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ABSTRACT

Cancer treatment using ionizing radiation is known to cause damage to healthy tissue around the target. Therefore, this 
study aimed to measure the dose in the area around the cancer target to ensure the amount received by the patient does not 
exceed the specified tolerance limit. Measurements were performed using a Farmer-type ionization chamber detector on a 
phantom slab. The variations in the field area used were 5 × 5 cm2 and 10 × 10 cm2 at depths of 1.5 cm, 4 cm, 6 cm, 8 cm, 
and 10 cm, as well as a distance of 3 cm, 5 cm, 7 cm, 10 cm, and 15 cm outside the radiation field. The dose value was 
measured based on the IAEA TRS No.398 protocol. The results showed that the percentage of the dose decreased below 
10% at a distance of 5 cm for a field area of 5 × 5 cm2. Meanwhile, for a field area of 10 × 10 cm2, the percentage of the 
dose decreased below 10% after passing a distance of 7 cm from the edge of the radiation field. Based on the results, the 
percentage of the measured dose was greater for the enlarged depth. Areas outside the cancer target still receive unneeded 
radiation doses. The value of the dose received depends on the energy used, the size of the field, and the distance from the 
edge of the field. 
Keywords: Cancer; depth; dose; edge distance; LINAC

ABSTRAK

Rawatan kanser menggunakan sinaran pengionan diketahui boleh menyebabkan kerosakan pada tisu sihat di sekeliling 
sasaran. Justeru, penyelidikan ini bertujuan untuk mengukur dos di kawasan sekitar sasaran kanser bagi memastikan 
jumlah yang diterima pesakit tidak melebihi had toleransi yang ditetapkan. Pengukuran dilakukan menggunakan pengesan 
kebuk pengionan jenis Petani pada papak fantom. Variasi luas lapangan yang digunakan ialah 5 × 5 cm2 dan 10 × 10 cm2 
pada kedalaman 1.5 cm, 4 cm, 6 cm, 8 cm dan 10 cm serta jarak 3 cm, 5 cm, 7 cm, 10 cm dan 15 cm di luar medan sinaran. 
Nilai dos diukur berdasarkan protokol IAEA TRS No. 398. Keputusan menunjukkan bahawa peratusan dos menurun di 
bawah 10% pada jarak 5 cm untuk kawasan medan seluas 5 × 5 cm2. Manakala, bagi kawasan medan seluas 10 × 10 
cm2, peratusan dos menurun di bawah 10% selepas melepasi jarak 7 cm dari tepi medan sinaran. Berdasarkan keputusan, 
peratusan dos yang diukur adalah lebih besar untuk kedalaman yang diperbesarkan. Kawasan di luar sasaran kanser masih 
menerima dos sinaran yang tidak diperlukan. Nilai dos yang diterima bergantung pada tenaga yang digunakan, saiz medan 
dan jarak dari tepi medan.
Kata kunci: Dos; jarak tepi; kanser; kedalaman; LINAC

INTRODUCTION

Cancer is among the most significant global health 
problems affecting lives, and treatment includes various 
methods, including radiotherapy (Khan 2014; Mohan 
2022). The method uses high radiation to destroy cancer 
cells or inhibit growth. It is crucial in cancer management 
as primary, additional, and palliative therapy (Bosse et al. 
2020). The treatment can be used for various purposes, 
depending on the kind and stage of cancer. For example, 
radiotherapy is often used to shrink tumors before surgery 

(neoadjuvant therapy), kill remaining cancer cells after 
surgery (adjuvant therapy), or relieve symptoms that 
cannot be cured (palliative therapy). Various methods 
are used such as external radiotherapy, where radiation is 
directed from outside the body, or brachytherapy, where 
the radiation source is placed directly in or near the tumor 
(Bresolin et al. 2017; Sung et al. 2017; Wang & Tepper 
2021).

Linear Accelerator (LINAC) is a prominent 
radiotherapy modality in cancer treatment, which produces 



2076

photon or electron radiation directed precisely to the 
target area in the body (De Saint-Hubert et al. 2022; Naji 
et al. 2022). This system allows for precise radiation dose 
settings and can be adjusted to the shape and size of the 
tumor, as well as the position and condition of the patient 
(Momeni et al. 2023). The ability to deliver high radiation 
doses locally, while reducing the impact on healthy tissue, 
makes LINAC the primary choice in treating various types 
of cancer, including breast, prostate, and lung (Antolak & 
Rosen 1999).

During therapy planning using LINAC, it is also 
important to consider the radiation dose received by tissues 
outside the radiation field, or peripheral dose (Burnet et 
al. 2004; Liu et al. 2018). Specifically, this dose refers to 
healthy tissues indirectly exposed to radiation from the 
therapy source. Radiation dose outside the radiation field 
can occur due to various factors, including scattering from 
the main field, secondary radiation, and leakage from 
radiotherapy devices such as LINAC (Huang et al. 2009). 
Although this dose is usually significantly lower than the 
amount received by the target area, repeated or significant 
exposure can pose health risks, such as the potential for 
secondary cancers and long-term tissue damage (Matuszak 
et al. 2022).

The Percentage Depth Dose (PDD) curve is an 
important tool for describing the radiation dose distribution 
in body tissues at various depths relative to the skin surface. 
It provides information about the decrease in radiation 
dose as the depth from the skin surface increases (Licona, 
Figueroa-Medina & Gamboa-deBuen 2017). This data is 
important for designing and setting the appropriate dose 
in the tumor target area and identifying and managing the 
radiation dose received by the surrounding healthy tissue 
(Howell et al. 2010; Kry et al. 2006; Li, Ma & Salhani 
1997). For example, the PDD curve helps determine the 
amount of radiation the healthy tissue receives below the 
target area. It plays a role in calculating the effective dose 
to achieve optimal therapeutic results.

The dose outside the radiation field, which includes 
those reaching areas outside the central radiation zone, is 
usually lower than the amount received by the direct target. 
However, long-term or cumulative exposure can cause 
significant side effects on healthy tissues and increase 
the risk of secondary cancers (Dinh & Nowak 2021; 
Licona, Figueroa-Medina & Gamboa-deBuen 2017). The 
results will provide valuable data to improve treatment 
planning, enhance patient safety, as well as inform future 
developments in LINAC technology and shielding designs. 
By better understanding the actual radiation exposure 
to healthy tissues, clinicians can make more informed 
decisions about treatment parameters and potentially 
reduce the risk of complications in cancer patients (Taylor 
& Kron 2011). 

Studies have shown that the radiation dose outside the 
field can vary depending on several factors, including the 
radiotherapy method used, the type of radiation applied, 
and the design of the radiotherapy device (Garrett et al. 
2021; Podgorsak 2005). Various dosimetry protocols 

recommend the cylindrical Farmer-type ionization 
chamber for accurately measuring radiation doses in 
radiotherapy beams. The precision, reproducibility, and 
minimal energy dependence make these detectors ideal for 
absolute dose measurements in high-energy photon beams 
(Marín et al. 2015; Wiezorek et al. 2009). Furthermore, 
recent advancements in Farmer-type chamber design 
have improved the reliability. Modern chambers are 
characterized by minimal leakage (typically within 
0.08%), excellent long-term stability (within 0.07%), and 
limited stem effect (within 0.3%). These characteristics 
make the Farmer chamber appropriate for investigating 
out-of-field doses in LINAC-based radiotherapy (Raj et 
al. 2022; Saminathan et al. 2016). In this study, peripheral 
dose measurements were carried out to ensure that the 
healthy tissue around the cancer target did not exceed the 
dose volume given (Balasubramanian et al. 2006; Park et 
al. 2012).

METHODS

The Clinac CX type LINAC was used as a radiation source 
in radiotherapy treatment using photon and electron beams, 
while the energy source was a 6 MV photon beam. The 
measurement detector used was a farmer-type ionization 
chamber detector that captured the output of the photon 
beam emitted from the LINAC and a phantom slab made 
of water-equivalent polystyrene (RW3) used as a substitute 
for the human body in irradiation (Balasubramanian et al. 
2006). The material composition of the phantom includes 
98% Polystyrene (C8H8) and 2.1 g/cm3 TiO2 (TRS 2000). 
In contrast to previous studies, where water phantoms were 
used to measure peripheral doses, the RW3 phantom was 
used to determine the peripheral dose obtained. The use 
of RW3 phantoms provides several advantages over water 
phantoms in measuring out-of-field dose in radiotherapy. 
The RW3 phantom has an anthropomorphic design and 
composite material that resembles human tissue, allowing 
it to mimic the dose distribution in organs and tissues 
more realistically than the homogeneous water phantom. 
It is commonly used for radiotherapy QA due to the water-
equivalent density. In addition, RW3 allows detectors to be 
placed at various positions and depths according to clinical 
needs, resulting in more accurate and representative dose 
mapping in off-target areas. Another advantage is cost-
efficiency and ease of operation, as RW3 can be produced 
locally at a lower cost and does not require a complex support 
system compared to water phantoms (Gargett, Briggs 
& Booth 2020; Hong, Lee & Cho 2015). This study was 
conducted on a small field area of 5 × 5 cm2 and a reference 
field area of 10 × 10 cm2. The radiation beam was a 6 MV 
photon beam with a smaller scattering rate than a 10 MV 
photon beam. Moreover, 6 MV photons are frequently used 
in UNAND Hospital radiotherapy treatment. This study did 
not measure the peripheral dose for 10 MV photon beams 
because it can cause the equipment to become radioactive 
and endanger medical personnel and patients in the room 
(Swanpalmer 2024).
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The peripheral dose measurement scheme is shown in 
Figure 1. The ionization chamber detector, IBA CC13, was 
connected to the electrometer using a numbered cable as 
a connector. The detector was placed on the phantom to 
read the radiation dose received on the beam’s central axis 
(CAX) or in the peripheral area. The dose absorbed by the 
detector was then read on the electrometer. To obtain the 
percentage of the peripheral dose, Equation (1) was used.

PD = 
M

x 100% (1)
MCAX

where PD is the peripheral dose; M is the charge value read 
at the measurement point; and Mcax is the charge value read 
on the central axis of the beam (CAX).

A 6 MV photon beam was radiated on a field area of 
5 × 5 cm2 and 10 × 10 cm2; the depths used were dmax, 4 
cm, 6 cm, 8 cm, and 10 cm. The measurement points used 
were the beam’s central axis or CAX, a distance of 3 cm,  
5 cm, 7 cm, 10 cm, and 15 cm from the edge of the radiation 
field. The measurements carried out can be visualized in 
the form of images shown in Figure 2.

Each phantom beam measured 1 cm in size, and the 
detector was positioned on the phantom at the desired 
depth. Based on the detector measurement results, the 
relationship between the peripheral dose and the depth, 
as well as the field size and distance from the edge of the 
irradiation field, was obtained.

After the measurement, the results were multiplied by 
a correction factor based on the TRS No. 398 standard to 
improve the accuracy of the value and conformity with the 
reference standard. Pressure and temperature correction 
factors were measured against the reference state. This 
correction factor was calculated using Equation (2) 
(International Atomic Energy Agency 2008).

KTP = 
273,2 + T

×
P0 (2)

273,2 + T0 P

where T is the temperature when the measurement was 
made (ºC) and P is the air pressure during measurement 
(kPa). Meanwhile, T0 and P0 are the reference temperature 
and pressure in the ionization chamber detector calibration 
certificate, respectively.

FIGURE 1. Study material arrangement

(a) (b)

FIGURE 2. Peripheral dose measurement scheme
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The electrometer correction factor is 1 when the 
ionization chamber detector is calibrated with the 
electrometer. The polarization correction factor represents 
the response of the ionization chamber detector to the 
polarity effects. The polarization correction factor was 
calculated using Equation (3).

Kpol =
|M+|+|M−| (3)

2M

where M is the charge reading at the polarity used routinely 
(nC); M+ is the charge reading at the Positive polarity (nC); 
and M- is the reading at the negative polarity (nC).

Ion recombination was performed to calculate the 
detector response correction factor for incomplete charge 
collection during ionization in air. This correction factor 
was calculated using Equation (4).

ks = a0 + a1 ( (M1

M2
+ a2( (M1

M2

2 (4)

where a0, a1, and a2 are quadratic coefficients to calculate 
the KS value using the two-voltage method based on (Table 
9, TRS No. 398, IAEA). M1 reading is the measurement 
for the commonly used voltage, and M2 reading is the 
measurement for the reference voltage.

The detector response correction factor in beam 
quality was used as detector calibration (Co-60) to the 
photon beam quality according to Table 6. III TRS No. 398 
IAEA. The results of this correction factor reading were 
calculated using Equation (5).

MQ= M. ktp.kelec.kpol.ks (5)

where M is the result of the charge reading at the time of 
measurement (nC/MU); ktp is the pressure and temperature 
correction factor for the reference condition; kelec is the 
electrometer calibration factor with a value of 1; kpol is 
the ionization detector response correction factor for the 
polarity effect on the detector; ks is the ionization chamber 
detector response correction factor for the incomplete 
collection of charges during ionization in air (Sánchez-
Nieto et al. 2020).

RESULTS AND DISCUSSION

PERCENTAGE DEPTH DOSE MEASUREMENT OF THE 6 MV 
PHOTON BEAM

Figure 3 shows the relationship between depth and PDD 
value in the 6 MV photon beam. The deeper the target depth 
in the phantom, the greater the PDD value obtained until the 
maximum depth was reached (Zmax). The maximum dose 
value (Dmax) was located at Zmax, where the maximum depth 
in the PDD measurement was 1.5 cm. This value follows 
the theory stating that Zmax in the 6 MV photon beam is 
at a depth of 1.5 cm. After passing the maximum depth, 
the radiation dose decreased as the depth of the phantom 
increased (Connell & Hellman 2009). 

Figure 3 also shows PDD values appropriate to the 
theory in Podgorsak (2005), stating that the dose value 
will increase as the depth of the phantom increases until 
the maximum depth is reached and then decreases due to 
the influence of photon attenuation. In this context, photon 
attenuation occurs due to a decrease in the number of ions 
caused by reduced electron production. The energy and the 
beam’s size influenced the dose’s maximum depth. The 
nominal value for the maximum depth of the shallow X-ray 
beam and Orthovoltage was 0, C0-60 reached 0.5 cm, and 
the photon beam up to 25 MV reached 5 cm (DeWerd & 
Kissick 2013).

FIGURE 3. PDD curve of 6 MV photon beam measurement results
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PERIPHERAL DOSE MEASUREMENT BASED ON  
EDGE-OF-FIELD DISTANCE

In this study, the depth is symbolized by d, and the distance 
from the edge of the field is represented by x. The peripheral 
dose measurement results based on the edge of the field 
distance using a Farmer-type ionization chamber detector 
are presented in Figures 4 and 5. 

Figure 4 shows that in the field area 5 × 5 cm2, the 
measurement point is 3 cm outside the radiation field, and 
the measured dose is relatively large with a percentage of 
around 30-35%. This can be caused by the measurement 
area being very close to the radiation field, allowing 
the detector to absorb a large scattered dose. When the 
measurement point was at a distance of 5 cm from outside 
the radiation field, the measured peripheral dose decreased 
sharply to a percentage below 5%, which was 2.2-3.8%. At 
a distance of 7 cm, the percentage of the peripheral dose 
was at 1.2 - 1.9%, and at a distance of 10 cm, the percentage 
of the dose was in the range of 0.6 - 0.9%. The percentage 
of dose continued to decrease until, finally, at a distance of 
15 outside the radiation field, reaching 0.3-0.4%. 

Physically, radiation intensity decreases following 
the inverse square law, hence, the further away from 
the source or the edge of the field, the smaller the dose 
received. Scattering radiation resulting from the interaction 
of photons with patient tissues and radiotherapy device 
components will lose energy and intensity as the distance 
from the edge of the field increases. Therefore, organs 
located farther from the boundary of the irradiation field 
receive a significantly lower dose than those located closer 
(Sánchez-Nieto et al. 2020).

As shown in Figure 5, the percentage dose value on 
the field area 10 × 10 cm2 had a greater value compared to 5 
× 5 cm2. At a distance of 3 cm, the percentage of peripheral 
dose measured by the ionization chamber detector reached 
95-100%. When the measurement was carried out at a 
point 5 cm outside the irradiation field, the percentage of 
the measured dose was 50-54%. The percentage of the 
measured peripheral dose only decreased to below 10% at 
a distance of 7 cm outside the irradiation field, reaching 
4.7-8%. At a distance of 10 cm outside the irradiation field, 
the percentage of the dose obtained was 2.2-3.4%. The 
dose significantly reduced when the measurement distance 
from the edge of the field increased. At a distance of 15 cm, 
the percentage of the measured dose was between 0.8% 
and 1.1%. 

Figures 4 and 5 show that the peripheral dose value 
decreased as the distance from the edge of the field 
increased. This can be caused by the presence of a penumbra 
region (Abdelaal, Attalla & Elshemey 2017; Inayat et al. 
2019). Penumbra is a term used to define the area at the 
edge of the radiation beam. The penumbra dose decreases 
rapidly as a function of the distance from the beam’s central 
axis. The effect is divided into three parts. The first is the 
transmission penumbra formed by the dose transmitted by 
the collimator tip (Inayat et al. 2019; Sung et al. 2017). The 
second effect is the geometric penumbra, which appears 

because the photon source is limited. Consequently, some 
sources are blocked near the edge of the field. Factors that 
influence the presence of a geometric penumbra are source 
size, SSD, field size, and the distance from the source to the 
collimator (Lam, Muthuswamy & Ten Haken 1996). The 
radiological penumbra effect is caused by the biological 
effect of electrons moving from their original place and 
storing energy elsewhere. The measurement results were 
consistent with previous studies stating that the further 
the measurement point, the lower the contribution of 
primary photons, where the radiation intensity decreases 
by the square of the distance from the source (Howell et 
al. 2010; Lam, Muthuswamy & Ten Haken 1996). Aside 
from the presence of penumbra, the characteristics of 
the photon radiation beam can also affect the magnitude 
of the measured dose value outside the irradiation field. 
The size of the radiation beam is one factor affecting the 
magnitude of the measured radiation dose value. The larger 
the radiation beam, the greater the scattering (Oancea et al. 
2023; Zhu & Biarngard 1994). 

The large percentage of dose on the field area 10 × 10 
cm2 compared to 5 × 5 cm2 was caused by the contribution 
of secondary doses on small fields, which tended to be 
larger than the primary dose. Therefore, the radiation 
dose on the edge of the field with a field area 5 × 5 cm2 
was smaller. In small fields, scattered radiation is more 
dominant, and there is a greater risk of leakage from beam 
formation. The high dose value measured around the edge 
of the field can be caused by several factors, including 
the scattered dose on the gantry, the backscatter factor 
from the phantom, or the scattered dose on the collimator 
(Mazonakis & Damilakis 2021; Zhu & Biarngard 1994).

PERIPHERAL DOSE MEASUREMENT BASED ON DEPTH

The peripheral dose measurement results based on depth 
were plotted into a graph as shown in Figures 6 and 7. 
Based on Figure 6, at a depth of 1.5 cm, the percentage 
of the peripheral dose is in the range of 0.48-31.46%; at 
a depth of 4 cm, the percentage of the peripheral dose has 
increased to 0.39-30.15%; at a depth of 6 cm, the percentage 
of peripheral dose obtained is in the range of 0.41-31.2%, 
at a depth of 8 cm the percentage of the peripheral dose 
is 0.43-32.5%, and at a depth of 10 cm the percentage of 
peripheral dose obtained is in the range of 0.46-35.1%.

Based on Figure 7, at a depth of 1.5 cm, the percentage 
of the peripheral dose is in the range of 0.82-99.8%; at a 
depth of 4 cm, the percentage of the peripheral dose has 
increased to 0.83-99.4%; at a depth of 6 cm, the percentage 
of peripheral dose obtained is in the range of 0.9-98.8%, 
at a depth of 8 cm, the percentage of the peripheral dose 
is 1-98.5%, and at a depth of 10 cm the percentage of 
peripheral dose obtained is in the range of 1.-98.2%. 

At shallow depths (1-2 cm), laterally scattered low-
energy (0.2-0.6 MeV) Compton electrons dominate 
the out-of-field dose. As the tissue deepens (>3 cm), 
the contribution of photon scattering (bremsstrahlung) 
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(a) (b)

(c) (d)

(e)

FIGURE 4. Percentage of peripheral dose based on field edge distance 
using a Farmer-type ionization chamber for a field area of 5 × 5 cm2 

(a) dmax, (b) d4, (c) d6, (d) d8, and (e) d10
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(a) (b)

(c) (d)

(e)

FIGURE 5. Percentage of peripheral dose based on field edge distance 
using a Farmer-type ionization chamber for a field area of 10 × 10 cm2 

(a) dmax, (b) d4, (c) d6, (d) d8, and (e) d10
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(a) (b)

(c) (d)

(e)

FIGURE 6. Percentage of peripheral dose to depth using a Farmer-type 
ionization chamber for a field area of 5 × 5 cm2 (a) x3, (b) x5, (c) x7,  

(d) x10, and (e) x15
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(a) (b)

(c) (d)

(e)

FIGURE 7. Percentage of peripheral dose to depth using a Farmer-type 
ionization chamber for a field area of 10 × 10 cm2 (a) x3, (b) x5, (c) x7, 

(d) x10, and (e) x15
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increases due to multiple scattering, leading to a more 
homogeneous dose distribution (Matuszak et al. 2022; 
Pazzaglia et al. 2022). Based on the depth of the peripheral 
dose value as shown in Figures 6 and 7, the peripheral 
dose increased with greater depth. The increase in dose 
value was related to the interaction of radiation with 
matter. When radiation interacts with the body, some of the 
radiation given to the tissue around the tumor tends to be 
higher than the dose received by the tumor. This is because 
the radiation given will be scattered in various directions. 
The scattering causes the dose on the surface to be lower 
compared to a certain depth. In addition to being caused 
by radiation scattering, the increase in dose at each higher 
depth can be caused by the absorption factor (Mohsin et 
al. 2014). The deeper the radiation penetrates the tissue, 
the more energy is absorbed. This causes the dose on 
the surface to be lower compared to a certain depth. The 
measurement results obtained for the field area 10 × 10 cm2 
were greater than those for 5 × 5 cm2. This was because a 
larger field area would produce greater photon scattering. 
Therefore, the larger the field area used, the greater the 
scattering at a greater dose (Abdelaal, Attalla & Elshemey 
2020).

CONCLUSION

In conclusion, the peripheral dose value decreased as the 
measurement distance from the edge of the radiation field 
increased, and then reduced when the depth increased. 
Experimental studies with ionization detectors show that 
empirical measurements are still required to validate out-
of-field doses, especially in the region <5% of the total 
amount of medically recommended radiation. In the 
out-of-field dose measurement for the 5 × 5 cm2 field 
area, the dose value decreased by more than 10% when 
the measurement point was 5 cm from the edge of the 
irradiation field. For the 10 × 10 cm2 field area, the dose 
value only decreased at a distance of 7 cm from the edge 
of the irradiation field. The peripheral dose value was 
influenced by the presence of a penumbra area around the 
target and the material interaction with the radiation beam, 
which could affect the radiation dose value for each depth 
and distance of the edge. Based on the results, treatment can 
be optimally organized by considering the radiation dose 
received in healthy tissues around the target area, including 
measurements using different energies for photons and 
electrons, as well as adding cancer types to determine the 
peripheral dose specifically in some instances.
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