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Measurement and Monte Carlo calculations of relative output factors of APEX external micro
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Abstract: Objective To compare the relative output factors (ROF) of external micro multi-leaf collimator measured by three
kinds of detectors with those calculated by Monte Carlo (MC). Methods Three types of detectors (ccO1, cc13, SFD) were
applied to measure the ROF values under 6/15 MV X-rays in the 2™ blue water tank of IBA, and the beam sizes ranged from
0.49 cm*0.49 cm to 11.3 cm*11.3 cm. Commercially available X-ray Voxel Monte Carlo (XVMC) was used to calculated ROF
values at the same beam size, compared with those measured values. Results When cc01 detector was applied, for the field
size of 0.49 cmx0.49 cm, the relative errors between measured and calculated ROF values were fairly large, 21.11% for 6 MV
X-ray and 11.34% for 15 MV X-ray. When cc13 detector was applied, for the field size of 0.49 cm*0.49 cm and 0.98 cmx0.98
cm, the relative errors were also very large, 53.17% and 15.03% for 6 MV X-ray respectively, while 49.66% and 15.85% for
15 MV X-ray respectively. When SFD detector was applied, the measurement results had good consistence with those
calculated by MC simulation for any field size, and the measured results were not affected by the cavity size for its inner
diameter was only 0.6 mm. Conclusion Due to the absence of lateral electron equilibrium and high dose gradients at the beam
edge for the smaller fields, a suitable detector is very important for measuring ROF values of external micro multi- leaf
collimator. Different detectors have significantly different influences on the measurement accuracy of ROF values. When the
geometrical conditions are considered, silicon diode with tiny sensitive volume is the best choice for the measurement of ROF
values in x-ray stereotactic radiotherapy.
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Tab.1 Geometric parameters of measurement detectors
Detector Cavity volume (cm’)  Inner diameter (mm) Cavity length (mm) Outer length (mm)
cc01 0.01 2.0 2.6 3.0
ccl3 0.13 6.0 5.8 6.8
SFD 107 0.6 0.04 4.0
M5 APEX £ AB A T LT RO R 77
S80I AL B9 XVMC (X-Ray Voxel Monte Car-
lo, XVMOC) P57 AT BB AT, AR 4

FERSF R :32.2 em*32.2 cm* 34.8 cm, HiFAE K SF K 2
mm , 3R H A 254 T A9 ROF I:)H— %1 9.80 cmx
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Tab.2 Relative output factors of measurement and Monte Carlo simulation for 6 MV/15 MV x-ray and relative error(%)

Energy
F'ield 6 MV 15 MV
size(cm)
Relative Relative Relative Relative Relative Relative

MC cc0l error(%) cel3 error(%) SFD error(%) MC cc0l error(%) cel3 error(%) SFD error(%)
0.49 0.521 0.411 21.11 0.244 53.17 0.530 -1.73 0.441 0.391 11.34 0.222 49.66 0.453 -2.72
0.98 0.712  0.691 2.95 0.605 15.03 0.692 2.81 0.650 0.635 2.31 0.547 15.85 0.642 1.23
1.47 0.781 0.766 1.92 0.750 3.97 0.758 2.94 0.763  0.743 2.62 0.707 7.34 0.743 2.62
1.96 0.814  0.806 0.98 0.806 0.98 0.795 2.33 0.825  0.809 1.94 0.792 4.00 0.806 2.30
2.94 0.862 0.854 0.93 0.860 0.23 0.842 2.32 0.901 0.884 1.89 0.879 2.44 0.877 2.66
4.90 0.925 0917 0.86 0.923 0.22 0.907 1.95 0.961 0.943 1.87 0.949 1.25 0.940 2.19
6.86 0.962 0.956 0.62 0.957 0.52 0.952 1.04 0.983  0.969 1.42 0.975 0.81 0.969 1.42
9.80 1.000  1.000 0.00 1.000 0.00 1.000 0.00 1.000  1.000 0.00 1.000 0.00 1.000 0.00
11.30 1.011  1.025 -1.38 1.010 0.10 1.025 -1.38 1.010  1.009 0.10 1.005 0.50 1.014 -0.40

0.84 0.83 3.11 0.80 8.25 0.83 1.14 0.84 0.82 2.61 0.79 9.09 0.83 1.03

0.16 0.19 6.86 0.24 17.53 0.16 1.78 0.19 0.20 3.40 0.26 16.01 0.19 1.79
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Fig.2 ROF of measurement and Monte Carlo simulation
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