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Absract

Background: The technique of Enhanced Dynamic Wedge (EDW) was introduced to establish the
wedge-shape dose distribution. Prior to the application in clinical situations was required the verification

of dose calculation to reproduce the EDW in treatment planning system (TPS).

Objective: To evaluate the accuracy of Anisotropic Analytical Algorithm (AAA) version 8.9.17 for the EDW

in symmetric and asymmetric fields.

Materials and Methods: Comparison between measured and calculated Enhanced Dynamic Wedge
Factors (EDWFs) and 2D dose distributions were investigated for 6 MV photon beam of 10°, 30° and 60°
EDW and field size 10x10 cm’, 15x15 cm® and 20x20 cm” for symmetric and asymmetric fields in wedge
and non-wedge direction. The points of evaluation for EDWF were the central and off-axis for each

situation.

Results: The percentage deviation between measured and calculated EDWFs was less than 1% for all
geometries, both symmetric and asymmetric of EDW field. For the off-axis points, the maximum deviation
was 1.22% for asymmetric field Y2=0 (in wedge direction) of field size 10x10 cm® for EDW 60°. The
comparison of 2D dose distributions using MapCHECK2 showed good agreement between measured
and calculated with the AAA algorithm with a 100% passing rate for nearly all geometries of EDW fields.
The minimum passing rate found in asymmetric field sizes 20x20 cm® (X1=0 and Y2=0) of EDW 10° was
94.9%.

Conclusion: The results of this study confirm the accuracy of the AAA calculations in modeling the
enhanced dynamic wedge both symmetric and asymmetric fields.
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Introduction

Since the discovery of x-ray by Wilhelm Conrad
Rontgen in 1895, the radiotherapy which is a treat-
ment technique of using radiation to kill cancer treat-
ment was improved of irradiation techniques and
the machines to achieve the goal of treatment. The
delivery must require high dose to the target volume
whilst at the same time minimizing the dose to nor-
mal tissue to avoid the complication as much as
possible. For this purpose, several techniques has
been used to modify the beam to conform the radia-
tion dose to the shape of the tumor such as using
the physical wedged for creating wedge-shaped dose
distribution. Generally the physical wedge is made
from a high density material such as lead or steel
and placed into the path of beam that mounted
externally on the head of treatment machines. The
radiation beam intensity decreases when it passes
the wedge filter. The physical wedges can provide
fixed four wedge angles of 15°, 30°, 45° and 60° for
field size up to 20 cm width. At present, it has a
treatment modality available for a Varian accelerator
which reproduced wedge-shaped dose distribution
by the use of computer-controlled jaw motion and
dose rate in terms of Enhanced Dynamic Wedge
(EDW).

In 1991, Varian Medical System introduced the
Dynamic Wedge (DW) which based on the founda-
tion of D. Leavitt’s work®. In 1996, Varian improved
the capabilities of Dynamic Wedge called Enhanced
Dynamic Wedge (EDW). The EDW can be delivered
by both symmetric and asymmetric fields for seven
wedge angles of 10°, 15°, 20°, 25° 30°, 45° and 60°,
field sizes up to 30 cm wide in wedge direction which
allows larger wedge fields and provide a linear
dependence of wedge factors (WFs) on field sizes.
EDW has many advantages over physical wedges.
They are easy to use, allow for more wedge angles,
no additional scatter, do not require the therapist to

enter the treatment room, and absence of beam
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hardening effect due to no absorbing materials in the
beam. Nevertheless EDW also have some disadvan-
tages and limitation, such as the rotation of collima-
tor to provide sloping in any direction and it would
take a long time in the process of implementation
and commissioning for the treatment planning sys-
tem (TPS). The EDW parameters in the treatment
planning system that used to determine the accuracy
in beam modeling and dose calculation namely per-
cent difference between calculation and measure-
ment for wedge factors (WFs), percentage depth dose
(PDDs) and beam profiles. In order to verify the ac-
curacy of monitor units (MUs) and dose distribution
necessary to deliver a correct dose at a valid point,
Enhanced Dynamic Wedge factors (EDWFs) need to
be determined. These appear to be depend on the
field size especially the field dimension in the wedge
direction and wedge angle, and also dependent on
the off-axis distance in the wedge direction for asym-
metric EDW fields.

In this study, the aim was to evaluate the accu-
racy of Anisotropic Analytical Algorithm (AAA) version
8.9.17 (the last version of photon dose calculation
algorithm to be implemented in the Eclipse treatment
planning system at Ramathibodi Hospital) for calcu-
lating the EDW fields both symmetric and asymmet-
ric in wedge and non-wedge direction. And also com-
paring measured 2D dose distribution in the plane
perpendicular to the beam axis by using MapCHECK2
and calculated those by the ECLIPSE treatment
planning system AAA algorithm for different field sizes

and wedge angles.

Material and Method
1. Measurements of enhanced dynamic wedge
factor using cylindrical waterproof ionization
chamber 0.13 cm’
In this study, Enhanced Dynamic Wedge Fac-
tors (EDWFs) were measured by 0.13 cm® waterproof

ionization chamber with DOSE-1 electrometer in Blue
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Figure 1.

The layout of the experimental divided into EDW 10, 30 and 60 degree for

symmetric and 3 conditions of asymmetric fields (Y2=0, X1=0, and Y2=X1=0)

water phantom. The chamber was mounted in the
holder and connected to a Common Control Unit
(CCU) for controlling the position of chamber. Doses
were measured for specified points namely, the first
point at the central beam axis and the last two points
at the off-axis distance (heel side and toe side of
wedge fields) at depth 10 cm and source to surface
distance (SSD) of 90 cm for EDW symmetric field
sizes of 10x10 cm? 15x15 cm’ and 20x20 cm’ with
the photon energy 6 MV for EDW angles of 10, 30
and 60 degree. There were 3 designed conditions for
asymmetric fields namely Y2=0, X1=0, and Y2=X1=0.
The outline of the experiment is shown in Figure 1.

The measurement in EDW Y1-IN collimator
(coll 270°) was assigned. The delivery of fixed 300
monitor units (MUs) was used for each field that
divided into 4 groups. Group A is Symmetric fields.
Group B is Asymmetric field of Y2=0. Group C is
Asymmetric field of X1=0. Group D is Asymmetric

field of X1 and Y2=0. Figure 2 illustrates the locations

of measured points. The detail of the points of mea-
surement in each field can be defined as the follow-
ings:

1. Point 1 located at negative off-axis direction
-3 cm for field size 10x10 cm® at -4 cm for F.S.
15x15 cm’, and at -5 cm for field size 20x20 cm’.
This point is under the heel of wedge fields.

2. Point 2 located at center of beam

3. Point 3 located at positive off-axis direction
3 cm for field size 10x10 cm? at 4 cm for field size
15x15 cm? and at 5 cm for field size 20x20 cm’. This

point is under the toe of wedge fields.

By the definition, the EDWFs for a symmetric
field size are determined as the ratio of a dose with
EDW on the central axis to the open field dose in the
same field size and depth. For the EDWFs for asym-
metric fields, the center of beam is away from the
central axis therefore the position of measured point

will change to the center of EDW beam®.
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Figure 2. The beam setups and the points of measurement are divided into 4 groups

2. Measurements of 2D dose distribution using
MapCHECK2

Begin the measurement by placing the Map
CHECK2 on the treatment couch with the electronic
part of MapCHECK2 away from the radiation beams
and align the center of beam to MapCHECK2 by
using cross hairs. Adjust the couch height until the
laser superimposed to the detector plane marked on
the side of the MapCHECK2. Also the surface of
MapCHECK2 should be 98.80 cm SSD since the
detector are 1.2 cm below the surface. Add addi-
tional buildup 3 cm by using solid water phantom to
create total buildup equal to dose at depth 5 cm
because MapCHECK2 already has 2 cm of water-
equivalent buildup and the surface of MapCHECK2
were at 95.8 cm. Performs the measurement of EDW
fields same as designed in EDWFs but changed the
depth of measurement to 5 cm water equivalent and

delivered fixed monitor unit of 300 MU in each field.

3. Comparison between measurement by Map
CHECK2 and calculation with AAA algorithm
version 8.9.17.

First step is to create the water equivalent
phantom and design the number of image planes
and plan separation. In this study, the phantom size
was 60x60x60 cm® and CT value of 0 HU was as-
signed for water material. Next step was to create
the new plan and new fields. In dialog box of field
properties filled the geometries with parameters that
used in this experiment such as the collimator set-
ting, gantry rotation, collimator rotation and EDW angle
by following the MapCHECK2 measurement. In total,
the number of fields set up that calculated with AAA
algorithms was 39 fields include the symmetric and
asymmetric fields of EDW 10, 30 and 60 degree and
open field with field sizes of 10x10 cm?, 15x15 cm’
and 20x20 cm’. The depth of isocenter was located
at 5 cm TSD 95 cm the same as MapCHECK2 2D
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Figure 3. The window of field setup in Eclipse TPS

dose distribution measurement and at 10 cm TSD 90
cm for EDWFs calculation. The prescription was set
to deliver 300 MU for all geometries.

3.1 Comparison of EDWFs

After the set up field process and calculation
using the AAA, the dose at each points were recorded
for open and EDW fields. The detail of the points of
measurement in each field is shown in Figure 4.10.
Also the calculation of EDWFs was then derived by
taking the ratio of the dose at each point with the
EDW fields to the dose at center of beam for open
fields.

The deviations of EDWFs between measure-
ment and calculation are expressed as the equation

below

% difference = (EDWF_,- EDWF,

.....

) ¥ 100% / EDWF,_,

3.2 Comparison of dose distributions

For comparison of 2D dose distribution, dose
plan will be exported to the MapCHECK?2 software.
Initially, the verification plan will be created by using
MapCHECK2 phantom as shown in Figure 4. and
then export dose map in coronal plane which was

used for the dose comparison and loaded into the

MapCHECK software. The criteria for comparison dose
distribution between two dose maps can be evalu-
ated by determining the dose difference tolerance
and a distance to agreement set by user.

3.3 Dosimetric evaluation using Gamma Index

In this study, the analysis of dose distribution
used the Gamma Index evaluation method that con-
sists of the comparison of dose differences and the
comparison of Distance to Agreement (DTA). This idea
was first presented by Low et al. (1998). Acceptance
criteria for evaluating the accuracy of dose calcula-
tion of a TPS for complex geometry i.e. wedge, inho-
mogeneity, asymmetry, block or MLC fields used dose
variation of 3% and DTA of 3 mm for high dose

gradient that recommended by Venselaar et al (2001)

Results
1. Comparison of Enhanced Dynamic Wedge Factor
(EDWFs)

The results of Enhanced Dynamic Wedge Fac-
tor (EDWFs) and the percent deviation between mea-
surement and calculation for EDW 10°, 30° and 60°
for symmetric and asymmetric fields of 10x10 cm?,
15x15 cm® and 20x20 cm’ at collimator of 270° (Y1-
IN direction) at depth 10 cm for 6 MV photon beam.



"
The deviation is less than 1% for all geometries both
symmetric and asymmetric fields with the maximum
deviation of -0.7% for symmetric field of 15x15 cm’
for EDW 10°. In asymmetric fields, the maximum
deviation of EDWFs is 0.56% for asymmetric field
10x10 cm’ (X1=0) of EDW 60°.

This study divided the point of measurement
into three points in each field. The first point was
under the heel of wedge fields, the second point was
at the center of fields and the third point was under
the toe of wedge fields hence the first and the third
point were at the off-axis enhanced dynamic wedge
position. For the off-axis point in heel position, the
maximum deviation is 1.16% is found in asymmetric
field Y2=0 at field size of 20x20 cm’ for EDW 60°.
And the off-axis point in toe position, the maximum
deviation is 1.22% in asymmetric field Y2=0 at field
size of 10x10 cm’ for EDW 60°. As shown in the
Table 1. Obviously the deviation on off-axis position

is larger than the center of fields with more than 1%

Table 1.

and calculation.
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but still within the acceptance criteria dose variation

3% for asymmetric fields with wedge beam.

2. Comparison of 2D dose distributions between
the MapCHECK2 measurement and AAA algo-
rithm calculation.

The field sizes that used in 2D dose distribution
measurement were the same as used in the earlier
experiments for EDWFs. The MapCHECK2 measure-
ments (dotted lines) and plan calculation (solid lines)
were be overlapped each other to compare the 2D
dose distribution by using MapCHECK2 built-in soft-
ware and the acceptance criteria of 3% absolute dose
and 3mm distance-to-agreement (DTA). Almost all of
the conditions show that AAA algorithm tend to pre-
dict lower dose than MapCHECK2 measurement.
However all of measurements test has a percent of
passing rate more than 95% for both symmetric and
asymmetric fields of all EDW angles. The minimum

passing rate was found in asymmetric field sizes 20x20

Fields B: Summary of percent difference of Asymmetric fields (Y2=0 wedge direction) between measurement

Percent Deviation for Asymumetric fields (%) Y2=0
Pomts | EPW 10x10 15x13 20x20
(degree)
(K1=5X2=5, | X1=75X2=75, | (X1=10X2=10,
¥1=10,Y2=0) Y1=15,¥2=0) Y1=20,Y2=0)
10° 0.28 -0.352 -0.65
Heel 30° 036 -0.40 -0.52
60° 0.34 -0.64 -1.16
10° -0.26 -0.08 -0.13
Center | 30° -0.06 -0.02 0.07
60° 0.31 0.09 0.17
10° 0.98 0.39 -0.07
Toe 30° 1.03 0.75 0.11
60° 122 1.13 0.65
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Figure 5. The comparison between MapCHECK2 measurement (dotted lines) and AAA calculation (solid
lines) of planned dose distribution of asymmetric field 20x20 cni X1 and Y2=0 (A) EDW 10°

cm® (X1=0 and Y2=0) of EDW 10° as shown in the
figure 5. that obtained 94.9% which in this fields the
radiation beam were exposed through the trimmers
at the corner. All results show good agreement of
2D dose distribution with the % passing rate more
than 95% between measurement and calculation when

3% and 3mm criteria are used.

Discussion

According to the characteristic of EDWFs, the
measured data showed that the wedge factors of the
EDW are strongly dependent with field sizes which
contributed a smooth and continuous decrease in
the EDWFs, as shown in Figure 6. For the groups of
asymmetric field that the center of beam not located
on the beam axis, the EDWFs were changed the
location at the off-axis position. The values of EDWFs
of asymmetric fields on X axis (non-wedge direction)
were similar to the symmetric fields that do not change
significantly. On the other hand, the groups of asym-
metric fields on Y axis and both X and Y axis (wedge
direction) change significantly for all field sizes and

wedge angles. The study found that EDWFs do not

only depend on field size but also the position of
center of beams for asymmetric fields especially in
the wedge direction.

The percent deviation of EDWFs between mea-
surement with 0.13cc ionization chamber and calcu-
lation with AAA algorithm version 8.9.17 of Eclipse
TPS in both symmetric and asymmetric fields was
less than 1% for all geometries and wedge angles.
The results data show that the AAA version 8.9.17
can be well generated the EDWFs and ensured that
the better accuracy for clinical applications can be
obtained.

Previously, however, in case of the complex
geometries such as the half beam of EDW reported
by Christopher M. Bragg et al'” verified the AAA
version 7.5.18 for radiotherapy treatment planning.
They found the disagreement with a large discrep-
ancy approximately 5% and distance to agreement
in the steep dose gradients were less than 2 mm that
greater than for symmetric EDW fields. Off-axis en-
hanced dynamic wedge factor that further away from
the center of wedged fields has been determined

and the results shown that a large variation over than
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Comparison of the measured (symbols) and AAA calculation (lines) for EDWFs of 6 MV photons of EDW angle

10°, 30° and 60°. The results were shown the EDWFs continuous decrease while increased field size.

40 cm

Schematic diagram of a 40} 40-cm treatment field on a Clinac 2100
C at 100 cm S8D. The solid Iines define the treatment beam edge. The dotted
lines at the four diagonal corners are blocked areas by a set of beam edge
corner trimmers which is a part of the fixed collimator assembly.

Figure 7. The schematic diagram of truncate corner of treatment field size 40x40 cm”

the points at the center of beam but remained within
the criteria of dose variation 3% and were not differ-
ent significantly between heel and toe points. The
maximum deviation 1.22% were found at asymmetric
field in wedge direction (Y2=0) and large wedge 60
degree in heel position for field size of 10x10 cm2.
However M.N. Anjum et al. (7) analyzed the off-axis
point of EDW fields in a TPS using PBC algorithms
and found that the variation at off-axis point was

greater than at the center of beam. They concluded

that it should be regarded when normalized the treat-
ment dose of EDW fields in TPS on the off-axis point.

According to 2D dose distribution for different
field sizes and wedge angles between MapCHECK2
and AAA version 8.9.17, the results show good agree-
ment with percent passing rate more than 95% of all
geometries except the asymmetric field size of 20x20
cm® X1=0 and Y2=0 with 94.9% passing rate when
the acceptance criteria of 3% dose difference and

3 mm distance-to-agreement (DTA) were used. How-



Vol. 36 No. 4 October-December 2013

ever when using the acceptance criteria of 2% dose
difference and 2 mm DTA, the minimum passing rate
was 65.5% found in asymmetric field size of 20x20
cm?® (X1=0 and Y2=0) for EDW 10°. That is the worst
condition in the clinic. The percent passing rate of
EDW fields trends to decrease when increasing field
size and reducing wedge angles for asymmetric EDW
fields especially when asymmetric for both X and Y
jaws.

When field size exceeds 35x35 cm?, the radia-
tion beam will expose through the trimmers which
located at the corners of the beam as shown in
Figure 7. The information about the dose under the
trimmers was reported by Satish C. et al"” They
pointed out that there is a higher significant trans-
mission at the corners of large fields than the edge
of field attenuated by a primary collimator jaw which
could cause the varying amounts of increased leak-
age at the corners. Thus clinical situations that
require the large asymmetric EDW fields should be
aware of these results even though the EDW can be
generated wedge fields of 4 to 30 cm in wedge di-

rection.

Conclusion
In this study, the accuracy of AAA algorithm
version 8.9.17 for calculating EDWFs and EDW 2D
dose distributions was evaluated for symmetric and
asymmetric EDW fields. The situations were chosen

for fairly complex geometries that are the half beam
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