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ABSTRACT 

 
Among the existing malignant neoplasia, the prostate cancer is most common among male population. Due to 

its high incidence and morbidity, there is a need for investment in advanced technology for better treatment 

associated with research and social mobilization to prevent the disease. As an efficient method of treatment for 

such tumor, radiation teletherapy brings favorable results for the patient, particularly when the cancer is 

diagnosed early. There are, however, the needs to assess the absorbed doses that reach the prostate in the 

radiation protocols in order to certify the treatment efficacy. The present research goal is to obtain the profile of 

absorbed dose distributed in a synthetic prostate on male pelvis phantom following a standard radiation therapy 

protocol.  The methodology makes use of a NRI made phantom and a 15MV LINAC accelerator. This phantom 

has anthropomorphic and anthropometric features containing the major internal organs, including bone, 

prostate, intestine, and bladder. The exposition was made in a 15 MV linear accelerator taken the isocenter in 

four fields as a "BOX" of opposing beams. The dosimetry was prepared using GafChromic EBT type 2 

radiochomic film and calibration in a solid water phantom. The radiochromic films were digitized on the 

Microtek Scan Maker 6900XL model scanner operating in the transmission mode and optical density readings 

based on RGB mode in the computer program Imagedig. The absorbance readings were performed in the 

spectrophotometer SP-220 mark BIOSPECTRO obtaining calibration curves generated by the collected data. 

The results reproduce the dose distribution generated in two orthogonal radiochromics films positioned onto the 

synthetic prostate. Discussions regarding the characteristics of the phantom and methods of irradiation in 

relation to the achieved dose profile will be addressed.  

 

 

1. INTRODUCTION 

 

Among the existing malignant neoplasias, the prostate is more common in males. Due to its 

high incidence and morbidity, there is the need for investments in high technology for better 

treatment associated with research and social mobilization to prevent the disease. [1] 

 

The prostate is a gland that is part of the male reproductive system and its function is related 

to the storage and secretion of seminal fluid from the seminal vesicle. In an adult male it 

weighs about 20 grams and is approximately 3 inches long. Its anatomical position is below 
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the bladder and involves the entire length of the urethra, exiting on the bladder. It is divided 

into lobes, apex and base. [2] 

 

The malignant neoplasia of the prostate is due to genetic changes in prostate cells. Their 

occurrence is directly related to old age, a high-fat diet, family history and environmental 

factors. [3] The prognosis of the disease is done through the concentration of prostate specific 

antigen (PSA) in the blood, digital rectal examination and transrectal ultrasound followed by 

biopsy. 

 

When tumor is confined on the prostate gland, surgery, called radical prostatectomy, and 

radiation therapy are indicated; however, when the tumor reaches the wraps prostate radiation 

therapy is most appropriate. [2] Both procedures brings similar results to the patient, but the 

external radiation has a lower morbidity. Prostatectomy can cause urinary incontinence and 

erectile dysfunction. [4] 

 

As an effective method of treatment for prostate tumor, radiation teletherapy brings favorable 

results for the patient, particularly when the cancer is diagnosed early, or even locally 

advanced tumors. There are, however, needs to evaluate the absorbed doses that reach the 

prostate radiotherapy protocols in order to certify the efficacy of the treatment. Usually the 

doses used in teletherapy of prostate cancer are 64 Gy with daily dose fractions of 180 cGy to 

200 cGy. It is believed, according to the dose calculations obtained computationally, that the 

absorbed dose in the prostate achieves the total values of the sum of the split doses. 

 

This study purposes to record the absorbed dose in a synthetic prostate, exposed to a dose of 

200 cGy equivalent deep, inserted in a phantom male pelvis. The phantom has 

anthropomorphic and anthropometric characteristics providing the major anatomical 

structures such as bladder, bowel, urethra, muscle, fat and bone. The anatomical structures 

are made of substitute tissue equivalent to human tissue, composed of chemical elements 

such as H, C, P, N, Na, K, S, Ca, and O, in weight concentration set up by ICRU 

(International Commissions on Radiations Units and Measurements) Report 44. [5] 

 

The phantom produces a radiological density of the soft tissue and bone on Computed 

Tomography (CT) and X-ray similar to the human body. The equivalent tissue has 

characteristics of scattering and absorption of radiation similar to the tissues that make up the 

human body and demonstrated equivalence radiological visible in CT images. 

 

The dosimetric assay consisted of calibrating and measuring dose through a film dosimetric 

such as radiochromic GafChromic EBT type 2 ISP Technologies, USA, used in log-dose 

ionizing radiation. Studies by McLaughlin et al, (1988), McLaughlin et al, (1996) and Butson 

et al (2003), related to the dosimetric characteristics of the film, proved that the dosimetric 

properties of the radiochromium film are suitable for dosimetry of ionizing radiation. 

Properties such as high precision, large measuring dose range, independence on dose rate, 

material equivalence to human tissue, dose response independent to radiation energy, high 

spatial resolution, high sensitivity to ionizing radiation and ease handling film, make them 

suitable for measuring dose of ionizing radiation both in industrial and medical field. [6,7.8] 

Devic et al, (2005) applied the dosimetry radiochromic films EBT2 to radiation fields. This 

previous research including calibration equations guide us in this study.  
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2. MATERIALS E MÉTHODS 

 

 

The dosimetry performed in the pelvis phantom occurred in four steps: calibration of 

radiochromics films, irradiation of the pelvis phantom with the radiochromic films placed on 

the synthetic prostate organ, the measurement of absorbed dose in the film based on obtaining 

the calibration curves and the doses provided by calibrated equipment. 

2.1. Calibration of the radiochromics films 

 

The calibration of the radiochromics films occurred in a radiotherapy center involving a 

linear accelerator LINAC, a water phantom represented by a acrylic box, a pedestal with five 

steps in deep position 3, 8, 13, 18 and 23 cm from water surface, in which three radiochromic 

films are placed. The films were irradiated in the megavoltage linear accelerator LINAC, in 

Luxemburgo hospital, with a 15 MV photon beam and a prescribed dose of 235 UM  

(Monitor Unit). The specifications of the device are: CGR manufacturer, model Saturne II, at 

energy of 15 MeV with a rate nominal dose of 200 UM/min. 

 

At each position of the pedestal, three film samples of 1 x 1 cm were placed.  The geometry 

of irradiation field was as follows: 

 Photon beam of 15MV; 

  Distance  surface- focus (DFS) equal to the isocenter distance source (DFI) and equal 

to 100 cm; 

 Field size on the water surface  (isocenter) of 10x10cm
2
;  

 Depths of the pedestal 3, 8, 13, 18 and 23 cm. 

 

Under these conditions, the depth dose profile for the 15MV beam in the phantom positions is 

shown in Table 1. 

 

Table 1: Dose applied in films as a function of depth in the pedestal 

 

Depth (cm) PDP (%) (a) Renormalization 

(%) 

Dose (cGy) 

3 100,0 117,5 235 

8 85,1 100,0 200 

13 68,8 80,8 162 

18 55,4 65,1 130 

23 44,8 52,6 105 

(a) – PDP values were obtained from values measured in the same LINAC equipment. 

 

The depth dose profile is defined as a percentage ratio of the dose at a certain depth for the 

depth of maximum dose (electronic equilibrium) according to equation (1). 

100/  Md DDP            . (1) 
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Where P is the percentage depth dose, Dd is the dose at depth d on the central axis of the 

beam and Dm is the dose at the depth of electronic equilibrium in the central axis of the beam. 

[10] 
 

Table 1 also shows the dose applied to the samples for film calibration. Samples located at 8 

cm depth received a dose of 200 cGy while the dose for the remaining samples was obtained 

by the PDP. 

 

2.2.  Irradiation of the synthetic prostate on the pelvis phantom 

 

Irradiation of the phantom was performed in the same place where occurs the film 

calibration, using the same equipment, on the same day. The irradiation simulation of the 

pelvic phantom occurred in the computerized planning system developed by computer 

MEVIS Ltd., on the model CAT3D, WIN32 Version 7.07. [11] 

 

2.2.1. Radiotherapy planning in pelvis phantom  

 

Initially, the following volumes were delimited: the rectum, bladder, head left and right 

femur, Clinical Target Volume (CTV) and Planning Target Volume (PTV), as shown in Fig. 1. 

[12]. The CTV was defined as the prostate visualized in the CT sections. Two films were 

placed on the prostate organ, orthogonal to one another. The dimensions of the XZ film, 

placed horizontally in the center of the prostate and covering the entire volume of the gland, 

is 3.8 cm x 3.0 cm. The XY film, positioned in the vertical plane toward rectum, 

perpendicular to XZ film, has 3.8 cm x 1.5 cm dimension. Therefore, when CTV is irradiated, 

it is ensured that the films will also be irradiated. The PTV was defined as the CTV over 1.0 

cm margin in all directions. 

 

 

 

                                  

Figure1. Radiotherapy planning in pelvis phantom 

 

The treatment field was prepared to include the PTV. Fig. 2 shows the anterior and lateral 

views of the fields of irradiation. These views are also known as Beam's Eye View (BEV) 

[10]. In Fig.2, one can see the layout of the field relative to the CTV, PTV and organs 

healthy. 
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A   B   

 

 

Figure 2. Overview of the irradiation fields involving the PTV, CTV and organs healthy, 

in (A) anterior view of the field and in (B) right lateral view of the field. 

 

Once defined the treatment fields, the dose calculation was performed. The pelvic phantom 

was irradiated through the isocenter technique with four coplanar fields,  two fields as 

opposite pairs and two antero-posterior fields also latero-lateral opposing pairs. The 

following parameters were used in planning: 

 

 Correction of heterogeneity:  No 

 How to calculate:   Pencil Beam 8x8mm 

 Weight of each field:   0,25 

 Normalization curve:              97% 

  Applied dose:    200cGy 

 
Fig. 3 shows the other planning parameters. From these data, the program calculates the 

spatial dose distribution. 
 

Fig. 4 shows the isodose at the isocenter plane. The program is still able to calculate the 

Histogram Dose Volume (Dose-Volume Histogram-DVH) that is widely used to investigate 

treatment complications and the probability of cure. [10] It is not used any protection in the 

fields of treatment, because the goal was to irradiate the whole films placed in the prostate of 

the pelvic phantom. Therefore, the DVH generated has no clinical significance. 
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Figure 3. Protocol used for the phantom irradiation. 

 

  

 

 

 
 

Figure 4. Isodose at the isocenter plane. 
 

Fig. 5 shows a three-dimensional view of the structures of the pelvic phantom and the 100% 

isodose involving the PTV. 
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A  B  

 

Figure 5. (A) 100% isodose involving PTV. (B) Healthy structures with isodose. 

 

 

2.2.2. Irradiation of the phantom 

 

After image and planning data collection, the irradiation of the pelvic phantom in 15MV 

photon linear accelerator was performed. The phantom was positioned and the four radiation 

fields were applied. After irradiation of the pelvic phantom, the two films were removed, 

digitalized and dose distribution analyzed. 

 

2.3. Scanning of the radiochromic films 

 

The irradiated films were scanned after 24 hours of radiation exposure to ensure stability of 

the degree of darkening of the films. A table scanner, Microtek Scan brand Macker XL model 

6900 type, operating in transmission mode, was used to scan the films. Initially, they were 

scanned in white mode, as conventional radiographic film, together with an opaque film 

sample not exposed to radiation, to remove noise and likely defective pixels in digital images. 

The defective pixels are those that differ in signal intensity in white. The white represents the 

region in the film that there was no attenuation of radiation. The films were scanned in RGB 

color with a resolution of 48 bits, 16 bits per color and saved as image file in jpeg format. 

The exposed films were also scanned in the same way for posterior analysis. 

 

2.4. Image processing 

 

Scanned images of exposed and unexposed and opaque films were processed by a public 

domain software. In this program, called Imagedig, the RGB components of the red and 

green images were extracted to determine the optical density of irradiated films. 
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2.5. Reading of the films in the spectrophotometer 

 

A sample of the radiochromic film unexposed to radiation was read on the spectrophotometer 

Biospectro. Fig. 6 contains a graph generated from absorbance versus wavelength in the 

region of the visible spectrum. The maximum absorption spectrum of the film is depicted. 

This peak is found near 636 nm as shown in Figure 6. 

 

 

 

 
 

Figure 6. Absorption spectrum of the EBT2 film. 

 

 

Absorbance was read from each irradiated and unirradiated films placed on the phantom. The 

set of three films per depth  that were placed on the pedestal was used to calibration. Each 

group received doses corresponding to the depth of its position on the pedestal immersed on 

the water phantom. To each depth, the films received a different dose. The set of films were 

read in the spectrophotometer according to the dose received and absorbance measurement. 

 

 

3. RESULTS 

 

Radiation exposure increase darkness on the films. This darkening is due to chemical reaction 

that occur on the film submitted to radiation passing through the film. The calibration films 

had a higher darkening in relation to one another according to increasing dose. Fig.7 shows a 

non-irradiated film compared to films irradiated in the calibration process, showing gradual 

change of color as the dose increases. 

 

 

 
Figure 7.  Irradiation samples used to calibration. 

 

3.1. Calibration curve in the spectrophotometer 
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Absorbance was collected from all three films in each depth with a measuring point in the 

center of each film, resulting in three absorbance measurements for each depth of the 

pedestal. Medium and standard deviation was calculated from these three measures of 

absorbance. These data provided the calibration curve of absorbance in function of dose, 

which is shown in Fig.8. As shown, the absorbance is linear with the dose deposited in the 

films. According Butson, et al, (2003) acceptance of this relationship has led to extensive use 

of film as a dosimeter. [8] 

 
        Figure 8. Calibration curve of the absorbance as function of absorbed dose. 

 

              

3.2. Calibration curves based on RGB alteration 

 

Initially, a set of nine reading points were collected taken three points measured in each of 

the three films of each depth on the pedestal. The reading was the RGB value from the red 

and green component. From the nine points collected, the average and standard deviation 

were obtained. From the film not irradiated, a total of nine points was also measured and the 

average and standard deviation of these points obtained. 

 

The software does not provide the optical density directly, so the optical density was 

calculated using the intensity of light absorption of each component RGB (red and green) 

which represents the wavelength of interest. Then, Equation 2 was applied to obtain the 

optical density. 

 

 

I

I
OD 0

10log.   
 

(2) 

                                                                           

Where DO is the optical density calculated from the component red or green. I0 is the average 

of the component red or green extracted from non-irradiated films and I is the average of the 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

component red or green extracted from irradiated films corresponds to the dose D films 

calibrated at each ramp. [8] 

 

The standard deviation of optical density (σD.O) was also calculated to generate the graph of 

the calibration curve. The equation used to calculate the standard deviation of the optical 

density is equation 3.1, adapted for the calculation of optical density in the red component. 
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(3.1) 

 

 

where σD.O (D) is the standard deviation of the optical densities in the red component 

according to the dose released in each pedestal depth, σ (IVMnoirrad) is standard deviation of 

the red component of the non-irradiated film, m(IVMnoirrad) is the average of the red 

component of the non-irradiated film, σm(VM) is the standard deviation of the red 

component of the film irradiated, σ0 standard deviation of the opaque film, (VM) is the 

average of the red component of the irradiated film and m(FO) is the average of the red of the 

opaque film. Equation 3.2 was used to calculate the standard deviation of optical density for 

the green component, as follow. 

 

 

 

where σD.O(D) is the standard deviation of the optical densities in the green component 

according to the dose released in each pedestal depth, σ(IVDnoirrad) is standard deviation of 

the green component of the non-irradiated film, m(IVDnoirrad) is the average green 

component of the non-irradiated film, σm(VD) is the standard deviation of the green 

component of the film irradiated, σo standard deviation of the opaque, m(VD) is the average 

of the green component of the irradiated film and m(FO) is the average of the green of the 

opaque film. 

 

The calibration curve of the dose in function of the optical density was generated by the 

average values of optical density and its standard deviation. A linear curve was fitted 

generating the parameters of the equation that provide absorbed dose in the irradiated films 

on the synthetic prostate. Fig. 9 shows the calibration curve from the red and green 

components. According to these data the optical density is linear with a dose similar to the 

curve obtained in the spectrophotometer. 
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Figure 9. Calibration curves of the component green and red. 

                        

 

3.3. Absorbed dose from the irradiated films in the synthetic prostate 

 

Equation 4 was generated from data presented on Fig. 9.  This equation provides the dose in 

function of the optical density taken on the film place on the prostate. [9] 

 

 (4) 

 

Where D is the dose absorbed at a chosen x and y distances from the center of the film, A and 

B parameters are generated in the equation of the linear fit of the calibration graph of the 

component red or green. D.O. is the optical density components calculated for the red or 

green extracted at chosen distances in the XZ and XY films positioned in the center of the 

synthetic prostate. 

 

The dose values obtained in the films on the XZ and XY distances, considering the center of 

the film to the positive and negative ends in the x axis and y axis for the red and green 

components, were generated based on Eq.4. Fig. 10 contains (A) the dose absorbed on the XZ 

film in the x axis and (B) in y axis for the same film, both for the red component. In Fig. 11 

presents the same for the green component: in (A) x axis and (B) y axis. 

  

Fig. 12 contains the values of the XY film on the x axis in (A) and the y axis (B) for the red 

component.  Fig. 13 display dose for the same film on the x axis in (A) and y (B) for the 

green component. 
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Figure 10. Dose versus distance at the XZ film on the red component: (A) in the x axis 

and (B) in the y axis. 

 

 

 

 

 

  Figure 11.  Dose versus distance from the XZ film for green component (A) in the x 

axis and (B) in the y axis. 
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     Figura 12. Dose versus distance from the XY film on red component (A) in X-axis 

and (B) in the Y-axis. 

 

 

 

 

 

Figura 13. Absorbed dose versus distance at the XY film on the green component. (A) 

on the X-axis and (B)  on the Y-axis. 

 

  

                                                         

CONCLUSION 

 

 

Fig 10, 11, 12 and 13 provided the absorbed dose registered in the XZ and XY films. The 

average dose was 188.4 cGy ± 2.2% for the film in the XZ axis, and the average dose was 

184.8 cGy ± 6.2% in the y-axis for the red component. In the green component for the same 

film, the average dose in x-axis was 181.8 cGy ± 2.2% in the x-axis and in y axis was 185.2 

cGy ± 6%. In the film XY, the average dose was 120.2 Gy ± 0.95% in the x-axis and in y-
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axis the average dose was 121.5 cGy ± 3.2% for the red component. In the green component 

for the same film, the average dose was 135.9 cGy ± 3.2% in the x-axis and in y axis it was 

137.6 ± 2.9%. Therefore, the films can be calibrated in both the red component and green 

component in the dose range 0 up to 2 Gy. Both responded well to the absorption spectrum of 

the film to the red and green components, with minor differences in standard deviation of 6% 

and 2% for the same components.  

 

The average doses of 188.4 cGy ± 2.2% for the red component and 181.8 cGy ± 2.2% for the 

green component present little significant difference in for both components. In the works of 

Devic et al, (2005) reading of the dose was done only in the red channel of RGB, because the 

optical density is greater in the red wavelength where the maximum absorption peaks occurs 

at a red wavelength. However, as conclusion, the dose reading can also be achieved on the 

green component providing similar absorption band of wavelengths in the visible green 

spectrum. 

 

The calibration curve obtained in the spectrophotometer was not used to calculate the dose in 

the films irradiated in the prostate due to the difficulty of precise positioning of the films in 

XZ and XY spectrophotometer. 

 

Although the 200 cGy applied dose does not match to the synthetic prostate on the phantom, 

it is necessary to consider that the average dose obtained in the XZ film, positioned 

horizontally in the synthetic prostate was 188 cGy ± 2%. This dose is satisfactory for a 

expected dose of 200 cGy ± 5%. Both values are not significantly different. Although the XY 

film, positioned in the prostate, does not receive the prescribed dose, but an average value of 

137 cGy ± 6.2% in the green component. The justification may be related to the region of low 

electronic equilibrium. The film was in vertical position toward the rectum. The rectum is 

presented in the phantom taken a higher proportion of the existing one in humans. It is empty 

cavity. This empty may have reduced the balance of mass necessary to generate electron 

absorbed dose in the prostate equivalent to a solid water phantom. Future investigation shall 

be done to confirm this finding. 
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