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ABSTRACT 

 
Phantoms can be used for image quality control in computed tomography (CT) and dosimetry in specific regions 

of interest. CT phantoms can be used to modify the parameters of acquisition protocol in order to reduce doses in 

patients while maintaining the diagnostic image quality. Radiochromic films, GAFCHROMIC XR-AQ2 model, 

are used to measure absorbed dose responses when exposed to radiation. For the measurement of absorbed dose 

inside phantoms, it is necessary to not the absorbed dose range to be measured, in order to correlate the 

darkening of the film with the absorbed dose values. The calibration curves were obtained from radiochromic 

films using a cylindrical phantom, made of polymethylmethacrylate (PMMA). This phantom has five openings, 

one central and four peripherals lagged 90 °. The peripherals openings were identified of 3, 6, 9 and 12 as an 

analog clock position hour. The CT phantom was placed in the isocenter of the gantry of the Toshiba scanner, 

model Asterion. The peripheral openings were used to aligned the phantom with horizontal and vertical lasers. 

The phantom was irradiated with the voltages in the X-ray tube of 120 and 135 kV. To record Air Kerma in 

PMMA values, a pencil ionization chamber was inserted in the central and 12 openings and the central slice of 

the phantom was irradiated, in the axial mode. The other openings were filled with PMMA rods. Strips of 

radiochromic film were placed in special PMMA rods and the central and 12 openings were filled. After the 

irradiation, images of the radiochromic film strips were obtained and processed in order to have the calibration 

curves. 
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1. INTRODUCTION 

 

The versatility and speed with which diagnostic images are acquired by computed tomography 

(CT) have influenced the increase in the frequency of such tests for different regions of the patient's 

body. A single CT test does not represent a significant risk for induction in the development of 

lesions or tumor tissue. However, the increasing of approved procedures in the Unified Health 

System (SUS) in Brazil means a high probability of impact on the public health [1-3].   

 

The development of techniques to optimize the processes of acquiring images is very important 

in the adjustment of the acquisition parameters, the use of iterative image acquisition methods, 

current automatic control, etc. to seek an absorbed dose reduction in patients and maintaining image 

quality. Dosimetric studies in patients generate results that show the punctual absorbed dose in 

specific regions highly sensitive to ionizing radiation [4-6]. 

 

The phantoms are used in CT scans for image quality control, calibration and dosimetry. Even is 

not possible to reproduce in detail the human body characteristics, them allow to keep control of the 

average absorbed dose in measurements made by detectors. Radiochromic films are able to detect 

ionizing radiation coming from different directions and thus obtain maps of air Kerma profiles in a 

proportional response to their darkening [7, 8].  

 

Calibration curves of radiochromic films are important to convert the film darkening by 

irradiation process in absorbed doses.  Thus, it is possible to measure specific doses in CT scanning 

processes by using phantoms of different shapes and compositions to propose optimized acquisition 

protocols. 

 

2. MATERIALS AND METHODS 

 

The standard cylindrical chest phantom was used to measure Air Kerma in PMMA. The PMMA 

phantom is 32 cm in diameter and 15 cm long. This phantom has five openings, one central and 
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four peripherals of 1.12 cm in diameter and 15 cm long. The peripheral openings center is 1 cm 

from the surface of the cylindrical phantom. Peripheral openings are lagged 90°. 

 

Radiochromic film strips of 2x0.5 cm
2
 were cut from a GAFCHROMIC XR-AQ2 sheet. They 

were used to record absorbed dose of an X-ray beam in CT scan expositions. The sensitivity to 

radiation is between 0.1 and 20 cGy to X-ray beams [9]. The pencil ionization chamber, model 

ACCU-RADCAL GOLD 10X6-3 measures longitudinal Air Kerma values in CT X-ray beams. 

This ionization chamber can recorder air Kerma values in a range of 200 nGy to 1 kGy [10]. 

 

The tests were done in a Toshiba CT scanner with 4 channels, Aston model. The PMMA chest 

phantom was positioned in the isocenter of the gantry with the help of lasers. The peripheral 

openings were aligned on a vertical and horizontal axis, and they were called 3, 6, 9 and 12 as the 

hours of an analog clock. The radiochromic film strips were placed into PMMA rods filling the 

openings in the position 12 and central. Solid PMMA rods were inserted into other openings. The 

helical CT scans irradiated a distance of 10 cm in the central region of the phantom, with voltages 

of 120 and 135 kV. For the 120 kV beam, the film strips were irradiated in four steps, with 50, 100, 

200, and 300 mA.s, and for the 135 kV beam, they were irradiated in three steps, with 50, 100 and 

200 mA.s  

 

The ionization chamber was placed in the “central” and “12” openings of the phantom to 

measure of Air Kerma in PMMA. The central slice of the phantom with 10 mm thickness was 

irradiated in axial mode. Five measurements were done in each position for voltages of 120 and 135 

kV and 50, 100, 200, and 300 mA.s.  

 

After 24 hours of the film strips exposition it was obtained digital images of them in .JPG 

format at a resolution of 300 ppi. Images were processed using ImageJ software. The color image of 

the strips in RGB was split and the red channel image was used to obtain the responses. The red 

channel presents the better intensity variation. The red channel images of the exposed and 

unexposed strips had the greyscale inverted. The intensity values in greyscale to unexposed films 

were treated as Background (BG) and considered as zero miligray. 



 Gomez et al.  ● Braz. J. Rad. Sci. ● 2021 4 

 

 

 

3. RESULTS 

 

Two calibration curves were obtained, one for each voltage of the X-ray tube, because radio 

chromic films have energy dependency. These curves allow the conversion of the dark signal 

recorded by the film strips in air Kerma in PMMA. Figure 1 shows the calibration curves air Kerma 

in PMMA versus intensity for X-ray beams of 120 and 135 kV. 

 

 

 (a)                                        (b) 

 

Figure 1: Calibration curves for calculates and experimental data at positions “Central” and 

“12” for the voltages of 120 kV (a) and 135 kV (b).  

 

The difference in the darkening of the films when exposed allows observing the air Kerma in 

PMMA variations, and compare the differences in the X-ray beams. The responses obtained in the 

central and 12 positions had a considerable proximity to the voltage values with which the scans 

were performed. Although the 135 kV voltage generates more deposition of energy compared to the 

120 kV voltage, the curves show similar responses. 
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From the air Kerma in PMMA values recorded experimentally, calibration curves were obtained 

the curves that allow correlating the darkening of the irradiated strips with the corresponding air 

Kerma value. The mathematical models follow the expression: 

 

𝑦 = 𝐴 ∗ 𝑒(
𝑥
𝐵 ) − 𝐶  (1) 

 

Where x corresponds to the greyscale intensity values of the film strip darkening and y values of 

air Kerma in PMMA in mGy. The values found for A, B and C is presented in the table 1. 

 

Table1. Values For the parameters A, B and C for calibration curves 

 120 kV 135 kV 

 CENTRAL 12 CENTRAL 12 

A 0.078 0.614 2.022 3.077 

B 14.585 23.870 37.177 42.374 

C 0.926 3.210 5.759 7.661 

 

 

In the Tables 2 and 3 are compared to the values of Air Kerma in PMMA measured 

experimentally with the ionization chamber and the values of Air Kerma absorbed by films for each 

position calculated by equation 1 for the 120 and 135 kV voltages. 
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Table 2. Air Kerma in PMMA (mGy) measured and calculated values to 120 kV 

Central 12 

Measured Calculated Error Measured Calculated Error 

0.000 0.172 -0.172 0.000 -0.125 0.125 

2.465 2.243 0.222 4.859 4.954 -0.095 

4.931 4.780 0.151 9.718 10.085 -0.367 

9.861 10.268 -0.407 19.436 18.957 0.479 

14.792 14.589 0.203 29.153 29.380 -0.227 

 

 

Table 3. Air Kerma in PMMA (mGy) measured and calculated values to 135 kV 

Central 12 

Measured Calculated Error Measured Calculated Error 

0.000 -0.059 0.059 0.000 -0.022 0.022 

3.357 3.558 -0.201 6.394 6.463 -0.069 

6.713 6.540 0.173 12.789 12.730 0.059 

13.427 13.457 -0.031 25.578 25.590 -0.012 



 Gomez et al.  ● Braz. J. Rad. Sci. ● 2021 7 

 

 

The values of Air Kerma in PMMA calculated from using the equation 1 to intensity values 

recorded by radiochromic films have irrelevant errors when compared between the measured values 

and the ionization chamber values. The values with the lowest error correspond to values for 135 

kV because the beam has a higher penetration in the matter. 

 

4. CONCLUSIONS 

 

The calibration curves for radiochromic films obtained allow realize punctual dosimetry and 

optimizing image acquisition protocols in Chest CT scans, using 120 and 135 kV X-rays beams. 

These beams have different penetration characteristics. 

 

When compared the curves obtained for 120 and 135 kV, there is an exponential response for 

both. However, considering the two voltage values, the 135 kV beam generates higher air Kerma 

values in PMMA for the same charge value (mA.s). 

 

The curves obtained for the central and 12 positions present similar behaviors for both voltages. 

The entrance of the X-ray beam occurs around the phantom (360
o
), so the central position receives a 

filtered beam by about 16 cm of PMMA, during all the irradiation time. The position 12 also 

receives a filtered beam, but the filtration varies from about 0.5 to 31 cm of PMMA, depending on 

the incidence angle of the beam. 
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