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Abstract 

Diagnostic images of Computed Tomography generate higher doses than other 

methods of diagnostic radiology using X-ray beam attenuation. Clinical applications 

of CT have been increased by technological advances, what leads to a wide variety of 

scanner in the in Brazilian technological pool. It has been difficult to implement dose 

reduction strategies because of the lack of proper guidance on computed tomography 

examinations. However, CT scanners allow adjusting acquisition parameter according 

to the patient's physical profile and diagnostic application for which the scan is 

intended. The knowledge of the dose distribution is important because changes in 

image acquisition parameters may provide dose reduction. In this study, it was used a 

cylindrical head phantom in PMMA with 5 openings, what allows dose measurement 

in 5 regions. In a GE CT scanner, DISCOVERY model of 64 channels, the central 

slice of the head phantom was irradiated and the absorbed doses were measured using 

a pencil ionization chamber. Radiochromic film strips were placed in the peripheral 

and in the central region of the head phantom and was performed a scan of 10 cm in 

the phantom central region. The scan was performed using the head scanning protocol 

of the radiobiology service, with a voltage of 120 kV. After scanning, the 

radiochromic film strips were digitalized and their digital images were used to have 

the dose longitudinal profiles. The dose values recorded have variation in a range of 

18,66 to 23,57 mGy. In the results it was compared the dose index values obtained by 

the pencil chamber measurement to the dose longitudinal profiles recorded by the film 

strips.  
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1.- INTRODUCTION 

 

Health professionals are helped by diagnostic images to detect different diseases. Image 

acquisition protocols should be based on research to maintain or improve the image quality 

and reduce risks due to the use of ionizing radiation. For this reason, evaluation of the 

patient’s mass and volume needs to be observed, the analysis of the optical density, the 

dose measurement and contrast are some factors to be considered to optimize the 

parameters for image acquisition with diagnostic quality [Dalmazo et al., 2010; Dance 

2014]. 

 

It may be difficult to detect small variations in the body internal structures due to inherent 

artifacts of medical images. It is necessary to get a contrast between the surrounding 

structures and the structure wanted to be observed. In practice this means that this structure 

must have a X-ray beam absorption different from the others neighboring structures 

[Almeida 2008; Calzado and Geleijns 2010]. 

 

The use of computerized systems and digital images leads the process of diagnostic to 

another level of quality, significantly increasing its diagnostic applications. Thus, this kind 

of technology brings new challenges related to the image acquisition that demand an 

assessment to minimize the risk-benefit [Andisco et al,. 2014; Rodrigues et al., 2009]. 

 

Computed Tomography (CT) had its first applications in the decade of 1970s and over the 

years has become one of the most important methods of diagnostic imaging, significantly 

improving the quality of medical services. CT images allow observing low contrast 

structures such as soft tissues, unlike radiographies. CT scans are radiological tests 

responsible for the greatest contribution to the population dose [Augusto 2009]. 
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2.- MATERIALS AND METHODS 

 

Experiments were performed in a GE CT scanner; model DISCOVERY with 64 channels 

using a head phantom. This phantom has a cylindrical shape with 16 cm in diameter and 15 

cm in length, made in polymethyl methacrylate (PMMA). The phantom has five openings, 

one central and four peripherals lagged each other 90°. The peripheral openings have their 

center located 1cm from the edge. The openings have dimensions of 1.27 cm in diameter 

and 15 cm in length. For the positioning of the phantom in the gantry isocenter the 

peripheral openings were aligned similarly with them positions 3, 6, 9 and 12 hours of an 

analog clock. The phantom positioning is observed in the Figure 1. 

 

 

Figure 1. - Positioning of the head phantom in the gantry. 

 

The absorbed dose measurements were made with an ionization chamber RADCAL®, 

Model ACCU-GOLD2. The central slice of the phantom was successively irradiated with 

the pencil chamber placed into the phantom.  The pencil chamber was placed alternatively 

in each positon while the others positions were filled with cylindrical PMMA rods with 

1.27 mm  in diameter and 15 cm in length. For each chamber placement it has got five 

measurements. 
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A Radiochromic film sheet, model GAFCHROMIC XR-QA2A®, was used for the 

longitudinal dose profile records. Strips were cut in sizes of 0.5 x 12.5 cm
2
 and identified, 

then, they were placed into special cylindrical rods made in PMMA with 1.27 mm in 

diamenter and 15 cm in length. The PMMA rods, charged with the film strips, were placed 

into the five phantom openings. The irradiation of the film strips was done with a helical 

CT scan.  

 

Radiochrimic films exhibit a darkening proportional to the amount of deposited energy 

when exposed to ionizing radiation. The film used was developed as a tool for quality 

control of ionizing radiation beams and it is not sensitive to visible light. This film is 

recommended for record doses in a range of 0.1 to 20 cGy for X-ray beams generated by 

voltages in the range of 20 to 200 kV. In the Figure 2 it is possible observe the contrast of 

the color intensity between an irradiated strip a and a non-irradiated strip b (Background). 

Scanned images of the film strips were obtained for observing the color intensity variation 

generated by exposure [Ashland Inc. 2015]. 

 

 

Figure 2. - Radiochromic film strips, irradiated (a) and background (b). 

 

Digital image of the film strip was performed with a Hewlett Packard scanner, model 

Scanjet G4050 in a reflexive mode and with a 300 ppi resolution. Digital images were 

saved in .jpg format. The obtained images were worked with the imageJ software and 

processed using the tool split colors RBG (red, blue and green). Only the color red has been 

used to observe the color intensity variation in greyscale. The color red was chosen because 

it has the greater response variation. The intensity values obtained from the irradiated strips 

were subtracted from the intensity value recorded in a non-irradiated strip. 
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The protocols used to irradiate the central slice to do measurements with the pencil 

chamber and to scan 10 cm of the central region of the phantom to irradiate the film strips 

are shown in the Table 1. 

 

Table 1.- Irradiation parameters. 

Detector Technique Voltage 

(kV) 

Charge 

(mA.s) 

Tickness beam  

(mm) 

Length 

(cm) 

pitch 

Pencil Chamber axial 120 100 10 - - 

Film strips helical 120 100 40 10 0,984 

 

 

 

3.- RESULTS 

 

The CT dose index values (CTDI100) and standard deviation (SD) obtained with the pencil 

chamber measurements are presented in the Table 2. The recorded values variation is in a 

range of 18,66 to 23.57 mGy to the central slice irradiation. The minimum recorded value is 

in the central position and the maximum in the 12 position.    

 

Table 2: Measures of CTDI100 (mGy). 

Position 3 6 9 12 Central 

Measures 

20.80 19.30 20.31 22.63 18.73 

20.79 19.36 20.40 22.65 18.73 

20.83 19.37 20.33 23.57 18.72 

20.82 19.55 20.33 22.67 18.70 

20.80 19.45 20.31 22.74 18.66 

Average 20.80 19.40 20.33 22.85 18.71 

SD 0.02 0.10 0.04 0.40 0.03 
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The average dose values were obtained through measures with ionization chamber, whereas 

the pitch used in CT scan for the film strips irradiation, was used to perform the calibration 

of the film strips and convert the color intensity values, in greyscale, to Absorbed Dose in 

mGy [NIST 2016].  

 

Longitudinal profile curves of absorbed dose were obtained from the digital images of the 

film strips. The table 3 presents the absorbed dose values reported by the ionization 

chamber corrected by the pitch with the intensity color values of the film strip darkening. 

They were used to obtain the calibration factors for each one of the five measured points. 

 

Based on CTDI100 values measured in the central and phantom peripheral openings, it was possible 

to calculate the weighted dose index (CTDIw), and the volumetric dose index CTDIvol  , given by 

equation 1 and 2 [Wambersie 2008]. The values obtained were of 20.13 and 20.46 mGy, 

respectively. 

 

      
 

 
          

 

 
          (1) 

 

        
     
     

 (2) 

 

 

Table 3: Absorbed dose values, darkening of films and calibration factors. 

Position 
Absorbed Dose  

(mGy) 

Color Intensity 

 (greyscale) 

Calibration Factor  

(mGy/greyscale) 

3 21.14 66.95 0.315 

6 19.72 64.76 0.304 

9 20.67 67.57 0.305 

12 23.22 69.68 0.333 

Central 19.02 64.02 0.297 
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In the Figure 3 longitudinal dose profile curves recorded by the film strips in the five 

positions are shown. These curves obtained have a similar behavior, in which the maximum 

dose values happen in the central region. Recorded dose values are lower in the central 

position and grow in sequentially positions 6, 3, 9 and 12. 

 

Figure 3.- Dose profile curves. 

 

The Fig. 4 presents a bar graph with the average dose values recorded by film strips. 

 

Figure 4.- Average absorbed dose obtained by the film strips. 
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4.- DISCUSSIONS 

 

Recorded values in the 6 position are the lowest among the records in peripheral positions, 

due to the attenuation of the X-ray beam promoted by the table in the incidence infero-

superior.  This behavior was observed by the measuring performed with the pencil 

chamber, the minimum dose value recorded happens in the central position and the 

maximum in the 12 position. 

 

In the dose profile graph it is possible to observe that the 12 position received the greatest 

amount of radiation since in that position it experiences less attenuation of the X-rays 

beam, while the opposite occurs in the position 6, since this point is more closer to the table 

where the phantom is placed.  

 

All the Dose profile curves present the higher dose values in the central region and lower 

ones in the extremities, demonstrating the greater influence of scattered radiation in the 

dose composition of the central slice. The dose profile curve in the central position has a 

continuous behavior because this position has a constant distance from the X- ray beam 

focus during all the time. On other hand, peripheral curves present two valleys separated by 

4 cm, because that is the beam thickness. These valleys happen when the X-ray beam is the 

farthest distance from the point of measurement. Thus, the valleys are lagged a ninety-

degree angle, as the peripheral positions of measurements. 

 

 

4.- CONCLUSIONS  

 

Absorbed dose records by the radiochromic film strips for each position of measurement in 

the head phantom were similar to the values obtained by the pencil ionization chamber.  

Film strips may be used as a reliable tool in the analysis of absorbed dose, in the search for 

optimizing the acquisition protocols for head CT scans. 
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The longitudinal dose profile curves recorded by film strips present information of the dose 

distribution inside the phantom. The radiochromic films provided detailed information 

about the absorbed dose along the longitudinal axis.  

  

 

Absorbed dose values found in the processing of film strips are slightly higher than the 

values obtained by ionization chamber by reason of the pitch value of 0.984. The 

volumetric dose index value obtained with the data recorded by the pencil ionization 

chamber is close to the value indicated by the helical scanning equipment report. 
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