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Physical model test and application of three- dimensional dose verification system based on

anatomical structure

ZHANG Jun', WANG Hao’, XIE Cong-hua', LIU Hui', ZHONG Ya-hua', ZHOU Fu-xiang', DAI Jing', BAO Zhi-rong'
1. Department of Radiation Oncology, Zhongnan Hospital of Wuhan University, Wuhan 430071, China; 2. Shanghai
Chest Hospital, Shanghai 200000, China

Abstract: Objective To measure the accuracy and evaluate the clinical application of three-dimensional dose verification sys-
tem (3DVH) when the planning dose was perturbed and corrected on patients' anatomical images with the guidance of the
matrix detector. Methods A series of solid water phantom test plans were designed and implemented. The point dose and plane
dose were measured separately by the thimble ion-chamber and slow sensitive film. The planning dose was calculated from the
planning system, while the reconstructed dose was obtained from 3DVH system. The calculated dose and the reconstructed
dose were respectively compared with the measured dose to evaluate the accuracy of dose verification system. Six intensity
modulated radiotherapy (IMRT) plans for head and neck neoplasms and six volumetric modulated arc therapy (VMAT) plans
for prostate cancer were selected to compare with the dose calculated from the planning system and the reconstructed dose
obtained from 3DVH system and to analyze the clinical significance of system verification results. Results Except the IMRT
and VMAT plans of six periods oscillating sweeping gap field and mock C shape target, the deviation of the point dose
calculated from planning system, and point dose measured by thimble ion- chamber, and that of planned dose perturbation
(PDP) reconstructed point dose and measured point dose were not more than 3%. Comparing to the plane dose measured by
slow sensitive film, the vy passing rates (3%/3 mm) of plane dose calculated from planning systems and PDP reconstructed
plane dose distribution were above 98%. The reconstructed deviations were all within 3% for the planning target volume
(PTV), PGTVnx, PGTV,. of six IMRT plans for head and neck neoplasms, and Des and D 0f the PTV of six VMAT plans for
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prostate cancer, and their y passing rates were all above 95%. Except the lens of IMRT plans, the dose-volume parameters of other

organs at risk had a better coincidence rate and the -y passing rates were all higher than 95%. Conclusion The 3DVH based on

patients' anatomical structure is a practical instrument for IMRT quality assurance, providing dose verification assessment based

on anatomical structure.

Key words: anatomical structure; intensity modulated radiotherapy; three-dimensional dose verification system; dosimetry;

quality assurance
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Tab.1 Results of calculated and PDP reconstructed point dose compared to dose measured by icon—chamber

Solid water phantom plan Plan system (cGy) PDP (cGy) Ionization chamber (cGy) ATPS (%) APDP (%)
3 cmx3 cm 60.90 62.20 62.50 -2.56 -0.48
3 cmx5 cm 65.40 64.30 64.90 0.77 -0.92
5 cmx3 cm 62.80 63.10 63.50 -1.10 -0.63
5 cmx10 cm 72.60 71.60 72.20 0.55 -0.83
10 cmx5 cm 71.30 70.60 70.80 0.71 -0.28
10 cmx10 cm 77.40 76.80 76.20 1.57 0.52
20 cmx20 cm 86.70 87.10 86.50 0.23 0.69
Triple ranks indensity square aperture field 138.60 135.40 136.90 1.24 -1.10
Six periods oscillating sweeping gap 63.60 64.10 66.20 -3.93 -3.17
Multitarget (IMRT) 104.60 103.60 104.30 0.29 -0.67
Mock C-shape target (IMRT) 37.40 34.80 36.20 3.31 -3.87
Mock head/neck (IMRT) 101.10 98.70 100.90 0.20 -2.18
Mock prostate (IMRT) 101.70 99.70 101.40 0.30 -1.68
Multitarget (VMAT) 99.60 99.40 99.80 -0.2 -0.40
Mock C-shape target (VMAT) 35.30 32.20 34.10 3.52 -5.57
Mock head/neck (VMAT) 100.20 99.50 99.80 0.40 -0.30
Mock prostate (VMAT) 94.20 92.40 93.90 0.32 -1.60

Note: PDP: Planned dose perturbation; TPS: Treatment planning system; IMRI: Intensity modulated radiotherapy; VMAT: Volumetric modulated

arc therapy; Arws=(The value of TPS- The value of Ionization chamber)/The value of Ionization chamberx100%; PDP rebuild deviation=(The val-
ue of rebuild-The value of TPS)/The value of TPSx100%; Apr=(PDP value of rebuild-The value of Ionization chamber)/The value of Ionization

chamberx100%. 3 cmx3 cm for single field
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Tab.2 Results of calculated and PDP reconstructed plane dose compared to dose measured by sensitive films

vy pass rate(3%/3 mm)

Solid water phantom plan

TPS PDP
10 cmx10 cm 99.3 99.5
20 cm*20 cm 98.9 99.6
Triple ranks indensity square aperture field 99.5 99.8
Six periods oscillating sweeping gap 95.2 95.6
Multitarget (IMRT) 99.2 99.7
Mock C-shape target (IMRT) 95.4 96.5
Mock head/neck (IMRT) 98.7 98.4
Mock prostate (IMRT) 99.2 99.5
Multitarget (VMAT) 98.3 98.9
Mock C-shape target (VMAT) 95.8 95.3
Mock head/neck (VMAT) 98.4 98.9
Mock prostate (VMAT) 99.1 99.6

Note: 10 cm*10 cm; 20 cm>20 cm for single field

F3 651K FERINIE 9 BF IMRT i+% 5 PDP EEFE LR R (x5)
Tab.3 Comparison of dose in six 9-field IMRT plans for head and

neck neoplasms and PDP reconstructed dose (Mean+SD)

Region-of-interest(ROI) Parameters PDP couitd deviation (%0
ADys -2.1+0.8
PTV ADean -2.2+0.5
v 99.144.4
ADys -2.2+0.6
PGTV. AD ean -1.8+0.4
Y 95.9+3.5
ADys -2.4+0.6
PGTV.. ADnean -2.6+0.3
v 95.7+4.2
AD 3.1+£1.2
Spinal Cord AD e 2.7+1.6
v 95.4+3.8
AD, -3.4+1.6
Brainstem ADean 1.6+4.5
Y 96.2+3.1
AV, 1.5£2.9
Left Parotid Gland ADean 0.7£1.0
v 99.0+2.1
AV, 1.3£2.1
Right Parotid Gland ADen 1.3+1.6
v 99.7+0.7
AD, 31.4424.8
Left Crystal ADean 43.4+28.0
Y 46.7+46.8
AD 33.0+20.6
Right Crystal AD nean 39.4424.1
v 35.6£37.0

Note: PDP rebuild deviation=(The value of rebuild- The value of TPS)/
The value of TPS x 100% , A The dose deviation of TPS and
reconstruction (%); PTV for planning target volume; PGTV for planning
gross tumor volume; PGTV,, for primary tumors; PGTV,s for lymph
node metastases, spinal Cord, Brainstem etc; Dos for the minimum dose

of planning target volume of 95% ; D for average dose; AD... for

maximum dose
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Tab.4 Comparison of dose in six VMAT plans for prostate cancer

and PDP reconstructed plane dose (Mean+SD)

Region-of-interest (ROI) Parameters PDP rcuitd deviaiion (%0)
ADys -1.1£1.0
PTV ADsean -1.2+0.5
Y 95.4+4.5
AV, -4.4+4.3
Left Femoral Head ADsean -2.1+1.4
Y 98.5+2.8
AVa 33452
Right Femoral Head ADuean -1.4+1.2
v 99.6+0.8
AV -4.4+18
Bladder AD e -2.4+0.9
v 97.5+0.6
AV, -2.3+£5.2
Rectum ADean -1.6£1.8
v 97.7+3.6
AV, -0.3£6.9
Small Intestine AD\ean 2.1£1.6
vy 99.6+0.4
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