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REZSo] SA5HA B 35T y|de] Zmaesy ojy 9% 12 MeV)dl W&l A& Stk TRS-277%
o] /) An} 7|uke] TR ESZIe] Hm 2 B F4Me =z TRS-39864 = 242 5 MeVeh 10 MeV olu=] o3l A
E27re] @y} @wald) o]2ojMrl 2y Fojds  BHEFAY o223 &S dAxstn 9ol 6, 99 12 MeV
ol g71Av} slvke) TREZY B F5MF shne zz dluXe dAAAE dEsad.
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o} 7lhle] T2 EZ2 M JAEA TRS-277S A3ty 2 & A% A% ZWAAY HFuA E=Z dehli, IAEA
X yiwe] EEeEZad JARA TRS-3987% AAPM  TRS-398% AAPM TG-51olAle HMdege] 50%% H4
TG-51S Abgatgnh, U WeoA AMgsts gl= ZaEg ok ol Rp2® WeEbdth Eo= Eo=233 Reo (MeV/cm)
YRR o] A Z2EZ F9 syd Ao zzez o A A dANSE ReOEFH TIEZ, Bosh Reo

2o

S BI|AR luke] ZZEZolM B ELMT sute zz  ABAHA WE #AAE ZETh IAEA TRS-398% AAPM
EZg nies oaEadnse 9 44s Ang gz  TG5IAXY 71E Hole RolE2FEH 06 Re-01 (em)E
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ERTGL 2AGE B F4MF J|ue ZEsy 2r)7n  2° Rw2E2A Fo4U Reo ¥ RS HolddFiidom
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] =
HlE st o}2e

Tablé 1. Characteristics of the electron beams used in this study

WEF HAxpd dEurlziol FEHolM e HFolyx]  TRS-398, TG-51elA8] 7)& 2ol  TRS-2779149) 715 o)
SIER] (Reo) (Eo = 2.33 Rsp MeV/cm) (dret = 0.6 Rsp-0.1) (Hu Aol (Riw)

6 MeV 2.30 cm 536 MeV 1.28 cm 1.20 cm

9 MeV 355 cm 827 MeV 2.03 cm 2.00 em

12 MeV 495 cm 115 MeV 287 cm 2.80 cm

Table 2. Characteristics of the ionization chambers used in this study (from JAEA TRS-39821)

o]} ¥ rs 3 3 A
AZYED gy %7 25 uRR E== 0 8d 44
PTW 30002 4 79 mg/cm” (045 mm) 060 cc 6.1 mm 54 10 mm
Markus Edoz 7 Laxgd 23 mg/cm’ (578 T EA| 0.055 cc 20 mm o}=2¥ 53 mm

102 mg/cm® (09 mm))
Roos Aoz 7+ ofz™ 118 mg/cm® (1 mm) 0.35 cc 2.0 mm ol=¥ 16 mm
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FHel 54L& Table 29 Hepliich & EFFA% 7o) ZEEZE(IAEA TRS-398, AAPM

) mmes TG-513tel 3ok

_ A =Ro mEAr A oﬂLW(G 99 12 MeV) o o
Nz TeEge 77v s Z2ESER IAEA 3] U@ J1F ZoldM B FF4%S 24geR =

TRS-277% AH83HlaL, B FRM% 7w ZReIes  RE2Ee g 7E z—m]ﬂ IAEA TRS-277¢1 4%
IAEA TRS-308% AAPM TG-51¢ AHgstgich 4 22  HthdRzol, Ripel IAEA TRS-398% AAPM TG-51
Z7re] #a% EHL Table 3o HeRAT. NME dret =06 Ry-0.1 (cm)ZHA xtolzb JAIRE L Ao

20% wPPFEe T AE IABA TRS-277¢ 4$ol% IAEA TRS-398, AAPM

ol &sgte] F77v F& E F Ao
ol AT | Bl A FEo)okE oA A(KFDA; Korea Food & TG-51dlAeF #e 7|18 ZoldAy A& sttt 3777
Drug Administration) & 258 it B AFoA Apgst  7IWe] Z2EEH B FFMATE VIvte ZREEIC AR
0] 255 Y3 wAASTE Table 491 Yebd uhe} 2o} & 7|E ZHolE ulE AMgsitd g & ZREF g

7% "olo) AEe old@Tael dolEE Agsh
<)

%2 g7 Hliﬂ% 2 354% 248 Fold 2

ol ada ¥ 17%3} 7]4ke] iiia(IAEA TRS-277) 3 45g o8 PTW 300029 HPHAY o)< Mark-

Table 3. Comparison of IAEA TRS-277, IAEA TRS-398 and AAPM TG-51

TREH TRS-277 TRS-398 TG-51
iz} H e 5-50 MeV 3-50 MeV 4-50 MeV
A A E NE Fo|e B Rso Rso
Eo =10 MeVY uj & Roo =4 g/emt’ & W &
qE =4 B <10 MeVY w B Zi& Zhig Reo <4 g/ent® & W} B m= =
E2g
Eo <5 MeVY o By A Reo <4 g/em’ & o HAHAH Ry <26 cm G © BEHAY
_ 5MeV <E¢<10 MeVY u Ha¥HAE T ]
of23 % BEE Re =4 g/em® & uj Rso >26 cm ¢ W HyAFAE
HPREAs T A5y e 989
Ey =10 MeVY o 953
715 7o) Rio 06 Reo - 01 cm
o] 71&H Haday ol &te] Ay A F EH Aol H4
(£44) HLEY ol2vle A ol & Yo FH Fy 4
ole3t yjzxe FHBAD o|2Fe F% VIE Hollzw) | |
: - 71 Z ol (drer)
AAKEZAH) azy ojedel 49 71 2ol () W} 05 1oy 22 f
DW,Q = MQ ND,air (Sw,air)f;) PQ Deel Dw,Q = MQ ND_W kQ (TRS‘398)
= I\/IQ Nk(l g) kan km (SW,ajr)Q PQ Deel = MQ ND,w PQ,gr k’R’u kecal (TG‘51)
- Mo FFAAE s XA o)) ‘Mo : 93 JAAES 3l BAE o239 A Ak
2| Ak ‘Now ' & T8 AddSs
A A A * Npar: 371 S5A%E QA5 - kg : TRS-3980| A 2] A A
s Nk : F71An A ‘ Pogr Kro Keea * TG-S10)A19] AR BA 5

* (Sw,zu'r)Q DO Deel ND,ajr%'lmHQ’] ﬁé%gﬂ]?
+ (1-8) Kat km (Swado Do Dee: Nxuie] A2
HEA S
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Fig. 1. Ratio of absorbed dose to water values obtained with (a) IAEA TRS-398 and
IAEA TRS-277, (b) AAPM TG-51 and IAEA TRS-277 using ¥Co calibration factors
for PTW 30002 and Markus chambers.

Table 4. Calibration factors in ®*Co for the ionization chambers used in this study

e PTW 30002 Markus Roos
7170 XA AN 4783%10 * Gy/nC 5.207%10 " Gy/nC -

g EIx +1.1% +1.1% -

B EFAF 2R ZFNow) 5264%107° Gy/nC 5714% 10" Gy/nC 8336x107 Gy/nC
iy gEe +0.9% +2.8% +22%
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Fig. 2. Ratio of absorbed dose to water values obtained with
IAEA TRS-398 and AAPM TG-51 using 8Co calibration fac-

tors for all chambers.

B A 9] Apol=

S 2=

= 595

Hof HAFH B FHA

M-S 78 o A2 AEE] A
Fo) Aole gl Aze} 2ol 2%

Table 5. Beam quality conversion factors and the data used to calculate them for IAEA TRS-277 for the three beams and

three chamber types of this study

ZTEEZ olgd 8 Kattkm Deel A2 A (MeV)  (swan)a Pu Duwo/MoNbir Duwo/MaNk
6 1.083 0.952 1.036 1.014
PTW 30002 0.982 1.000 9 1.077 0.956 1.030 1.008
12 1.048 0.962 1.008 0.987
6 1.088 0.952 1.036 1.017
TRS-277 Markus 0.985 - 9 1.077 0.956 1.030 1.011
12 1.048 0.962 1.008 0.990
6 1.088 0.952 1.036 1.033
Roos - - 9 1.077 0.956 1.030 1.027
12 1.048 0.962 1.008 1.005
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Table 6. Beam quality conversion factors and the data used to calculate them for IAEA TRS-398 and AAPM TG-51 for the

three beams and three chamber types of this study

AR oA

44 A

2E ] 3 (MeV) Dw,o/MoNb, ] +F Kecal (MeV) k're  Dwo/MaNpwPog
6 0.924 6 1.028 0.926
PTW 30002 9 0.917 PTW 30002  0.900 9 1.017 0915
12 0912 12 1.008 0.908
6 0.922 6 1.038 0.939
TRS-398 Markus 9 0913 TG-51 Markus 0.905 9 1.028 0.930
12 0.904 12 1.016 0.920
6 0.940 6 1.050 0.946
Roos 9 0.925 Roos 0.901 9 1.033 0931
12 0912 12 1.019 0.919
1.047 1.049 1.04
= = 1.0 - I
g 1.02] /l . g :/._\
E3 T Ty R
S 1 00] - S 1.00
—=— PTW-30002 —= PTW-30002
-5~ PTW-30002 4 Markus * Markus
~*~Markus * Roos > Roos
0.9 T T 0.98 T T 1 0‘982 ‘3 '4 "5
6 9 12 2 4 5
(a) Eg(MeV) (b) Rgglcm) (c) Rgolcm)

Fig. 3. Absorbed dose to water values obtained with (a) [AEA TRS-277, (b) IAEA TRS-398 and (¢) AAPM TG-51 using *Co

calibration factors.

ohfje] o]z FojErh HAWASF2 TRS-398/TG-51
9] Hl= 0981-1.00624 olzist MRS AF ol7t A
o] aUlE B FHie] Aold wkgso] o Aol 2o
[AEA TRS-3983% AAPM TG-517tell & F4=Aako] 2%
ojujg] xpelE HolA Hth

_{

o o

g o] 23t B F5AFY
H|& Table 79 et PTW 30002/Markuse] Hl&
Ay 15%°] ol HP PTW 30002/Roose] HlE )
16%9] zto]lE& B gth IAEA TRS-398¢] tisixe 9%
ol2¢tol B FrAdde] HAPRY o2 & FFHIR
o m5% 2 dksl, AAPM TG-51¢] tisids 958 o]
3 PTW 300029 2 &4 %ol Roos ol vlsiA o
A8 Markus o]2&of BlaiAE o] 2]

Table 7. Ratios of absorbed dose to water values obtained
with the three protocols using ®Co calibration factors

ToEs A e RE Y PTW 30002/ PTW 30002/
- = (MeV) Markus Roos
6 0.995 -
TRS-277 9 1.001 -
12 0.994 -
6 1.007 1.011
TRS-398 9 1.015 1.014
12 1.013 1.016
6 0.990 1.006
TG-51 9 0.994 1.005
12 0.991 1.004

3 95 ojesty HYHAY o]
of wel RAASFE zol7l v=d Table 8] 20 Me
A oul | A M2E vlws Zze]r)

ge 2zt

By By

@, 58 Markus °l2%-e IHEARAAFIE 04%7H4)
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Table 8. Polarity correction factors and recombination correction factors for the three protocols and three chamber types of
this study

SRERHAY AT ol 2AAFRA AT
QECEL
TRS-277 TRS-398 TG-561 TRS-277 TRS-398 TG-51
PTW 30002 - 1.000 1.013 1.014
Markus - 0.99 1.005 1.005
Roos - 1.000 1.006 1.006
1.047 1.02 9 1.04 1
1.01 1 1.03 1
e 1021 g " -
1.02 % 100 e—— Ao
> / \ B ot 1.01 1 e R
6] o « < 0.99 e = 1 A ]
B ” @ @ (E‘ 0y -~ v
5 R — o | - < ] e
31007 o T T N S 098 S 099 - ,/
[ S T - - ol
~ oL E E i
s < 0.97 £ oss
g S o7 |
0.987 0.96 —=—Markus, Co-60 calibration —=—Markus, Co-60 calibration
—"-Markus, Co-60 calibration —e—Markus, cross calibration 0.96 7 —o—Markus, cross calibration
~*~Markus, cross calibration 0.95 1 * Roos, Co-60 calibration 0.95 1 -4 Roos, Co-60 calibration
* Roos, cross calibration -v—Roos, cross calibration : —v—Roos, cross calibration
0.96 T T T 0.94 T T 7 0.94 T T |
6 9 12 2 3 4 5 2 3 4 5
Eo (MeV) Rso (cm) Ren(cm)

Fig. 4. Absorbed dose to water values obtained with (a) IAEA TRS-277, (b) IAEA TRS-398 and (c) AAPM TG-51 using ®Co
calibration factors and cross calibration factors for the plane parallel chambers.

Table 9. Ratios of absorbed dose to water values obtained with three protocols using *Co calibration factors and cross
calibration factors for the plane parallel chambers

“Co A wa WA
oles &8 A oA
. (MeV) TRS-398/ TG-51/ TRS-398/ TRS-398/ TG-51/ TRS-398/
TRS-277 TRS-277 TG-51 TRS-277 TRS-277 TG-51
6 0991 1.010 0.981 0976 0933 0.993
Markus 9 0.987 1.006 0.981 0.982 0.988 0.993
12 0.999 1.016 0.983 1.003 1.010 0.993
6 - - 0.993 0.961 0.964 0.997
Roos 9 - - 0.993 0.967 0.969 0.997
12 - . - 0.993 0.988 0.990 0.997

At AEW oleael PTW 30002 o] £3-e ol AAYN 78 Z7te] ANE Fig. 4] H2E vy A7HE Table
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Comparison of Air Kerma-based and Absorbed Dose to
Water-based Protocols in the Dosimetry of
High Energy Electron Beams

Chang-hyun Park*’, Sung Yong Park”*, and Dong Oh Shin’

*Center for Proton Therapy, National Cancer Center
rDeparrment of Radiation Oncology, College of Medicine, Kyunghee University

A few years ago, a proposal was made to change the dosimetry from the air kerma-based reference
dosimetry to the absorbed dose-based reference dosimetry for all radiotherapy beams of ionizing radiation
to improve the accuracy of dosimetry. Here, we present a dosimetry study in which the two most
widespread absorbed dose-based protocols (IAEA TRS-398 and AAPM TG-51) were compared with an
air kerma-based protocol (IAEA TRS-277) by measuring the absorbed dose in the same reference depth.
Measurements were performed in three clinical electron beam energies using a PTW 30002 cylindrical
chamber, and Markus and Roos plane—parallel chambers. ®Co calibration factors were obtained from the
KFDA. The absorbed dose differences between the air kerma-based and absorbed dose~based protocols
were within 2.0% for all chambers in all beams. The results thus show that the obtained absolute dose
values will be not significantly altered by changing from the air kerma-based dosimetry to the absorbed
dose-based dosimetry. It was also shown that absorbed dose values between the absorbed dose-based
protocols agreed by deviations of less than 05% for a cylindrical chamber and less than 0.7% for
plane-parallel chambers using cross—calibration factors. Although the use of a cylindrical chamber and
plane-parallel chambers resulted in a difference of less than 2% for all situations investigated here, to
reduce errors, the plane—parallel chambers are recommended for electron energies in which the use of

cylindrical chamber is not permitted in each protocol.
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