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I. Introduction
An investigation of the QA Stereochecker (QASC) from Standard Imaging was performed at the 
Inselspital, Bern University Hospital, and University of Bern in January and February 2017. The 
goal of this investigation was to test the QASC for two weeks within a clinical environment. One 
task was to perform all routine Cyberknife QA, which can be done with the aid of the QASC 
daily. In addition, the QASC was tested in different situations beyond routine QA. General 
comments and suggestions with respect on user friendliness are included in this report. 

II. Methods
ii.1 Daily QA
During the two weeks of evaluation routine QA, Iris QA, garden fence (GF) analysis, and Panda 
test were performed as described in the QASC manual on a daily basis. The order in which the 
three tests were performed was changed from day to day as requested by Standard Imaging 
during the evaluation period. The results of the tests were stored automatically to xls- and/or 
pdf-reports by the QASC software and were analyzed. The images acquired during daily QA were 
stored in three formats: dicom, tiff and raw (.his). The time needed to perform the whole daily 
QA, including setup and dismounting the QASC hardware, was recorded. Before the two weeks 
of evaluation, the images acquired during the first Iris QA, GF and Panda tests were stored as the 
baseline within the QASC software. This baseline was used as reference by the software for the 
evaluations performed during all following days. 

For Iris QA the field width, penumbra and flatness were verified for 11 collimator openings (7.5, 
10, 12.5, 15, 20, 25, 30, 35, 40, 50, and 60 mm defined at SSD 80 cm) by comparing the daily 
measured values to the baseline. The tests passed if the difference between measured field width, 
penumbra, flatness and the baseline was within a tolerance of 0.2 mm, 0.2 mm, and 1.0 mm, 
respectively. The tolerance levels are the default values within the QASC and conform with our 
internal guidelines. 
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For the GF test the daily measured GF pattern (5 stripes) was compared to the baseline. If a 
difference between the measured image and the baseline occurs, the QASC software provides the 
stripes, leaf bank and the leaf number where the difference occurs. No quantitative analysis was 
available within the current software version. The GF test passed if no differences occurred. 

For the Panda test daily measured Panda patterns (five ellipsoids) were compared to a baseline. 
The result was a spatial deviation for the following axes: Left/Right, Superior/Inferior, Anterior/
Posterior. In addition, a 3D vector was calculated out of the deviations along these three axes. The 
test passed if the deviations between the measured Panda pattern and the baseline for all axes 
described above was below a tolerance of 1 mm (which is our internal tolerance in order to pass 
the automated QA test).

ii.2 QASC Beyond Routine QA
In addition to the performance of routine daily QA, it was checked if the QASC could also be 
used for other clinical or research tasks within a hospital. The QASC was tested in the following 
three situations: 

• X-Ray therapy system (X-Strahl): It was tested if the QASC is able to acquire images for 
photon energies in the kV range. If this is feasible, the QASC could be potentially used to 
replace film based machine QA of X-Ray therapy systems. 

• MLC physics mode (Cyberknife (CK)): It was tested if the QASC is able to detect a 
non-standard, user defined MLC field consisting of four different segments. The four 
segments were defined as a top left rectangle, top right rectangle, bottom left rectangle 
and bottom right rectangle. 200 MU’s per segment were applied. If this is feasible, 
the QASC could be potentially used to perform patient-specific QA e.g. for MLC 
treatments. 

• Electrons: It was tested if the QASC is able to acquire images of electron beams. A set 
of different electron fields was defined (different field sizes, different monitor units, 
different beam energies) and applied to the QASC. In addition, different measurement 
setups were simulated within an in-house Monte Carlo environment. I.e. dose 
deposition of the electron beams was calculated in a plane within a water equivalent 
cube phantom at a depth of 2 cm. This simulated 2D dose distribution was compared 
with the measurements acquired with the QASC.
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III. Results

III.1 Daily QA
Daily QA was performed 10 times, once per day on 10 successive working days. Setup of the QASC 
was easy, fast and self-explaining. The edge of the QASC was placed about 4 cm away from the first 
white index line marked on the CK table (see figure 1). No proximity detection program (PDP) or 
collision warnings/errors did occur during daily QA. An overview of the tests performed as well as of 
the data collected during these tests are given in table 1. The time needed to perform the whole daily 
QA (including setup and dismounting QASC hardware) is recorded in the blue marked column in 
table 1. 

Figure 1: Image of the setup of the QASC on the CK robotic table. The edge of the QASC 
was placed about 4 cm away from the first white index line marked on the CK table. No 

PDP or collision warnings/errors did occur during daily QA for this setup.
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Table 1: Overview of the tests performed as well as the data collected during 
daily QA. The time needed to perform the whole daily QA (including setup and 

dismounting QASC hardware) is recorded in the blue marked column.

The mean time needed to perform daily QA was 28.6±3.0 min. All Iris QA tests performed 
during the two weeks passed with one exception: The penumbra for the 60 mm field opening 
failed on two days. An example of the results is shown in figure 2 for two selected collimator 
openings (7.5 mm and 30 mm). These results were summarized in the xls-report provided by 
the QASC software.
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Figure 2: Results of the Iris QA for the two collimator openings 7.5 mm and 30 
mm. The difference between the measured field width, penumbra and flatness to the 

baseline is shown for the 10 measurements.
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An example of the data stored within the pdf-report for the Iris QA is shown in figure 3 for a 
collimator opening of 30 mm.

Figure 3: Example of the data stored in the pdf-report generated automatically by the 

QASC software when performing Iris QA.

All GF tests performed during the two weeks passed. An example of the results is shown in 
figure 4, which shows the pdf-report provided by the QASC software when evaluating a GF 
test.

Figure 4: Example of the data stored in the pdf-report generated automatically by the 

QASC software when performing a GF test.
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All Panda tests performed during the two weeks passed. An example of the results is shown in 
figure 5. These results were found in the xls-report provided by the QASC software.

Figure 5: Results of the Panda tests performed during the evaluation period. 
Deviations between the measured Panda pattern and the baseline are shown for the 

following axes: Left/Right, Superior/Inferior, Anterior/Posterior and Total.

An example of the data stored within the pdf-report for the Panda test is shown in figure 6.

Figure 6: Example of the data stored in the pdf-report generated automatically by the 

QASC software when performing a Panda test.
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III.2  QASC Beyond Routine QA
It was feasible to acquire images for photon energies in the kV range. Nevertheless, for the 
lowest photon energies image quality was poor and is maybe not suitable for machine QA 
purposes. A picture of the setup of QASC at X-Strahl as well as an example image for a photon 
energy of 150 kV is shown in figure 7.

Figure 7: Setup of QASC at X-Strahl (left side) and an image acquired with the QASC 

at X-Strahl, when using a photon energy of 150 kV (right side).

It was feasible to acquire a user defined MLC field consisting of four different segments by 
using the MLC physics mode of the Cyberknife. The corresponding image is shown in figure 8.

Figure 8: Image acquired with the QASC by applying a user defined MLC field 
containing of four different segments by using the MLC physics mode of the 

Cyberknife.
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Figure 9: Acquired image of a 12 MeV electron beam (4.2 x 4.2 cm2, SSD = 70 cm).

It was feasible to acquire images of electron beams with the QASC. An example image of a 
12 MeV electron beam (4.2 x 4.2 cm2, SSD = 70 cm) is shown in figure 9. The comparison 
between the dose profiles calculated at a depth of 2 cm in the water equivalent cube phantom 
and the measurement signals resulting from the QASC is shown in figure 10. All profiles shown 
in figure 10 were normalized to 100% relative dose at the maximum of each profile. SSD was 
always set to 70 cm. In the upper left plot of the figure in- and cross-plane profiles are shown 
for a 12 MeV electron beam. Field size was 4.2 x 4.2 cm2, 100 MU’s were delivered. The lower 
left plot of the figure shows the same measurement setup but electron beam energy was 6 MeV. 
The upper right plot of the figure shows the profiles for the following measurement setup: 6 
MeV electron beam, 10x10 cm2 field size, 100 MU’s. The lower right plot of figure 10 shows an 
example, where the settings at the QASC were not set in an optimal way (too sensitive), which 
resulted in a saturation of the measurement signal. The corresponding measurement setup was 
the following: 6 MeV electron beam, 5 x 5 cm2 field size, 100 MU’s.
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Figure 10: Comparison between dose profiles calculated at a depth of 2 cm in water equivalent cube 

phantom and the measurement signals resulting from the QASC for different setups.
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IV. Conclusion
The setup and use of QASC was easy, fast and self-explaining. The high weight of the tool could 
potentially lead to problems when using the QASC daily, however a lift cart is available. During 
the evaluation, it was possible to perform Iris QA, GF, and Panda daily in less than 30 min. This 
is about a factor of 6 to 7 times faster in comparison to the conventional film-based methods 
for these three tests. 

Beyond routine QA we see a lot of potential to use the QASC for other clinical or research 
tasks. During the evaluation period, we did successfully proof the feasibility to use the QASC 
for the following three tasks: (1) Use the QASC to acquire images for photon beams with 
energies in the kV range. This has the potential to use QASC to replace film based machine QA 
of X-Ray therapy systems. (2) Use the QASC to acquire images of user defined MLC fields with 
multiple segments per field. This has the potential to use the QASC for patient specific QA, e.g. 
for MLC plans of the CK. (3) Use the QASC to acquire images from electron beams. This has 
the potential to use the QASC to perform machine or patient specific QA for electron plans, 
e.g. when using modulated electron radiation therapy. 
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