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ABSTRACT 
 
This work intends to verify the influence on the dose distribution that the expansive prosthesis (SILIMED/470), 
containing a magnetic valve, generates in postoperative radiotherapy treatments of patients who underwent a 
mastectomy. The presence of this metal complicates the treatment planning stage due to the artifacts generated 
by the magnet in the acquisition of computed tomography. Radiochromic films (Gafchromic EBT2) were used 
for dose measurements inside the prosthesis, around the metal in a plastic phantom that simulates the breast 
geometry filled with water. An insert in the center allowed the placement of the magnet and 2.5 mm thick acrylic 
layers for film positioning above and below the metal at different depths. The phantom was irradiated according 
to a conformal radiotherapy planning performed in XiO software (CMS RTP) with no heterogeneity correction, 
using photon beams of 6 MV and 15 MV from the Oncor linear accelerator (Siemens) with a prescribed dose of 2 
Gy. A film calibration methodology was performed, and the optical densities of the films were measured using a 
CQ-01 digital densitometer (MRA). For the 6MV irradiation, an overdose of 4.57% was obtained for all films, 
and, just above the magnet, an increase of 11.22% was noted. For the 15 MV beam, the films around the magnet 
had a dose increase of 8.60% considering the TPS value and 5 mm away from the metal, a decrease of 3.31% of 
the expected dose was observed.   
 
Keywords: radiation oncology, film dosimetry, mastectomy. 
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1. INTRODUCTION 
 

Breast cancer is the world's most prevalent cancer, other than non-melanoma skin cancer [1]. 

The non-metastatic breast cancer therapy consists of surgical resection and sampling or removal of 

axillary lymph nodes, considering postoperative radiation. Systemic therapy may be preoperative, 

postoperative, or both [2]. There are two main types of breast cancer surgery, a total mastectomy, or 

a lumpectomy. Reconstructive surgery can follow the mastectomy to recreate a breast, resulting in 

esthetical and psychosocial improvements for these patients [3]. The two-stage breast reconstruction 

is a common procedure among surgical reconstruction options. In this process, temporary 

implantation of an expansive prosthesis occurs first. The valve in the prosthesis has a magnet that 

guides the surgeon where to inject small volumes of saline solutions to slowly create a cavity that 

will later be filled with a permanent prosthesis. However, for these patients, post-mastectomy 

radiation therapy can improve survival and loco-regional control [4]. The expansive prosthesis 

metallic magnet presence during radiotherapy generates artifacts in the computed tomography (CT) 

images, making the target volumes delineation for the treatment planning difficult. The dose 

distribution calculation during the planning may also be influenced by the presence of the high 

atomic number (Z) metal in the magnet, once its CT number may be out of the usual range of the 

curve used for the conversion of CT numbers to electron densities in the treatment planning system. 

This study aims to verify the influence on the dose distribution that the expansive prosthesis 

(SILIMED/470), containing a magnetic valve, generates in postoperative radiotherapy treatments. 

With an experimental set up relatively simple it was possible to get robust results showing the 

importance of including the metal. 

 

2. MATERIALS AND METHODS 
 

2.1. Phantom 

The magnetic valve from a SILIMED/470 prosthesis was separated from the prosthesis and used in 

this study. The magnetic valve (17.9 mm wide by 3.9 mm thick), made of titanium (Ti, density = 

4.50 g/cm3) and samarium-cobalt magnet (SmCo5, d = 8.20–8.50 g/cm3), the titanium foil covers 
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the magnet to add extra protection. A plastic conical phantom (Tupperware®) simulating the breast 

shape was used. An opening was made in its center for the insertion of an acrylic cylindrical support 

with the magnet and 2.5 mm thick acrylic layers. This insert allows the radiochromic films 

positioning above and below the metal at three different depths, as illustrated in Figure 1-a. Figure 

1-b details the metal, films, and acrylic layers' positioning. The films used in the phantom were cut 

in a circular shape with 2.3 cm diameter, corresponding to the insert diameter. The complete 

phantom is presented in Figure 1-c with the insert positioned inside it. It is possible to see that the 

metal magnet was located approximately in the middle of the simulated breast. During all the 

experiments, the phantom is filled with water to guarantee its tissue equivalence.  

 

Figure 1: a) Phantom with the central hole for the insert. b) A close view of the insert with the rare 

earth metal magnet, the films and three acrylic disks of 2.5 mm on its the bottom. c) Complete 

phantom view with the insert in its positioning. 

 
  

(a) (b) (c) 
 

2.2. Treatment planning 

The planning started with the phantom CT-Scanning (Brilliance CT Big Bore Radiology, 

Philips, Netherlands). At this step, the phantom was positioned on 5 cm of acrylic layers to 

guarantee backscattering during irradiation. Also, the metal magnet was not positioned in it to not 

generate artifacts in the images and avoid problems with the CT number to electron density table 

conversion. An acrylic layer replaced it with the exact dimensions.  

The phantom images were sent to the XiO treatment planning system (Elekta Medical Systems, 

United Kingdom). The phantom volume was delineated as the planning target volume (PTV). Two 

treatment plans using two tangential and opposed beams were done (Figure 2), the first one using a 



 Lizar et al.  ● Braz. J. Rad. Sci. ● 2022 4 

 

6 MV beam and the second a 15 MV beam, both from an Oncor Linear Accelerator (Siemens 

healthcare, Germany). The prescribed dose was 2 Gy and the plan was designed to deliver at least 

90% of the prescribed dose to 90% of the PTV. No hot spot or high-dose variations at the future 

position of the films were allowed in the final plans. No heterogeneity corrections were employed in 

the dose calculations because, as stated before, the metal magnet was removed from the phantom at 

the CT images acquisition. This way, the measured dose values were compared with the TPS data 

(without heterogeneity corrections), providing the metal's real influence without the extra 

uncertainties that could be associated with the calculation algorithm [5,6].  

 

Figure 2: Irradiation setup used for both energy irradiations. The phantom was positioned on 

the top of 5 cm of acrylic layers. The insert is also illustrated; the black material corresponds to the 

metal magnet and the yellow lines to the radiochromic films. The two tangential and opposed 

radiation beams are also presented. The zoomed part of the figure illustrates the dimensions of the 

region with the film and the metal port where the measurements were performed. 
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2.3. Radiochromic film dosimetry 

The radiochromic film dosimetry was conducted using Gafchromic EBT2 films. Films with 3 x 

3 cm2 of area were irradiated using known doses (0 cGy, 50 cGy, 100 cGy, 150 cGy, 200 cGy, 250 

cGy and 300 cGy) to achieve the calibration curve of the radiochromic film batch used. These 

patches were positioned at the depth of maximum dose in a cubic solid water phantom. A source to 

the surface distance of 100 cm and a field size of 20 x 20 cm2 were used for irradiating the films 

with the known doses. This calibration methodology was repeated for both beam energies. 

The dose readings were always done at least 24 hours after irradiation. The films' optical 

densities (OD) were measured using a digital densitometer CQ-01 (MRA, Brazil) with a pinhole 

diameter of 2 mm. Before using the densitometer, it was turned on and allowed to thermal stabilize 

for at least five minutes. The instrument was factory calibrated with an accuracy of ± 0.02 OD. The 

net OD was calculated for all films by subtracting the background OD value from the measured 

OD. Five net OD measurements were made (one in the center of the film, one above it, one below 

it, one in its left side, and other in its right side). The data presented are the average values with the 

standard deviation.  

 
2.4. Irradiations 

The phantom irradiation was done following the treatment plans described before. For the 

procedure, the metal magnet was used in the phantom insert, replacing the acrylic layer used for the 

CT acquisition, and the films evaluated in this study were also positioned on the phantom. Firstly, 

the 6 MV beam planning was delivered to the phantom, and the irradiated films were separated. 

After, new films were positioned in the phantom, and the 15 MV beam planning was delivered. 

 

3. RESULTS AND DISCUSSION 
 

The irradiated calibration films for both energies are shown in Figure 3, and their nonlinear 

responses as a function of dose are presented in Figure 4 for 6 MV and 15 MV beams. A curve 

fitting was done using a cubic polynomial function on both data, according to equation 1, and the 

fitting parameters are shown in Table 1. 
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Y = A +B.x + C.x² + D.x³             (1) 
 

Figure 3: a) Calibration films irradiated with 6MV. b) Calibration films irradiated with 15 MV. 

The area of the film patches is 3 x 3 cm2, and the films are presented in ascending order of doses 

from 0 to 500 cGy.  

  
(a) (b) 

 

Figure 4: Dose-response data relating net OD to dose with a third-order polynomial function fitting 

the points for the films irradiated with 6 MV and 15 MV. 
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Table 1: Dose-response data relating DO to cubic polynomial function fitting parameters for the 
films irradiated with 6 MV and 15 MV. 

 6 MV 15 MV 

Parameters Values Values 

A -0.02 ± 0.04 0.017 ± 0.003 

B 0.002 ± 8.6820E-4 7.775E-4 ± 0.7320E-4 

C -2.928E-6 ± 5.555E-6 2.111E-6 ± 0.468E-6 

D 3.333E-9 ± 1.049E-8 -5.926E-9 ± 0.885E-10 

 

The measured and the TPS expected doses for the four films used between the acrylic interfaces 

for 6 MV and 15 MV are presented in Table 2. The film positioning follows the Figure 1-b 

representation, with the first layer behind the magnet. The values in Table 2 were corrected 

considering the linear accelerator radiation daily output constancy of 0.48% for the 6 MV beam and 

0.33% for the 15 MV beam. 

 

Table 2: Measured and expected doses of the films irradiated in different positions for both 
energies evaluated. 

 6 MV 15 MV 

Film Position Measured dose  

(cGy) 

TPS dose  

(cGy) 

Measured dose  

(cGy) 

TPS dose 

(cGy) 

1 

2 

3 

4 

213.32 ± 5.80 

226.90± 5.80 

213.32 ± 5.80 

213.32 ± 5.80 

204.00 ± 2.00 

204.00 ± 2.00 

204.00 ± 2.00 

204.00 ± 2.00 

226.44 ± 5.88 

226.44 ± 5.88 

226,44 ± 5.88 

201.59 ± 5.88 

208.50 ± 0.50 

208.50 ± 0.50 

208.50 ± 0.50 

208.50 ± 0.50 

 

The absorbed doses measured by the films during the phantom irradiations were defined 

accordingly to the film calibration curve. These values were compared to the TPS expected doses 

calculated by the treatment plan at the same positions. Considering that the treatment plan did not 

employ heterogeneity corrections, the differences between the measured and expected doses result 

from the metal magnet influence in the treatment deliveries. This approach was adopted because of 

the limited CT electron density calibration and poor modeling of the TPS algorithms for high Z 
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materials [5–9]. As can be seen, the measured dose was always higher than the planned one, as 

expected, due to the presence of the metallic prosthesis.  

For the 6 MV beam irradiation, an overdose of 4.57% was achieved for all the films, and right 

above the magnet, an increase in dose of 11.22% was noticed. The increased dose within the casing 

of the metallic port for the 6 MV treatment is similar to the result found by Moni et al. [10]. This 

may occur due to differences in radiation scattering in this region, probably electrons produced in 

the interface. However, this hypothesis needs further studies, and it will be the subject of future 

research.  

For the 15 MV beam irradiation, the films in the region around the magnet measured an 

overdose of 8.60% considering the planned value, and 5 mm away from the metal, we saw a 

decrease of 3.31% of the expected dose. It is known that laterally to the inhomogeneity, the electron 

fluence increases due to the increased lateral scattering from the material, producing an increased 

dose to the surrounding tissues [11]. However, the range of these electrons is limited, and a 

reduction in the dose was detected in film 4. 

Our study detected different dose distribution patterns around the metallic implant for 

irradiations with different beam energies, which was expected due to the different radiation 

interactions that were not considered in the dose calculated by the treatment planning without 

heterogeneity correction [11]. The main interaction is the pair production occurring for the 15 MV 

beam and not for the 6 MV beam. The understanding of these effects is important not only for 

breast irradiation but can also contribute to other usual problems related to the presence of high Z 

materials in radiotherapy, such as pelvic irradiation in the presence of metallic femoral prosthesis 

[12] or the dosimetry using samples of tooth enamel [13]. 

It is important to cite that our study verified the dose distribution in the region perpendicular to 

the metallic implant, which is different from the most studies already presented in the literature that 

investigated the dosimetry of this treatment but looked at the radiation effects in the treatment beam 

directions [14–16]. They present almost a consensus from these studies that a radiation shadow 

occurs after the metal port dose with dose reductions. 
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4. CONCLUSION 
 

The film measurements at the internal region of the prosthesis surrounding the metal showed a 

dose increase just above the magnet region for both energies. This hot spot region inside the 

prosthesis can be a problem if the metal is close to the surface of the saline prosthesis. A cold spot 

was observed only for the 15 MV beam at a 5 mm distance from the metal. 
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