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Abstract
The negative effects of increased radiation dose can impact healthy tissue surrounding the target area, necessitating careful 
management to minimize side effects and meticulous planning in radiation therapy. This study aims to determine the peripheral 
dose of a 6 MV photon beam and compare the measured values with the estimates from the Treatment Planning System (TPS). 
Dose calculations were performed using the Analytical Anisotropic Algorithm (AAA) in the ECLIPSETM TPS on a virtual water 
phantom with a 6 MV photon beam, delivered by a Clinac CX linear accelerator (LINAC) at Unand Hospital. Photons were used 
with variations in target depth of 1.5, 5, and 10 cm, as well as variations in measuring distances of 3, 5, 7, 10, and 15 cm outside the 
irradiation field. The area of irradiation used varied of 5×5 and 10×10 cm2. The measurement results based on the distance of the 
field edge showed that the dose percentage decreased below 10% when passing a distance of 5 cm for a field area of 5×5 cm2, and 
for a field area of 10×10 cm2, the dose percentage decreased below 10% after passing a distance of 7 cm from the edge of the 
irradiation field. The peripheral dose intensity in the area outside the target will decrease along with the increasing measurement 
distance from the edge of the field and the depth due to the interaction of radiation with the medium, which causes the spread and 
absorption of photons in the medium.    
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1. INTRODUCTION

X-rays are electromagnetic radiation with a 

wavelength of 10-11–10-8 m, a frequency of 1016–

1020 Hz, and an energy of 100 eV to 100 keV for 

diagnostic radiology and high energy (MeV) X-rays 

for radiotherapy [1]-[3]. Radiotherapy, a 

cornerstone of modern medicine, is an essential tool 

in treating various medical conditions, particularly 

in cancer care [4]-[6]. Radiation exposure can 

induce both stochastic and deterministic biological 

effects. Stochastic effects are probabilistic; the 

likelihood of an effect increases with higher doses, 

while the severity remains constant. In contrast, 

deterministic effects exhibit a clear dose-response 

relationship, with severity escalating as the dose 

increases [7][8]. Radiotherapy must be optimized at 

the target volume corresponding to the effective 

dose received without causing significant damage to 

the surrounding normal tissue [9]. The main goal of 

 
radiation therapy is to induce ionizing radiation 

with an optimal dose on the target cancer or tumor 

that causes damage to DNA so that it will kill the 

cancer cells. The effects of radiation therapy not 

only kill cancer cells but also affect healthy tissue 

around the target [10]-[12]. 

Radiation that hits a tissue will affect the 

properties of the tissue. Its effects are divided into 

three types, namely physical, chemical, and 

biological effects [13]. The first effect that will 

appear when this radiation exposure occurs is the 

physical effect. This physical effect can be in the 

form of excitation and ionization. Excitation is a 

process where particles hit electrons from the 

innermost shell, but it does not cause the electrons 

to be lost; it only moves to the outer shell because 

the particles lack the energy to remove the electrons 

[14]. 

This effect occurs normal cells or tissues around 

the cancer target are exposed to radiation. The 

severity of damage to healthy tissue around the 

cancer can be grouped into stochastic and 

deterministic effects. Deterministic effects depend 

on exposure time, dose, and type of radiation. This 

effect has a dose threshold. The consequences of 

these effects could not be directly felt by the 

patient. Stochastic effects occur in patients without 

any influence from the dose threshold. This effect 

depends on how much of the dose healthy tissue 

absorbs. To minimize the negative effects of 

radiation, proper planning and optimization of 
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radiation doses are essential [15]. 

Dose calculations can be performed using the 

Treatment Planning System (TPS). TPS is a 

software system used in radiotherapy to plan and 

calculate the radiation dose needed to treat cancer in 

patients. TPS allows medical physicists to plan 

external radiation exposure or brachytherapy by 

considering several factors, such as cancer location, 

size, and tissue sensitivity around the radiation 

target. TPS can determine the amount and direction 

of radiation exposure needed to match the desired 

dose while minimizing the dose to healthy tissue 

around it. Patient data such as CT scan images 

create a three-dimensional model of the target area 

and surrounding healthy tissue, allowing for 

accurate radiation dose calculations ysing complex 

mathematical algorithms [16]. 

Radiation therapy using intensity-modulated 

radiation therapy (IMRT) or volumetric-modulated 

radiation therapy (VMAT) techniques requires 

more accurate radiation modeling so that the 

radiation dose for small or large irradiation fields 

does not have excessive scattering. The effect of 

lateral scattering on radiation beams and radiation 

inhomogeneity is one of the factors that must be 

considered before radiation delivery [17][18]. This 

factor will continue to be taken into account when 

planning therapy using TPS. According to Diallo et 

al., accurate and precise dose calculation is a critical 

assessment during radiotherapy treatment. Most 

secondary cancers have developed in the peripheral 

area of the target volume, ranging from 2.5 cm 

inside to 5.0 cm outside the irradiated area [19]. 

Peripheral dose is the radiation dose of healthy 

tissue outside the cancer target. The peripheral dose 

value that hits the patient's body can be caused by 

several factors, such as leakage in the gantry, 

scattered radiation in the collimator, or the presence 

of internal scattering from the patient or phantom 

(backscattered factor) [20]-[22]. The objective of 

this study is to determine the target volume in the 

TPS and to analyze the peripheral dose distribution 

received by healthy tissues outside the therapy 

target area. Lower peripheral doses can reduce 

toxicity, improve quality of life, and potentially 

increase overall survival rates in cancer patients. 

Reducing the peripheral dose helps protect healthy 

tissue adjacent to the tumor from unnecessary 

radiation exposure, which is especially important in 

sensitive areas where damage can lead to significant 

complications or secondary cancers [23][24]. 

  

2. MATERIALS AND METHODS 

 

2.1. Materials 

TPS was used to design radiotherapy beams on 

 

 

 
Figure 1. Research flow chart.  
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LINAC [25][26]. Dose calculation was done on 

TPS from ECLIPSETM using the Analytical 

Anisotropic Algorithm (AAA) on a virtual water 

phantom. The AAA provides a more accurate dose 

estimation in the region surrounding the tumor, 

including peripheral doses. It offers superior 

modeling of radiation scatter effects, which is 

crucial for calculating doses beyond the primary 

radiation field boundaries. This capability is 

particularly beneficial in advanced treatment 

techniques such as IMRT and VMAT, where 

complex dose distributions are required. However, 

AAA has certain limitations, including its 

dependence on accurate input data, constraints in 

specific clinical scenarios, sensitivity to material 

effects, computational complexity, and the 

necessity for validation and calibration [27]-[29]. 

 

2.2. Methods 

 

2.2.1. LINAC Radiotherapy Planning 

Calibration involves verifying that the TPS 

accurately predicts the dose distribution based on 

the treatment plan and beam characteristics. The 

TPS calibration process can be conducted by 

measuring beam characteristics. This calibration is 

performed by collecting data such as percentage 

depth dose (PDD), tissue maximum ratio (TMR), 

output factors for various field sizes, and beam 

profiles at different depths [30]. Radiotherapy 

planning for patients was done by determining the 

target radiation volume and the uniformity of the 

dose received on the cancer target [31]. Patient 

planning on TPS was done by creating a picture of 

the Gross Tumor Volume (GTV), Clinical Target 

Volume (CTV), Planning Target Volume (PTV), 

and Organ at Risk (OAR) sections. The flow chart 

in the study can be seen in Figure 1.  

 

2.2.2. PDD Measurement 

PDD measurements were taken to obtain the 

maximum depth value of the 6 MV beam. PDD can 

describe the dose distribution at each point in a 

radiation field with a certain depth. The calculation 

of the PDD value can be done using Equation 1. Dd 

is the radiation dose (cGy), and Dmax is the 

maximum depth dose (cGy) [32]. 

 

      (1)  

 

 

 

 
 

 
Figure 2. Treatment planning system dose calculation scheme.  
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2.2.3. TPS Dose Calculation 

Calculation by TPS begins with planning the 

irradiation with the MU value used as 100 MU. 

Measurements are made using TPS, where TPS will 

design the estimated dose for the cancer target. The 

system has set the MU value in the TPS calculation. 

The calculation by TPS begins with creating an 

irradiation plan that will be carried out. After the 

planning, TPS will calculate the dose received at the 

measurement point. Peripheral dose calculations 

were performed at depths of 1.5, 5, and 10 cm with 

distance variations of 3, 5, 7, 10, and 15 cm from 

the edge of the radiation field. The field areas used 

were 5×5 and 10×10 cm2. The scheme of peripheral 

dose calculation in TPS can be seen in Figure 2.  

 

2.2.4. Normalization of Measurement Result 

The measurement results that were read will be 

normalized to the main axis of the central axis 

(CAX) beam as the off-axis ratio using Equation 2;  

 

      (2) 

 

where PD is the peripheral dose, M is the the 

value from the detector at the measurement point, 

and MCAX is the value from the detector on the main 

axis of the beam [33][34]. The measurement results 

are analyzed by comparing the measured peripheral 

dose with the expected value calculated by the TPS. 

This comparison helps identify discrepancies and 

assess the accuracy of the dose distribution obtained 

from measurements relative to TPS calculations 

[35]. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Cancer Target Volume in TPS 

Determination of target volume in TPS can be 

seen in Figure 3. Figure 3 shows the comparison of 

the doses received by the target volume. Figures 3

(a) and 3(b) are the target plan for a field area of 

5×5 and 10×10 cm2. The cancer target with the 

 

 

 
Figure 3. Planning target field area of (a) 5×5 and (b) 10×10 cm2. 

 
 

 

 
Figure 4. Peripheral area of the field area of (a) 5×5 and (b) 10×10 cm2.  



J. Multidiscip. Appl. Nat. Sci. 

402 

maximum dose is marked in red, where this area is 

where the GTV is located. The caption Dmax in the 

figure is the maximum depth. The Dmax in the study 

was at a point of 1.5 cm, and the maximum dose 

value was 200 cGy. The orange color in TPS 

represents the CTV area. The yellow color 

represents PTV, the green color represents OAR, 

and the peripheral area is marked in blue. Each 

target area has a different dose value. The measured 

radiation dose value will decrease with each color 

change of the target area in the TPS.  

The dose value is lower for areas that are further 

from the target. In a field area of 5×5 cm2, the 

peripheral area is at a distance of 3 cm, as seen in 

Figure 4(a). In a field area of 10×10 cm2, the 

peripheral area is estimated to be at a distance of 6 

cm because, as shown in Figure 4(b), at a distance 

of 5 cm from the center of the target volume is the 

OAR area. In GTV tumors with the highest 

intensity, the GTV is a good imaging to describe 

the tumor [36]. The intensity of tumor cells in the 

CTV is lower than in the GTV. 

 

3.2. Peripheral dose Calculation Based on Field 

Edge Distance 

The results of the peripheral dose calculation 

based on the field edge distance using the TPS 

calculation can be presented in Figure 5. On a field 

area of 5×5 cm2, a distance of 3 cm outside the 

irradiation field, the dose percentage is 5–19%; at a 

distance of 5 cm from the edge of the field, the 

measured dose will decrease sharply and be below 

5%, which is 1.0–3.2%. At a distance of 7 cm, the 

measured dose percentage is 0.6–1.7%, and at 10 

cm, the dose percentage is 0.2–0.7%. 

The TPS calculation results for a field area of 

10×10 cm2 at a distance of 3 cm have a high dose 

percentage of 99-100%; moreover, at a distance of 

5 cm, the dose percentage decreases to 60–90%. At 

a distance of 7 cm, the dose percentage only 

decreases to below 10% by 2.9–7.8%, and at a 

distance of 10 cm from the edge of the field, the 

dose percentage obtained is 1.5-3.4%. At a distance 

of 15 cm for both the field area of 5×5 and 10×10 

cm2, the peripheral dose percentage is 0%.   

Based on Figure 5, the peripheral dose decreases 

as the measurement distance from the edge of the 

radiation field increases. This trend is caused by 

photons follow the inverse square law, where the 

intensity of photon radiation will decrease in 

proportion to the square of the distance from the 

source of the initial intensity. The energy 

distribution factor in photons can also cause the 

measured dose to be smaller if the distance from the 

source is increased [37][38]. When the distance 

from the source increases, the radiation energy must 

be divided into a larger area. As a result, the energy 

per unit area decreases [39]-[41]. At a distance of 

15 cm from the edge of the radiation field, the dose 

calculated by the TPS is 0% because, in the TPS 

algorithm, at 15 cm, it is considered outside the 

body or the PTV and OAR areas. Figure 5 also 

shows that the peripheral dose value for a field area 

of 5×5 cm2 is smaller than that for a field area of 

10×10 cm2.  

 

 

 

 
 

 
Figure 5. Peripheral dose percentage based on field edge distance.  
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3.3. Peripheral dose Calculation Based on Depth 

The results of peripheral dose measurements 

based on depth with TPS calculations can be 

presented in Figure 6. It can be seen in Figure 6 that 

at the maximum depth or depth of 1.5 cm, the dose 

percentage has the highest value, which is 1.70% 

for the field area of 5×5 cm2 and 7.80% for the 

depth 10×10 cm2. After passing the maximum 

depth, the dose percentage will decrease; at a depth 

of 5 cm, the measured dose percentage is 0.85% for 

the field area of 5×5 cm2 and 4.60% for the depth of 

10×10 cm2. At a depth of 10 cm, the dose 

percentage decreases until it reaches 0.60% for the 

field area of 5×5 cm2 and 2.90% for the depth of 

10×10 cm2. 

The results of the TPS calculation show that the 

peripheral dose will decrease with increasing depth. 

When photons pass through a medium such as 

water, air, or other materials, the medium will 

absorb some of the photons. This factor is known as 

absorption, where the energy of the absorbed 

photons will be converted into the internal energy 

of the medium. One of the factors that affects the 

size of this absorption is the value of the absorption 

coefficient, which is influenced by the type and 

energy of the photons used. The higher the 

absorption coefficient value, the faster the decrease 

in radiation intensity with depth. When interacting 

with particles in the medium, the spread of photon 

radiation will also affect the value of radiation 

intensity with depth. This spread causes the photons 

to change direction; in some cases, the photons can 

also change energy [42]-[44].  

 

4. CONCLUSIONS 

 

The location of the tumor can influence the 

peripheral dose value. The peripheral dose in the 

GTV area is higher than in the CTV one. When 

measured relative to the distance from the field 

edge, the peripheral dose decreases as the 

measurement point moves farther away. Similarly, 

measurements based on depth show that the 

peripheral dose decreases with increasing depth. 

This finding is attributed to the reduction in 

radiation intensity due to scattering and absorption 

in the tissue. However, these effects vary depending 

on the type of radiation, the characteristics of the 

radiation system, and scattering factors.     
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