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Different dosimetric measurements to compare the radiation attenuation of a commercial 

bolus from Qfix against of our composites based on silicone rubber doped with aluminum, 

copper and bismuth powders or without any metal powders, were performed. The samples 

were irradiated with a 6 MV photon beam, generated by a Unique accelerator from Varian 

and as dosimetric detection system, an ArcCheck phantom from Sun Nuclear was used. 

Considering that a radiotherapy treatment requires multiple irradiations, the samples were 

irradiated with 5000 MU at a distance of 100 cm from the source. The results obtained 

showed that the percentage difference in dose at a thickness of 1.8 cm is over 6% (for 

samples doped with Cu or Bi) and less than 6% (for the sample not doped or the sample 

doped with Al), compared to the attenuation obtained in the case of the commercial bolus 

from Qfix. Experimental results demonstrate that the composite samples based on silicone 

rubber doped with metallic particles can be used as an alternative in the treatment of some 

type of skin surface cancers using radiotherapy with photon radiation.  
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 1. Introduction 
 
Radiotherapy is an indispensable way of treatment in modern oncology with curative 

potential in a wide range of malignancies. About half of the total number of cancer patients receive 

radiotherapy treatment during the disease, either with curative or palliative intent [1]. Radiation 

therapy is a way to use ionizing radiation to treat malignant neoplasia [2] and to achieve tumor 

control by permanently inactivating all cancer cells is the irradiated volume [1]. 

Some patients who have breast cancer or in the area of the head and neck, require 

irradiation of the tumor volume, the afferent lymph nodes that are at a distance of 2-3 cm from the 

skin surface, but also the skin. In order to successfully irradiate such an area, it is necessary to use 

X-ray photons [3], [4]. 

A standard linear accelerator usually uses a 6 MV photon beam [5]. The absorbed dose of 

a photon beam varies as it passes through a medium, as described in Figure 1. The radiation input 

dose is denoted by Ds and increases according to the specificity of the energy used in irradiation 

until it reaches a maximum Dmax value, after which it decreases until exiting the body, at the value 

Dex. The region between 0 and zmax is called the build-up region [6]. 
Bolus materials are used to move the maximum dose point to the surface of the skin [7]. In 

addition to the property of decreasing zmax, depending on their characteristics, bolus materials can 

increase or reduce the value of the maximum dose, Dmax. These materials must mainly mimic a 

tissue [8]. In the specialty literature we can find various materials used as bolus, such as talc, rice 
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or water bags, also we can find other commercial available boluses such as paraffin, Superflab, 

gels or Aquaplast [9 - 13]. 

 

 
 

Fig. 1. Dose distribution of a photon beam through a medium. 

 

 

This paper reports the results of the dosimettric investigations regarding the attenuating 

characteristics of some composites consisting of different metallic particles (Cu, Al or Bi) 

distributed in silicone rubber matrix, in order to their using in radiotherapy, as an alternative to 

commercial materials bolus type. 

 

 

2. Materials and method 

 

To obtain the samples, we used a silicone rubber, with the trade name, GS530SP01K1, 

from ProChima [14]. This kind of silicone rubber is composed of two liquid parts that combine 

and after 24 hours it hardens in the wanted shape. This silicone rubber has the following useful 

characteristics in the case of bolus materials: a) it has the property of being moldable, b) after 

polymerization it is elastic and can fold on non-flat surfaces, c) it does not affect the skin (is not 

harmful for the skin) and d) has the property of vulcanizing at room temperature [15].  Compared 

to other types of bolus, the samples created by us remain malleable even after 3, 4 weeks and are 

non-sticky compared to the Super-Flex material [16]. The composite samples were manufactured 

at the Faculty of Physics of the West University of Timisoara, using silicone rubber and copper 

(Cu), aluminum (Al) and bismuth (Bi) powders. 

We used from each liquid part of the silicone rubber 32 g and poured into a mold 12 cm 

long, 12 cm wide and 0.3 cm thick. We performed 4 types of composites as follows: one 

consisting only of silicone rubber, called Sample A, a composite consisting of silicone rubber and 

copper powder (Sample B), a composite consisting of silicone rubber and aluminum powder 

(Sample C) and a composite consisting of silicone rubber and bismuth powder (Sample D). The 

images of samples are shown in Fig. 2.  

In the all composites, copper, aluminum and bismuth, respectively, had a concentration of 

5% of the sample mass and the powders used have a purity of over 99.5%.  Aluminum, with the 

atomic number of 13, in general is used as an electron absorbent [17] and we tried to observe if the 

same effect can be observed with a photon beam [18]. At the same time, we used other metal 

particles such as copper, with the atomic number of 29 and bismuth with the atomic number of 83, 

in the silicone rubber matrix for manufacturing of composites and their using in dosimetric 

investigations with photons beam. 

For each type of composite we performed 6 identical sheets having a parallelepiped shape 

with dimensions 12x12x0.3 (cm3), in order to evaluate the radiation attenuation depending on the 

thickness of the material. We proposed that because the  sheet of composite is subjected to 

repeated irradiations and changes may occur in the structure and it may not have the same 

attenuating properties as in the beginning of treatment. We used a bolus sample from Qfix because 

the radiotherapy facility were we made our dosimetric experiments was using bolus from Qfix and 
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we wanted to observe how our manufactured composites is attenuating photon radiations 

comparative with a commercial bolus. 

 

 
 

Fig. 2. The manufactured composites and used in the dosimetric experiments:1. Sample A - silicon 

rubber; 2. Sample B - silicone rubber with Cu particles; 3. Sample C - silicone rubber with Al 

particles; 4. Sample D - silicone rubber with Bi particles. 

 

 

All samples were irradiated with photons that have the energy of 6 MV, at the OncoHelp 

Association, using a Unique linear accelerator that has only the radiation energy of 6 MV 

produced by Varian. All dosimetric data were taken using an ArcCheck phantom from the 

manufacturer Sun Nuclear which has a total of 1386 radiation detectors and 442 detectors in an 

irradiation field of 10 x 10 cm [19]. To obtain the irradiation plan, we scanned the ArcCheck 

phantom with a Siemens Somatom CT scanner. With the help of Varian's Eclipse software, we 

simulated a photon beam with an energy of 6 MV, which has a size of 10 x 10 cm and irradiates 

the detectors on the surface of the phantom. The dosimetric measurements were interpreted by the 

CNS Patient software, produced by Sun Nuclear and the values expressed are in percentage 

differences (DiffP). The percentage difference is the difference in radiation dose between the point 

at which it is measured (DM) and the dose point planned by the treatment plan conversion system 

(DP), divided by the same planned dose point (equation (1)) [20]. 

 

P

PM
P

D

DD
Diff


                                                                   (1) 

 

With the aid of the ArcCheck and the multitude of detectors, we collected dosimetric data 

from different point of the composite, to see if the composite manufacture process leads that 

obtaining of some homogeneous sheets . From the same data package we could extract the way in 

which each type of composite attenuates the radiation compared to the commercial bolus from 

Qfix. 

 

 

3. Experimental setup 

 

An image of the experimental setup used in our dosimetric measurements, is presented in 

Fig. 3. The irradiation was performed with a photon beam from the Unique linear accelerator, with 

a energy of 6 MV and the field size was 10 x 10 cm. 

All dosimetric measurements were performed in the mechanical isocenter of the 

accelerator. We positioned the ArcCheck with the help of the lasers from the treatment room and 

then placed the samples on the phantom. 

The measuring points used in our experiments are in the detectors on the surface of the 

ArcCheck, which are at a distance of  89.9 cm from the radiation source of the Unique accelerator. 
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Fig. 3. Composite strips in Sample A placed on the ArcCheck phantom. 

 

 

The samples were irradiated with 200 MU (monitor units) and the resulting set of 

measurements was compared with a bolus-free measurement to determine the attenuation of the 

radiation. 

In order to assess the stability to irradiation (i.e. to see if the attenuation characteristics 

change after irradiation), all samples were placed on the treatment table and irradiated with 5000 

MU. The samples were at a distance of 100 cm from the radiation source. Attenuation 

measurements were performed before and after irradiation with 5000 MU. 

All values taken by ArcCheck and SNC Patient software were processed in the Origin 

program, all graphics were also made in this software. 

 

 

4. Experimental results and discussions  

  

4.1. Comparative analysis of the attenuation 

The bolus materials we use frequently in radiotherapy plans are produced by Qfix. Due to 

this fact, we performed a comparative analysis of photon radiation attenuation, in which the 

attenuation characteristics of each of the composites obtained by us were compared with those of a 

Qfix sample. Each sample was investigated under the same experimental conditions, i.e. a photon 

field with an energy of 6 MV measuring 10 x 10 cm and 200 MU. The experimental results are 

presented in Fig. 4, in which the dotted line represents an exponential fitting expressed in equation 

2. 

xR
Aeyy 0

0                                                                          (2) 

 

From Fig. 4 it can be observed that the composite manufactured by us attenuate more 

photon radiation than the Qfix bolus. The composites doped with copper and bismuth (samples B 

and D) attenuated the radiation the most, the percentage difference in dose at a thickness of 1.8 cm 

being over 6% compared to samples A and C, which are below 6%. 
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Fig. 4. Dose percentage differences between the Qfix bolus and the composites manufactured by us. 

 

 

4.2. Stability of composites after irradiation 

During a treatment plan, the patient undergoes several radiotherapy sessions, and 

maintaining the same bolus attenuation characteristics throughout the treatment period is 

particularly important. To analyze the irradiation stability in terms of the photon radiation 

attenuation property, we irradiated each composite with 5000 MU. Photon radiation attenuation 

was measured both before and after irradiation. The experimental results are shown in Fig. 5. 

 

      
 

      
 

Fig. 5. Stability of the composites before and after delivery of 5000 MU. 
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From Fig. 5 it can be observed that the difference between the measurements before and 

after 5000 MU, is less than 0.2 %, which results that the composites manufactured by us are stable 

in terms of radiation attenuation. The biggest difference is seen in the composite D (with bismuth 

powder), but because the difference is about 0.35 percentage units between the two measurements, 

we can consider that this difference in attenuated radiation dose does not significantly change the 

radiotherapy treatment plan. 

 

4.3. Homogeneity of the sheets composite 

The silicone rubber sheet is composed of two different parts and we wanted to observe 

how homogeneous the composite sheet is after the hardening process, also how well the metal 

particles are distributed in the silicon rubber matrix. The ArcCheck is a cylindrical phantom so we 

extracted dosimetric data of the dose attenuation of the composites on the longitudinal profile of 

the phantom. This experimental data is show in Fig. 6. 

 

      
 

      
 

Fig. 6. Longitudinal profile of the composite. 

 

 

The results from Fig. 6, showed that the manufacured composites are homogenous on the 

longitudinal profile of the phantom and did not change its attenuating properties after being 

irradiated with 5000 MU. 

 

 

5. Conclusions  

  

Dosimetric investigations were performed on four composites manufactured by us, 

consisting of metal particles distributed in a silicone rubber matrix: sample A, consisting only of 

silicone rubber, sample B, consisting of silicone rubber and copper powder, sample C. consisting 

of silicone rubber with aluminum powder and another sample composed of silicone rubber and 

bismuth powder 

The attenuation properties and homogeneity of all composites were analyzed by 

comparing dosimetric data obtained while using a photon beam with the energy of 6 MV and an 

ArcCheck phantom. 
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The experimental results obtained for the 6 MV photon beam indicate that the silicone 

rubber composites attenuate the photon radiation more efficiently compared to the commercial 

bolus from Qfix, because of the interactions of the photon beam with the metal particles. The 

copper particle composite sample (Sample B) showed the highest attenuation. Also, the 

experimental data showed that the process of manufacturing the composites was a good one 

because the obtained samples were homogenous on their entire length.   

In order to analyze the irradiation stability of the samples, we irradiated each sample with 

the photon beams of 6 MV, with 5000 MU and the measurement of photon radiation attenuation 

was performed before and after irradiation. The results show that, within the limits of the 

experimental errors, the analyzed samples maintain their photon beam attenuation characteristics. 

The radiation measured by the detectors linearly decrease  with the thickness of the composite. 

The experimental results prove the possibility of using composites based on silicone 

rubber with metallic particles as a cheaper substitute compared with the available commercial 

bolus in the radiotherapy treatment with the photon beam. 
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