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Dosimetric verification of practical beam angle and beam angle returning to zero in intensity-
modulated radiotherapy plan

KONG Wei', DING Li? YE Hong-giang', XIA Xin-she', ZHAO Ting*, DING Wei*, SHANG Jun*

1. Department of Radiotherapy, General Hospital of Ningxia Medical University, Yinchuan 750004, China; 2.
Medical Record Room of Cardio- cerebrovascular Diseases, General Hospital of Ningxia Medical University,
Yinchuan 750004, China

Abstract: Objective To compare and analyze the dose difference (DD), distance to agreement (DTA), and gamma (vy) pass rate
of the practical beam angle and beam angle returning to zero (RZ beam angle) in intensity- modulated radiotherapy (IMRT)
plan. Methods Based on the Pinnacle 9.2 m planning treatment system, 21 IMRT plans respectively for 6 cases of head and
neck cancers, 11 cases of thoracic cancers, and 4 cases of abdominal cancers were selected, containing 121 radiation fields.
The verification plans of RZ beam angle and practical beam angle were respectively designed on Delta4 phantom. The three-
dimensional verification device, Delta4, and VARIAN Clinac IX accelerator were applied to measure the +y pass rate of these
two verifications in 121 radiation fields. The maximum dose of each radiation field was normalized to 100% to analyze the
impacts of different criteria, different dose regions and different angles on v pass rate. Results Compared with the practical
beam angle verification, the DD, DTA and vy pass rate of the dose region above 10% of RZ beam angle verification were
significantly improved, P<0.05. While in the 0%-10% dose region, all the criteria showed significant differences (P<0.05),
except the pass rate of 3 mm/3% criteria (P>0.05). For the radiation fields under and above horizontal line, RZ beam angle
verification basically achieved the same DD, DTA and v pass rate. However, for the radiation field under horizontal line, the

pass rate of practical angle verification was lower than that of RZ angle verification. And for the practical angle verification,
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the pass rate in the radiation field under horizontal line was lower than that above horizontal line. When the beam angles were

practically set as 260°-285° and 75°-100°, DD, DTA and pass rate in the dose region above 10% of RZ angle verification were

significantly improved (P<0.05), especially the DTA of 2 mm/2% criteria. Conclusion The IMRT plan based on the practical

beam angle can achieve verification results closer to the real.

Key words: Delta4; Intensity-modulated radiation therapy; verification; Gamma pass ratel beam angle; dosimetric verification

e

]

I

VB Ry — T B A 3T IMRT) HAR 2
W TR RAT . IMRT U TR, i T 57
27 367 1R & 4t (Treatment Planning System,
TPS) FIE A A BRI A B A i B T2
SR BRE B PE N2 | A TR AR RS2 U IR T TR
7 IMRT PRI A 3k . H i 22 80 Befifi H 4R
I %31 MapCHECK™ A MatriX X®%f IMRT 1% k47
B UE , #8453 1 TR A B ) 17 AS BEAE AT S BT S PR A B
BSUERY , HREIEAT OB A AR IS UE . S A R A
FTEYGUE 5 I PR IR A PN — 3K, 20 T AR Z [n) /i, 431
WAYT R B9 520 Gantry 1122 Ui £f %% (Multi Leaf
Collimator, MLC) 7E 5 JI1EH T 0524 . A4
FII 1] Deltad [543 1 IMRT 36 3iE 3 %) 565 185 £ 5 19 %
5 SRR SR A B 9 7] 8 22 (Dose Difference, DD) .
W4 BE 25 (Distance to Agreement, DTA ) Filyiffl 1 %5
)25 54 o

1 W5 %

1.1 & &EMNF

PTW A ] Y UNIDOSE 1 TW 30013 A5 Hi &
=, ARG ET T RRE S BRI, VARIAN 2
) Clinac IX = FH ELZe & (il iR R LF 48357 IK)
FPinnacle 9.2 m TPS, ScandiDos /A w11 Deltad, fifA&
K/NA 22 emx40 em, P B A 1E S HES Y21 SRR
SR , AT 1069 MEUER IRy 0.78 mm? i P U 2=
Rk, 6 cmx6 om RO DX AR Sk (AT BF 4 5 mm, H:
B XIS HREL A1 S 10 mm, [ EC A8 A a0 7
1.2 IR GIEE AN R 1T

I 6 151] S 20 11 51 i S 4 15 S g i
ffif Pinnacle 9.2 m TPS1&I T IMRT 114, 2L 1214~
1.3 BRIt

7t Deltad £ & CT 5244 14 oty I, X B3k 21 4]
IMRT 331 5373 il VF W A e ik -0 < ST 0 2
SPEFSCER AR B o IS UETT S TPS j= AR B 5 i o A
P13l A8 4 2 ek 1 Deltad I &2 51 44
1.4 FIEWIESHHFE

(1) 388 528 790 kA0 5 s M ASE AR A T o s 28 1) B o

hEEZWIBFERE 2014£118 $£32% $6iH

F 2 5 BSE— 2 (2) 3% 4% Deltad 7 & 5000F R EE 1Y
BTG AEHOET 515 T 5% Deltad 55 024
Tk Deltad #5441 20 min Ji , $E S FiTHL 3 HREE AL
R R Deltad 300 RSG5, 4 I 75T 0T A1 B U0 %
I B S B A BE 0 B IE , S8 R 3 5 (3) 3 Silie i
£ STEFAE 2 mm/2% F1 3 mm/3% AR ME T, 71 X I,
k1 10% L4 _E i1 0%~10%2 8] () DD . DTA Fllyilli i %,
A3 M A S BT A R U S S B AR R A B R A R AR
T S S B £ B S KO 2R I ARV A T2
Fo A AR 5 SRR A B I B UE S SR . RSB Ay
Ji Ay 260°~285° 1 75°~100° 14 5 Y, b3k 10% LA 1 5]
i DX ) A R VA S S B A Y SR UE 4
1.5 it

K FH SPSS 16.0 Ax 4Fi#E 17 B X t K 5, P<0.05

SHAEGIEE L.

121 5 BY A0 ) B A 25 5 S B A B 1) STk 45
10% LA |71 X 3, 1 B IH R 560 00E () DD . DTA Flyi
AR BI I R, B G 2E B X (P<0.05) ; 0%~
10% 2 8] 1) 5 [X 3, Bk 3 mm/3% b T 1) il i R 2
At d L e A RA S5 L (P>0.05),
LR L K2,

SRR A BE KR b T AR BES I P S A R
VAR5 S FR A RE I UE 25 3 KO-k A RS, HA
109% LA 15548 X 8 . 3 mm/3%7n i T Y DTA Filyi it
ZH10%~10%2 8] 7] & XI5 .3 mm/3%H5ifE K A DTA
HA G228 L (P<0.05) ; /K4 T f BE VS [, 5 87
U921 DD . DTA Fllyidiad R ¥ B 42, B 4
PHeFaE X (P<0.05) . K- b R /4N A S R 10
ST, 7E 10% L4150 DX N B AR 5 R ) 5
WEZE JREFEA — B KL M EEVa B P, S Y S PR A
JEE 56 1) 3 o AR AT A B I R 5 1 KR
A REE BRI SR 8 S B A R 6 5 2 R IR T K
2 L A R S P P S A SEBR A B B U A R T
L #3~%K6,

TESZ PR A N 260°~285° 1 75°~100°38 [Fl P4 (1 5
HY 100 LA 1505 X8RP, 55 58 BR AR BE A 00 Tk 45 A



- 894 -

1L A6, &5 sRo R AT f R A

TGP AA BE R SR A

F#1 10% EFIEXIEH DD DTA FAvE T Z L3 (%, x+s, n=121)
Tab.1 Comparison of DD, DTA and vy of dose region above 10% (%, Mean+SD, n=121)

Criteria Index RZ beam angle Practical beam angle t P
DD 79.545.5 78.316.7 2.163 0.033
2 mm/2% DTA 89.4+4.1 87.6+8.3 2.366 0.020
Y 96.4+2.2 94.7+3.6 5.031 0.000
DD 88.2+3.7 87.315.3 2.127 0.035
3 mm/3% DTA 99.5+0.8 98.2+2.3 4.711 0.000
Y 99.7+0.4 99.5+0.8 4.321 0.000

Note: DD: Dose difference; DTA: Distance to agreement; y: Gamma; SD: Standard deviation; RZ beam

angle: Beam angle returning to zero

=2 0%~10%z [EFI 2 X5 DD DTA Fivi@ T Z th 8 (%, x+s, n=121)
Tab.2 Comparison of DD, DTA and vy of 0%—-10% dose region (%, Mean+SD, n=121)

Criteria Index RZ beam angle Practical beam angle t P
DD 90.8+5.7 90.2+6.5 2.867 0.005
2 mm/2% DTA 89.5+4.1 87.6+8.3 2.393 0.018
v 98.3£3.7 98.0£3.3 2.037 0.044
DD 95.4+1.9 94.7+2.4 3.165 0.002
3 mm/3% DTA 99.1+0.8 98.2+2.3 4512 0.000
Y 100.0+0.1 99.9+0.3 1.632 0.105

RIKEETHE

J10% A _EFIE X8 DD DTA FIvil@ T Z LB (%, x+s, n=56)

Tab.3 DD, DTA and vy of dose region above 10% and fields under horizontal line (%, Mean+SD, n=56)

Criteria Index RZ beam angle Practical beam angle t P
DD 78.745.9 76.0+7.3 2.787 0.007
2 mm/2% DTA 90.1+4.0 84.9+9.4 4.135 0.000
Y 96.4+2.1 93.4+4.2 5.023 0.000
DD 87.9+4.0 85.3+5.6 3.760 0.000
3mm/3% DTA 99.1+0.9 97.5+2.9 4.349 0.000
Y 99.8+0.4 99.3+1.0 3.281 0.002

R4 KEETRE.0%-~

10%z iE)57 2 X 15 DD . DTA Fyi# id Z EL 57 (%, x+s, n=56)

Tab.4 DD, DTA and vy of 0%-10% dose region and fields under horizontal line (%, Mean+SD, n=56)

Criteria Index RZ beam angle Practical beam angle t P
DD 91.145.2 89.8+6.2 3.159 0.003
2 mm/2% DTA 90.1+3.9 84.9+9.4 4.186 0.000
Y 98.3+3.6 97.6+2.7 2.641 0.011
DD 95.7+1.4 94.4+2.2 4.046 0.000
3 mm/3% DTA 99.1+0.9 97.5+2.9 4.189 0.000
Y 100.0+0.1 99.9+0.5 2.048 0.045
o, SFHT A A ) DD DTA Flyidi o e Bl g 52 WETHS, AAF500H Detlad #47 IMRT 114 4 5 15

B B SR L (P<0.05) , Hi 2 mm/2% kg vE Y
DTABA 425, 1L 7(P<0.01),

3 it it

Deltad & JH T IMRT FIZ FiEs% 5% (VMAT ) it
RIBSIE , FH 5645 5 2 0 Deltad 2—FPBRAR A5 30 A0 56

1R U1 2 R S T SR A R R S0 IE R K A S T
7t Deltad B4 b i K5 )9 — 4 100%,  10% L) L5

it DX Ry S R G T R A2 O Y X, S5 IR SR
BRI DX 35, AH EE SR AR B2 B IE , 5917 47 A R 7 2
mm/2%F1 3 mm/3%45s#E T 245 T DD . DTA Flvyid
12 0%~10% 2 [A] 571 2 X I A i 26 RE SV T, 45
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#5 KFL ERE.10%_EFIEXIE DD DTAFIVBIT R L (%, xts, n=65)
Tab.5 DD, DTA and v of dose region above 10% and fields above horizontal

line (%, Mean+SD, n=65)

Criteria Index RZbeam angle Practical beam angle t P
DD 80.2+5.0 80.45.4 -0.393  0.696
2 mm/2% DTA 88.9+4.1 90.0+6.3 -1.353 0.181
Y 96.3+2.4 95.7+2.6 1.909 0.061
DD 88.4+3.4 89.0+4.4 -1.293 0.201
3 mm/3% DTA 99.2+0.8 98.8+1.4 2.204 0.031
Y 99.7+0.4 99.6+0.6 3.116 0.003

R6 KFLEFE.0%-10%Z E7 & X3 DD, DTA Flvil iT R L% (%, xts,

Tab.6 DD, DTA and vy of 0%-10% dose region and fields above horizontal

line (%, Mean+SD, n=65)

Criteria Index  RZ beam angle Practical beam angle t P
DD 90.8+6.2 90.6+6.7 0.722  0.473
2 mm/2% DTA 88.9+4.1 90.0+6.3 -1.355  0.180
v 98.2+3.9 98.3+3.7 -0.240 0.811
DD 95.1+2.2 95.0+2.5 0489  0.626
3mm/3% DTA 99.2+0.8 98.8+1.4 2.052 0.044
v 100.0£0.1 100.0+0.1 -0.116  0.908

R 7 260°-285°FN0 75°-100°3E FEl A 5 EF . 10% A L FIE X 18 DD DTA i@ id &

Tab.7 DD, DTA and v of dose region above 10% and fields with angle of

L3 (%, X#s, n=29)

260°-285°and 75°-100° (%, Mean+SD, n=29)

Criteria Index RZ beam angle Practical beam angle t P
DD 80.1+6.5 77.4+6.0 2.252 0.032
2 mm/2% DTA 88.2+4.5 83.2+6.3 3.582 0.020
Y 96.4+2.6 94.2+3.3 3.221 0.003
DD 88.7+3.8 86.9+4.0 2362  0.025
3mm/i3%  DTA 99.2+0.8 97.9+1.8 3.05 0.001
Y 99.8+0.4 99.6+0.8 2.391 0.024
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