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Introduction: Bolus-type materials are needed in case of superficial lesions radiotherapy. This work 
determined the dosimetric accuracy of two commercial treatment planning systems (TPS) for calculating 
photon dose distribution in the presence of eXaSkin bolus. 
Material and Methods: Dose calculations were performed on collapsed cone convolution/superposition 
(CCC) and anisotropic analytical algorithm (AAA) using computed tomography (CT) images of 
heterogeneous CIRS phantom. EBT3 film was used to obtain percentage depth dose (PDD) curves and 
gamma index was utilized to compare the accuracy of the two algorithms. The passing rate of the global 
gamma index with the passing criterion of 3mm/3% as the standard criterion was considered 95% in this 
study.  
Results: Surface dose in PDD curves increased in the presence of 0.5 cm thick eXaSkin bolus. The passing 
rates of gamma index with standard passing criterion between AAA algorithm and EBT3 film measurements 
without and with bolus were 95% and 95.5%, respectively, while they were equal to 96% and 97.5% for 
CCC algorithm.  
Conclusion: There was a good agreement in dose calculation between AAA and CCC algorithms. 
Furthermore, eXaSkin bolus increased the surface dose by a factor of 25%.  
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Introduction 
Radiotherapy has been established as the primary 

treatment option for most cancer malignancies due to 
its more accessible application and long-term 
advantages [1]. In this technique, the precision and 
accuracy of dose delivery during the treatment 
planning process are significant in treating target 
volume (tumor) and sparing the normal tissues [1]. 

In some inhomogeneous regions such as the chest 
wall, and head and neck, there are some hot spot areas 
in which surface dose decrease as much as 10% up to 
10 mm depth [2, 3]. Therefore, in order to increase 
dose to a therapeutic level at or near the skin surface, 
where superficial tumor irradiation and skin 
involvement are indicated, bolus materials are 
commonly used [4]. 

Bolus is usually used in the form of a tissue-
equivalent layer with a high atomic number, and 
creates better skin conformity contact set onto the 
patient to improve the accuracy of treatment [2, 4]. On 
the other hand, dose distribution would be different 

when the bolus is used; therefore, dosimetric accuracy 
should be introduced [4]. 

Treatment planning system (TPS) dose calculation 
algorithms such as AAA and CCC are different in 
complexity and the accuracy of dose modeling within 
heterogeneous media, especially in tissue boundaries 
and high atomic number materials [4]. 

Studies have shown that some dosimetric devices 
are used to evaluate the accuracy of TPS dose 
calculation, for example, thermoluminescent 
dosimeters (TLDs), films, and diodes [1, 5-7].  

GafchromicTM films have lots of advantages such as 
better spatial resolution, energy, and dose rate 
independence, a density close to soft tissue or water, 
less sensitivity to room light, and low post-irradiation 
growth [8-10]. Therefore, they are widely used in 
radiotherapy; for example, to verify TPSs, evaluate 
two-dimensional (2D) absorbed dose maps, and 
investigate dose distribution in small radiotherapy 
fields [11, 12]. Nowadays, Gafchromic EBT3 film 
(International Specialty Products, Wayne, NJ) is most 
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commonly used for clinical dosimetry, due to its 
symmetric structure, which leads to eliminating the 
response dependence of the exposure direction [13], 
and also by laminating an active layer between two 
identical polyester layers which prevents the 
formation of Newton’s Rings [1, 14].  

Several studies have been performed to compare 
the dose accuracy of different algorithms [2, 4, 15]. In 
a study, Neil Richmond [4] assessed the dosimetric 
accuracy of Monaco and Masterplan TPS (Elekta AB, 
Sweden)  photon dose calculation algorithms in the 
presence of brass mesh bolus (Whiting & Davis, 
Attleboro Falls, MA) using a Markus chamber. In 
another study, Ordonez-Sanz [16] investigated the 
surface dose with a 10-mm-thick Vaseline® bolus, a 
brass mesh, and 3 and 5 mm Superflab™ (Mick Radio-
Nuclear Instruments, Mount Vernon, NY) using TLD 
and ionization chamber. In  Zhen et al. [17] research, 
they compared the Eclipse Acuros XB (AXB) dose 
calculation with CCC and AAA for stereotactic ablative 
radiotherapy treatment planning of thoracic spinal 
metastases in IMRT and VMAT delivery techniques 
using EBT2 film.  

To the best of our knowledge, no studies are 
investigating the accuracy of dose calculation by 
different algorithms using EBT3 films in the presence 
of eXaSkin bolus. Thus, this study aimed to evaluate 
the dosimetric accuracy of AAA and CCC photon dose 
calculation algorithms in the presence of eXaSkin 
bolus using heterogeneous CIRS phantom and EBT3 
film. 

 

Materials and Methods 
GafchromicTM EBT3 film calibration, scanning, and 

analysis 
EBT3 film of 8 × 10 inches was used in this study. 

All measurements were carried out according to AAPM 
TG-55 reports [18]. The characteristics of this film have 
been described in the previous studies [1, 19].  

To create a buildup region, 5 cm acrylic slabs and to 
produce full scattering conditions, 10 cm of the acrylic slabs 
were used on the top and underneath of the EBT3 films, 
respectively.[20]. A farmer type 30013 ionization chamber 
(0.6 cc, PTW, Freiburg, Germany) was used at the films’ 
locations to verify the delivered absolute dose values. 

Dose levels of 50, 100, 150, 200, 250, 300, 350, 400, 
450, and 500 cGy were used to plot the calibration 
curve. It should be noted that for each dose level, three 
film pieces were exposed, and also three pieces of the 
same sheet were used to measure the background 
radiation (control). After 48 hours of irradiation, to 
stabilize the active layer color, the films were scanned 
with Microtek 9800XL scanner (Microtek Inc. Santa Fe 
Spring, CA) in 150-dpi spatial resolution at transmission 
scan mode in three colors (48 bit RGB). During the 
scanning process, all filters, contrast enhancers, and 
other factors were switched off. The images were stored 
in tagged image file format and image analysis was 
performed using ImageJ software (National Institute of 
Health, Bethesda, MD(. Finally, net optical densities 

(ODs), and then the calibration curve were obtained 
based on the proposed method by Devic et al. [21]: 

 

Δ(𝑛𝑒𝑡 𝑂𝐷) = 𝑛𝑒𝑡𝑂𝐷 − 𝑛𝑒𝑡𝑂𝐷𝑐𝑜𝑛𝑡𝑟𝑜𝑙 =

𝑙𝑜𝑔
𝑃𝑉𝑢𝑛𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑

𝑃𝑉𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑
− 𝑙𝑜𝑔

𝑃𝑉𝑢𝑛𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑
𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑃𝑉𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑
𝑐𝑜𝑛𝑡𝑟𝑜𝑙                            (1) 

 
where PVunirradiated and PVirradiated are the “mean pixel 

values of  the films before irradiation process” and 
“mean pixel values of the films after irradiation 
process”, respectively.  

 

eXaSkin bolus  
eXaSkin is a high-density bolus with a mass density 

of 1.6 g/cm3, moving the skin to the build-up region and 
allowing efficient surface irradiation. This bolus is made 
of two components, mixed to give rise to a moldable 
material that can be molded for 2 minutes before it 
hardens [15]. 

 

Treatment planning and irradiation  
For treatment planning, CT (Siemens Somatom 

Emotion 16, Siemens, German) images of the CIRS 
phantom (Inc., Norfolk, VA) with 2 mm slice thickness 
were entered into EclipseTM (Varian Medical Systems, 
Palo Alto, CA) and Isogray (Dosisoft, Cachan, France) 
TPS using AAA and CCC algorithms, respectively, to 
calculate the dose distribution. To compare the dose 
calculations, i.e. the accuracy of the two algorithms, two 
plans were performed in each TPS, with and without a 
0.5 cm eXaSkin bolus to deliver 600 cGy to the 
reference point in the depth of 5 mm under the skin. The 
gantry and collimator angles were set to zero.  

The EBT3 films were placed inside the CIRS 
phantom for dose distribution measurement. The 
phantom was exposed with 6 MV X-rays, 10 × 10 cm2 

field size, from a Varian Clinic 600 (Varian Medical 
Systems, Palo Alto, CA). The phantom was set at 100 
cm source-to-surface distance. In addition, the beam 
central axis PDDs were measured using EBT3 film, with 
and without a 0.5 cm thick layer of eXaSkin bolus 
placed on top of the phantom (Figure 1).  

 

Statistical analysis 
Gamma evaluation is an available method to judge 

the agreement between treatment planning calculations 
and dose measurements as described by Low et al. [22]. 
The gamma analysis was performed using 
VeriSoft (PTW-Freiburg, Germany) software. A global 
gamma index was utilized with standard criteria of 
3mm/3% (distance to agreement (DTA) = 3 mm and 
dose difference (DD) = 3%), and a 10% dose threshold. 
Also, a 95% point agreement between the TPS 
calculations and EBT3 measurements was considered a 
passing value. For each point, the gamma index (γ) was 
obtained using equation 1:  

                               (2) 
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Figure 1. Radiotherapy of the heterogeneous CIRS phantom without (a) and with (b) 0.5 cm eXaSkin bolus 

 
Where |𝑟𝑚 , 𝑟𝑐|the distance between the measurement 

and calculation is points and |𝐷(𝑟𝑚) − 𝐷(𝑟𝑐  )| is the 
dose difference between the dose distributions. 
Following the above equation, the failing gamma pixel 
was assigned a value greater than 1, and a passing pixel 
was assigned values between 0 and 1. 
 

Results 
EBT3 film calibration curve 

The calibration curve of the film was obtained from the 

images of scanned films in the red channel (Figure 2). The 

optical density (OD)-dose curve was plotted and the 

equation formula was calculated using Microsoft Excel 

software, based on the method proposed by Devic et al. 

[21]. The proper fitting parameters implied an exact 

trinomial fitting in the dose range of 50-500 cGy. 

 

PDD curve 

The PDD curves with and without 0.5 cm eXaSkin 

bolus were obtained by the EBT3 film presented in Figure 

3. According to this Figure, in the presence of eXaSkin 

bolus, the surface dose (up to 5 mm) was about 25% higher 

compared to the case where no bolus was present. It is clear 

that there is no significant difference (less than 1%) in PDD 

Figures in greater depths whether bolus was present or not. 

For further clarification, the quantitative values of the first 

2 cm of Figure 3 have been presented in table 1. 

 
 

 
Figure 2. The film calibration curve in the red channel. 

 

 
 
Figure 3. PDD curves obtained by EBT3 film with and without eXaSkin bolus.  
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Table 1. Sample data from film measurements of up to 2 cm depth. 

 

Depth (cm) Without bolus With bolus Depth (cm) Without bolus With bolus 

0 0.3 0.3 1.1 0.99 0.95 

0.05 0.23 0.89 1.15 1.01 0.98 

0.1 0.4 0.92 1.2 1 1.03 

0.15 0.56 0.94 1.25 1.01 0.99 

0.2 0.67 0.99 1.3 1 0.99 

0.25 0.65 1 1.35 0.99 0.98 

0.3 0.73 0.99 1.4 1 0.98 

0.35 0.74 0.98 1.45 0.98 0.99 

0.4 0.8 0.97 1.5 0.99 0.99 

0.45 0.85 0.98 1.55 0.98 0.95 

0.5 0.84 0.95 1.6 0.97 0.93 

0.55 0.89 1.01 1.65 0.95 1.03 

0.6 0.91 1 1.71 0.97 1 

0.66 0.93 0.99 1.76 0.95 0.95 

0.71 0.92 1.02 1.81 0.98 0.95 

0.81 0.94 0.98 1.84 0.93 0.91 

0.84 0.96 1.01 1.91 0.98 0.92 

0.91 0.98 0.93 1.94 0.98 0.9 

0.94 0.95 0.99 1.98 0.97 0.95 

1.01 0.97 1 2 0.96 0.94 

 

Gamma index value 

The dose distributions in the slice of CIRS phantom 

obtained from the film dosimetry along the central beam 

axis were compared with the outputs of AAA and CCC 

algorithms through gamma analysis. 
 

 
 
Figure 4. Comparison of gamma analysis between film dosimetry, CCC, 

and AAA algorithms with and without bolus. 

 

Figure 4 presents the global gamma indices of AAA 

and CCC (with and without bolus) regarding the film 

dosimetry. The passing rates for both AAA and CCC were 

higher than 95% with 3mm/3% criteria (standard criteria in 

this study) with and without bolus. This value was equal to 

95.5% and 95% for AAA with and without bolus, 

respectively, and it was 97.5% and 96% for CCC 

algorithm. 
 

Discussion 
High-quality treatment plans rely upon accurate dose 

calculations. A 1% improvement in accuracy results in a 

2% increase in the cure rate for early-stage tumors, and 
a 5% change in dose, may result in a 20 to 30% change 
in the complication rates of normal tissues [17]. 

TLDs, films, and diodes are types of dosimetry tools 
investigating the dose accuracy in radiotherapy [1, 5, 6]. 
In the current study, the dosimetric accuracy of two 
radiotherapy systems using AAA and CCC algorithms 
was assessed in the presence of eXaSkin bolus. 

Although high atomic number bolus materials cause 
a few artifacts in CT images, they can improve the 
conformity in the inhomogeneous regions compared to 
tissue-equivalent bolus [23].  

In this study, the dose accuracy was obtained by 
Gafchromic EBT3 film, and a heterogeneous CIRS 
phantom, for better investigation of the algorithms. 
EBT3 film is one of the dosimetric tools that has lots of 
advantages, including tissue equivalence, high-
resolution, and time and cost-saving; thus, they are used 
widely in radiotherapy techniques [24, 25].  

Regarding the PDD curves in Figure 3, the dose was 
increased by about 25% in the surface region when the 
bolus was used. In addition, the variation of dose (with 
and without bolus) in depths greater than dmax was less 
than 1%. Manger et al. [23] reported that brass mesh 
bolus could increase the superficial dose for chest wall 
tangent photon radiotherapy by 35%. Also, the dose at 
depth when using brass mesh bolus is comparable to that 
measured with no bolus. Healy et al. [2] showed that a 
2-mm-thick of brass mesh as a bolus could increase the 
surface doses between 81% and 122% of the prescribed 
dose in patients receiving post-mastectomy chest wall 
radiotherapy. In the Ordonez-Sanz study [16], they 
announced that 3 mm of brass mesh bolus causes 0.7% 
dose changes for depths greater than dmax and conforms 
superiorly to skin surfaces.  
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According to Figure 4, the accuracy of the AAA and 
CCC algorithms in the heterogeneous CIRS phantom is 
within standard passing criterion (3mm/3%) with and 
without eXaSkin bolus. Our results show that the two 
TPS algorithms’ calculations have a good agreement 
with EBT3 film measurements. The decreased passing 
rate of gamma index (less than 100%) can be due to the 
lack of insufficient precision of the treatment setup, a 
calibration curve of film, inaccurate registration of the 
TPS plan, and uncertainty of the scanner reproducibility. 

The gamma index passing rate was higher in the 
presence of 0.5 cm eXaSkin in both algorithms. The 
reason may be the high conformity of dose distribution 
in the presence of the bolus. In a study by Firouzjah et 
al. [12], the dose accuracy of TPS was investigated by 
EBT3 film and Delta4 phantom in two different points 
of a heterogeneous chest phantom. They showed that the 
mean gamma index is higher in the high conformity 
point. 

Also, the gamma index value in the standard 
criterion was slightly higher in CCC compared to AAA 
algorithm with and without bolus. Hasenbalg et al. [26] 
studied the differences between CCC, AAA, and a 
Monte Carlo program dose distribution. Five 
inhomogeneous clinical cases, three lungs, and two 
breast cases were assessed. They expressed that the 
CCC algorithm calculation was better than AAA when 
compared to a Monte Carlo program, but AAA is used 
as a standard option in the clinic due to its short 
computation times. In another study, Aarup et al. [27] 
reported that AAA and CCC algorithms appeared to be 
alternatives and have a good agreement with Monte 
Carlo calculation regarding lung tumor coverage in 
stereotactic body radiotherapy conditions. Our findings 
have a good agreement with the studies mentioned 
above.  

Future research suggests that more investigations 
should be conducted in the other heterogeneous organs 
like head and neck in the presence of eXaSkin bolus 
using various algorithms. 

 

Conclusion 
In the current study, the dosimetric accuracy of AAA 

and CCC algorithms in the presence of eXaSkin bolus 
was assessed by gamma index. Generally, our findings 
demonstrated no significant differences between AAA 
and CCC algorithms and they could be used as 
alternatives in the presence of eXaSkin bolus. In 
addition, the eXaSkin bolus increased the surface dose 
about 25%; thus it is recommended for the radiotherapy 
of superficial lesions. 
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