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Purpose
This study analysed the sensitivity of  the field size from variations in the target volume dimensions, depth, and position. The varia-
tions in the target volume analysis were used to determine the width of  the field size. Thus, the quality control of  the radiation 
beam can be obtained.
Materials and Methods
The computed tomography (CT) image of  the IBA Dose 1 type of  water phantom consists of  350 slices. Variations in the di-
mension of  the target volume were modelled in 10×10×10 cm3, 10×12×10 cm3, 10.2×10×10.2 cm3, and 15×15×15 cm3. Beam 
parameters use one beam of  irradiation on the central axis 0°, 6 MV energy, 100 cm source-skin distance (SSD), beamlet delta x, 
and y set to 0.1 cm. Dose distribution in the form of  the XZ isodose curve and dose profile was used to observe the field size.
Results
In this study, the isodose curve was successfully displayed in the XZ isodose curve. The field size’s sensitivity has been successfully 
reviewed from variations of  the target volume, depth, and position. The target X and Z direction analysis is used in determining 
the width and length of  the field size.
Conclusion
The analysis related to the field size sensitivity study was obtained from a relatively valid calculation. The field size was evaluated 
with variations in depth of  1.5 cm, 5 cm, 10 cm, and variations in positions of  10 cm, 12 cm, 14 cm, 18 cm, and 20 cm. This study 
will be used as a reference to validate the distribution of  computational environment for radiotherapy research (CERR) dose in 
the future. Thus, the accuracy of  the dose calculation can be obtained.
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INTRODUCTION

Radiotherapy is one form of  radiation therapy applications. 
Therefore, treatment planning in radiotherapy aims to pro-

duce a uniform dose distribution to the target volume and mini-
mize doses beyond the target volume.1,2 Some parameters that 
need to be regulated are the number of  radiation beams, the radia-

tion direction, the field size used, and the radiation’s beam weight.3 

	 A technique known as intensity modulated radiation ther-
apy (IMRT) allows a three dimensional (3D) dose distribution de-
livered to the patient.4 Photon fluency is modulated in such a way 
as using the multi-leaf  collimator (MLC). MLC can work continu-
ously and alternately form radiation exposure fields in either regu-
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lar or irregular forms.5,6 MLC is used to block or allow radiation to 
create a beam field size according to the tumor’s shape. Thus, this 
radiation therapy (RT) method has improved patient positioning 
accuracy and has led to a technique of  limiting tumor movement 
during treatment.7

	 In IMRT optimization, it is essential to note the confor-
mation between the level of  accuracy and efficiency of  the dose 
calculation speed. Different dosage calculation algorithms based 
on the IMRT technique are produced, including pencil beam (PB), 
Monte Carlo, and superposition/convolution. A dose calculation 
algorithm using the pencil beam kernel method with a semi-analyt-
ical approach has been developed.8-13 However, the problem faced 
is the efficiency of  the dose calculation speed takes longer when 
the method is implemented in computers for clinical use. Thus, 
the dosage calculation algorithm using the IMRT technique was 
developed by Zakarian, referring to the PB dose kernel deposi-
tion pattern approach proposed by Ahnesjo et al.8 The algorithm 
is quadrant infinite beam (QIB). QIB refers to the matrix analysis 
that adequately represents the dose contribution of  the four beam 
quadrants.14 The QIB algorithm is implemented in TPS software, 
namely computational environment for radiotherapy research 
(CERR), which aims to benefit research in radiation oncology 
treatment planning in the academic settings.15

	 There are many studies related to CERR used to ana-

lyze treatment planning systems and dose distribution. First, the 
dose distribution effect was observed in each case using five beams 
with the same distance. The best fluency map for IMRT proce-
dures was identified to solve the optimization problem with the 
quadratic objective function. The optimal solution is obtained by 
the applied gradient method with a projection operation. Experi-
ments from numerical simulations were carried out in the case of  
head and neck prostate. Two patient samples were taken for each 
case.7 Second, Craft developed and compared the radiation treat-
ment optimization-planning algorithm. A collection of  common 
optimization for radiation (CORT) datasets is provided for pros-
tate, liver, head and neck cases the standard phantoms in the IMRT 
technique. The influence-dose matrix is the main form needed for 
optimization, in the form of  a dose for each patient’s voxel from 
each pencil beam.4 In addition, Rahma has validated the QIB algo-
rithm in the planning of  nasopharyngeal cancer IMRT. In addition 
to the differences in the objects being studied, the dose distribu-
tion analysis was carried out by evaluating the dose volume histo-
gram (DVH) curve and the dose colorwash.16

	 In this study, CERR was used to analyze the treatment 
planning system and dose distribution for water phantom cases. 
CERR has various analyses of  dose distribution, which is displayed 
on 3D dose distribution, namely DVH, 2D dose distribution con-
sisting of  XY isodose curve, 1D dose distribution in the form of  

Figure 1.  The Flowchart of Analysis the Sensitivity of the Field Size from Variations in the Target Volume Dimensions, 
Depth, and Position Based on 2D Dose Distribution
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percentage depth dose (PDD), and dose profile analysis. The nov-
elty described by the author is the 2D dose distribution analysis is 
shown in the form of  an XZ isodose curve. The variations in the 
target volume size, depth, and position were used to analyze the 
dose distribution produced by CERR. This study is focused on the 
dose distribution analysis of  the target volume shape alteration in 
determining the width of  the field size. Thus, the purpose of  this 
study specifically was to provide insight to be reviewed the field 
size sensitivity from variations in the target volume size, depth, 
and position, to determine the width of  the field size that will con-
tribute to the radiation beam quality control in treatment planning. 
In the future, this study will be used as a reference to validate the 
distribution of  CERR dose. Thus, the accuracy of  the dose calcu-
lation can be obtained (Figure 1).

MATERIAL AND METHODS

Material

In this study, IBA dose 1 water phantom image data were used, 
consist of  350 slices digital imaging and communications in medi-
cine (DICOM) format. The dimensions of  the water phantom are 
40×35×35 cm3.

Methods

Determination of input parameters for computational 
environment for radiotherapy research: First, water phantom im-
ages with DICOM format are imported into CERR and stored in 
planC data. Then, the water phantom image is reviewed by CERR, 

Figure 2. (a) Illustration of Contouring Target Volume Design in Water Phantom (b) Beam Radiation for Variation Depth and Position 

(a)

(b)
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the target volume size modelled with dimensions 10×10×10 cm3, 
10×12×10 cm3, 10.2×10×10.2 cm3, and 15×15×15 cm3, respec-
tively. The isocenter is located on the 175th slice. If  the target vol-
ume thickness is set to 10 cm, then the target was contoured from 
the 125th slice to the 225th slice. The depth variations were set at 10 
cm, 5 cm, and 1.5 cm from the surface. The design of  the water 
phantom, and contouring target was shown in Figure 2.

	 For the next step, the planning was processed based on 
the IMRT technique. The beam parameters used 6 MV energy, 
SSD 100 cm, beamlet deltax and y set at 0.1 cm for water phan-
tom,15 also one gantry angle at the central axis of  the beam 0º. The 
dose calculation in the central axis is essential to review.17 These 
parameters were chosen to observe the dose distribution along the 
central axis of  the beam easier. 

Analysis of computational environment for radiotherapy 
research dose distribution: The analysis of  CERR dose distribu-
tion consists of  the XZ isodose curve and dose profile. The XZ 
isodose curve indicates the field size. In Figure 2, the width of  the 
target X-direction and the length of  the target Z-direction analysis 
is used in determining the width and length of  the field size. The 
field size is automatically formed from the variation target volume, 
which modelled 10×10×10 cm3, 10.2×10×10.2 cm3, 15×15×15 
cm3 with at 10 cm, 5 cm, and 1.5 cm depths and a 10×12×10 

cm3 at 10 cm depth from the surface. The XZ isodose curve is 
displayed as the dose distribution in each pixel. Thus, it is neces-
sary to convert pixel units into cm units using simple mathematical 
equations as follows. 

	 The calculated dose profile was obtained from the dose 
distribution at the 256th pixel on the x-axis and each depth point 
along the y-axis. The dose distributions were then analysed 10 cm, 
12 cm, 14 cm, and 16 cm, 18 cm, and 20 cm positions. The dose 
profile was used to compare data and justify the results of  the XZ 
isodose curve analysis to determine the width of  the field size. The 
dose profiles were also analysed for each depth and slice position 
of  the target volume.

RESULTS

Determination of Input Parameters for Computational 
Environment for Radiotherapy Research

From the contouring and planning results on the modelled target 

42 Original Research | Volume 4 | Issue 2|

Figure 3. Dose Distribution of XZ isodose Curve for Larget Volume with Dimension 10×10×10 cm3 
(a) 10×12×10 cm3 (b) depth (y=10 cm) and Position of 10 cm

(a)

(b)

	             (range pixel volume target)
Field size (cm)= 			              ×dimension of  CT
		     (count total pixels) 	       image (cm) (1)
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volume, which is based on the IMRT CERR technique, the input 
parameter is determined as a dose distribution for variations in 
10×10 cm2, 10.2×10.2 cm2, and 15×15 cm2 field size. The dose 
distribution in the target volume and organ at risk (OAR) were 
obtained in a 512×512×350-size dose matrix. 

	 In this study, the results of  CERR doses distribution 
analysis were successfully displayed in the XZ isodose curves and 
dose profiles, which are presented in Figure 3 and Figure 4. The 
XZ isodose curves for modelled targets were presented in Figures 
3(a) and 3(b). The analysis of  the dose was obtained from equation 
(III.2). The goal is to convert pixel size into cm unit so that the 
field size can be accurately quantized in cm unit. If  the slice posi-
tion is 10 cm, then the field size in X and Z axes obtained is:

			   ((304-204)  pixel)
Field size X-direction(cm)=		              ×50 cm=9.76 cm
			        (512 pixel)

			   ((228-122)  pixel)
Field size Z-direction(cm)=		              ×50 cm=10.35 cm
			        (512 pixel)

	 The analysis was applied for 12 cm, 14 cm, 16 cm, 18 
cm, and 20 cm depths. The dose distribution will decrease with 
increasing depth from the observed position.18 The observed posi-
tion’s depth was relevant to the phantom scattering, especially in 
the areas near the field size edge (penumbra region).17 The pen-
umbra region usually receives doses between 80% and 20% of  the 

43Original Research | Volume 4 | Issue 2|

Figure 4.  Comparison Beam Profile for Variation Field Size of 10×10 cm2, 10.2×10.2 cm2, 15×15 cm2, energy 6 MV, SSD 100 cm, Variation in the Target (a) Volume 
in Depth 10 cm with Variation Position of 10 cm, 14 cm, 20 cm, (b) Depth Variation of 1, 5 cm, 5 cm, 10 cm with Variation Position 10 cm, (c) 14 cm, (d) 20 cm

(d)

(a) (b)

(c)

Table 1. Comparison of XZ isodose Curve for Variation in the Target Volume with Variation in Position Observed

Depth
(cm)

Variation 
in position

(cm)

XZ isodose

(10x10x10 cm3) (10x12x10 cm3) (10.2x10x10.2 cm3) (15x15x15 cm3)

X
(cm)

Z
(cm)

X
(cm)

Z
(cm)

X
(cm)

Z
(cm)

X
(cm)

Z
(cm)

10

10 9,76 10,35 9,76 10,35 9,85 10,45 14,76 15,25

12 9,86 10,64 9,86 10,64 9,96 10,75 14,86 15,54

14 9,96 10,74 9,96 10,74 10,06 10,85 14,96 15,64

16 10,05 10,83 10,05 10,83 10,15 10,94 15,05 15,75

18 10,15 10,93 10,15 10,93 10,25 11,04 15,15 15,84

20 10,25 11,13 10,25 11,13 10,35 11,24 15,25 16,04
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beam central axis.18 The XZ isodose curve was used to determine 
the field size of  the X-direction and Z-direction. The XZ isodose 
curve size was relevant to the depth of  the observed position. 
Therefore, the results sensitivity analysis of  the field size from 
variations in the target volume dimensions, position, and depth 
10 cm were reviewed from analysis of  the XZ isodose curve in 
Table 1. If  the target volume variation and position increased, the 
phantom scattering also increased the field size of  the X-direction 
and Z-direction was increased. The sensitivity of  the field size of  
10×10 cm2 and 15×15cm2 was successfully evaluated with the tar-
get volume 10×10×10 cm3, 10×12×10cm3, dan, and 15×15×15 
cm3 position variations 10 cm, 12 cm, 14 cm, 16 cm, 18 cm, 20 
cm in depth 10 cm. If  the target volume increased 10.2×10×10.2 
cm3, the field size increase width from of  10×10 cm2. While, the 
comparative analysis of  the sensitivity for the CERR field size in 
the form of  the XZ isodose curve was reviewed for variation in 
the target volume, and depth variation of  10 cm, 5 cm, and 1.5 cm 
depths from the water phantom surface, and slice position of  10 
cm in Table 2.  If  the target volume variation and depth increased, 
the phantom scattering also increased, the field size of  the X-di-
rection and Z-direction was increased, and the dose absorbed was 
decreased.19

	 The dose profile curve comparison results for the two 
modelled target volumes at a 10 cm depth in the 10 cm, 14 cm, 
and 20 cm slice position shown in Figure 4 (a). The dose profile is 
observed at the center of  the beam, and then the observation point 
was determined in the full-width half  maximum (FWHM) area. 
FWHM is the profile width at a 50% dose.19 The analysis result 
for variation in the target volume 10×10×10 cm3 and 10×12×10 
cm3 showed the dose profile have similar values, at -4.9 cm to 4.9 
cm for the 10 cm position, at -5 cm to 5 cm for the 14 cm posi-
tion, and at -5.1 cm to 5.1 cm for the 20 cm position. If  the target 
volume dimension 10.2×10×10.2 cm3, the width of  the field size 
was obtained at -5.1 cm to 5.1 cm for the 10 cm position, at -5.2 
cm to 5.2 cm for the 14 cm position, at -5.3 cm to 5.3 cm for the 
20 cm position. If  the target volume dimension 15×15×15 cm3, 
the field size’s width was obtained at -14.9 cm to 14.9 cm for the 
10 cm position, at -15 cm to 15 cm for the 14 at -15.1 cm to 15.1 
cm for the 20 cm position. Thus, the observed variation in posi-
tion can influence the dose profile width. At the 10 cm and 20 cm 

position, the profile widths 10×10 cm2 were 9.8 cm and 10.2 cm. 
This happened because of  beam irradiation from the source to the 
phantom water surface. 

	 The difference in the absorbed dose distribution was ob-
served. The dose profile for 10×10 cm2, 10.2×10.2 cm2 and  15×15 
cm2 of  10 cm position will absorb the lower dose at around 46%, 
49%, and 59% compared to 12 cm, 14 cm, 16 cm, 18 cm, and 
20 composition which absorb 96% to 98% dose. The lower dose 
in the 10 cm position happened because it consists of  planning 
target volume (PTV), while the other positions consist of  gross 
target volume (GTV). Therefore, the given dose for GTV was 
maximized. The results of  the X-ray beam profile comparison for 
the modelled target volume at each depth variation were shown in 
Figures 4 (b), 4 (c), and 4 (d). If  the position was reviewed of  the 
10 cm in Figure 4 (b), the dose profile for 10×10 cm2, 10.2×10.2 
cm2 field sizes had had the maximum dose of  48% at 1.5 cm depth, 
47% at 5 cm depth, and 46% at 10 cm depth. The dose profile for 
15×15 cm2 field size was had a maximum dose of  58% at 1.5 cm 
depth, 57% at 5 cm depth, and 56% at 10 cm depth. If  the posi-
tion was reviewed of  the 12 cm, 14 cm, 16 cm, 18 cm, 20 cm in 
Figure 4 (c) and 4 (d), the dose profile for 10×10 cm2, 10.2×10.2 
cm2 field sizes had had the maximum dose of  99% at 1.5 cm depth, 
98% at 5 cm depth, and 97% at 10 cm depth. The dose profile for 
15×15 cm2 field size was had the maximum dose of  100% at 1.5 
cm depth, 99% at 5 cm depth, and 98% at 10 cm depth. Therefore, 
if  the depth was increased, then the dose distribution decreased, 
and the profile width was increased. 

DISCUSSION

The isodose curve was used to analyze the dose distribution in 
radiotherapy. In this study, analysis of  the sensitivity of  the CERR 
field size from variations in the target volume dimensions, depth, 
and position has been obtained from the XZ isodose curve analysis 
and dose profile. The XZ isodose curve analysis is verified with the 
dose profile at each observed depth and position variation. The 
study refers to Anam, which has developed 2D isodose curves 
from percentage depth dose (PDD) and dosage profiles using ma-
trix laboratory (Matlab). The dose calculation at each point was 
obtained by multiplying the dose at the PDD and dose profile at 
1.5 cm depth.20

	 In its implementation, doses distribution analysis in the 
form of  XZ isodose curves often had difficulty modelling the tar-
get volume to fit the specified field size. When this problem was 
found, checking the CERR input data related to the modelled tar-
get volume size for the x, y, and z directions were suggested. The 
next step was to adjust the modelling parameters. This is related to 
the process of  contouring and planning beam parameters in CERR 
for simple geometries, such as the cube-modelled target volume 
and the number of  gantry angles was used.

CONCLUSION

In this study, the isodose curve has been successfully displayed in 
the form of  the XZ isodose curve to analyze the sensitivity of  
the CERR field size from variations in the target volume dimen-

44 Original Research | Volume 4 | Issue 2|

Table 2. Comparison of XZ isodose Curve for Variation in the 
Target Volume and Depth Observed

Target Volume 
(cm3)

depth
(cm)

position
(cm)

XZ isodose

X
(cm)

Z
(cm)

10×10×10  

10 10 9,76 10,35

5 10 9,67 10,25

1,5 10 9,27 10,15

10,2×10×10.2

10 10 9,85 10,45

5 10 9.75 10,35

1,5 10 9,37 10,25

15×15×15

10 10 14,76 15,25

5 10 14,65 15,15

  1,5 10 14,25 15,05
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sions, depth, and position. The variations in the target volume 
analysis are used to determine the width of  the field size. The XZ 
isodose curve is verified with the dose profile width. The calcula-
tion method was relatively valid. Variation field size of  10×10 cm2, 
10.2×10.2 cm2, and 15×15cm2 was successfully evaluated with 1.5 
cm, 5 cm, 10 cm depths, and 10 cm, 12 cm, 14 cm, 16 cm, 18 cm, 
and 20 cm slice position variations. Thus, the quality control of  the 
radiation beam can be obtained. In the future, this study will be 
used as a reference for the CERR dose distribution validation with 
the measurement results in the hospitals.
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