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Technical Note

ABSTRACT
This study evaluates the accuracy of the Isogray Treatment Planning System (TPS) 
for fields with regular shields on the Elekta Compact linear accelerator, examining 
absolute and relative dose measurements across field sizes (10×10 cm², 15×15 cm², 
and 20×20 cm²) and shield coverages (25% and 50%). Absolute dose measurements 
revealed that the Isogray TPS consistently overestimated doses under shielded condi-
tions, with discrepancies decreasing as the field size increased. In unshielded areas, the 
TPS demonstrated high accuracy, with dose differences within clinically acceptable 
limits. Relative dose measurements were evaluated using the gamma index with crite-
ria of 3% dose difference and 3 mm distance-to-agreement. The analysis demonstrated 
excellent concordance for smaller fields (10×10 cm²), whereas larger fields (15×15 
cm² and 20×20 cm²) exhibited significant deviations, particularly beneath the shield-
ing structures and within the penumbral regions. These findings indicate that while 
the Isogray TPS performs well in open fields, it struggles to accurately model dose 
distributions in shielded areas, especially for larger fields. The study highlights the 
need for enhanced algorithms to better account for shielding effects, such as scattered 
radiation and secondary dose contributions. This work underscores the importance of 
continuous validation and algorithm optimization to improve the accuracy and reliabil-
ity of treatment planning systems, ensuring both patient safety and treatment efficacy 
in complex radiotherapy scenarios. 
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Introduction

In the field of radiotherapy, precision and accuracy in dose delivery 
are crucial for achieving effective treatment outcomes while mini-
mizing collateral damage to surrounding healthy tissues. Treatment 

Planning Systems (TPS) play a pivotal role in this process by calcu-
lating the optimal dose distribution based on patient-specific anatomy 
and treatment parameters [1]. Among available TPSs, Isogray is widely 
utilized in clinical settings for its advanced dose calculation algorithms, 
though its performance in complex scenarios, such as shielded fields, 
requires rigorous validation.

Shielded fields refer to radiation fields that incorporate high-density 
physical barriers designed to protect healthy tissues from unintend-
ed radiation exposure, thereby reducing the risks of side effects and  
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radiation-induced toxicity and overall safety 
of the treatment [1]. Regular shields, also re-
ferred to as simple shields in this context, con-
sist of Cerrobend alloy blocks (a low-melting-
point alloy of bismuth, lead, tin, and cadmium) 
with rectangular geometries positioned within 
square or rectangular fields. These shields are 
commonly employed in treatments near criti-
cal structures like the spinal cord, kidneys, 
lungs, or heart, where precise dose control is 
essential [2]. Materials, such as Cerrobend 
are favored for their high attenuation proper-
ties and ease of molding, with recent studies 
demonstrating their efficacy in reducing trans-
mission to below 5% for electron energies up 
to 16 MeV at thicknesses of 10 mm [3, 4]. 
Similarly, lead-based shields have shown sig-
nificant cardiac dose reductions (up to 57%) in 
breast cancer radiotherapy, potentially lower-
ing heart disease risk by 14.8% [5, 6]. Alterna-
tive non-toxic composites, such as Polyvinyl 
Chloride (PVC) heavy transition metal carbide 
composites, have also emerged as viable lead 
substitutes for low-energy gamma shielding in 
healthcare applications [7].

While shielding enhances patient safety, it 
introduces significant challenges for accurate 
dose calculation in TPS. Shielding alters the 
radiation environment by affecting primary 
beam attenuation, secondary scattering, and 
dose contributions from adjacent tissues, which 
can lead to discrepancies between planned and 
delivered doses [1, 8]. Recent evaluations of 
Isogray TPS have highlighted acceptable accu-
racy in open symmetric and asymmetric fields 
[9] and adjacent radiation fields [10], but limi-
tations persist in wedged or heterogeneous set-
ups, with errors increasing in penumbral and 
out-of-field regions [11, 12]. Multileaf Colli-
mator (MLC)-based techniques have been pro-
posed as alternatives to traditional Cerrobend 
blocks for organ protection (e.g., kidneys in 
abdominal radiotherapy), offering comparable 
dosimetry with reduced fabrication time and 
toxicity [13]. However, for scenarios rely-
ing on physical shields, TPS algorithms like 
Collapsed Cone (CC) and Convolution- Fast  

Fourier Transform (C-FFT) may overestimate 
or underestimate doses beneath shields due to 
inadequate modeling of scatter and interface 
effects [14, 15].

The aim of this study is to evaluate the ac-
curacy of the Isogray TPS in calculating doses 
for regular shielded fields on the Elekta Com-
pact linear accelerator, by comparing calculat-
ed doses with experimental measurements in 
absolute and relative dosimetry across varying 
field sizes and shield coverages.

Technical Presentation
This study was conducted to evaluate the ac-

curacy of dose calculations for regular shield-
ed fields. A linear accelerator, the Elekta Com-
pact, was used in this study. This accelerator 
is designed to produce high-energy photon 
beams, making it suitable for radiotherapy 
applications. The evaluated TPS was Isogray, 
which is specifically designed for calculating 
dose distributions in radiotherapy. Measure-
ments were carried out in two distinct phases: 
absolute dose measurement and relative dose 
measurement.

For absolute dose measurement, a 30×30×30 
cm³ water phantom was used to simulate a 
clinical environment. A Farmer-type ioniza-
tion chamber dosimeter (PTW Freiburg) with a 
sensitive volume of 0.6 cm³ was employed for 
dose measurement. Prior to the experiments, 
the dosimeter was calibrated to ensure accurate 
dose readings.

The water phantom was positioned at the iso-
center of the accelerator. Two points were se-
lected for measurement: one point beneath the 
shield (Point A) to evaluate the absorbed dose 
in the shielded region, while the other point 
was in the open field (Point B) to determine 
the dose in the unshielded area (Figure 1 vi-
sually illustrates these points). The dosimeter 
was connected to an electrometer (UNIDOS 
model, PTW Freiburg) for dose readings. After 
confirming proper alignment, the accelerator 
was activated to deliver a 6 MV photon beam. 
Dose measurements were performed three 
times at each point to ensure statistical validity.
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For relative dose measurements, a three-di-
mensional water phantom from PTW was used, 
which enables precise dose measurements 
in three dimensions by providing a homoge-
neous medium for radiation interaction. The 
water phantom was filled with deionized water 
to ensure that the conditions closely matched 
clinical settings. Measurements were conduct-
ed using a Semiflex dosimeter (model 31010, 
PTW) with a sensitive volume of 0.125 cm³. 
This small volume is advantageous for record-
ing dose distributions with high spatial resolu-
tion, particularly near field edges and shield-
ed regions. Measurements were performed 
for shielded square fields with dimensions of 
10×10 cm², 15×15 cm², and 20×20 cm². Two 
distinct shield coverage configurations (25% 
and 50%) were utilized, with the shields com-
posed of Cerrobend, with a uniform thickness 
of 7 cm. The shields consisted of rectangular 
blocks covering either 25% or 50% of the field 
area and were positioned with either corner in 
the center of the field or edge in the center of 
the field. The shield was positioned in a man-
ner analogous to patient treatment setups to 
simulate realistic clinical scenarios. The mea-
surements were carried out for the following 
field sizes and shield coverages: 1) 10×10 cm² 
field: 25% and 50% shield coverage, 2) 15×15 
cm² field: 25% and 50% shield coverage, 
and 3) 20×20 cm² field: 25% and 50% shield  

coverage. 
This systematic approach allowed for a com-

prehensive evaluation of dose distribution 
under varying field sizes and shield configu-
rations, providing insights into the accuracy 
and reliability of dose calculations in shielded 
fields. The shields were positioned in the field 
using Cerrobend blocks, arranged in geomet-
ric configurations similar to those illustrated in 
the Figure 1. Dose profile measurements were 
taken precisely through the center of the shield 
and along the in-plane direction, with the mea-
surement paths indicated by dashed lines in 
Figure 1.

The following steps were carried out for dose 
profile measurements: 1) the three-dimension-
al PTW water phantom was positioned at the 
isocenter of the Elekta Compact linear accel-
erator. The phantom was meticulously aligned 
to ensure the accuracy and precision of the 
measurements, 2) two Semiflex dosimeters 
were precisely positioned: one in the measure-
ment field and the other as a reference. To mea-
sure the dose within the phantom, data were 
collected along the in-plane axis. The dosim-
eter was gradually moved through the water 
phantom, and doses were recorded at specified 
intervals (every 2 millimeters), and 3) follow-
ing the completion of physical measurements, 
dose calculations for the specified fields were 
performed using the Isogray TPS. The TPS 

Figure 1: Geometric positioning of the 25% and 50% shields within the radiation field and the 
paths for dose profile measurements (indicated by dashed lines). The points for absolute dose 
measurements are labeled as A and B.
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computed the expected dose distribution based 
on input parameters such as beam energy, field 
geometry, and shield configurations. The ex-
tracted data from the TPS included dose values 
at the same measurement points correspond-
ing to the dosimeter readings in the water  
phantom. 

To evaluate the agreement between the mea-
sured dose profiles and the TPS calculations, 
data analysis was conducted as follows: 1) The 
measured data were imported into MATLAB; 
2) the output from the treatment planning sys-
tem, which consisted of a three-dimensional 
dose distribution array, was opened in MAT-
LAB, and the data were extracted at the de-
sired depths and directions; and 3) the gamma 
index method was employed to quantitatively 
compare the measured and calculated dose 
distributions. The gamma index is a widely 
accepted metric for assessing the agreement  
between different dosimetric datasets [16]. 

This systematic approach ensured a rigorous 
comparison between the experimental mea-
surements and the TPS calculations, providing 
insights into the accuracy and reliability of the 
Isogray system in handling shielded fields.

The gamma index analysis was conducted 
using criteria typically set at a 3% dose dif-
ference and a 3 mm Distance-To-Agreement 
(DTA). These thresholds help define accept-
able levels of discrepancy between the mea-
sured and calculated results. For each point in 
the dose profile, the gamma value was com-
puted based on the 3% dose difference and 
the 3 mm DTA criteria. A statistical analysis 
of the gamma values was performed, where 
values less than 1 indicate good agreement. 
The results were analyzed to evaluate the per-
formance of the TPS under different shield  
configurations.

Results
Absolute dose measurements recorded under 

the shield showed that the percentage differ-
ences range from 22.22% to 62.50%, with the 
largest discrepancies observed in the 10×10 
cm² field (45.45% for 25% shield and 62.50% 

for 50% shield), indicating significant overes-
timation by the TPS. The Standard Deviations 
(SD=0 Gy) reflect high measurement precision 
across triplicate readings, suggesting consistent 
experimental data. These differences decrease 
with increasing field size, reaching 22.22% for 
the 20×20 cm² field with 50% shielding.

The data indicate that for field dimensions of 
10×10 cm² with shield sizes of 25% and 50%, 
the measured doses were 0.11 and 0.08 Gy, 
respectively, while the TPS calculated doses 
were 0.16 and 0.13 Gy, resulting in differences 
of 0.05 Gy for both cases. For the 15×15 cm2 

and 20×20 cm2 fields, the differences between 
the experimental and TPS values ranged from 
0.02 Gy to 0.04 Gy, with the smallest differ-
ence observed for a 20×20 cm2 field with a 
50% shield size.

Absolute dose measurements in the open 
field, the percentage differences are notably 
smaller, ranging from 0% to 3.91%, with per-
fect agreement (0%) in the 10×10 cm² field 
with 25% shielding and minor discrepancies 
(up to 3.91% for 20×20 cm² with 50% shield-
ing). The low standard deviations (SD ≤0.001 
Gy) indicate high precision in the measure-
ments, reinforcing the reliability of the ex-
perimental data. These results suggest that 
the TPS performs robustly in unshielded re-
gions across all field sizes, with differences 
remaining within typically acceptable clinical  
thresholds.

Analyzing the measurements for the open 
areas of the fields reveals a different scenario. 
In the10×10 cm² field under 25% shield, the 
measured dose (1.15 Gy) matched perfect-
ly with the TPS value; similarly, in the 50% 
shield scenario, the measured dose (1.12 Gy) 
aligned closely with the TPS-calculated dose 
(1.13 Gy), leading to a minimal difference of 
just 0.01 Gy. As the field dimensions increased 
to15×15 cm², the experimental doses were 
1.24 Gy and 1.21 Gy for the 25% and 50% 
shields, respectively, while the TPS predicted 
doses were slightly higher at 1.26 Gy and 1.25 
Gy, resulting in differences of 0.02 Gy and 
0.04 Gy. In the largest field, 20×20 cm², the  
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measurements indicated doses of 1.29 Gy 
and 1.28 Gy while TPS predictions were 
1.34 Gy and 1.33 Gy, respectively, leading 
to differences of 0.05 Gy for both shielding  
configurations.

The relative dosimetry results for fields with 
25% and 50% shielding were also conducted 
across the same field dimensions of 10×10 
cm², 15×15 cm², and 20×20 cm². These mea-
surements aimed to further evaluate the ac-
curacy of the Isogray TPS in dose distribution 
calculations under shielded conditions. The 
dose profiles, represented in Figures 2 and 3, 
include comparative data for the experimen-
tal measurements, TPS predictions using both 
the CC and C-FFT algorithms, and the corre-
sponding gamma index results to assess the 
agreement between the measures.

Figures 2 and 3 illustrate the dose profiles 
for each field dimension with correspond-
ing shield sizes. Each graph displays the  

experimental dose measurements alongside 
the TPS-calculated doses from the two algo-
rithms and includes a gamma index analysis.

For the 10×10 cm2 field with 25% and 50% 
shielding, both algorithms demonstrated com-
mendable agreement with the experimental 
data. The gamma index results for this field 
indicated high pass rates, suggesting that both 
the CC and C-FFT algorithms provided precise 
dose predictions under the influence of shield-
ing. Notably, minor deviations were observed 
at specific measurement points, particularly at 
the edges of the shielded region, where dose 
gradients were steeper.

For the 15×15 cm2 field, similar trends were 
observed, with both TPS algorithms maintain-
ing an acceptable level of conformity with the 
experimental measurements. The introduction 
of shielding resulted in slightly increased dose 
discrepancies compared to the unshielded sce-
narios, particularly with the 50% shield where 

Figure 2: Dose profile for the 10×10 cm2 field with 25% shields for (Left) Collapsed Cone and 
(Right) Convolution- Fast Fourier Transform algorithms in the treatment planning system  
calculation.

Figure 3: Dose profile for the 20×20 cm2 field with 50% shields for (Left) Collapsed Cone and 
(Right) Convolution- Fast Fourier Transform algorithms in the treatment planning system  
calculation.
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the gamma index indicated a modest decrease 
in agreement. Nonetheless, overall accuracy 
remained high, and both algorithms produced 
favorable gamma results.

In the 20×20 cm2 field, the effects of shielding 
became more pronounced, revealing greater 
variability in the dose profiles. While the over-
all agreement was still significant, the C-FFT 
algorithm exhibited larger deviations in specif-
ic areas compared to the CC algorithm, which 
consistently aligned closer to the experimental 
data. The gamma index analysis for this field 
reflected a reduction in pass rates, especially 
in regions near the shield margins, indicating 
the need for careful calibration and potential 
adjustments in treatment planning when em-
ploying larger fields with substantial shielding.

Table 1 presents the gamma index pass rates, 
calculated with 3% dose difference and 3 mm 
distance-to-agreement criteria, for different 
field sizes, shield configurations, and calcula-
tion algorithms (CC and C-FFT). These values 
illustrate the level of agreement between the 
measured and TPS-calculated dose profiles 
and provide an overall assessment of TPS  
performance.

Discussion
The evaluation of the Isogray TPS on the 

Elekta Compact linear accelerator showed 
variations in dose distribution accuracy and 

consistency for fields with regular shields. 
Absolute dose measurements and dose profile 
comparisons provided insight into TPS perfor-
mance across different field sizes and shield-
ing conditions. These results emphasize the 
relationship between calculated and measured 
doses, highlighting both the strengths and  
limitations of the planning algorithms.

Absolute dose measurements
The results of absolute dose measurements 

under the shield indicate that, overall, the 
Isogray TPS tends to overestimate the dose 
delivered under both 25% and 50% shielding 
across all field sizes. This consistent overesti-
mation diminishes as the field size increases, 
suggesting that the TPS may partially account 
for the increasing complexity of radiation in-
teractions; however, it still falls short in accu-
rately predicting the dose delivered to shielded 
areas. The observed discrepancies may result 
from several factors, including the assumption 
of uniform attenuation by the shielding and po-
tential inaccuracies in modeling the scattering 
effects due to the geometry and composition 
of the shields [12, 17, 18]. Large discrepan-
cies between TPS-calculated and measured 
doses under shielded conditions arise mainly 
from algorithmic limitations (CC and C-FFT). 
These algorithms tend to overestimate doses 
by insufficiently modeling inhomogeneities 

Field dimensions 
(cm2)

Shield 
size (%)

Gamma index pass rate % (Collapsed Cone / Convolution- 
Fast Fourier Transform algorithms)

10×10
25 100 / 100
50 100 / 98.6

15×15
25 86.5 / 87.8
50 86.5 / 89.2

20×20
25 60.8 / 59.5
50 79.7 / 91.9

Table 1: Gamma index pass rates (%) for the Isogray treatment planning system dose  
calculations using Collapsed Cone (CC) and Convolution- Fast Fourier Transform (C-FFT)  
algorithms compared to experimental measurements, evaluated with 3% dose difference and 3 
mm distance-to-agreement criteria across different field sizes and shield configurations.
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and partial volume effects at shield–tissue in-
terfaces, resulting in errors of up to 40% in 
scattered radiation predictions [18, 19]. Ad-
ditionally, scattering effects from high-density 
shielding like Cerrobend contribute to these 
mismatches by altering secondary radiation 
contributions are not fully accounted for in the 
TPS, while setup uncertainties, such as minor 
misalignments in shield positioning or phan-
tom geometry, can amplify deviations, partic-
ularly in larger fields where leakage and pa-
tient scatter become more pronounced [20]. In 
shielded regions, TPS algorithms, like CC and 
C-FFT often underestimate scattered radiation 
from collimators and beam modifiers, leading 
to errors that are exacerbated in heterogeneous 
environments introduced by high-density  
materials such as Cerrobend [21]. 

From a clinical perspective, the percentage 
differences under the shield (22.22%–62.50%) 
are substantial and potentially significant. 
Such overestimations by the TPS may lead to 
underestimating shielding effectiveness and 
increase the risk of toxicity to critical organs. 
This issue is further intensified because, dur-
ing linear accelerator commissioning, pre-fab-
ricated shields of lesser thickness are typically 
used instead of custom Cerrobend shields fab-
ricated later. As a result, measured doses are 
lower than TPS calculations based on commis-
sioning data from these thinner shields. More-
over, as reported by Tahmasebi Birgani et al. 
[15], repeated use of Cerrobend increases its 
density and attenuation, producing even lower 
experimental doses under the shield relative 
to TPS predictions. In contrast, differences in 
open areas (0%–3.91%) remain within clini-
cally acceptable limits (<5%), confirming 
that the TPS provides reliable dose predic-
tions for unshielded regions. These findings 
highlight the need for improved TPS model-
ing in shielded scenarios to enhance clinical  
outcomes [22].

Relative dose measurements
In the 10×102 cm² field with 25% and 

50% shielding, the results demonstrated an  

impressive alignment between experimentally 
measured dose profiles and TPS calculations, 
with a flawless gamma index pass rate. This 
outcome suggests that both the CC and C-FFT 
algorithms performed exceptionally well for 
smaller field sizes, suggesting that the TPS 
may have been optimized for managing dose 
distributions in configurations with limited 
shielding. The small discrepancies observed 
in the penumbra region are not unexpected, 
as penumbral areas are inherently sensitive to 
measurement variations and can be influenced 
by factors, such as detector positioning and ge-
ometry [23]. It is worth noting that these minor 
deviations do not undermine the overall effi-
cacy of the TPS in clinically relevant scenarios 
involving standard 10×10 cm2 fields.

Transitioning to the 15×15 cm2 field, we en-
countered a marked change in the performance 
metrics. While the CC and C-FFT algorithms 
are again functioned well overall, a significant 
divergence was noted specifically in the area 
beneath the shields. The gamma index exceed-
ing one indicates that these TPS algorithms 
struggled with accurate dose calculations in 
areas significantly blocked by shielding. This 
discrepancy may be attributed to several fac-
tors, including the increased complexity of 
dose distribution in larger fields, where scat-
tered radiation and secondary contributions 
become more prominent, and partial volume 
effects that degrade prediction accuracy [24]. 
Additionally, the use of regular shields intro-
duces geometrical complexities that are not 
fully addressed in the TPS model. In CC al-
gorithms, kernel tilting for inhomogeneities is 
often inadequate, while in C-FFT algorithms, 
superposition is limited. These shortcomings 
lead to mismatches between the planned and 
the delivered doses [8, 14, 25].

The analysis of the 20×20 cm² field reveals 
the largest discrepancies between TPS-calcu-
lated and measured doses, particularly under 
shielded regions. This highlights the limita-
tions of the current dose calculation algorithms 
when applied to larger field sizes. The re-
sults indicated that both the CC and C-FFT  

Accuracy of Isogray TPS in Fields with Regular Shields
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algorithms exhibited pronounced discrepan-
cies, not only in the area under the shield but 
also in the penumbral region. The evident dif-
ferences between experimental measurements 
and TPS calculations suggest a systematic 
challenge for larger fields when implementing 
shielding. In this context, the TPS may not ap-
propriately accommodate the changes in scat-
tered radiation and secondary dose contribu-
tions from adjacent tissue, which can be more 
influential in broader field geometries due to 
limitations in beam modeling and inhomoge-
neity handling [14, 26]. For instance, CC al-
gorithms may overestimate doses in heteroge-
neous regions by up to 0.9% due to incomplete 
accounting for tissue interfaces, while C-FFT 
lacks full 3D kernel superposition, amplifying 
errors in shielded, larger fields [21, 24].

Table 1 shows the gamma index pass rates, 
which quantify the discrepancies between 
measured and calculated doses. For the small-
er 10×10 cm² field, both CC and C-FFT algo-
rithms achieved excellent agreement (100% 
in most cases) under 25% and 50% shielding. 
This outcome reflects the TPS optimization 
for limited shielding configurations. Howev-
er, pass rates decline notably in larger fields, 
dropping to as low as 59.5% for the 20×20 
cm² field with 25% shielding using C-FFT, 
underscoring the algorithms’ challenges in 
modeling scattered radiation and penumbral 
effects in broader geometries; interestingly, the 
C-FFT algorithm shows slightly higher pass 
rates in some 50% shielded scenarios (e.g., 
91.9% vs. 79.7% for CC in 20×20 cm²), sug-
gesting differential handling of attenuation and  
superposition between the two methods.

The overall performance of the Isogray TPS 
has demonstrated robustness for open field 
scenarios while highlighting significant chal-
lenges in dose prediction under shielded con-
ditions, especially as the field size increases. 
The systematic overestimation of doses be-
neath the shields calls for further investiga-
tion into refining shielding models used within 
the TPS. The clinical use of manual shields 
such as Cerrobend has declined with the  

advent of MLCs [27-29]. MLCs provide pre-
cise beam shaping, greater efficiency, and re-
duced toxicity without custom block fabrica-
tion [27-29]. However, manual shields remain 
relevant in certain cases, including hypofrac-
tionated treatments or when MLC limitations 
(e.g., leaf width in complex geometries) re-
quire additional protection [30-32]. To ensure 
optimal patient safety and treatment efficacy, 
continuous validation against clinical mea-
surements is critical, particularly for complex 
treatment scenarios. Enhanced algorithms that 
better account for shielding effects are es-
sential for accurate treatment planning. They 
ensure radiation therapy remains safe and  
effective across all prescribed field sizes.

Conclusion
The comprehensive evaluation of the Isogray 

TPS, in conjunction with experimental abso-
lute dose measurements, has revealed impor-
tant insights into its performance across dif-
ferent field sizes and shielding configurations. 
Our findings demonstrate that while the TPS 
exhibits commendable accuracy in predict-
ing dose distributions in unshielded areas, it 
struggles with overestimating doses delivered 
under shielding conditions, particularly in 
larger fields. This inconsistency highlights the 
complexities involved in accurately modeling 
radiation interactions in the presence of shield-
ing, which can significantly impact treatment 
efficacy and patient safety. In summary, this 
research identifies both strengths and weak-
nesses of the Isogray TPS, showcasing its util-
ity while also highlighting critical areas for 
improvement. To enhance the reliability and 
precision of TPS outputs in clinical settings, 
particularly with challenging geometries,  
further research is essential.

Some suggestions for future research are 
algorithm enhancement for more accurately 
modeling the physical interactions of radiation 
with shielding materials. This could involve 
advanced Monte Carlo simulations that con-
sider heterogeneous tissue compositions and 
varying geometric configurations to provide a 
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VIII



J Biomed Phys Eng

more precise representation of dose distribu-
tions under shields. Conducting a comparative 
analysis of multiple treatment planning sys-
tems for the same set of conditions (field sizes, 
shielding types, and geometries). Future stud-
ies should also examine a wider range of field 
sizes and shielding configurations, including 
irregular and customized designs.

By pursuing research on algorithm enhance-
ment, Monte Carlo simulations, and compara-
tive analyses of treatment planning systems, 
the field of radiation therapy can enhance the 
effectiveness of treatment planning systems, 
ultimately leading to improved outcomes for 
patients undergoing radiation treatment.
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