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Abstract 
 

Radiochromic film applications in dosimetry have become increasingly significant for 

studies on radiotherapy and diagnostic tests. Due to sensitivity to exposure to ionizing 

radiation, radiochromic films are commonly used to obtain dose distribution maps. The 

objective of this study is to obtain the calibration curves of the radiographic film for 

exposure with X-ray beam in a computerized tomography (CT) scanner for realize 

measures of typical doses found in radiodiagnosis tests.
 
It was used Gafchromic XR-AQ2 

film, which shows little sensitivity to visible light and a response in the range of 0.1 to 20 

cGy for X-ray beam in a tube voltage supply range ranging from 20 kV to 200 kV. In the 

experiments, a head polymethylmethacrylate (PMMA) phantom, with a cylindrical shape 

with five openings was used. This phantom was placed in the CT scanner isocenter and 

radiochromic film strips were placed into two openings. The irradiations were performed 

in a Toshiba Asteion scanner that allows making acquisitions in helical mode. The 

central slice of the head phantom was irradiated to obtain the values of air kerma in 

PMMA measured with a pencil ionization chamber. Thereafter, radiochromic film strips 

were placed into the central and one peripheral opening and 10 cm long scans of the 

central region of the phantom were carried out with feed voltage of 120 kV. The strips 

irradiated with different X-ray tube currents were scanned and processed using the 

ImageJ software to obtain the intensity values resulting from the absorbed radiation by 

optical density analysis. The calibration curves were obtained for both region, central and 

peripheral corresponding to the values of air kerma in PMMA measured with ionization 

chamber. With the curves in hand, CT experiments with applied beams can use 

radiochromic films as a dosimetry method and then seek the generation of images with 

lower dose deposition and higher diagnostic quality. 

 

Keywords: dosimetry, radiochromic film, Computed Tomography.  
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1.- INTRODUCTION 

 

Computed tomography is a diagnostic test widespread in clinical practice since its 

introduction. The striking reason for this popularity is that this method, unlike conventional 

X-ray methods, allows observing internal structures of the body by smoking through cuts, 

without overlapping tissues. As in conventional radiology, the different absorption 

characteristics of each tissue results in the contrast that allows obtaining the CT images 

[Mourão and Oliveira, 2009]. 

 

In spite of the constant evolution of CT equipment for the acquisition and quality of the 

generated images, the levels of dose absorption during the examination are still very high, 

when compared to a conventional radiological examination. However, high doses of CT 

allow obtaining images with better quality, improving the diagnosis. Recent developments, 

such as automatic exposure control, consider this problem of dose absorption. This 

technology allows adjustment of the amount of absorbed dose according to the anatomy of 

the patient under examination. During digital image reading, the radiologist can choose the 

appropriate window settings for the specific anatomy and pathology according to the interest 

of the exam [Dance et al., 2014; Mourão, 2015]. 

 

One of dose dosimetry methods is based on radiochromic films. These films have a 

polymeric structure in an emulsion layer, which darkens according to the amount of radiation 

received.  Radiochromic film applications in dosimetry have become increasingly significant 

for studies on radiotherapy and diagnostic tests. Due to sensitivity to exposure to ionizing 

radiation, they are commonly used to obtain dose distribution maps [Morrison et al., 2014].  

 

The aim of this study is to generate calibration curves from Radiochromic films irradiation, 

turning the darkening of the film into air kerma in PMMA values, to assist in experiments in 

CT with an X-ray beam generated with a voltage of 120 kV, in order to improve diagnose 

process. 
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2.- MATERIALS AND METHODS 

 

In this section, they are going to be present the main materials applied in this work and the 

details of the experiment in CT.  

 

2.1.- Radiation Dosimeters 

 

A radiation dosimeter is any device used to measure exposure to ionizing radiation. In this 

work, it was used the film GAFCHROMIC® XR-QA2, compatible with a wide variety of 

phantoms. This film show little sensitivity to visible light and a response in the range of 0.1 to 

20 cGy for X-ray beam in a tube voltage supply range ranging from 20 kV to 200 kV [Tawfik 

et al., 2012]. 

 

Radiochromic films are composed of three main layers: coating, emulsion and base. With 

these films its possible to observe changes in their color with high contrast due to translucent 

yellow polyester coating. However this layer does not affect spectral absorption properties in 

the red region, which is the main area of reflected mode analysis by scanners [Costa et al., 

2016]. 

 

The received dose by the film can be estimated by comparing the darkening degree from a 

reference strip not irradiated. Figure 1 shows film strips irradiated with different absorbed 

dose values. 

 

 
 

Figure 1 – Comparison among the reference strip and the strips irradiated with increasing 

doses from the left. 
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The ionization pencil chamber is a simple gas-filled radiation detector that is widely used for 

the detection and measurement of certain types of ionizing radiation. In CT, the radiation 

dosimeter must have a special geometry, due to the tube rotation around the patient table, 

presenting a response to the incident radiation beam from all angles [Castro et al., 2016].  

 

In this work it was used a pencil ionization chamber  type RADCAL  ACCU-GOLD 10X6-

3CT model, developed to make measurements of dose index and longitudinal dose product for 

X-ray beams in CT. The detection range is between 200 nGy and 1 kGy with an uncertainty 

of 4% for X-rays up to 150 kV of voltage. The camera has 3 cm3 active volume and the cable 

is tri-axial type of low noise [RADCAL, 2015]. The air kerma measurements were carried out 

during the irradiation of the central slice of the phantom, programming the CT scanner in 

axial mode and positioning the camera in position central and 12 of the phantom. The other 

openings were filled with solid billets made of PMMA. The central slice of the phantom was 

irradiated and was made three measures for each position. 

 

 

2.2.- Data collect 

The radiochromic film was cut in strips with approximate dimensions of 0.5 x 2.0 cm each 

one. Then, they were identified to be irradiated in the experiments.vcIt was used a head 

phantom of polymethyl methacrylate (PMMA) material in cylindrical form with five 

openings, four peripheral and one central, being positioned in the isocenter of the gantry. 

 

The irradiations were made from the Toshiba Asteion Super 4, a 4-channel tomograph that 

allows making acquisitions in helical mode. The central slice of the simulator was irradiated 

to obtain the values of air kerma in PMMA measured with the pencil ionization chamber, 

inserted into the central opening and the peripheral opening 12, corresponding to positions 

similar to an analog clock. Figure 2 shows the head phantom positioned on the CT scanner 

isocenter, with the pencil ionization chamber in the central opening.  
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Thereafter, film strips were inserted into the same openings and 10 cm long scans of the 

central slice of the phantom were performed with a voltage of 120 kV. After irradiation, the 

films were scanned using the HP Scanjet G5050 scanner, to obtain digital images with a 

resolution of 300 dpi.  The images were processed using the ImageJ software to obtain the 

grayscale intensity values resulting from the absorbed radiation by optical density analysis.  

 

 

Figure 2 – Head phantom positioned in the isocenter of the gantry with the pencil ionization 

chamber in the central opening. 

 

 

This software allows the separation of RGB colors to use only the data of the red color 

channel, which presents the greater variation band, because the ※lm coat does not filter it. In 

the image obtained from the red channel it was made greyscale inversion. Then, numerical 

values were obtained corresponding to the darkening for each strip exposed. Using the 

software Origin Pro 8, with this intensity values, the calibration curves were obtained for 

each beam used in relation to the values of air kerma in PMMA measured with ionization 

chamber. All images used in the work are 8 bits images, so the intensity greyscale ranges 

from 0 to 255. 
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In the course of time, films record background radiation in‼uences, whose absorbed dose 

value is unknown. This value is recorded by the darkening of the non-irradiated strip (BG) 

and it must be subtracted from the others to establish the direct relationship between the 

known absorbed dose and the greyscale value recorded by the ※lm. The intensity greyscale of 

BG, for the red color in the greyscale, was 38.54 [Costa et al., 2016].  

 

 

3.- RESULTS 

 

The calibration curves relate air kerma in PMMA with the numerical intensity of the 

radiochromic film, according to each head phantom opening. Figure 3 shows the calibration 

curves obtained for the central and 12 openings. 

 

 

Figure 3 – Calibration curves for a head phantom in a TC scan with a voltage of 120 kV. 
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Equations (1) and (2) correlates the ※lm strip intensity (x), in greyscale, with air kerma in 

PMMA values (y) in mGy, for the central and 12 openings, respectively. 

 

 

 

 

Table 1 compares the values of air kerma in PMMA obtained from the Equations (1) and (2) 

with measured ones. 

 

 Table 1.- Comparison between measured and calculated values  

Central Opening  Opening 12 

Measured 

(mGy) 

Calculated 

(mGy) 

Error 

(mGy) 

Measured 

(mGy) 

Calculated 

(mGy) 

Error 

(mGy) 

0 -0.02 -0.02 0 -0.11 -0.11 

9.90 9.96 0.06 11.77 12.17 0.40 

19.80 19.74 -0.06 23.53 23.19 -0.34 

39.59 39.60 0.01 47.06 47.13 0.07 

 

 

 

 

4.- DISCUSSION 

 

From the results presented on Table 1, it is possible to considerate the calibration curve an 

efficient and simple method to obtain air kerma in PMMA values in experiments in CT with a 



ISSSD 2017 
September 26 to 30th, 2017.  Santo Domingo, Dominican Republic. 

 

92 
ISSSD 2017 Proccedings                                                                                                                                          Volumen 2 

 

beam of 120 kV. The results were even better for the central opening, whose measured values 

were closer to the exponential decay curve.  

 

The difference between the calibration curves allows considering how much the air kerma in 

PMMA varied with the depth of the beam in the phantom. This can be clearly noticed by the 

positioning of each curve in the graph of Figure 3, as well as by the divergences between the 

values obtained in Equations (1) and (2). This can be explained by attenuation of the X-ray 

beam due to absorption from the outermost layers of the simulator object. 

 

The phantom presents a similar behavior in X-ray attenuation at 12 and central openings to 

120 kV tube voltage, because the beam has a higher penetration power. Then, the film strip 

darkening observed at the periphery is similar to the central position for a same air kerma 

value.  

 

 

5.- CONCLUSIONS 

 

The calibration curve equation is a simplified method to obtain values of kerma in PMMA 

using digital images of irradiated radiochromic films. With the aid of calibration curves, 

computed tomography experiments performed with 120 kV X-ray beams can apply radio-

chromic films in their dosimetry, in order to correlate the dose levels of air kerma in PMMA 

with the intensity of darkening registered by the film. Thus, the generation of diagnostic 

quality images acquired with protocols that promote lower dose deposition becomes less 

complex. 

 

It is worth mentioning that the radiochromic films have a response variation with the energy 

of the X-ray beam. Therefore, it is necessary to consider its characteristics and limitations 

according to the desired application, in order to guarantee a reliable interpretation of the data. 

It is recommended to work with values within the response range reported by the film 

manufacturer. 
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Radiochromic films are useful for observing dose variation on computed tomography to 

obtain lower doses in patients without loss of diagnostic imaging quality. With the calibration 

curves, it will be possible to evaluate the dose distribution at different depths of the simulator 

object, aiding in experiments developed in CT. 
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