spine examinations. They demonstrated that the removal of the grid reduced
the dose in the patient. Furthermore, more studies support the results of this work, Lee et al.
[13] showed that the doses in chest and abdomen x-ray exams with AP projection are larger
than with PA projection, and Ullman et al. [10] verified that using grid the effective dose
decreases with increasing tube voltage due to higher grid transmission at high photon
energies, while that for air gap great variations were not observed.
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Other works in the literature have also been encouraged the changes in working procedures
for chest exams. Lannhede et al. [14] performance a clinical trial in which different imaging
system configurations for the chest PA examination were compared. In this trial patient
images were evaluated by a group of expert radiologists using the EC image criteria [15].
Comparing the anti-scatter techniques they had concluded that the best image quality and the
smallest dose were obtained using the air gap system. Similar resulted it was also found for
Hwang [16] for analogical systems and Ullman et al [10] in digital chest radiography.

5. CONCLUSION

The results of this study encourage changes in the working procedures for chest exams. The
use of the air gap should be incorporated in the place of the anti-scatter grids as dose
reduction strategy for the patient. Those results also confirm that the Monte Carlo code
MCNPX coupled to FAX voxel phantom are useful in dosimetric studies in medical
diagnostic examination.
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