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Feasibility study of applying domestic medical linear accelerators in stereotactic radiotherapy

NIE Xin, HAN Jun, YANG Jing, ZHU Xiaohui, LIU Gang, LIU Hongyuan, CAO Ting, LIANG Zhiwen, CHEN Mi, LI Qin
Cancer Center, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430022, China

Abstract: Objective To evaluate the dose output, mechanical and radiation performances of 2 imported medical linear
accelerators and 3 domestic medical linear accelerators for analyzing the performance of domestic medical linear
accelerators and assessing whether it is suitable for stereotactic radiotherapy. Methods Two imported medical linear
accelerators which stereotactic radiotherapy had already been treated on and 3 domestic medical linear accelerators with
superior installed capacities were chose for research. The ionization chamber and electrometer were used to measure the
dose output performance of the linear accelerators on water phantom. The mechanical precision of the linear accelerators
was measured with coordinate paper, front pointer, scales and other tools. The radiation performance and multi- leaf
collimator positioning accuracy were obtained by PIPSpro5.3.1 and doselab softwares, which provided great conveniences
in analyzing the recorded radiation fields taken by solid water and EBT films. Results According to the AAPM TG-142 and
the People's Republic of China Pharmaceutical Industry Standard YY0832.2-2015, a complete set of evaluation criteria for
domestic medical linear accelerators had been set up. The evaluation results showed that the accuracy, repeatability and
linearity of the output dose of domestic medical linear accelerators are high; that the radiation field isocenters accuracies of
gantry, collimator and couch were mostly less than 1 mm; that the average positioning accuracy of jaws and multileaf
collimators was less than 0.5 mm; and that the end-to-end deviations of two kinds of domestic accelerators were less than
5%. All these results revealed that domestic medical linear accelerators had good basic performances. Conclusion The dose
output and treatment accuracy of some domestic medical linear accelerator has already met the basic requirements of
stereotactic radiotherapy. However, the relevant radiotherapy units should invest more manpower and corresponding
equipments to carry out the quality assurance and quality control of the medical linear accelerator in order to promote
stereotactic radiotherapy.
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Tab.1 Project reference standard

Project Reference

Mechanical precision

Laser precision I mm
Collimator isocenter 1 mm
Gantry isocenter I mm
Couch isocenter 1 mm
Consistency of mechanical and radiation center 2 mm
MLC position accuracy I mm

Collimator (MLC) radiation field size (field<20 mm) !
mm
MLC position accuracy

Collimator (MLC) radiation field size (field=20 mm) 2 mm

Dosimetry accuracy

Radiographic stability <2%
Dose output stability <2%
Dose output linearity =2%

MLC: Multi-leaf collimator
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Tab.2 Accuracy, repeatability and linearity of output dose for 5 types of Linacs

Performance test of dose output

Linac model  Average dose  Standard deviation of Dose output Dose output
output/cGy dose output/cGy repeatability/cGy linearity

A 98.98 1.147 <0.5 <1%

B 99.20 1.602 <0.5 <1%

C 98.87 0.914 <1.0 <1%

D 94.80 3.128 <0.5 <1%

E 100.68 1.508 <0.5 <1%
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Tab.3 Size deviation and passing rate for 5 types of Linacs with 3 different radiation fields

Linac model

Field/em’ Statistics
A B C D E
10x10 Average value/cm’ 10.02x10.07 9.67x9.74 10.04x10.05 9.97x10.10 10.06x10.12
Standard deviation/cm’ 0.08%0.08 0.82x0.90 0.14x0.10 0.12x0.18 0.19%0.12
Passing rate/% 100.0 83.3 80.0 50.0 75.0
6%6 Average value/cm’ 6.01x6.03 5.81x5.82 5.96x6.00 6.06x6.07 5.99x5.99
Standard deviation/cm® 0.05x0.05 0.48x0.50 0.23x0.28 0.18x0.17 0.19x0.25
Passing rate/% 100.0 83.3 60.0 83.3 50.0
2x2 Average value/cm’ 2.00x2.00 1.93x1.92 2.31x2.38 2.38x2.27 1.90%2.01
Standard deviation/cm’ 0.05%0.07 0.15%0.16 0.71x0.75 0.53x0.51 0.23x0.19
Passing rate/% 100.0 333 20.0 333 25.0
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Fig.3 MLC accuracy for 5 type Linacs
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Tab.4 Absolute dose test results of E2E for 5 type Linacs (%)

Linac model

Statistics
A B C D E

Average value 2235 2208  3.696 4960  8.240
Standard deviation 1.195 1388 3346 4495 4.133

Passing rate 100.0 100.0 66.7 60.0 333
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