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Dynamic wedges – dosimetry and quality control
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Summary
Background

Modern medical accelerators are usually equipped with a dynamic wedge option. It is a form of dose-rate modulation which makes use of the dynamic movement pairs of collimator jaws. Dynamic wedges may replace physical wedges but
their use requires more complex dosimetry and quality control procedures. Film
dosimetry has been proposed as a quality control tool in dynamic dose distribution. We present examples of extensive systematic calculation errors which were
detected during complex dosimetry quality control procedures in two treatment
planning systems.

Aim

The aim, in presenting QA procedures and examples of systematic errors which
were detected and corrected, is to focus attention on the QA of dynamic accessories used in TPS before they are used in the clinical practice. This is an important issue which may have been frequently overlooked as the conﬁguration of
dynamic wedges in many treatment planning systems requires no dose measurement data. Measurements of veriﬁcations are often, overlooked.

Materials/Methods

Dynamic wedge dose distributions were generated by Clinac 2300 C/D accelerators (Varian) for beam energies of 6 and 15MV. Measurements were performed
with LA48 linear array of ionization chambers (PTW), and with dosimetric ﬁlms
X-Omat V and EDR-2 (Kodak). The dosimetric characteristics of the ﬁlm were
examined for a wide range of dose values and beam parameters. The results of
the measurements were compared with dose distribution calculations produced
by the treatment planning systems Helax and CadPlan/Eclipse.

Results

The initial results showed considerable differences between measurements and
calculations. Larger differences were observed for larger wedge angles and lower energies. On the basis of these results, TPS manufacturers were able to tune
their calculation algorithms which effectively reduced the observed differences
from a level of –5.5% and –8% (for 15 and 6MV respectively) for 60° wedges to
a level of ±2% for the Helax system.

Conclusions

A comprehensive quality control procedure for a broad range of dynamic wedge
parameters, on a Clinac 2300C/D, made it possible to achieve an improved agreement between measured and calculated results in radiotherapy. Such measurement procedures should be included in the recommendations for periodic quality control tests of accelerators.
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BACKGROUND
A method, proposed by Kijewski et al. In 1978
[5], to use computer controlled dynamic movement of the collimator jaws to simulate physical
wedges in the shaping of dose distribution was
implemented in Varian Clinac accelerators. The
ﬁrst implementation of Dynamic Wedges (DW)
provided four wedge angles of 15, 30, 45, and 60
degrees [6,7]. The DW option was programmed
on the basis of 256 Segmented Treatment Tables
(SST) providing continuous outputs as a function
of jaw positions for all beam energies of symmetrical ﬁelds of range 4–20cm [8].
Both groups, Kijewski et al. [5] and Leavitt et
al. [6], performed measurement dose distributions for dynamic wedges with dosimetry ﬁlms
because they could not be done in the conventional manner, using an ionization chamber in a
water phantom [9]. In 1992, Leavitt and Larsson
tested a method for dynamic wedge measurements using a line of 11 semiconductor detectors
[10]. In 1994, Bidmead et al. used a line of semiconductor detectors (Scanditronics LDA/11) to
measure a series of DW proﬁles. The results were
used to generate basic data for treatment planning systems (TPS) which was similar to the data
for physical wedges [11].
The following version of dynamic wedges, known
as Enhanced Dynamic Wedges (EDW), was installed in Varian Clinac accelerators from 1995
and provided an asymmetric wedged ﬁelds option.
This provided standard wedge angles of 10, 15, 20,
25, 30, 45, and 60 degrees, as well as any angle in
the range 0–60 degrees. In the EDW option only
the Golden STT table for 60 degree wedges is required [7,12]. EDW wedge angles in the range of
0–60 degrees were generated by superimposition
of an open ﬁeld and an EDW 60 degree ﬁeld in
appropriate proportions, as in the physical wedge
system, Philips Universal Wedge [13].
Numerous authors [14–16] have conﬁrmed the
possibility of using the Golden STT table in
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treatment planning system calculation algorithms
for EDW ﬁelds, on the basis of proﬁle data for
open ﬁelds. Initially, this option was implemented
only in some TPS [17–20]. In other systems the
EDW calculations were performed as for physical wedges, on the basis of empirical output tables [21], or in a hybrid manner, using data from
Golden STT tables [22–24].

AIM
The aim of this paper was the dosimetric veriﬁcation of EDW calculation algorithms implemented in the Helax and CadPlan treatment planning systems [1–4].

MATERIALS AND METHODS
Dosimetry measurements were performed for
Varian Clinac 2300 C/D accelerators, equipped
with the EDW option for 6 and 15 MV photon
beams.
The EDW option provides 7 wedge angle values:
10, 15, 20, 25, 30, 45, and 60 degrees. The dynamic wedge is realized by continuous movement of one collimator jaw, gradually reducing
the ﬁeld size until the collimator is almost completely closed, while the beam is on. The overall
wedge ﬁeld size is deﬁned by the initial collimator setting. In the Varian implementation the dynamic wedge angle is deﬁned differently than it
is for physical wedge angles [7,25], Figure 1 [26]
and Figure 2 [27].
The wedge ﬁeld proﬁles were measured using LA-48 linear array of ionization chambers
from PTW in MP-3 ware phantom (both from
PTW-Freiburg) and a 0.6ccm NE-2571 ionization
chamber. The LA-48 array is composed of 48 ionization chambers at 8mm intervals. The computer software of the Mefysto system (PTW) positions
the array in the MP3 phantom and makes it possible to measure the proﬁle doses at 2mm intervals. The array had to be irradiated four times with
the same ﬁeld. The beam proﬁle was measured
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Figure 1. Enhanced Dynamic Wedge deﬁnitions, as recommended
by the ICRU and IEC. A – wedge angle.

Figure 2. The Physical Wedge convention of C.B. Hughes, C.J. Karzmark
and R.M. Levy. A – wedge angle, Dmax – depth of maximum dose.

at a depth of 10cm in water, perpendicularly to
the beam axis and parallelly to the direction of the
jaw movement, using an asymmetric ﬁeld size of
30×10cm. Such an asymmetric EDW ﬁeld may be
realised by the displacement of one of the collimator jaws from the position Y1=20cm to the position Y1=–10cm, on the opposite side of the beam
axis, while the beam is on. Such a ﬁeld size, at the
maximum available length, modiﬁed by the 60 degree EDW, made it possible to achieve the maximum range of dose values for the proﬁle of a single
beam. For each ﬁeld the dose value on the beam
axis was measured using an ionization chamber at
a depth of 10cm. Such proﬁles, measured for 6 and
15MV beams, were used to establish the characteristics of Kodak X-Omat V and EDR2 ﬁlms [28].
These ﬁlms were then used for the measurement
of dose distributions in wedged ﬁelds. The ﬁlms
were placed at 10cm depth, perpendicularly to the
beam axis, between slabs of a Solid Water phantom (RMI company). The RMI phantom has an
electron density close to that of water. The phantom slabs, 5cm thick, were placed under the ﬁlm
to ensure full scatter conditions. The SSD (to the
phantom surface) was set at 90cm.

The ﬁlms were developed in a Protec 45 automatic photochemical ﬁlm processor. The processed ﬁlms were scanned in a Vidar VXR-16 scanner. The scanned images were stored in Tagged
Image File Format (TIFF) with a 16 bit resolution,
and spatial resolution of 72 points per inch. The
beam proﬁles were read by the Mefysto system,
taking into account the ﬁlm characteristics, and
subsequently compared with the proﬁles calculated and exported from the treatment planning
systems TMS-Helax (Nucletron) and CadPlan
(Varian). The ﬁlm calibrations were performed
using a programmed MLC step wedge and 60°
dynamic wedge ﬁelds [28]. The proﬁles were calculated using the same geometrical conditions
which were used for measurements, in virtual water phantoms, generated in the generating modules of the treatment planning systems.

The ﬁlms were irradiated with EDW symmetric ﬁelds, 10, 15, 20, 25, 30, 45, and 60 degrees,
for ﬁeld sizes of 5×5cm, 10×10cm, 15×15cm and
20×40cm, and for an asymmetric ﬁeld size of
30×10cm at 60 degrees, for ﬁlm calibration.

The calculations were performed twice. Once with
the treatment planning system CadPlan 3.1.1, and
the second time with an updated version called
Eclipse 7.3 and a new set of basic dosimetry data.
In case of the Helax system, the ﬁrst calculations
were performed on version 4.0 and the second
calculations on the updated version 6.1A which
includes a new set of basic dosimetry data. Due to
serious differences between measured and calculated beam proﬁles, observed for CadPlan 3.1.1 and
Helax 4.0, certain modiﬁcations to the calculation
algorithms were made by both manufacturers.
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Figure 3. A measured oﬀ-axis dose proﬁle against a calculated
one using a CadPlan TPS for an EDW60 and an X-15MV beam for
a ﬁeld size of 10×10cm at a depth of 10cm.

Figure 4. A measured oﬀ-axis dose proﬁle against a calculated
one using a Helax 4.0 TPS for an EDW60 and an X-6MV beam for
a ﬁeld size of 15×15cm at a depth of 10cm.

Table 1. Values of relative diﬀerence R between the measured and
calculated proﬁles for diﬀerent wedge angles and ﬁeld sizes. The
calculations were performed on a CadPlan TPS for an X-15MV beam.

Table 2. Values of relative diﬀerence R between the measured and
calculated proﬁles for diﬀerent wedge angles and ﬁeld sizes. The
calculations were performed on a CadPlan TPS for an X-6MV beam.

X-15MV
CadPlan

X-6MV

Size [cm]

CadPlan

5×5

10×10

15×15

20×40

EDW10

1.4

2.5

1.2

1.3

EDW15

1.4

2.5

1.4

EDW20

2.0

2.7

EDW25

2.4

EDW30

Size [cm]
5×5

10×10

15×15

20×40

EDW10

0.6

1.7

1.6

1.5

1.4

EDW15

0.9

1.8

2.0

1.6

1.9

1.3

EDW20

1.0

2.0

2.2

1.5

2.6

1.8

1.4

EDW25

1.6

2.9

2.4

1.7

2.5

2.9

2.0

1.4

EDW30

3.1

2.9

4.0

2.3

EDW45

3.7

3.8

2.6

1.4

EDW45

3.3

3.5

5.5

4.2

EDW60

5.0

6.0

4.7

2.7

EDW60

6.8

9.7

9.0

6.3

RESULTS
In Figures 3 and 4, the measured proﬁles of
the EDW 60° dynamic wedge ﬁelds are compared with those calculated by the CadPlan
3.1.1 and Helax 4.0 treatment planning systems to demonstrate the observed differences. In the region of low dose gradient, large
differences between measurements and calculations were observed in the high dose side of
the proﬁle. The calculated doses for both systems were lower than the measured doses. In
Tables 1, 2, 3 and 4 the maximum relative differences (R) between measured and TPS calculated proﬁles are presented. The value R was
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calculated according to Equation 1. Only the
low dose gradient regions of the off-axis proﬁles were taken into account.
R=max(|Dmeas(x)–Dcalc(x)|/Dmeas(x))*100%
(Equation 1)
Where
Dmeas(x) is the dose measured for the position x,
Dcalc(x) is the dose calculated by the treatment
planning system for the position x,
max() is an operator returning the maximum
value of an argument.

Rep Pract Oncol Radiother, 2006; 11(2): 67-75

Chełmiński K et al – Dynamic wedges

Table 3. Values of relative diﬀerence R between the measured
and calculated proﬁles for diﬀerent wedge angles and ﬁeld sizes.
The calculations were performed on a Helax-TMS TPS for an
X-15MV beam.

Table 4. Values of relative diﬀerence R between the measured
and calculated proﬁles for diﬀerent wedge angles and ﬁeld sizes.
The calculations were performed on a Helax-TMS TPS for an
X-6MV beam.

X-15MV
Helax

X-6MV

Size [cm]

Helax

5×5

10×10

15×15

20×40

EDW10

1.4

1.3

2.4

2.0

EDW15

1.4

1.6

2.5

EDW20

2.0

1.4

EDW25

2.3

EDW30

Size [cm]
5×5

10×10

15×15

20×40

EDW10

0.7

0.8

1.2

1.4

2.3

EDW15

1.1

1.3

1.4

1.4

2.7

2.4

EDW20

1.3

1.5

1.5

1.5

1.6

2.7

2.6

EDW25

1.8

1.6

1.6

1.5

2.5

1.5

2.9

2.7

EDW30

3.5

1.7

2.3

2.7

EDW45

3.5

1.8

3.4

3.5

EDW45

5.4

2.6

5.9

4.6

EDW60

4.9

3.5

5.2

5.4

EDW60

7.8

7.4

8.0

6.8

Figure 5. A measured oﬀ-axis dose proﬁle against a calculated
one using a CadPlan TPS for an EDW10 and an X-6MV beam for a
ﬁeld size of 5×5cm at a depth of 10cm.

Figure 6. A measured oﬀ-axis dose proﬁle against a calculated
one using a Helax 4.0 TPS for an EDW10 and an X-15MV beam for
a ﬁeld size of 5×5cm at a depth of 10cm.

Larger R differences were observed for 6MV
beams than for 15MV beams, at wedge angle
greater than 30 degrees. At both energies, use
of greater wedge angle values produced greater R differences.

ﬁeld size or the wedge angle and were 4mm and
4.5mm respectively for 15MV and 6MV beams for
Helax and 3mm and 4mm for CadPlan.

In the high dose gradient regions it was more
convenient to describe the discrepancies between
measurements and calculations in terms of distance between the DTA curves (distance-to-agreement) [29] along the x axis. In Figures 5 and 6
the proﬁles for 5×5cm dynamic wedge ﬁelds are
presented. Maximum DTA values in the high
dose rate region were not related to either the

The results of the study were reported to the manufacturers. As a result, new versions of the TPS
software were installed – Helax 6.1A and Eclipse
7.3, with new calculation algorithms.

DISCUSSION

New sets of basic input data for the Clinac
2300C/D accelerators were measured for both
systems and installed in both TPS.
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Figure 7. A measured oﬀ-axis dose proﬁle against a calculated
one using a Helax 6.1A TPS for an EDW60 and an X-15MV beam
for a ﬁeld size of 15×15 cm at a depth of 10cm.

Figure 9. A measured oﬀ-axis dose proﬁle against a calculated
one using a Helax 6.1A TPS for an EDW60 and an X-6MV beam for
a ﬁeld size of 15×15 cm at a depth of 10cm.

Figure 8. A measured oﬀ-axis dose proﬁle against a calculated
one using a Helax 6.1A TPS for an EDW60 and an X-15MV beam
for a ﬁeld size of 5×5 cm at a depth of 10cm.

Figure 10. A measured oﬀ-axis dose proﬁle against a calculated
one using a Helax 6.1A TPS for an EDW60 and an X-6MV beam for
ﬁeld size of 5×5 cm at a depth of 10cm.

Subsequent comparison of measured wedge ﬁeld
proﬁles with proﬁles generated using Helax 6.1A
showed an improved ﬁt for 6MV beams and a
worsened ﬁt for 15MV beams. The examples of
measured wedge beam proﬁles for 6 and 15MV
beams against the proﬁles calculated by Helax
6.1A are presented in Figures 7–10. The differences observed only for 15MV beams were reported to the Helax manufacturer.

After further adjustments to the EDW calculation
algorithm for 15MV beams on the Helax 6.1A system, an improvement in the ﬁt between measurements and calculations was observed. Figures 15
and 16 present results of the adjustments made
by the system manufacturer.

In the case of the Eclipse TPS there was no signiﬁcant improvement, relative to CadPlan, regarding the dose difference. The DTA for the
high dose gradient side of the proﬁles was reduced to below 1mm. Figures 11–14 show ﬁt between measurements and calculations for the
Eclipse 7.3 TPS.
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The calculation of dose distributions for dynamic
wedge ﬁelds (Enhanced Dynamic Wedge – EDW),
as performed by treatment planning systems, is
based on measured dosimetry data for open ﬁelds,
and on Segmented Treatment Tables (STT), provided by Varian. From the manufacturer’s point
of view it is not necessary to carry out the complicated measurements necessary to conﬁgure EDW
ﬁelds in treatment planning systems. However,
without the proper dosimetry data it is not possible
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Figure 11. A measured oﬀ-axis dose proﬁle against a calculated
one using an Eclipse 7.3 TPS for an EDW60 and an X-15MV beam
for a ﬁeld size of 15×15cm at a depth of 10cm.

Figure 14. A measured oﬀ-axis dose proﬁle against a calculated
one using an Eclipse 7.3 TPS for an EDW60 and an X-6MV beam
for a ﬁeld size of 5×5cm at a depth of 10cm.

Figure 12. A measured oﬀ-axis dose proﬁle against a calculated
one using an Eclipse 7.3 TPS for an EDW60 and an X-15MV beam
for a ﬁeld size of 5×5cm at a depth of 10cm.

Figure 15. A measured oﬀ-axis dose proﬁle against a calculated
one using a Helax 6.1A TPS for an EDW60, after correction of the
calculation model, and an X-15MV beam for a ﬁeld size of 10×10cm
at a depth of 10cm.

Figure 13. A measured oﬀ-axis dose proﬁle against a calculated
one using an Eclipse 7.3 TPS for an EDW60 and an X-6MV beam
for a ﬁeld size of 15×15cm at a depth of 10cm.

Figure 16. A measured oﬀ-axis dose proﬁle against a calculated
one using a Helax 6.1A TPS for an EDW60, after correction of the
calculation model, and an X-15MV beam for a ﬁeld size of 5×5cm
at a depth of 10cm.
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to verify the treatment planning calculations before they may be used in clinical practice.
Conventional measurements in water phantoms, using a single remote controlled ionization
chamber, are not adequate in the case of dynamically conﬁgured ﬁelds. In order to measure a beam
proﬁle, the beam must be switched on many times.
Linear arrays of ionization chambers or semiconductor diodes, however, require only 4 irradiations,
by an EDW beam of ﬁxed parameters, in order to
achieve spatial resolution of the measurements in
a proﬁle of 2mm. However, linear arrays require
considerable time for installation in a phantom.
The use of dosimetry ﬁlms drastically reduces the
time required for veriﬁcation measurements and
provide better spatial resolution, in the order of
tens of points per centimetre. On the other hand,
ﬁlms require proper processing and determination of sensitivity characteristics.
Experience gained during veriﬁcation of processes in treatment planning systems conﬁrmed
the importance of dosimetry measurements to
ensure proper quality assurance for dynamic
wedge ﬁelds.

CONCLUSIONS
A comprehensive quality control process for treatment planning systems used in the calculation
of dynamic wedge ﬁeld dose distributions for a
Clinac 2300 C/D resulted in the proper tuning
of the calculation algorithms, by the manufacturers of these systems.
Veriﬁcation measurements of dynamic wedge
ﬁelds should be included as a mandatory procedure in the recommendations for the periodic
testing of medical accelerators.
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