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Dose calibration in daily quality assessment of linear accelerator with solid water
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Abstract: Objective To study the feasibility of IBA solid water in the daily quality assessment (QA) calibration for the absorbed
dose of linear accelerator. Methods With the same parameters, the absorbed doses of water and solid water in a standard one-

dimensional water tank were measured to calculate the energy and the absorbed dose equivalent coefficient between solid water

and water. With the equivalent coefficient, the absorbed dose calibration factor of water (CF....) was recalibrated to obtain the

calibration factor of solid water (CFuiawer). The calibration coefficients were put into the dosimeter to recalculate the output dose

of the beams with different energy. Results In the standard one-dimensional water tank, the absorbed dose in solid water measured

with CFuiawaer Showed good agreement with that in the water measured with CF.. (error was less than 0.5%). Conclusion IBA

solid water is feasibility in the daily QA calibration for the absorbed dose of linear accelerator.
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Tab.1 Absorbed dose correction factor

Electron beam X-ray
CFFactor
6 MeV 9 MeV 12 MeV 15 MeV 18 MeV 6 MV 15SMV
CF, 0.866 0.861 0.857 0.842 0.834 0.943 0.929
CF, 0.996 1.000 0.981 0.986 0.995 1.094 1.152
CF; 1.022 1.021 1.021 1.018 1.019 1.006 1.012
CF, 0.882 0.879 0.859 0.845 0.846 1.038 1.083

CF.: Absorbed dose calibration factor in water; CF,: Enlargement factor from measured point to the maximum

dose point, CF,=1/PDD; (percentage depth dose at measure depth); CFs: Equivalence factor between water and
solid water, CFs=Duter, mean/ Dsoia water, mean; CFa: Absorbed dose calibration factor in solid water, CF,=CF, - CF,- CF;
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Tab.2 Measured and calculated values
M1/cGy M2/cGy M3/cGy
Energy Depth/cm CF, Deviation/%
I st 2nd 3rd 1 st 2nd 3rd 1 st 2nd 3rd
6 MeV 1.2 0.866 100.62  100.55  100.58 98.33 98.37 98.42 100.64  100.58  100.63 -0.03
9 MeV 2 0.861 99.89 99.82 99.88 97.77 97.83 97.87 99.99 99.93 100.07 -0.13
12 MeV 3 0.857 99.84 99.86 99.95 97.95 97.87 97.90 100.02  100.10  100.11 -0.19
15 MeV 3 0.842 99.68 99.64 99.66 97.83 97.90 97.70 99.56 99.60 99.71 0.04
18 MeV 3 0.834 99.90 99.97 99.94 98.05 98.10 98.10 100.08  100.01  100.05 -0.11
6 MV 5 0.943 99.87 99.81 99.96 99.31 99.23 99.28 99.95 99.86 99.90 -0.02
15 MV 10 0.929 100.08  99.99 99.97 98.88 98.71 98.77 100.16  100.02  100.06 -0.07

Electron beam: 6, 9, 12, 15, 18 MeV; X-ray: 6, 15 MV; M1: Measure value in water; M2: Measure value in solid water; M3: Calculated value, M3= M1 -

CF;; Deviation=(M1-M3)-M1-100%
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Fig.1 Equivalent coefficient of the absorbed dose in IBA solid water

relative to that in water

B I WAL 7] i R 48 E TR, SE BRI AR B I E IR T A T
1.006~1.022 Z ] . #RJ5 1 F & 1E [ CF % 451~ fig
110 2 R T2 IR A 2 7 TBAL 31 {4 7K Hh
T 25 SR IEATAB IE 15 15 5 AR 235 52 [R) s o /K 4R
IR 25 R A e SCPRIN B IBA [EARK
Z SR 7K SO AT LAAR By i T I L7 LR
TR OC  RSEI , F ELRR S & IBA
[ AR 7K 2 2 B 7K S8 350 BB T T A 17K A K A& IE
PR, 2 it 5 000 R 8 % i /N 4 25 A TG s F
B AR A, B A, ESEBR A FH rh B 0 A (] 350 12 A v T
JE AN RE R B IE N PR S TS0 bRl . FH A
IR Z 2RI K SO A T DA AR o o AR R R R 5
ma, HEE P, &) THAE. 73N AT DLE o sl As [
AR Hp 155 (AR R 8 2 AR AR v /AR
38 B B VR s T 45 0 S AR AT K ST 3
B N R A= L = S N A R e N 2
B ARMA A AT LUAE SRR A A 50 i 3 e Y T

B il AEATS R T8

T I SE BRI I IBA [ K 2 28 B 7K S5 550k
REAT AR G- 15 F B s g W AR 1)
RAED it , AT ARSI i AR R R s, H
PRI, B FHAE , O Hb AR 58 0 25 i 390 1
QA FIT T By A Ia] , [] Bft 7 LU F IMRT 4 BE -5 9
AFXF L% 70 U, [RVRE AT R A T4 R

IR A5 A R I VA K 22 T W A 59 o A 4 R
B INFRAFRREN S S A K B i RN
AT AR AL, T AR X6 AR ] 11 5 26 S A [R) i 12 1) R
T, HARRL R B T ZE L bRl o, LUBA O 50) 2 1 1
k.

(&% k]

[1] SUNDSTROM S C, BLOOD C G, MATHENY S A. The optimal
placement of casualty evacuation assets: a linear programming model
[R]. Sam diego: Naval Health Reasearch Center, 1996.

[2] M3k, SK4%, 477% . Siemens primus E & # £ hnig 3 69 7 SR
[J]. EJ7 A4, 2009,30(4): 115-117.

YANG R F, HUANG H, HE T. Dose determination and calibration of
Siemens primus E LINAC [J]. Chinese Medical Equipment Journal,
2009, 30(4): 115-117.

(3] 23, &THR, AT, 5. ERmEE-FMRA S B E fo AR A
B F LA FRIELAT]. F BARL E 5, 2013, 40(4): 352-354.
WANG J, YUN L, YANG CY, et al. Dose verification of electron
beam of medical accelerator between flat chamber and
thermoluminescence dosimeter [J]. China Occupational Medicine,
2013, 40(4): 352-354.

(4] ¥R MBS E[M]. AL RT A8 AL, 1999.

HU Y M. Radiation oncology physics [M]. Beijing: Atomic
Press, 1999.
[5] FRp%, FER, AREE. —Feik B R0 Z] ZRAEL e 7T Fl%



4 AR, 25 . I AOK BT IS WG H 3 QA FHE - 383 -

HR[T). BT B A A, 2011, 32 (4): 16-18

CHEN W S, LI G Q, LIN Y Q. Availability of solid phantom for
accelerator absorbed dose measurement [J]. Chinese Medical
Equipment Journal, 2011, 32 (4): 16-18.

[6] Fafe, i) AT, 4. WA BB RS20 a5 (],
WAL S 9 S 2 &, 2011, 20(3): 236-239.

WANG J H, WANG X, REN J P, et al. Dosimetric characteristics of
water equivalent for two solid water phantoms| J ]. Chinese Journal of
Radiation Oncology, 2011, 20(3): 236-239.

[7] k302, 4202 R, 5RAKE . 2011-2012 437 & 4 3 B A b F hmik

PERRA I 25 R 5 AT [T ] PR E S 5 B 4 &, 2013, 33(4):
419-425.
WEI K J, CHENG X J, ZHANG Q F. Performance test and analysis
of some medical electron accelerators in Henan Province during 2011-
2012[J]. Chinese Journal of Radiological Medicine and Protection,
2013, 33(4): 419-425.

[8] Fakth, THE . AiBAr AR B A L&Ak B340 b RS2 E 69 F
i [J]. BJ7 A K4, 2016, 37(8): 109-111.

JIANG S W, WANG Y X. Influences of temperature and pressure on
output dose scale of medical linear accelerator[J]. Chinese Medical
Equipment Journal , 2016, 37(8): 109-111

[9] 3pFiE, # 5. ALt BT R B0 Z[J]. B2

A & 2016, 37(1): 90-91.

GUO X Y, HAN C. Measurement of absorbed dose of high-energy
photon beam from linear accelerator [J]. Chinese Medical Equipment
Journal, 2016, 37(1): 90-91.
[10] kATJF, & & 7. LT JIG589-2008 49 I A & F A L Awik 5 & F %
MEz k)] By TAKE 2014, 35(1):103-105
ZHU Q S, ZENG Z L. Method for determination of doses calibration
of medical electron linear accelerator for electron ray based on JJG589-
2008[J]. Chinese Medical Equipment Journal, 2014, 35(1): 103-105
[11] 425 . NMSRG00 [ 7 B 4% Amisk 32 44 th 1) SAL 2 el 547 (T].
P & 5 K4, 2014(12): 62-65.
FU H J. Measurement analysis of the dose output stability of NMSR600
medical linear accelerator[J]. China Medical Equipment, 2014(12):

62-65.
[12] 5RABR), kil & . 27 B AR #F 5 A 2wyl ST, BEJ7 E4, 2013,
26(1): 1-6.

ZHANG S G, LIN H L. The improvment in radiotherapy and the

dose estimation[J]. Chinese Journal of Medical Device, 2013, 26

(1): 1-6.
[13] G 440F . ARS8 7 M ERIEF 0 R AAR (D] ;- M: oo EAF
X 5,2012.

ZENG J Q. To study the application of quality assurance program for
radiotherapy [ D ]. Guangzhou: Southern Medical University, 2012 .

(¥t i)

( F4£379701)

[7] European Association for the Study of the Liver, European
Organization for Research and Treatment of Cancer. EASL-
EORTC clinical practice guidelines: management of hepatocellular
carcinomal J]. J Hepatol, 2012, 56(6): 908-943.

[8] BRUIX J, SHERMAN M. Management of hepatocellular carcinoma:
an update[ J ]. Hepatology, 2011, 53(3): 1020-1022.

[9] KUDO M, IZUMI N, KOKUDO N, et al. Management of
hepatocellular carcinoma in Japan: consensus-based clinical practice
guidelines proposed by the Japan Society of Hepatology (JSH) 2010
updated version[J ]. Dig Dis, 2011, 29(3): 339-364.

[10] LEE I M, PARK J W, CHOI B 1. 2014 KLCSG-NCC Korea practice
guidelines for the management of hepatocellular carcinoma: HCC
diagnostic algorithm[ J |. Dig Dis, 2014, 32(6): 764-777.

[11] FORNER A, VILANA R, AYUSO C, et al. Diagnosis of hepatic
nodules 20 mm or smaller in cirrhosis: prospective validation of the
noninvasive diagnostic criteria for hepatocellular carcinoma [J].
Hepatology, 2008, 47(1): 97-104.

[12] KIMY, LEEY, KIM C, et al. Added diagnostic value of T.-weighted
MR imaging to gadolinium-enhanced three-dimensional dynamic MR
imaging for the detection of small hepatocellular carcinomas[J |. Eur
J Radiol, 2008, 67(2): 304-310.

[13] KIMT K, LEEE, JANGH J. Imaging findings of mimickers of
hepatocellular carcinomal J]. Clin Mol Hepatol, 2015, 21(4): 326-343.

[14] RHEE H, KIM M J, PARK M S, et al. Differentiation of early
hepatocellular carcinoma from benign hepatocellular nodules on
gadoxetic acid-enhanced MRI[J ]. Br J Radiol, 2012, 85(118): ¢837-
e844.

[15] SHELLOCK F G. Magnetic resonance safety update 2002: implants
and devices[ J]. J Magn Reson Imaging, 2002, 16(5): 485-496.

[16] SHELLOCK F, CRUES J. MR safety and the American College of
Radiology White Paper[J]. AJR Am J Roentgenol, 2002, 178(6): 1349-
1352.

(Y%t 1F AT AL)



