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Abstract

Aim: The purpose of this study was to make a comparison between measured and calculated
physical wedge dose distributions using the superposition algorithm. Settings and Design: The
accurate determination of absorbed dose is important radiotherapy because of the relatively
steep sigmoidal dose response curves for both tumor control and normal-tissue damage. Materials
and Methods: High-energy photons (6 and 10 MV) from Artiste Treatment System Linear Accele-
rator Machine, available at Alexandria Ayadi Al-Mostakbal Oncology Center, were used. Results
and Discussion: The results showed that the difference between measured and calculated wedged
isodose curves depends on field size, beam energy, and the angle of the used wedge. Conclusion:
The results showed that the presence of a wedge alters the primary and scattered components
generated by a linear accelerator and causes beam hardening in 6 and 10 MV. The beam hardening
increased as the wedge angle increased.
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1. Introduction

The accurate determination of absorbed dose is crucial to the success of radiotherapy because of the relatively
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steep sigmoidal dose response curves for both tumor control and normal-tissue damage. A difference of only a
few percent in the dose (to the tumor) may separate uncomplicated tumor eradication from either failure to con-
trol the tumor through underdosage or serious normal tissue damage through overdosage. There are several pa-
pers reporting the results of wedge beam profile measurements from physical, virtual and dynamic filters, using
different dosimeters such as diode, ionization chamber, chemical dosimeter, film and numerical methods that
use Monte Carlo calculation codes [1]. Irregularly shaped fields have been used for a long time in radiotherapy
using photon beams [2]. Radiation therapy treatment planning for many clinical situations requires wedge
shaped isodose distributions. In radiation therapy, three different methods are routinely used to produce a wed-
ged dose distribution for a high-energy photon beam. The simplest method is the use of a physical wedge; the
second method is the universal wedge technique; the third method is the virtual (dynamic) wedge [3] [4]. The
use of mechanical wedge filters is a well-established method for dose inhomogeneity compensation in photon
therapy [5], wedge filters, which raise two problems in the radiotherapy practice: progressive attenuation of
beam across the field (the thinner side of the wedge attenuates the beam less than the thicker side) and spinning
of isodoses curves plate [6] [7].

The physical wedge system requires a separate wedge for each beam width, optimally designed to minimize
the loss of beam output [8]. The wedge filter is made by material with high density (e.g. steel or lead), is
mounted on a special tray and can be placed at a certain distance from de source in the beam. The wedge filter is
characterized by the wedge angle and by the transmission factor [8]-[13]. Physical wedges attenuate beam in
both the gradient and nongradient directions of the wedge. For large fields data should also be taken in the non-
gradient direction to examine the impact of rounding off, due to oblique incidence of the beam and selectively
higher attenuation at off axis [14]-[16].

Universal wedge is a single physical wedge (60°) which could generate desired angle (0" to 60°) with the
combination of open and wedged beam [17]. Modern medical accelerators are usually equipped with a dynamic
wedge (DW) option. The DW makes use of dynamic movement of one pair of independent jaws on a linac and
generates dose distributions equivalent to those produced by a PW placed in static fields [3].

Accurately modeling the distribution of dose in clinical situations is essential to the modern practice of radio-
therapy. The introduction of a new dose calculation algorithm into a commercial TPS warrants extensive valida-
tion by the medical physics community before the algorithm is accepted for clinical implementation. Thus there
is an impetus to critically examine the performance of the superposition dose deposition method. Selecting a
proper set of validation tests to be applied and identifying appropriate criteria upon which to judge the results
are essential to the evaluation process [18].

The Xio superposition dose deposition method is an adaptation of the “collapsed cone” dose calculation me-
thod [19]. As with FFT Convolution, all superposition calculations are done in beam coordinates, and the dose
in the beam coordinates is interpolated to the user specified calculation volume. This study is aimed to validate
the wedged asymmetrical fields by comparing between measured and calculated physical wedge dose distribu-
tions using the Xio superposition algorithm.

2. Materials and Methods
2.1. Beam Set Arrangements

High-energy photons (6 and 10 MV) from Artiste Treatment System Linear Accelerator machine, available at
Alexandria Ayadi Al-Mostakbal Oncology Center, were used. A linear accelerator having Physical wedge an-
gles of 15°, 30°, 45° and 60° was used to produce 6 and 10 MV photon beams. The dose distributions were cal-
culated by CMS (Xio 4.5) 3D planning system 3DTPS. PWs with asymmetric fields for 10 cm x 10 cm, (X1 =5,
X2=5&Y1=25,Y2=75),(X1=5X2=5&Y1=5,Y2=5),(X1=5X2=5&Y1=75Y2=25)at
depths of dpax 5, 10, 20 cm with source to surface distance (SSD) of 100 cm as shown in Figure 1. Calculations
were performed in a phantomcreated by the Xio 3DTPS with a homogeneous density of 1 g/cm®. The dose was
calculated for all PW angles for 6 and 10 MV photon beams at each depth.

Dose profile curves were measured at predefined depths in water phantom with a PTW dosimetry system with
with two semiflex (0.125 cc) ionization chamber. The position of the ionization chamber is critical in the case of
wedged beams due to the dose gradient in the direction of the wedge. The chamber was mounted in a holder,
placed in a 50 cm x 50 cm x 50 cm PTW three dimensional water phantom. The water surface was leveled at
SSD of 100 cm. The gantry of the treatment unit was set to 0°. The linac was set to deliver 200 monitor units
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Figure 1. View of the beam setup showing the depths of measurement (a) in the asymmetrical setting (X1
=5,X2=5,Y1=25,Y2=7.5), (b) in the symmetrical setting (X1 =5, X2 =5, Y1 =5, Y2 =5), and (c)
in the asymmetrical setting (X1 =5, X2=5, Y1 =7.5, Y2 = 2.5).

(MUs) per minute. To reduce the variability of working conditions, the dosimetry measurements were perfo-r
med in a single session. The measured isodose was compared with the calculated isodose obtained from the XiO
3DTPS by using PTW VeriSoft software (\Version 4).

2.2. Calculated Dose Validation

In order to compare calculated and measured doses, we used PTW VeriSoft software (Version 4) to verify the
treatment plan by comparing calculated data to its corresponding measured in phantom.

According to the tolerance values for homogeneous simple fields, the penumbra region should be within 2
mm or 10%. By just studying the profiles by eye it is hard to say, especially in the z-direction in the penumbra
region, if the result is within the tolerance. A gamma evaluation with 3% and 3 mm criteria, revealing that it is
only in the penumbra region that acceptance fails. The colours of the palette range are set to be green for 100%
(y = 1), and accepted regions are green and most yellow. Regions that fail are shown in red. The gamma evalua-
tion method is not a good tool for evaluation of low dose regions, where the calculation can fail though it is
within the set criteria. For example if we are comparing two dose points of 4% and 1% dose, and the dose crite-
ria is set to be 2%, this will lead to a gamma value larger than 1 ((4% - 1%)/2%). The 3% dose difference can
still be within acceptable tolerances but the gamma calculation fails.

The difference matrix of two detector array matrices is determined by comparison of the measured and the
calculated asymmetric field size are expressed as a percentage of the locally measured dose by using the fol-
lowing equation

Diffrence(%) = (( Dcalculated — Dmeasured ) / Dmeasured) x100 @)

3. Results

A physical wedge is an angled piece of lead or steel that is placed through the beam path to produce a gradient
in radiation intensity. Manual intervention is required to place physical wedges on the treatment unit’s collima-
tor assembly [6].

The measured data were compared with data from treatment planning system. The statistical analysis was
performed using the PTW-VERISOFT program to evaluate the differences between the data.

Twenty four asymmetric fields with 6 and 10 MV energy were used for comparison and verification. Figure 1
shows the view of the beam setup showing the field sizes of measurement in the asymmetrical setting (X1 = 5,
X2 =5,Y1=25,Y2=175), b) in the symmetrical setting (X1 =5, X2 =5, Y1 =5, Y2 =5), and c) in the
asymmetrical setting (X1 =5, X2=5,Y1=75,Y2=25).

Table 1 and Table 2 represent the difference between measured dose and calculated dose at different isodose
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Table 1. Difference between measured dose and calculated dose at different isodose lines for symmetric and asymmetric
fields for the 6 MV and the four physical wedge angles.

GAMMA INDEX (3 mm)

Y-dir, 6 MV
Wedge 15
F.S (cm) Evaluated Dose Points Passed Failed Result
(-25,75) 96.00% 4.00% 96.00%
(-5,5) 100% 98.20% 1.80% 98.20%
(=7.5,2.5) 97.40% 3% 97.40%
Wedge 30
(-25,7.5) 88.50% 11.50% 88.50%
(-5,5) 100% 98.40% 1.60% 98.40%
(=75, 2.5) 95.70% 4.30% 95.70%
Wedge 45
(-2.5,7.5) 85.30% 14.70% 85.30%
(-5, 5) 100% 97.10% 2.90% 97.10%
(-75,25 97.00% 3% 97.00%
Wedge 60
(-25,75) 93.10% 6.90% 93.10%
(-5,5) 100% 95.90% 4.10% 95.90%
(=7.5,2.5) 98.10% 1.90% 98.10%

Table 2. Difference between measured dose and calculated dose at different isodose lines for symmetric and asymmetric
fields for the 10 MV and the four physical wedge angles.

GAMMA INDEX (3 mm)

Y-dir. 10 MV
Wedge 15
F.S (cm) Evaluated Dose Points Passed Failed Result
(=25, 7.5) 97.00% 3.00% 97.00%
(-5, 5) 100% 98.40% 1.60% 98.40%
(=75,25 98.00% 2% 98.00%
Wedge 30
(=25, 7.5) 94.8% 5.2% 94.8%
(-5, 5) 100% 97.40% 2.60% 97.40%
(=75, 2.5) 98.40% 1.60% 98.40%
Wedge 45
(=25, 7.5) 94.20% 5.80% 94.20%
(-5, 5) 100% 96.30% 3.70% 96.30%
(=75,25 97.10 % 3% 97.10%
Wedge 60
(=25, 7.5) 90.00% 10.00% 90.00%
(-5, 5) 100% 97.30% 2.70% 97.30%
(=75, 2.5) 97.00% 3.00% 97.00%
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lines for symmetric and asymmetric fields for the dual energy and the four physical wedge angles. Figure 2 and
Figure 3 indicated comparison of the dose distribution by the gamma method for energies, different field size,
and different wedge angles. The result of the comparison was displayed for both images using the gamma me-
thod. It defines a percentage difference between the measured and the calculated dose at certain distance. For
example, for gamma factor 3 we can say that 100% corresponds to 3% of the difference between the measured
and the calculated dose within a distance of 3 mm. The obtained image is colour scaled. In Figure 2 and Figure
3, the green surfaces represent an area where the difference between the doses is lower than 3%; the red areas
exhibit the dose differences equal or higher than 3%.

From all obtained gamma indexes for different wedge angles and different field sizes we can say, that the dif-
ferences between the measured and the calculated distributions for most isodoses have not exceeded 5% within
the distance of 3 mm. For the symmetric field, most calculated results match the measurement within 3% , only
for some cases the difference exceed 3% for (wedge 60, 6 MV) and (wedge 45, 10 MV).

For the asymmetric field, most calculated results match the measurement within 6%. For asymmetric field
size (X =10 & Y1 = 2.5, Y2 = 7.5), the difference between measured and calculated up to 14% for 6 MV, and
up t010% for 10 MV at the thin edge of the wedge direction . In general, for cases where the more asymmetric
field is toward the thick edge of the wedge, it leads to the greatest difference between the measured and calcu-
lated doses. The doses under the thin edge of the wedges are usually underestimated while the opposite occurs
for the thick end of the wedge where the doses are overestimated in most cases. The wedge angle changes very
slowly with field size, but appreciably with depth, depending on the photon energy.

In general, the wedge filter alters the beam quality by preferentially attenuating the lower energy photons

1-W 15 , 6MV
(a) (b) (©)
2-W 30 , 6MV
(a) (b) Ew ©
3-W 45, 6MV
(@) Jegg @ 9 (©)
4- W 60 , 6MV
(a) (b) (©)

40 0 40mm 0 hm

Figure 2. Gamma distribution for different field using the superposition algorithm for 15, 30, 45 degrees and 60 degrees
physical wedge (PW), for 6 MV. The upper parts of the distributions represent the low-dose region of the wedged field;
green indicates regions where gamma < 1; and red indicates gamma > 1 (individual criteria: A%D = 3%, DTA = 3 mm).
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Figure 3. Gamma distribution for different field using the superposition algorithm for 15, 30, 45 degrees and 60 degrees
physical wedge (PW), for 6 MV. The upper parts of the distributions represent the low-dose region of the wedged field;
green indicates regions where gamma < 1; and red indicates gamma >1 (individual criteria: A%D = 3%, DTA = 3 mm).

(beam hardening) and, to a lesser extent, by Compton scattering, which results in energy degradation (beam sof-
tening). For x-rays, there can be some beam hardening, and consequently, the depth dose distribution can be
somewhat altered, especially at large depths [8] [20]-[21]. When a field is collimated asymmetrically, one needs
to take into account changes in the collimator scatter, phantom scatter, and off-axis beam quality. The latter ef-
fect arises as a consequence of using beam-flattening filters (thicker in the middle and thinner in the periphery),
which results in greater beam hardening close to the central axis compared with the periphery of the beam [8].

The noticeable increase in the PDD values at all depths in phantom can be attributed to two factors: 1) differ-
ences in scatter produced from the thin and thick sides of the wedge filter and 2) beam hardening effects. If the
amount of scatter produced on one side of the wedge filter increases more than it is reduced on the other side, as
is the case with sigmoidal shaped wedges, a larger portion of scatter will be measured on the beam central axis.
This increase in scatter generated from the wedge filter, combined with an increasing amount of phantom scatter
with depth, yields a higher percentage depth dose compared with the open field photon beam [22]-[23].

4. Discussion

Published data for the TPS dose calculations present significant variation. The first criteria published by Van
Dyk et al. in 1993 [23] are characterized by increased tolerance limits due to the fact that most of the TPS were
using two-dimensional algorithms at the time. The recommendations of AAPM TG53 report in 1998 by Fraass
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et al. [24], and Venselaar and Welleweerd in 2001 [25] recently showed for a number of commercial treatment
planning systems, that the algorithms for calculating monitor units for wedged asymmetric have their limitation.
Deviation up to 13% between measured and calculated dose were observed under the thick and the thin end of
the wedge are generally more strict, but realistic for a properly functioning dose calculation algorithm. When the
complexity of the geometry increases, however, tolerance limits may have to be less strict relative to beam mod-
eling geometry [3].

The highest difference of our results is higher than Venselaar and Welleweerd and lower than Caprile et al.
[26] which riches to 28.5% for pencil-beam convolution (PBC) for field size 20 x 20. The disagreement regions
correspond to the edge of the field where the penumbra is not well modeled.

The results showed that the comparison between the measured and calculated physical wedge depends
strongly on field size, increasing as field size decreases, the results indicated also that the quality of the radiation
beam plays a significant role in the calculation of the PW. With every changing wedge angle, the hardening and
softening of the beam varies, indicating the vital role of the wedge factor dependence of the dose. Thus, the
quality of the beam itself is of significant importance in the dose precision. This result agreed with Muhammad
Magbool et al. [27]. As the wedge angle increased, the difference increased, this agreed with Ravinder Nath et
al., M. Pasquino, et al. and M. Momennezhad, et al. [28]-[30].

5. Conclusion

Our results have confirmed the conformity of the treatment at Ayadi Al-Mostakbal Oncology Center when PW
is used. In this study, we describe in details only one step of the verification. Within the process of implementa-
tion of PW, every workstation has to verify also the stability of PW, the PW comparison between the measured
and the calculated isodoses of all PW. This is a subject of the ongoing works. The results showed that the pres-
ence of a wedge alters the primary and scattered components generated by a linear accelerator and causes beam
hardening in 6 and 10 MV. The beam hardening increased as the wedge angle increased.
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Abbreviations and Acronyms

cc: Cubic Centimeter

cm: Centimeter

dir: Direction

FFT: Fast Fourier Transform
F.S.: Field Size

MUs: Monitor Units

MV:  Mega Voltage

PW:  Physical Wedge

TPS: Treatment Planning System

XiO:  Name of three dimensions treatment planning system
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