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ABSTRACT

Background: Inradiotherapy, the accuracy of dose calculation systems plays a key
role in the treatment of cancer patients.

Objective: The current research aimed to evaluate the dose calculation accuracy
of Monaco Treatment Planning System (TPS) in estimating the Effective Wedge Angle
(EWA) using two different mathematical methods: Elekta formula and ICRU-24 for-
mula.

Material and Methods: In this experimental study, EWAs for different field
sizes (5%5, 10x10, 15x15, 20x20, 25%25, and 30x30 cm?) at standard angles (15°,
30°, 45°, and 60°) were computed by the Monaco TPS using two different analytical
methods. The practical EWAs were measured according to the conditions outlined in
the Elekta formula and the ICRU-24 formula, and these measurements were compared
with the results derived from the TPS.

Results: The planned and measured EWASs are consistent with the Elekta formula,
and the error value was less than 0.5 in all radiation fields and EWAs. In the ICRU-24
formula, the maximum deviation was £2.6° between the computational and practical
EWAs.

Conclusion: The Elekta-based analytical method demonstrates a good agreement
between planned and measured EWAs, while the ICRU-24 formula exhibited the
greatest discrepancies.
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Introduction
adiotherapy is one of the three primary approaches for treating
various cancer types globally. Successful cancer treatment relies
on delivering sufficient dose coverage to the target while mini-
mizing exposure to normal and vital tissues. Wedge filters are employed
in radiotherapy to improve dose uniformity within the target volume
[1]. Various auxiliary devices are utilized in radiotherapy, including
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physical, motorized, and dynamic wedges,
which can tilt the isodose curve relative to
the beam Center Axis (CAX). By combin-
ing these devices with other radiation fields,
it is possible to achieve the desired dose dis-
tribution within the tumor volume. Currently,
computer-controlled wedge systems, includ-
ing internal, dynamic, and virtual aspects, play
a crucial role in radiation therapy, enhancing
dose uniformity within the target volume [1].
Automated wedge filters offer several advan-
tages, such as eliminating the risk of physical
injury to both operator and patients, reducing
the need to handle physical wedges, shorten-
ing treatment times, accommodating more
patients, decreasing operator fatigue, and al-
lowing for customizable Wedge Angles (WAs)
instead of standard ones. In 3D Conformal
Radiation Therapy (3DCRT), wedge filters are
commonly employed to treat tumors in vari-
ous anatomical regions, including the brain,
breast, and pelvis. However, the steep dose
gradients associated with these treatments can
create hot spots that pose significant risks to
critical organs, such as the optic nerves, heart,
esophagus, and rectum [2-5]. Precise Treat-
ment Planning System (TPSs) are essential
for accurate dose calculations and effective
dose delivery systems via linear accelerators
(Linacs) equipped with specialized tools, in-
cluding wedge filters, Multi-Leaf Collima-
tors (MLC), and Electronic Portal Imaging
Devices (EPID).

According to the International Commission
on Radiation Units and Measurements (ICRU-
83), the delivered radiation dose should remain
within -5% to +7% of the prescribed dose [6].
This standard necessitates rigorous Quality
Assurance (QA) protocols for these systems
[7]. Several QA protocols related to the dose
calculation and delivery systems provide valu-
able insights into the agreement levels (or ac-
ceptable error margins) between measured and
calculated doses [8-12]. Consequently, the ac-
curacy of dose calculations must be assessed
using different computational algorithms in

wedged fields [13].

The dosimetric characteristics of motorized
wedges, including Effective Wedge Angle
(EWA), wedge factor, and beam hardening,
were analyzed for their dependence on WA,
field size, and energy. Ilyas et al. [14] found
that the EWA was minimally affected by field
size, staying within the recommended range
(£3%) [8]. Changes in isodose curves have
been analyzed in standard wedge fields at dif-
ferent depths [1, 15-20]. Gamit et al. freported
a difference of 9° and 5° between the effective
and nominal WAs at photon beam energies of
6 Million Volts (MV) and 15 MV, respectively
[1]. Ramya et al. [21] noted that motorized
wedges are influenced by both energy and field
size, with the largest discrepancies observed at
6 MV energy and the smallest field size (5%5
cm?), while the lowest mismatches occurred
at 15 MV energy with the largest field size
(20%20 cm?). Behjati et al. [17] evaluated the
dosimetric characteristics of Elekta’s motor-
ized wedge and found a maximum difference
of 10° between planned and motorized WAs.
Comparative data for assessing and contrast-
ing the motorized EWA using the Elekta and
ICRU-24 formulas is currently lacking in the
literature.

The presence of a wedge filter in the beam
path alters the quality of the radiation beam,
reducing its intensity and increasing its av-
erage photon energy due to beam hardening
effect. Consequently, the slope of the isodose
curves varies depending on the degree of
beam hardening in different sections of the in-
ternal wedge, leading to changes in the EWA.
To enhance the accuracy of dose calculations,
it is crucial to understand the extent of beam
hardening in the wedge filter during treatment
planning, a factor that should be integrated
into computerized TPSs [16]. The dose calcu-
lation accuracy of Monaco TPS in determin-
ing the EWA using two different analytical
methods has not been previously investigated.
This study aimed to compare planned EWAs
with measured EWAs using two different
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methods: the Elekta and ICRU-24 formulas.
While prior research [1, 14, 16, 17, 22] has fo-
cused on a limited number of radiation fields
involving wedges, this study explores WAs
across a broader range of radiation fields,
from 5%5 to 30x30 cm?. This study provides
a comparative analysis using the Elekta and
ICRU-24 formulas to evaluate the accuracy of
the Monaco TPS in estimating EWAs across a
wide range of radiation fields.

Material and Methods

This experimental study in conducted in two
phases as descriptive research in the radiother-
apy department at Shahid Madani Hospital in
Tabriz, Iran, from September 2023 to March
2024. The study aimed to assess the accura-
cy of the Monaco TPS in generating wedged
isodose curves. EWAs were computed at vari-
ous angles and radiation fields using the TPS,
employing two analytical methods: the Elekta
and ICRU-24 formulas. The calculations for
EWAs based on these formulas utilized the
guidelines provided in the Elekta user manual
[22-24] and ICRU-24 protocol [14, 25-27].
Subsequently, EWAs were derived from prac-
tical measurement data across different angles
and radiation fields using both analytical ap-
proaches. The outcomes from the TPS data
were compared with practical measurements
to evaluate the accuracy of Monaco TPS com-
putations against experimental results. Stan-
dard Nominal Wedge Angles (NWAs) of 15°,
30°, 45°, and 60° were selected along wedged
fields with square dimensions of 5, 10, 15, 20,
25, and 30 cm?. The EWA within TPS was es-
tablished through Forward Planning, whereby
the desired NWA was input into the Monaco
TPS to obtain the Monitor Unit (MU) values
corresponding to both the wedged and open
fields. To compute the EWA using the Ele-
kta and ICRU-24 formulas, it is sufficient to
gather the requisite point dose data at speci-
fied depths (single-point dose data for Elekta
formula and four-point dose data for ICRU-
24 formula) from the TPS, which were then

applied in their respective equations to derive
the EWA values. The EWA generated by the
internal wedge of the Elekta machine was cal-
culated based on the MU values obtained from
the TPS. The MU values for both the wedged
and open fields were then irradiated onto a
water phantom, with point dose values mea-
sured at the specified depths using the Farmer
Chamber. These dose values enabled the de-
termination of EWAs using both the Elekta
and ICRU-24 formulas.

Elekta Motorized Wedge

Elekta employs a 60-degree remote-con-
trolled motorized physical wedge filter inte-
grated within the accelerator head to produce
various WAs. This wedge is composed of
lead-antimony alloy (96% lead and 4% an-
timony, 3.2 kg PbSb,) with a density of 11.1
g/cm?. This remote-controlled wedge filter can
lead to select WAs ranging from 1° to 60°. The
motorized technique combines radiation doses
from both open field and the physical wedge
along the beam path, resulting in wedge-
shaped isodose curves [28].

To evaluate the accuracy of TPS calcula-
tions in the context of wedged fields, all nec-
essary data for commissioning the Collapsed
Cone convolution (CCC) algorithm, including
depth dose percentage data and dose profiles,
were collected and input into the TPS. Sub-
sequently, audit tests, including the wedged
field (Case No. 7 from International Atomic
Energy Agency (IAEA) Technical Documents
No. 1583 (TECDOC-1583) [29]) were simu-
lated using the Monaco TPS. Radiation was
performed on the Computerized Imaging Ref-
erence Systems (CIRS) phantom, and dose
values at the designated points were obtained
using the Farmer Chamber, leading to the as-
sessment of discrepancies between calculated
and measured doses in wedged fields. The
results indicated a good agreement between
the algorithm calculations and empirical
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Elekta Formula
The equations utilized in the Elekta method
[22-24] for determining EWAS are as follows:
tan @
(1)
tan y

Where F is defined as weight factor, 0 is the
effective wedge angle, and ¥ is considered the
maximum wedge angle for a specified field
size and depth.

In a wedged field, the weight factor (F in
Equation 1) indicates the dose percentage of
the motorized wedged and open field. This
weight factor ranges of 0 (fully open field) to
1 (fully wedged field), with intermediate val-
ues representing partially wedged field. The
Monaco TPS can ascertain the necessary coef-
ficients (dose or MUs) for each field individu-
ally. By employing an appropriate combina-
tion of calculated weighting factors, isodose
distribution corresponding to desired Effective
Wedge Angle )EWASs( can be achieved, rang-
ing from 0° to 60°.

D =DxF (2)

Where D is the dose that the angular part
of the beam receives in the central axis of the
beam at depth d and D, is the total dose reached
in the central axis of the beam at depth d.

I-F
D,=D,-D, =D, x

F =

3)

Where D is the dose that the open part of the
beam receives in the central axis of the beam
at depth d.

All calculations were performed at a depth
of 10 cm from the surface of the water phan-
tom, with a Source-to-Surface Distance (SSD)
of 100 cm. The gantry and collimator angles
were set to 0°.

ICRU-24 Formula

According to the ICRU report 24 [14, 25-
27], the following formula was employed to
derive EWASs using the ICRU-24 method:
. (DP—Dq)/Ad]ztanil{(Adose)/(width)} &)

Wedee Angle =0 = tan™
edge Angle an [(D()iD”)/z (Adose)/ (depth)

D, represents the dose at a depth of 9 c¢m,

and D, is the dose at 11 cm along the central
axis of the beam. D, and D_are lateral coordi-
nates at a depth of 10 cm, where for angles of
15° and 30°, they equal + field width/4, and
for angles of 45° and 60°, they equal + field
width/6. Ad denotes the distance between the
lateral coordinates Dp and Dq on either side of
the central axis. All measurements were con-
ducted 100 cm from the Source-to-Axis Dis-
tance (SAD) and 10 cm below the surface of
the water phantom, with gantry and collimator
angles set to 0°.

Using these two analytical methods, the Ele-
kta and ICRU-24 Formulas, we calculated and
measured internal motorized EWAs.

Calculated Effective Wedge Angle
The Monaco TPS (version 5.11.03, Elekta,
Crawley, England), utilizing the CCC algo-
rithm, was employed to calculate the EWAs
across various square fields and standard WAs.
A virtual water phantom, matching the dimen-
sions of a 3D water phantom (50x50%50 cm?)
with a relative electron density of 1, was uti-
lized in the TPS. The central axis of the ra-
diation fields was defined centrally within the
phantom, ensuring sufficient thickness from
the radiation field edges to account for lateral
scattering rays. The configuration for the Mo-
naco plan employed the SSD technique, with
an SSD of 100 cm for the Elekta formula.
For the ICRU-24 formula, the planned EWA
was defined as the slope of the isodose con-
tour (%350) at a standard depth of 10 cm on
the CAX at a 100 cm SAD. After defining the
virtual water phantom in the TPS and applying
specific settings according to the Elekta and
ICRU-24 formulas, wedged fields with stan-
dard NWAs (15°, 30°, 45°, and 60°) were de-
signed across six different square fields (55 to
30x30 cm? at 5 cm intervals). An X-ray beam
with an energy of 6 MV was utilized in all
plans, with both collimator and gantry angles
set to zero degrees. Following calculations
in the Monaco TPS, all requisite point dose
data were obtained for computing EWAs. The
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calculated EWAs were subsequently extract-
ed using the Elekta and ICRU-24 formulas.
Figure 1 illustrates the position of the points
necessary for calculating the EWA using the
ICRU-24 method for a field size of 10x10 cm?
with an NWA of 45°.

According to the ICRU-24 formula [14, 25-
27], the maximum acceptable deviation of the
EWA from the nominal standard value should
remain within +2°. For instance, for an NWA
of 15°, the permissible range for the EWA lies
between 13° and 17°.

Measured Effective Wedge Angle

To obtain the measured EWAs, it was es-
sential to collect the dose information cor-
responding to the required points based on
the Elekta and ICRU-24 formulas by mea-
suring absolute doses in a water phantom.
A Pole To Win (PTW) Motorized 3D water
Phantom system (MP3) (PTW-Freiburg, Ger-
many), equipped with an electrometer and a

Farmer-type ionization chamber (model 30013
PTW with a sensitive volume of 0.6 cm?), was
utilized to determine the measured EWAs.
Figure 2 depicts the setup employed for mea-
suring the EWA with the Elekta linear ac-
celerator and the PTW water phantom. The
Technical Reports Series No. 398 (TRS-398)
dosimetry protocol [30] was followed to ob-
tain the absolute dose at the target points. Af-
ter setting up the phantom, the Farmer cham-
ber was positioned at predetermined locations
in the wedge/open field as outlined in the TPS
with specified MUs. According to the planned
WA and the TPS report, the MUs for both the
internal wedge field and the open field were
exposed using the linear accelerator.

To obtain the absolute dose from dosimeter
readings, a series of correction coefficients
must be applied to the raw data. These cor-
rections include the N, .. factor (absorbed
dose calibration factor to water), K, factor
(water temperature and air pressure correction

‘4

Figure 1: A graphical representation of the Monaco plan was set up to determine the effective
wedge angles using International Commission on Radiation Units and Measurements (ICRU-24)
formula (field size 10x10 cm?, wedge angle 45°). Point O is positioned at the isocenter.
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Figure 2: Absolute dosimetry was conducted using a linac (Elekta Synergy Platform) in conjunc-
tion with a Pole To Win (PTW) Motorized 3D water Phantom system (MP3) to measure the ef-

fective wedge angles.

factor), K factor (electrometer calibration
factor), Kpol factor (polarity correction fac-
tor), K factor (saturation or ion recombination
correction factor), and Ko 00 (radiation qual-
ity correction factor). Once these correction
coefficients are applied, the absolute dose at
the specified depth can be determined. Con-
sequently, practical EWAs can be calculated
using the relationships defined for the Elekta
and ICRU-24 formulas. The positional accu-
racy of the PTW MP3 water tank scanner arm
was verified using high-precision dial gauges,
with mechanical precision estimated at +0.1
mm across all three coordinate axes.

Results

The values of the measured and planned
EWAS for all relevant field sizes and WAs, as
determined by the Elekta and ICRU-24 formu-
las, are detailed in Tables 1 to 4. Also, Tables
1 to 4 present the discrepancies between the
planned EWAs and measured EWAs in terms
of degrees and percentages.

Data analysis using the Elekta formula in-
dicates that the angle difference between the
EWAs is within £0.5° (ranging from -0.34° to

0.37°). In contrast, the analysis of the ICRU-
24 formula revealed a deviation between the
calculated and measured EWAs was approxi-
mately £2.6°, ranging from -2.58° to 1.63°.

A maximum deviation of -2.58° with a NWA
of 60° using the ICRU-24 formula was ob-
served for a 10x10 cm? field size, while the
Elekta formula yielded a maximum deviation
of 0.37° at a NWA of 45° for the same field
size. Table 5 presents the weighting factors
necessary for generating isodose curves asso-
ciated with Elekta’s motorized EWAs across
four standard angles. These factors were ex-
tracted from TPS calculations. According to
Elekta’s guidelines, by appropriately combin-
ing two radiation fields, one with a 60° physi-
cal motorized wedge and another without a
wedge (open field), it is possible to achieve
the desired EWA within the range of 0° to
60°. This method can lead to the adjustment
of isoline curves at a depth of 10 cm in a wa-
ter phantom, aligning the slope to meet the
provided WA.

Discussion
The objective of this study was to assess

J Biomed Phys Eng
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Table 1: Comparison between the Elekta formula and the International Commission on
Radiation Units and Measurements (ICRU-24) formula for obtaining measured and planned
effective wedge angles across various field sizes at a nominal wedge angle of 15°.

Elekta Formula ICRU-24 formula

Field size - - - o
(cm?) Measured TPS Deviation  Deviation = Measured TPS Deviation  Deviation

EWA() EWA(%) () (%) EWA() EWA(®) () (%)
so 4B WE g om 180
o0 TS g RRUR g
ois B8 BT g g BRRB g gy
20x20 (1823) (1823) 0.05 0.32 (138;) (113;';) -0.60 -4.23
25x25 (1822) (1832) 0.03 0.17 (13&?) (1327;) -0.25 -1.67
o S0 BE o op BB B2 L g

The values in parentheses indicate the degree of difference from the nominal wedge angle of 15°.

ICRU: International Commission on Radiation Units and Measurements; TPS: Treatment Planning System; EWA: Effective
Wedge Angle

Table 2: Comparison between the Elekta formula and the International Commission on
Radiation Units and Measurements (ICRU-24) formula for obtaining measured and planned
effective wedge angles across various field sizes at a nominal wedge angle of 30°.

Elekta Formula ICRU-24 formula

Fizl:c:nsz;ze Measured TPS Deviation  Deviation Measured TPS Deviation  Deviation

EWA() EWA(®) () (%) EWA() EWA(®) () (%)
55 oty (om0 ose i AR e 7
o0 Ao ey 08 o UL B0 st e
15 0% oy 0B o8 T Tl s sss
0900 T8 owy 0% e TE T oss o wo
95 e gy 0B 08 o L os s
00 e ory 0T 08 S Jhe oo oo

The values in parentheses indicate the degree of difference from the nominal wedge angle of 30°.

ICRU: International Commission on Radiation Units and Measurements; TPS: Treatment Planning System; EWA: Effective

Wedge Angle
/ VII
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Table 3: Comparison between the Elekta formula and the International Commission on
Radiation Units and Measurements (ICRU-24) formula for obtaining measured and planned
effective wedge angles across various field sizes at a nominal wedge angle of 45°.

Field size Elekta Formula ICRU-24 formula
(cm?) Measured TPS Deviation  Deviation  Measured TPS Deviation  Deviation
EWA(®) EWA() () (%) EWA(®) EWA(®) () (%)
so  MEHT L on o TE B0 s
10x10 (4358) (45‘3;) 037 082 a0 gy 194 e
15 a0 osr Bl BN 048 LS
D0 Lo sox 0B 05 Sl e o7 -ise
5% Lo s 0B 08 o B e e
1 o SR 1 A A S LB S

The values in parentheses indicate the degree of difference from the nominal wedge angle of 45°.

ICRU: International Commission on Radiation Units and Measurements; TPS: Treatment Planning System; EWA: Effective
Wedge Angle

Table 4: Comparison between the Elekta formula and the International Commission on
Radiation Units and Measurements (ICRU-24) formula for obtaining measured and planned
effective wedge angles across various field sizes at a nominal wedge angle of 60°.

Field size Elekta Formula ICRU-24 formula
(cm?) Measured TPS Deviation  Deviation Measured TPS Deviation  Deviation
EWA(®) EWA(%) () (%) EWA() EWA(®) () (%)

5x5 fg.'fg) ("_’gl-ff) 004 oo7 0 ML 246 e

40 U gy 008 005 UL ST ass s

15 G0 eosy 0% 00T U TN s -4

00 e o 02 0 o5 TR s 00

25x25 (fggg) (Egg;) 0.01 0.02 (Sfi?) (532; 0.49 0.83

090 0 aosg 00 0 G0 G035 oss o

The values in parentheses indicate the degree of difference from the nominal wedge angle of 60°.

ICRU: International Commission on Radiation Units and Measurements; TPS: Treatment Planning System; EWA: Effective
Wedge Angle
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Table 5: Weight factors related to standard
wedge angles. The data were calculated
using Treatment Planning System (TPS).

Monaco Wedged Open beam
calculated beam weight weight
wedge angle (°) factor factor
15 0.40 0.60
30 0.65 0.35
45 0.83 0.17
60 1 0

the dose calculation accuracy of the Monaco
TPS EWA produced by the internal motorized
wedge filter, comparing results derived from
the Elekta and ICRU-24 formulas. To deter-
mine the calculated EWA in Monaco TPS and
the measured EWA using the Elekta Synergy
machine, we employed two different meth-
ods. The first method utilized the relationships
outlined in the Elekta user manual [23] (Ele-
kta formula), while the second relied on the
formulas from the ICRU-24 protocol (ICRU-
24 formula). After calculating the EWAs and
measuring them with both Elekta and ICRU-
24 formulas across four standard angles and
six different radiation fields, we analyzed the
discrepancies between these angles using both
analytical approaches.

The results presented in Tables 1 to 4 indi-
cate that for all the EWAs obtained through
the Elekta formula, variations in the size of
the radiation field did not significantly affect
deviation values. However, analysis of Elekta
formula revealed that for all relevant angles,
an increase in radiation field size correspond-
ed with a slight increase in the calculated and
measured EWAs. Notably, these values re-
mained very close to their respective NWAs.
Furthermore, across all examined fields at
an angle of 60°, the difference between the
calculated and measured EWAs was nearly
negligible.

Data processing using the ICRU-24 for-
mula indicates that as the radiation field size

decreases, the discrepancy between planned
and measured EWAs increases, with the ef-
fect being particularly pronounced at smaller
wedge angles. For a field size of 5x5 c¢cm? at
a nominal angle of 15°, the maximum dis-
crepancy reached -8.74%. Consequently, the
ICRU-24 formula exhibited the greatest fluc-
tuations or differences at the smallest field
dimensions (5%5 c¢cm?). It can also be inferred
from the ICRU-24 formula that for each stan-
dard WAs studied, both measured and planned
EWAs increased with larger radiation field
sizes; however, the rate of increase in ICRU-
24 EWAs was significantly greater than that
of the Elekta EWA. Nonetheless, the ICRU-24
EWAs were notably distant from their corre-
sponding standard NWAs, especially as dis-
crepancies widened with decreasing field size
and WA. This phenomenon can be interpreted
the increasing contribution of the 60° physical
motorized wedge as the wedge angle increas-
es, leading to a longer duration of exposure
(or MU) in the wedged field. As indicated in
Table 5, the weighting factor for the wedged
beam rises with an increase in WA, which in
turn enhances beam hardening effects from
the motorized wedge filter. This increase also
leads to a greater number of scattered rays pro-
duced. The inadequate modeling of these ef-
fects in TPS calculations suggests that Mona-
co’s CCC algorithm may not fully account for
the impacts of beam hardening and scattered
radiation on dose distribution. The dose is cal-
culated by convolving the Kernel with the To-
tal Energy Released per unit Mass (TERMA).
Factors such as the tilt of the kernel, X-ray
absorption based on voxel density, and varia-
tions in the energy fluence spectrum can af-
fect this calculation. Thus, it is likely that the
discrepancy between planned and actual EWA
widens as the WA increases. We found that
similar to earlier findings [1, 17, 21, 31] as the
radiation field and wedge angle decrease, the
differences become more noticeable.

Our study results show that the ICRU-24
formula, which depends on the slope of the
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isoline curve and four specific dose points,
adds more uncertainty to dose calculations
than the Elekta formula. In contrast, the Elekta
formula uses just one measurement point and
determines the EWA as a ratio of the dose (or
MUs) between a fully wedged beam and an
open beam. Further research is warranted to
accumulate more data and insights, and the in-
corporation of advanced dosimetric techniques
could be beneficial, such as two-dimensional
dosimetry with films.

The findings of this study revealed that, for
the ICRU-24 formula and NWAs of 15° and
30°, the percentage error between the calcu-
lated and measured EWAs exceeded £2% in
seven radiation fields. However, as the NWA
increased to 45° and 60°, the number of fields
with significant discrepancies decreased to two
radiation fields at each WA. This study high-
lights that the largest deviations in planned
versus actual EWAs were considerably lower
than previously reported deviations (maxi-
mum —2.58°). Furthermore, the results show
that the deviations in practical EWAs from the
planned values across various radiation fields
remained within the acceptable uncertainty
range of £2° [25, 32]. Our findings align with
those of previous studies [21, 25, 31, 32]; al-
though some reports suggest that their devia-
tions exceeded the proposed uncertainty range
[1, 17].

Comparative analysis of the Elekta and
ICRU-24 formulas showed consistent agree-
ment with the Elekta formula, while the ICRU-
24 was consistent only in radiation fields of
20%20 cm? or larger. Similar deviations have
been reported in other studies [1, 17].

Nurjannah et al. [33] found that increasing
wedge angles reduce doses to the Planning
Target Volume (PTV) and Organs-at-Risk
(OAR). Our results confirm that higher wedge
angles enhance beam hardening, reducing pa-
tient radiation exposure. Future studies should
aim to analyze larger datasets and foster
multi-institutional collaborations, and encom-
pass a broader array of treatment scenarios to

validate our findings. Additionally, the devel-
opment of novel computational methods and
more advanced dosimetric techniques would
provide significant values.

In summary, this study offers valuable in-
sightful into the performance of various EWA
computation methods. While TPSs like Mo-
naco are essential in radiotherapy, it is crucial
to recognize their limitations and validate their
outputs through comparative analysis.

Conclusion

This study primarily compares two com-
putational methods (Elekta and ICRU-24
formulas) for estimating EWAs and assesses
the accuracy of the Monaco TPS CCC algo-
rithm. Results indicate that the Elekta formula
shows minimal discrepancy between planned
and measured EWAs, with errors about £1%
across all radiation fields and standard wedge
angles, while the ICRU-24 formula has a de-
viation of £9%. The Elekta formula’s reliance
on dosimetric data from a single point at CAX
results in lower discrepancies, whereas the
ICRU-24’s use of four points outside CAX
increases dose uncertainty and errors in EWA
determination.
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