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Effects of different backscattering conditions on QABC+ measurements
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Abstract: Objective To investigate the effects of different backscattering conditions on the measurement results of the QA
beamchecker plus (QABC+). Methods QABC+ and a reference phantom composed of PTW thimble ionization chamber and
solid water were placed at the fixed positions (positions A and B) on the treatment couch, with the source-to-surface distance
of 100 cm. Taking the thickness (0-8 cm, 10 cm, and 15 cm) of solid water under the reference phantom and QABC+ as the
variations, the corresponding backscatter factor (B,) was measured. Results Once the solid water thickness exceeded 5 cm,
the B, measured by the reference ionization chamber tended to be stable and varied within 1%, while the B, measured by
QABC+ was larger and still increased by 3.1% for 5 to 15 cm of solid water. Position A on the couch was equivalent to 5 cm
of solid water. Conclusion QABC+ measurements are more affected by backscatter than conventional ionization chambers,
and the B, are amplified. Slight differences in backscattering conditions may cause false alarms from QABC+. It is
recommended that before the use of daily QA instrument, the effects of backscattering conditions on its reading should be
determined through experimental measurement, and the positioning conditions should be fixed to ensure the stability of
scattering conditions and make daily QA instrument work efficiently, stably and reliably.
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Figure 1 Setup of QA beamchecker plus (QABC+)

27 1 B AL B QABCH T Y 4514 4%
4, i 25 5% [ 44 /K 455 (30 emx30 em*30 c¢m, CIRS)
$& 3 2 2 ) A e K 48 AU B % (Farmer 0.6 cc,
PTW-30013 ) it 78 [E A /K8 B 5 v, e g b 30
T A K A A fp = O 7 A OK 3R T 3.5
em, B ERM 1.5 em(K2),

3 BRI AR R

SEEHEE

B2 2EZRBERR

Figure 2 Reference ionization chamber module
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Table 1 Measurement results of reference ionization chamber and QABC+

SHHBEE QABC+
i 47K B fem
KHBA/CGy MFEB/cGy K A/Unit [ B/Unit

0 98.70+0.04  96.94+0.05 30311+1 28 848+13
1 98.79+0.02  97.44+0.03 3051417 29270+£15
2 98.91+0.03  98.07+0.04 3071449 29633+£18
3 99.08+0.06  98.26+0.02 30792427 29912420
4 99.18+0.03  98.60+0.04 3095344 301632
5 99.26+0.07 98.71+0.03 31093+22 30381+7
6 99.43+0.02 98.91+0.03 31168+30 30617+14
7 99.41+0.02  99.10+0.03 3123849 30770£15
8 99.42+0.04 99.21+0.08 3127311  30890+£12
10 99.61+£0.02 99.35+0.04 31381+29 31070+15
15 99.62+0.02  99.65+0.04 31516423  31324+15
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Figure 4 Backscatter factor B, at position A or B measured by

reference ionization chamber and QABC+ for 6 MV X-ray

B 25 0T 15 4 B4 B BT RORS VR O T B R A T R
e IR i 8 e o o 400 48 v TR 1 B 1) T BORN IR
Jiti o ARG ICRU 83544, I ed AR VA ) 12k (4G ff 85 75
P FE£5% LAY, 75 DU ] 8 25 A AR A e ey s ol 2%
BN IEE ALV E IR RAE . AAPM TG-142 4%
5 FILAE 5 FH L2 ok 4 i B AU PR 1R 2 I A T E 3%
DL S5 2 AR A R T A ORI Y T A T
FRHE AL B ol O MR S R AR R
5 1 % AT T RAG W i s 8 R RUIRAS , E AR T



6 b

QABC+ - 669 -

e DR S5 458 v 2R e ) R Ak R AG 18 4 2 R
R TN D0 B B | 5 L & 11| B3 =101 ) e 5 M A
= BEML Bl - (AN B 8 R R A D k4l 22 B [+
— R AR R B = G AR IE T R AR Ak
ik 3.6%, I LA 55 - 2R e, B A5 SR AMORF X 550) 0
2 O E PR PR R S A R A
55 [ V5 B AR ROK MR e = R 08 0 3 ) AU
AEE T AS [R] 548 5 0 53 0 3R 7 IR 15 1) 10 3 22
IR, 25 R A A I 485 B T A e T

McDermott™ fifi Jf] PTW-Linacheck /2 6 1 ] &
TN 2 VAT IR RO 1~2 om A ) B AR
X il SRS A O N 0.3%~0.6%.  F 58 A [] 5
[ HCE 2% 1t SR ARG ASC A S i), A 7F 9 4 QABC+ Al
S5 L B S AR SIS TR T 1) WS 4% (A A 7
BN B R34 5 (Elekta Precise) 6 MV Y642 o i
PEATI . S5 B FEAN TS N E AR, 2% B
FEREHTE AL A 5 B AL IS B (B IR K 1.8%,
1 QABCHI 5 B {E Ui A 5.1% 5 i f 42240 A 7511
B S5 R ) B A D F2 S om, P LB B H S
W3R B AR TR N S em [E{AIK 2 J5 S B fH 1 AR 1L 3
AV B A, S Fr s I B AR SRR B B S em 2 )5
TRYT R 4 T8 28548 7 A 14 B2 1) B30 T 1 4 7K i
Wik -

T AR R0 45 1 T, BAOK IR EAE S em 2
Jo RS B = R Y B (R T RE , AR A
1% Z W, T FLAE 10~15 cm J5 B}, 35 1) 5 Hml
T2 B I8N E 0.3%., 3% 5 Hu 256295 i 52 45
R T 1 B R o P S I Y
0.3% A9 00 55 2 B0 1 22 5 R 0.4% A 128 7 152 25 A1
SEFE, TEEE R ST 25 A T A o e 22 A
0.5% ML & . R S5hrifESZ B EMIT,
QABCHIE Y B (E A A A , LI E5 R 7F 5~15 cm
ZIMISAT 3.1% HI3E I . ASHERR 2 i oo Pk B B =
ST 1 v % R B AR T 5 1S L T R R e SR
PR WA 35308 L S Al FL 8 2 A B o o R D A
B 22 B BUR KA e 0 2, A5 D o 45 SR 32 75
] BT B s e B K, BT R A R 5 ) Kl — A0 B
5% M LLFEAH R B R A T 5 S 5 L
BT LUE H QABCHE U 1) U B4R 5 ok HL A
PRAE A L, I 2 RE U B A AR A O i B i i 75
] B AR AL AL 25 7E QABCHAYIEER I R BUIAIN .

ZE LRTR 55 % i B = B b i A AL
B A E RS (I i 5 SR T 1] U A S RO
FE HE R B s BUR P86 97 IR (0 25 4 R i, 0T B
B PRTA T PRI 1) B3O SRR AR AR 3 o 52 56 0
SR S T ) ERO AR R R A SR B S e i BE R

FE % TR 1 [ AR K S SR A R B T R A AT
A LA BB AI TR T R AN )43 T 445 R4 1 B0 5 i ke /=
G A 28 SR T . MERRARIC R A I I 1 )
OEER VAN i | @A IS R D = o8 Y& ]
A7 5 R 2 15 I (4B 7 R AT R AR — B,
DLV I S T A7 B2 A 22 S5 b S A A0 e % SR 1 B
M), 452 v S KA S k5 S i A o M R RS s e TR s
WA THAE, W AR . A 2 A ey, FE
JYIRZEA 22 53, @ BB A LA SR b il — A R,
o H B G VLA B [ RN B A A S RT3
LH.

9K QA Beamchecker Plus %5 Bl RAG AL 1 25 1)
NIy R A X L A 7 o, ELIGG PR il FH A A 03 AN i 22
WG o 2R IO X I A A — 1 Db B (4 7 ) A% 1 0t
TR R VS fE ) i e i S i il 45 &
N R VAT 2 ) (1B SR 7 N A W E Vb e
FRAE TR FbR A 25 A R T O R A A
YA M RN ) AT AP T RS T AR A A
AT,

(5% 3CiK]

[1] Warkentin B, Stavrev P, Stavreva N, et al. A TCP-NTCP estimation
module using DVHs and known radiobiological models and parameter
sets[J]. J Appl Clin Med Phys, 2004, 5(1): 50-63.

[2] Baumann M, Petersen C. TCP and NTCP: a basic introduction[J].
Rays, 2005, 30(2): 99-104.

[3] Kautcher GJ, Coia L, Gillin M, et al. Comprehensive QA for radiation
oncology: report of AAPM radiation therapy committee task group 40
[J]. Med Phys, 1998, 21(4): e584.

[4] Palm A, Johansson K. A review of the impact of photon and proton
external beam radiotherapy treatment modalities on the dose
distribution in field and out-of-field; implications for the long-term
morbidity of cancer survivors[ J]. Acta Oncol, 2009, 46(4): 462-473.

[5] Royce TJ, Mavroidis P, Wang K, et al. Tumor control probability
modeling and systematic review of the literature of stereotactic body
radiation therapy for prostate cancer[J]. Int J Radiat Oncol Biol Phys,
2021, 110(1): 227-236.

[6] Buciuman N, Marcu LG. Dosimetric justification for the use of
volumetric modulated arc therapy in head and neck cancer-a
systematic review of the literature[ J |. Laryngoscope Invest, 2021, 6
(5):999-1007.

[7] Chen SN, Ramachandran P, Deb P. Dosimetric comparative study of
3DCRT, IMRT, VMAT, Ecomp, and hybrid techniques for breast
radiation therapy[J ]. Radiat Oncol J, 2020, 38(4): 270-281.

[8] Zhao J, Hu W, Cai G, et al. Dosimetric comparisons of VMAT, IMRT
and 3DCRT for locally advanced rectal cancer with simultaneous
integrated boost[ J]. Oncotarget, 2015, 7(5): 6345-6351.

[9] Verbakel WF, Cuijpers JP, Hoffmans D, et al. Volumetric intensity-
modulated arc therapy vs. conventional IMRT in head-and-neck
cancer: a comparative planning and dosimetric study[ J]. Int J Radiat
Oncol Biol Phys, 2009, 74(1): 252-259.

[10] Klein EE, Hanley J, Bayouth J, et al. Task group 142 report: quality
assurance of medical accelerators[ J]. Med Phys, 2009, 36(9): 4197-
4212.

[11] 24, 244 RAAUE B & ik 3 B F R 4260 1 69 e aEAF
LT F B EFE 4, 2018, 15(4): 43-47.
Wang Z, Cheng JS. Study on performance of morning check device in
the application of daily quality control of medical linear accelerator
[J]. China Medical Equipment, 2018, 15(4): 43-47.

[12] 34548, SR E =, 348,55 Wb o Wdnik 33 R AR AR P4 [T].



- 670 -

.

] 22

5539 %:

A E 5 B AP 4 &, 2015, 35(7): 532-535.

Hu QQ, Zhang YB, Liu ZL, et al. Performance comparison of four
common LNIAC daily QA instruments [J]. Chinese Journal of
Radiological Medicine and Protection, 2015, 35(7): 532-535.

[13] B 45 . AV A 24 F F 7 A AT XD iR E R 269 % al D). 7
M KA, 2015.

Chen J. Monte Carlo simulation of the field size influence on the depth
dose[ D ]. Suzhou: Soochow University, 2015.

(14 ] SLOTEE, A TEaR, X =0, 5. K e85 B T 26 77 P astEm ],
R4 47, 2011, 31(1): 30-33.

Ni XY, Tang XB, Liu YP, et al. Effect of backscatter factor on absorbed
dose in radiotherapy[ J . Radiation Protection, 2011, 31(1): 30-33

[15] sRokik, FR 47, 354 RABLAY BT T]. 7 B B 57 ik 4, 2017, 32
(4): 42-45.

Zhang YB, Chen LX. Development of the digital morning check
device[J]. China Medical Equipment, 2017, 32(4): 42-45.

[16] International Atomic Energy Agency. Absorbed dose determination in
photon and electron beams| R ]. Technical Reports Series No. 277.
Vienna: IAEA, 1998: 1-25.

[17] Hodapp N. The ICRU report No. 83: prescribing, recording and
reporting photon-beam intensity-modulated radiation therapy (IMRT)
[J]. Strahlentherapie Und Onkologie, 2012, 188(1): 97-99.

[18] Binny D, Lancaster CM, Kairn T, et al. Monitoring daily QA 3
constancy for routine quality assurance on linear accelerators[J|. Phys
Med, 2016, 32(11): 1479-1487.

[19] &wem, &2, W%, . A%k & B i85 4 AT 429745
[T P 425 8 5 72 &, 2020, 29(3): 220-224.

Jin XL, Lu Y, Shi QY, et al. Daily quality control data analysis and
process evaluation of linear accelerator [J]. Chinese Journal of
Radiation Oncology, 2020, 29(3): 222-224.

[20] #% K3k, E 385, K14, ¥ . i 1 PTW QUICKCHECK webline 2 #
AU B A i B i R AL [T ], b B E A R &, 2019, 36
(5): 540-545.

Jiang DZ, Wang XY, Zhang J, et al. Using PTW QUICKCHECK
webline to monitor the output stability of linear accelerator [J].
Chinese Journal of Medical Physics, 2019, 36(5): 540-545.

[21] Muir BR, Mcewen MR, Rogers D. Beam quality conversion factors
for parallel-plate ionization chambers in MV photon beams[J]. Med
Phys, 2012, 39(3): 1618-1631.

[22] Arak F, Ikeda R, Shirakawa Y, et al. Wall correction factors for
calibration of plane-parallel ionization chambers with high-energy
photon beams[ J]. Phys Med Biol, 2000, 45(9): 2509-2517.

(23] # K, Mo AA I 2 (M. T R T 4 AL, 1999: 80-85.
Hu YM. Radiation oncology physics[M]. Beijing: Atomic Energy
Press, 1999: 80-85.

[24 ] McDermott GM. Monitoring linear accelerator output constancy using
the PTW Linacheck[J]. Med Dosim, 2011, 36(1): 71-74.

[25] Hu Y, Zhu T. Backscatter correction factor for megavoltage photon
beam[J]. Med Phys, 2011, 38(10): 5563-5568.

(Y8 IF AT A)



