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Radiation therapy is used in approximately half of all cancer treatments. The
rapid advances in radiation therapy have led to techniques that are much more
complex and therefore must be more carefully assessed for safety and efficacy.
Accurate quality assurance methods must be implemented to provide patient safety
and confidence in treatment efficacy. RapidArc is a relatively new version of Intensity
Modulated Radiation Therapy (IMRT) which concomitantly fluctuates dose rate and
gantry speed while dynamically altering the treatment field size. This array of
electronic and mechanical variables increases the potential for errors. This examines
the ability of two commercially available quality assurance devices to detect errors in
five RapidArc treatment plans.
The ArcCHECK (Sun Nuclear Inc.) and the 2D-ARRAY seven29 with
Octavius phantom (PTW) were tested. The ArcCHECK is a hollow cylindrical

phantom with diodes placed in a spiral array. The PTW device is a flat panel of ion
chambers positioned within an octagonal phantom. Both devices were tested for
linearity over a range of 1-300 MU of 6 MV photons delivered via a static 10x10 cm2
field. To assess the sensitivity of the devices in a treatment scenario, errors were
introduced including couch rotations, gantry position errors and shifts in the multi-leaf
collimator (MLC). Couch rotations of 0.5°-5° were induced and unaltered treatment
plans were then delivered to the two devices. Errors in gantry rotation and MLC leaf
positions were introduced via a Matlab program that modifies existing DICOM
treatment files in a predetermined manner. Gantry errors ranged from 0.5°-5°. MLC
errors included systematic shifts, systematic opening and closing and random leaf
errors of 10% or 20%. The magnitude of MLC errors ranged from 0.25-5mm. Results
were analyzed using the gamma analysis method.
Both devices demonstrated linearity within 1% for a static 10x10 cm2 field.
The ArcCHECK detected a couch rotation of 2° or less in all plans and the PTW
detected a couch rotation of 4° or less in the frontal plane and only detected an error in
a head and neck plan when measured in the sagittal plane. However, both devices
responded with less sensitivity when subjected to gantry rotation errors. The
ArcCHECK was more reliable at detecting MLC errors and demonstrated an overall
higher sensitivity to errors than the PTW system. A study of the effect of these errors
on dose distribution in tumor treatment volumes and organs at risk would be a logical
next step.
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COMPARISON OF TWO COMMERCIAL DETECTOR ARRAYS
FOR RAPIDARC QUALITY ASSURANCE
Chapter 1
INTRODUCTION
Radiation therapy is used as a treatment modality in approximately half of all
cancer cases.1 The effectiveness of radiation therapy as a curative or palliative
technique naturally drives technological advancements at a rapid pace. These
developments potentially improve the accuracy and effectiveness of the treatment, but
they also increase the complexity, requiring more thorough evaluation of treatment
plans prior to delivery. Recent high profile reports tell of injuries and deaths resulting
from errors in treatment planning or delivering radiation therapy. These reports
highlight the need for vigilance in the execution of radiation prescriptions.2

Intensity Modulated Radiation Therapy
Routine use of intensity modulated radiation therapy (IMRT) has escalated
rapidly over the past decade. IMRT is generally delivered from several fixed beam
angles in order to create a more conformal dose distribution in order to spare
surrounding healthy tissue. Through the use of multi-leaf collimators (MLCs), IMRT
creates multiple fields, or beamlets, within a fluence plane resulting in a temporally
modulated dose to the target and surrounding tissue.3
Volumetric modulated arc therapy (VMAT), a form of IMRT with the gantry
in constant motion, has been implemented in the past few years. VMAT can
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potentially deliver a radiation field that better conforms to the tumor volume while
reducing treatment time. This advancement is possible due to the ability of VMAT to
modulate dose rate and gantry speed while the MLC adjusts the shape of the field,
creating more opportunities for optimization.4 Since the radiation is distributed over
one or more arcs, the dose to healthy tissue is spread across a much larger volume.
Additionally, the gantry rotation allows dose to be reduced in areas that penetrate
sensitive organs while increasing the dose that passes through less sensitive tissue.
RapidArc is the name of the commercially available version of VMAT from
Varian. RapidArc planning uses progressive sampling by adding groups of control
points during optimization. As the optimization advances, the MLC leaves are
restricted to smaller movements and the gantry angles are sampled at a finer
resolution. The number of control points is doubled at each level of resolution until the
final number achieved is 177 per arc.4-6 This results in a control point approximately
every 2° of gantry rotation in the final plan.

Quality Assurance Devices
IMRT treatments are comprised of many small beamlets that are combined into
a planar fluence distribution. Because of this, each treatment plan must be evaluated
with treatment planning software as well as on the linear accelerator before being
delivered to the patient.7 The delivery of RapidArc plans is much more complicated
than 3-D conformal or IMRT treatments due to the dynamic motion of the gantry and
MLC as well as the modulated dose rate. Therefore, patient-specific quality assurance
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(QA) of RapidArc plans is even more critical. Historically, IMRT QA was performed
with film or ion chamber point dose measurements 8, but in recent years, most clinics
have moved to a dosimetric phantom for their measurements.9, 10 In order to perform
QA on a fixed gantry IMRT plan, the planar dose is calculated in the treatment
planning system and the beamlets are delivered with the gantry perpendicular to the
dosimeter. These phantoms are generally a 2-D plane of detectors, which work fine for
fixed gantry IMRT, but may be less well suited for rotational IMRT.8, 11, 12
The rotational nature of RapidArc creates a complex problem for quality
assurance compared to static IMRT. Since the fluence from the linac is integrated with
the position of the treatment head, proper QA cannot be performed statically. The
necessity for the gantry to be in motion during beam delivery raises questions about
the accuracy of planar QA devices. Since these devices were developed to measure
beams perpendicular to their surface, rotating the beam around the device introduces
the possibility of errors due to the angular dependency of detectors and heterogeneity
of the dosimeter when viewed from a non-normal direction. In addition, much of the
dose modulation information is lost when the angle of incidence of the beam changes
from perpendicular to parallel.13 These issues suggest a more complex phantom
geometry may be needed to achieve accurate volumetric dose measurements.
In addition to geometric variables, two different detector types are typically
used in QA devices. The gold standard for dose measurements is the ion chamber.
Semi-conducting diodes are another common option. Each type of detector has tradeoffs that must be considered when choosing a device for QA measurements.
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Ion chambers are the recommended radiation measurement device for radiation
dosimetry due to their stability and accuracy.14 For patient QA, ion chambers are
limited because their radiation sensitivity decreases proportionately as their volume
decreases.15 Therefore, ion chambers must have a relatively large volume to accurately
detect radiation. This leads to a phenomenon called dose volume averaging.16 Ion
chambers actually record the average dose collected by the entire volume, which can
pose a problem in high dose gradient regions of a radiation field.17 Also, the dosimetry
system has leakage that is constant regardless of which ion chamber is used, so a
smaller ion chamber will have a relatively larger error associated with it.18
Diodes are another common radiation detector. Semi-conducting diodes are
often used because of their small size and extreme sensitivity. Silicon is 18000 times
more dense than air, allowing diodes to be thousands of times smaller than an ion
chamber and still be much more sensitive. Diodes have been shown to be temperature,
dose rate and energy dependent and sensitive to radiation damage.19-25
The two devices investigated in this study are the ArcCHECK (AC; Figure 1)
from Sun Nuclear Inc. and the 2D-ARRAY seven29 with the Octavius phantom from
PTW (PTW; Figure 2).

5

Figure 1: ArcCHECK device from Sun Nuclear Inc.

Figure 2: PTW 2D-ARRAY seven29 with Octavius phantom.
The AC is a hollow cylinder with a spiral array of 1386 diodes. The diodes are
placed between two layers of solid water or acrylic and spaced 1 cm apart.11 The
proprietary n-type diodes (Sun Point) are designed to be resistant to radiation

6
damage.26 The SunPoint diodes have a surface area of 0.64 mm2 and a volume of
0.000019 cm3 (Figure 3).

Figure 3: Picture and schematic of a SunPoint Diode detector 22.

Since the AC is a relatively new device, there are not many publications to
detail its performance.11 However, the same SunPoint diodes are used in Sun
Nuclear’s MapCHECK device which is typically used for static gantry IMRT QA.
Several authors have performed tests that apply to the general performance of the AC
diodes regarding stability. In one study, the central diode of the MapCHECK device
was irradiated with increasing doses and the response was linear.9, 10, 26 The dose rate
dependence of the diodes was found to be much less than older n-type diodes, and
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similar to p-type diodes over a 600 fold change in dose rate.26 Short term
reproducibility over a period of minutes to hours was approximately ±0.15%.9, 10
During a one month period, diode variation was approximately 1%.10 In another study
over a several month period, the diode readings varied by ±0.2%.26 A temperature
dependence of 0.57%/°C 9 or 0.54%/°C 26 was observed, which should be taken into
account when measuring absolute dose. Tests of diode angular dependence on an
ArcCHECK prototype found increased sensitivity of 8% when radiation was incident
on the lateral surface and decreased sensitivity of 5% when irradiated from the
bottom.12
The PTW system is composed of two parts, a flat ion chamber array and
octagonal phantom.8 The dosimeter consists of a 27x27 array of ion chambers (729
total) spaced 1 cm center to center. The chambers have dimensions of 5x5x5 mm3 for
a total volume of 0.125 cm3. The phantom is an octagon composed of polystyrene
(1.04 g/cm2). There are two phantoms required for the PTW system, a CT phantom
and a LINAC phantom. The patient plan is calculated using the CT scan of the solid
CT phantom. Due to the under-response of the ion chamber array when irradiated
from below, the LINAC phantom has a semi-circular air gap in the bottom half to
correct for that problem and that phantom is used for the quality assurance
measurements.8
Similar to the MapCHECK, the PTW 2D-Array seven29 has been used for
IMRT QA for a few years and its performance has been evaluated. The short term
reproducibility of a series of ten repeated measurements demonstrated a maximum
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standard deviation of 0.2% and the long term reproducibility was within 1%.27 Over a
dose range of 2-500 MU, the ion chamber output was linear.27 The prototype Octavius
phantom was tested for rotational IMRT and it was found that the ion chamber
reported values lower than the treatment planning system predictions by 8% for 6 MV
beams and 4% for 18 MV beams when irradiated from the back.8 In order to correct
this, an air chamber was inserted into the bottom of the commercial version of the
phantom.

RapidArc Error Propagation
The dynamic nature of RapidArc, with its modulated dose rate, MLC leaf
motion and gantry rotation can potentially increase error propagation dramatically
when compared to static field IMRT techniques. Errors in any of these three
parameters could decrease the accuracy of the treatment delivery. The magnitude of
MLC leaf errors during RapidArc delivery increases linearly with leaf speed.6 At a
leaf speed of 2.76 cm/s, 87% of the leaves were within 0.5 mm, 7% were within 0.51.0 mm, 4% were within 1.0-1.5 mm, 2% were greater than 1.5 mm and none were
greater than 2.5 mm of their expected position as determined by the treatment
planning software.6 The effect of these errors on dose distribution in the treatment plan
was not measured.
A few studies have investigated the effects of MLC errors on dose distribution
in treatment volumes for IMRT plans. A simulation study showed that random MLC
errors of up to 2 mm resulted in negligible changes while systematic errors of up to 1
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mm led to potentially significant changes in dose deposited for head and neck cancer
treatment plans.28 Mu investigated the impact of random and systematic leaf errors of
up to 2 mm in simple and complex head and neck cancer plans.29 Their findings
indicate that random errors had no effect but systematic errors caused significant
dosimetric differences in the target volume, spinal cord and parotid glands. Luo
indicated that systematic MLC errors resulted in a 5%/mm dose discrepancy in
prostate plans.30 Most recently, Oliver et al. found that random MLC errors were
insignificant, but systematic errors, especially MLC opening or closing errors
potentially had a significant effect on dose deposited in the PTV.31 The effects ranged
from 1.3%-4% of the prescription.
Tolerance levels of the QA measurements required for the acceptance process
of an IMRT treatment plan do not have clear, universal parameters. Individual clinics
have their own techniques and policies to determine whether an IMRT treatment plan
is safe to deliver to a patient.32 One study of these parameters recommended using a
3%/3mm gamma analysis method with cutoffs of 95% pass rate for non-head and neck
and 88% for head and neck IMRT cases.32 RapidArc is an even newer and more
complex technology, so the parameters that should be used for QA testing are even
less well understood.

Research Aim
This research will address the following question:
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--Does the ArcCHECK or the Octavius system demonstrate superior
performance when identifying errors introduced in gantry angle, setup (couch
orientation) or MLC leaf errors?
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Chapter 2
MATERIALS AND METHODS
All treatment beams were delivered by a Varian Clinac 600 radiotherapy linear
accelerator. Both the ArcCHECK and Octavius phantoms were positioned with the
assistance of a bubble level and laser crosshair alignments in both the coronal and
sagittal planes at isocenter. Absolute dose calibration was performed following the
manufacturer’s instructions for the ArcCHECK device. The Octavius system was
calibrated at the factory. The Octavius system was warmed up before each
measurement session for at least 15 minutes and then a cross calibration was
performed by delivering 161 MU with a 6 MV beam and 10x10 cm2 field size. The
calibration was accepted if the absolute dose to the central chamber was 1 Gy +/- 2%.
The linearity of detector response was measured by delivering varying
amounts of radiation (1-300 MU) with a 6 MV beam with a 10x10 cm2 field size. The
beams were delivered five times. The reading from the central chamber of the
Octavius array was compared to the expected reading. The ArcCHECK device does
not have a central diode, so the average of the two most central diodes was compared
to the expected reading. Fluctuations in the measured dose [

were calculated

in two ways as shown below10

(1)

(2)
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where

and

respectively, and

are the measured values at M MU and 300 MU
and

are the average reading of all measurements

at M MU and 300 MU respectively. The standard deviation of the percent errors was
also calculated.
A reliable quality assurance device must also be able to detect setup errors in
couch orientation. Unaltered treatment plans were measured after rotating the
treatment couch between 0.5° and 5° from the origin.
In order to determine the ability of the dosimeters to detect errors in treatment
plans during QA measurements, a computer program was utilized to introduce errors
into the plans. Several clinical RapidArc plans (2 prostate, 2 head and neck, 1 hip)
were examined in this study. The different anatomical locations were chosen to
provide a variety of complexity with the hip plan being the simplest and the head and
neck the most complex. Treatment plans were exported from Eclipse (Varian Medical
Systems, Palo Alto, USA) as DICOM files and opened with a Matlab (v7.9.0.529,
Mathworks Inc., Natick, USA) based program provided by the BC Cancer Agency.31
This program imports DICOM plan files and modifies active MLC leaf positions or
gantry angles. Any leaf that moves during treatment and has a position that is not the
same as the opposing leaf for at least one control point is considered active.31 The
program was employed to introduce MLC leaf or gantry angle errors of various types
and magnitudes into the DICOM files as described below.
MLC leaf errors can be classified as systematic or random. Systematic errors
include shifting both leaf banks in either the same or opposite directions. Shifting both
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leaf banks in the same direction results in moving the MLC aperture off-center while
shifting both MLC banks in opposite directions results in either opening or closing the
MLC aperture. Random errors were simulated by sampling a Gaussian function with a
standard deviation equal to the error magnitude prescribed.31 For this study, either
10% or 20% of the active leaves were randomly shifted by the software. The
magnitude of the induced MLC leaf errors ranged from 0.25 to 5 mm. Gantry angle
errors were introduced in a systematic manner and ranged from 0.5° to 5°. Not all
error types or magnitudes were implemented for every treatment plan tested. A table
showing which tests were performed and range of the error for each treatment location
is shown in Table 1.

Table 1: Specific magnitudes for induced errors

Plan type
Hip
(1 patient)
Prostate
(2 patients)
Head and Neck
(2 patients)

Gantry
Error
(°)

Systematic
Shift
(mm)

Systematic
Open
(mm)

Systematic
Close
(mm)

10-20%
Random leaves
(mm)

0.5-5

0.25-5

0.25-5

0.25-5

0.25-5

0.5-1

0.25-5

0.25-5

N/A

N/A

0.5-1

0.25-5

0.25-5

N/A

N/A

Since the Octavius system has a flat panel of ion chambers, all plans were
measured with the face of the array parallel to the treatment couch (frontal plane) as
well as with the array perpendicular to the treatment couch (sagittal plane). The
ArcCHECK is a cylinder, so no rotation was necessary.
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Measurements were compared to the dose calculations exported from Eclipse
using MapCHECK software for the ArcCHECK device and VeriSoft for the Octavius
system. The data were compared using the gamma analysis technique with a 3%/3 mm
setting.33, 34 The formula used for gamma analysis is:

where r is the spatial distance between evaluated and reference dose points, d is the
distance to agreement criterion (3 mm),  is the difference between the measured dose
and the expected dose and D is the dose difference criterion (3%). When is less
than or equal to 1, the point being evaluated passes. When is greater than 1, the
point being evaluated fails. The software reports the percentage of detectors that pass
the gamma analysis. For this study, an error will be considered “detected” by each
device if the pass rate is <90%.
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Chapter 3
RESULTS
Device Characterization
The linearity of the two devices when compared to the delivered MU is shown
in Figure 4. All measurements of 5 MU or more using the ArcCHECK were within
0.25% while the maximum deviation for the Octavius system was 1.1%. Both
detectors showed an under response at 20 MU or above and an over response at 1 and
5 MU.

Device reading (MU)

300.00
250.00
200.00
150.00

Octavius

100.00

ArcCHECK

50.00

Expected

0.00
1

5

20

50

100

200

300

Delivered Monitor Units

Figure 4: Detector linearity compared to expected value.

The percent error calculated using equations 1 and 2 are shown in Figures 5
and 6. The percent error from equation 1 results in Octavius having a larger error than
ArcCHECK with both detectors displaying an under response above 5 MU (Figure 5).
The percent error for both detectors is nearly zero when calculated in reference to the
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respective 300 MU measurements for each device with a decreasing standard
deviation as the dose increases (Figure 6).

6.0

ArcCHECK
Octavius

Percent Error

4.0
2.0
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Figure 5: Dose linearity percent error +/- SD using equation 1.
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Figure 6: Dose linearity percent error +/- SD using equation 2.
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Couch Rotation
The ArcCHECK detected a couch rotation of 0.5° in H&N 1 and a 2° rotation
in the rest of the plans (Figure 7). The PTW array in the frontal plane detected a couch
rotation of 2° in H&N 1, a 3° rotation in three other plans and a 4° rotation in the hip
patient (Figure 8). The PTW array in the sagittal plane detected a couch rotation of 3°

Detector Pass Rate (%)

in H&N 2 but did not detect the error in any of the other plans (Figure 9).
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Figure 7: Couch rotation detection by ArcCHECK.
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Figure 8: Couch rotation detection by Octavius array in frontal plane.
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Figure 9: Couch rotation detection by Octavius array in sagittal plane.

Gantry Angle Errors
Neither device was very successful at identifying errors in the gantry angle.
The ArcCHECK detected a 0.5° shift in prostate patient 1 and a 5° shift in the hip
patient (Figure 10). The Octavius system never dropped below a 93% pass rate when
measuring plans in the frontal plane and only detected a gantry error in the hip plan at

Detector Pass Rate (%)

5° in the sagittal orientation (Figures 11 and 12).

100
90
80
70
60
50
40
30

Prostate 1
Prostate 2
H&N 1
H&N 2
0

1

2

3

4

5

Hip

Gantry error (°)

Figure 10: ArcCHECK measurements after inducing gantry angle errors.
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Figure 11: Octavius measurements with the array in frontal plane after inducing gantry
angle errors.
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Figure 12: Octavius measurements with the array in sagittal plane after inducing
gantry angle errors.
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MLC Errors
Examples of the MLC fields created by the MatLab program after inducing errors in
the treatment plans are shown in Figure 13.

Unaltered Plan

Systematic Close

Systematic Shift

Systematic Open

Random Leaves (20%)

Figure 13: Examples of MLC fields after being altered by MatLab program.

The ArcCHECK successfully detected a 1 mm MLC systematic shift in
prostate 1 and detected a 5 mm systematic shift in the rest of the plans (Figure 14). A
0.5 mm error was detected in H&N 1, but the pass rate went above 90% when the
error increased until a 5 mm shift occurred. The PTW device in the frontal orientation
did not identify the systematic shift in any of the plans until a 5mm shift was reached
(Figure 15). The PTW device detected a 2 mm shift in the H&N patients and a 5 mm
shift in the hip and prostate 1 patient (Figure 16). An error in prostate 2 was never
detected in this orientation.
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Figure 14: Detector pass rates for ArcCHECK measurements after introducing MLC
systematic shift errors.
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Figure 15: Detector pass rates for Octavius measurements in frontal plane after
introducing MLC systematic shift errors.
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Figure 16: Detector pass rates for Octavius measurements in sagittal plane after
introducing MLC systematic shift errors.

The ArcCHECK detected a 0.5 mm gap in the H&N 1 field, a 1 mm gap in
prostate 1 and H&N 2 fields and a 2 mm gap in the prostate 2 and hip fields (Figure
17). The PTW device in both the frontal and sagittal orientations detected a 1 mm gap
in both prostate plans and H&N 1, a 2 mm gap in H&N2 and a 5 mm gap in the hip
plan (Figures 18 and 19).
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Figure 17: Detector pass rates for ArcCHECK measurements after introducing MLC
open errors.
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Figure 18: Detector pass rates for Octavius measurements in frontal plane after
introducing MLC open errors.
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Figure 19: Detector pass rates for Octavius measurements in sagittal plane after
introducing MLC open errors.

The QA performance results of systematically closing the MLCs for a hip
patient are shown in Figure 20. The ArcCHECK detected a 1 mm error while the PTW
system detected a 2 mm error in both planes.
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Figure 20: Pass rates for all three detectors for a hip patient after introducing
systematic close errors.
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Pass rates of the same hip plan with introduced random MLC leaf error
measurements are shown in Figures 21 and 22. Neither of the devices detected any
errors for both the 10% and 20% randomization trials.
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Figure 21: Pass rates for all three detectors for a hip patient after introducing random
errors to 10% of active leaves.

100
99
98
97
96
95
94
93
92
91
90

ArcCHECK
Octavius Frontal
Octavius Sagittal
0

1

2
3
MLC error (mm)

4

5

Figure 22: Pass rates for all three detectors for a hip patient after introducing random
errors to 20% of active leaves.
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Chapter 4
DISCUSSION AND CONCLUSION
Both devices exhibited a linear response, with measurements being within
1.1% or less for a static field. The standard errors calculated using either of the two
different methods were very close to zero. The measurements would have more
certainty if a reference ion chamber had been used to measure the linac output while
the QA devices were being irradiated. Despite the lack of a direct measurement, errors
are within the 2% limit for monthly linac QA measurements, so some of the error may
be due to the linac output being lower than expected.
One of the most striking results came from the couch rotation experiments. The
ArcCHECK was able to detect a rotation of 2° or less in all of the treatment plans. The
PTW system did not detect errors in all the plans until the couch reached 4° when
measured in the frontal plane. The sagittal plane setup only detected a rotation in one
plan. This shows that when performing quality assurance with the Octavius system, at
least two planes must be measured to catch all error types.
Assessment of gantry rotation errors, was limited by the number of data points
that could be collected. The head and neck and prostate treatment plans consisted of
two full arcs, while the hip plan was less than a full 360° arc. Shifts of more than 2°
were not possible for the full arc plans because that would exceed the linac rotation
limits. The ArcCHECK failed one prostate plan at 0.5° of gantry rotation error, with
the rest of the plans approaching less than a 90% pass rate by 1°. Only the hip plan
reached less than a 90% pass rate using the PTW system, and that did not occur until

27
there was a 5° error in the hip patient, although it was not possible to shift the rest of
the plans this much. This result would seem to be a serious problem since so much
care is taken to ensure that patient positioning and linac physical parameters are within
millimeter tolerance levels.
For the systematic shift errors, the ArcCHECK and the PTW (frontal plane)
detected errors in all the plans by 5 mm, but the ArcCHECK detected a 1 mm error in
a prostate plan. The PTW in the sagittal plane detected 2 mm errors in two plans, but
was only able to catch errors in four of the plans by the time there was a 5 mm shift.
For the systematic MLC open errors, the ArcCHECK detected errors in all of
the plans with a 2 mm gap or less. The PTW system performed nearly identically in
both planes. All plans failed with a 5 mm gap, four failed with a 2 mm gap and three
failed with a 1 mm gap.
The systematic MLC close and random MLC functions were only measured on
the hip patient, as MLC errors were triggered on the linac when other patient plans
were loaded into the machine. The ArcCHECK detected a 1mm closing of the MLC
while the PTW system did not detect an error until the MLC was closed 2 mm. Neither
detector reached below a 94% pass rate for the random leaf errors.
The sensitivity of the QA devices seems to correlate with previous studies
related to the actual dosimetric consequences of MLC errors. Random MLC errors
cause little change in dose to treatment volumes in static field IMRT 28, 29, 35 and
RapidArc plans.31 These results support the lack of significant change in detector
passing rates for treatments plans measured with random MLC leaf errors. Systematic
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shifts of the MLC banks also resulted in very little decrease in detector passing rates.
Errors of this type were found to affect the dose distribution in RapidArc treatment
volumes with a rate of -0.89 to 0.35 Gy/mm.31 In this study, the QA devices were most
sensitive to the systematic open and close MLC errors. Similar results have been
shown in other studies with static field IMRT 29 and RapidArc.31 Systematic open and
close errors in RapidArc treatment volumes were found to vary by1.6 to 2.6 Gy/mm
and -1.2 to -3.2 Gy/mm respectively.31 These correlations are a positive sign that the
detector passing rates have some clinical significance to actual dose distributions.
An unexpected result occurred in several of the tests. It is logical to assume
that as errors are introduced into the plans, the pass rates would begin to decrease and
continue to decrease as the error magnitude increases. In some cases, the pass rates
increase as errors are introduced (see Figures 11, 12, 15, 16 and 17) or the pass rates
begin to decrease as errors are introduced and then rise as the error magnitude is
increased (Figure 14). This suggests that there might have been errors in the unaltered
versions of the treatment plans or that the beam modeling in the treatment planning
software could be improved. The phenomenon seems to occur more frequently in the
head and neck cases than in the prostate and hip cases. Perhaps the more complex
fields required for head and neck treatments create more opportunities for errors
during the treatment planning process.
The physical differences in the two devices result in unique characteristics for
each. The ArcCHECK has the advantage of an array that is built around a cylinder.
This allows the detector to be perpendicular to the beam at all angles as well as
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measuring the beam upon entry and exit from the phantom. In addition, the detectors
are diodes which are known to have higher sensitivity and resolution than ion
chambers, perhaps giving the ArcCHECK the ability to better detect changes in high
dose gradient regions. The PTW device has the advantage of more complete coverage
of the radiation field. The surface of the ion chamber array has detectors covering 25%
of the surface while the ArcCHECK device diodes only cover 0.64% of the surface.
The PTW array may pick up small hot spots because of this increased coverage.
This project provides preliminary data towards an understanding of the effects
of MLC, gantry and setup errors on RapidArc radiation therapy treatments. This work
has shown that inducing these types of errors can lead to changes in dose distributions
in a phantom, but even more valuable would be to see how these changes affect the
primary treatment volumes and organs at risk in the patient. Therefore, a logical next
step would be to re-import the altered treatment plans into the treatment planning
software and compare them with the original treatment plans.
As RapidArc and other forms of VMAT are increasingly implemented,
clinicians will be charged with determining how to ensure patient safety through their
quality assurance program. More studies need to be performed to determine the
parameters that must be used to catch potential treatment errors. A larger patient
sample size is needed to make definitive recommendations on pass/fail rates and
gamma analysis thresholds that should be used for VMAT quality assurance.
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