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AolHL}o] Z Al ~El(Fig. 1) 6719 WA R LA H 2%
ZHKUKA, Germany)ol] 85-42] oL#] 6 MV X-4o] W&
¥ A¥rt&Er]el dA-f-EAX (target localization system,
TLS)E FA=o] AUk =3I 6719 AfX(Fig 1HE
7FA 3 glem, 02 mm o9 7[3leHE gl J)AA e
= A - AUEE HQlh Aoluito]| ZE A&d A9
RA%5EE ok 100/08] nodeZ Ag2}od oF 1200742] )

ol otz 7 Aol WHle] Bt 271 Sol w214
Seto] ZAAT. AolwiLtol i kel 2w Gsocenten
& AMAn Azeke 71ES) 4SS ol &3 WA

me o& K

Feite 2 FaHo] gle(non-isocentric) WH o2 o]
&3 ZzA8 AolMute| e F A9 XA
At = Aol v AR o} AalE #2:7](amorphous silicon
detector)7} Qo] AAZF AAFE 7S o] &3to A}
EA wuo QX E setdt & Ao E F3-24 8.
FRAR AS FAE
on Ao AL 7 =

Aggt Wha FUE M2 B50 AlE FE5EAR
o] JAE FHzt] AL ZE G A X 58} A
o|Hrlo| 2 o] 2FE7| = 7|EY AT ok dHl
2 FAEo] Sk Aolmr}olZ o AR =Ey|= UF Y
ZFdlolw A7 70 mmolt}. o] =FEV|E= A 5,
7.5, 10, 12.5, 15, 20, 25, 30, 35, 40, 50, 60 mm2] & 1271 &
TA ol ot Aolrto]lZ o] X-Holl gt FridS
A7 60 mm ZF7lo tisled FH i g ol(dmax)ql 1.5
cmol| A MU 1 cGyE @A o] glon, Aej3hg o] &3t
Aegrir) F718 o8 sasm 9ok

o
o,

e

2979 2R B4 AFG 12749 ZZA0] e}
of +uuleh. 2YA2e) 24 Sehod 0015 cc, 0.125
cc, 0.6 cc9 370¢] Aglgdat clo]lex 7HZ:7], Gafchromic
EBT &, X-Omat V H& 5 F 69 HE/& A&3
At Zh 25719 FEAA= AolHto|Z o] Hu =A
wel 727191 A7 60 mm 2FE7] 2] FHUA ghell titod
A SFeLdeE Aoluvtel 2ol 12708 =FETlAl gt &
delatel BE 7he 53] ZAo) HF7kelnt

1) 2|8 ¥ Col_e A&7 53

Al 0.015 cc, 0.125 cc, 0.6 cc (PTW-Freiburg, Ger-
many)®] A 79 Al A-&skdch(Table 1). vho] e
= 7Z%7](Type 60008, PTW-Freiburg, Germany)= P&} ¢]
A 475 Agsiglon, T oA F24(*Co-50
MVyoll thalo] FollAl FAslEE AAEAY. tdolex
AE718 AEF WAL | mm'o) FAE 2.5 umeold}.

Ageta olex 7E7]E 60X50X40 em’e) EHE
oAl At 19 7+l A 2(SSD) 80 cm, | th4FZ 014l
L5 cmoll 4 735t rhFig. 2a). 479 HE7) 9 2AR
o tiske] 100 MUE 53] zAfslo] Halake] H#gkat &
FHAE ek oluf AEH A|Al= MULTIDOSE
(PTW-Freiburg, Germany)o]t}.
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Fig. 1. (a) The CyberKnife system installation at the Catholic University of Korea. Close-up view of (b} 6 MV X-band linac, (c)
floor-mounted orthogonal amorphous silicon detectors, (d) ceiling-mounted x-ray camera, (e) collimators. (f) Six axes of robot arm
motion provide unparallel radiation beam directionality for maximum dose weighting and optimal dose conformality, especially for
complex lesion shapes.

Table 1. Characteristics of cylindrical ionization chamber types which is used in the study.

Tonization Cavity Cavlt}}i Cav.lty wall Wall Build-up BLulFl-up cap Central Water-
chamber type volur;ne lengt radius material th1ckn_ezss cap t}uckniezss electrode proof
{cm) (mm) (mm) (gem™) material (gem ™) material
PTW 31006 0.015 5.0 1.0 PMMA 0.079 PMMA 0.357 Steel Y
. PTW 31010 0.125 6.5 28 PMMA 0.078 PMMA 0.357 Al Y
PTW 30013 0.6 23.0 3.1 PMMA 0.057 PMMA 0.541 Al Y
(International Specialty Products, NJ, USA)¥} X-Omat V cGy HYolA AEPAL 71A T Qlo], Unkd T4dak =
(Kodak Industrie, USA) HE9] ¥ £HE o galict. Gaf- Aol de) Agdz . AE $4L Zd uidl 2
chromic B &2 S a9 Ers 22 A8l 1~800 ARG ALt A el (RW3 slab phantom, PTW-
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Freiburg, Germany)& 30x30 cm’ol] $77} 1 cmgl 6719
Hazt E fol 2 15 em® H@peo g FAEAL
EqeolA] 43¢ aollUA Fzk4 6 Mvell digk A3
A F91 TPR®,¢& RW3 ]z 243 A3 0.4% o o)A
& gxsigdch. wd Bageo® TPR S AAY %
RW3E o] 83l ZHAZFE ZANNS 4§ 6 MV A

Zde 2J*x]e] SSD 80 cm, Zo} 1.5 cm7} H&
A ehFig. 2b). 27N 2HE o] =
Hee HF 23°CollA AZLE 300 MUmine.Z 100
MUE zA3sled 53] ZA3)9v}. Gafchromic &2 =2
A} % 24417k Eof) Epson Expression 1680 Pro (Epson, USA)
olA] A8k ¥ Z3}% (optical density):= Verisoft (PTW-

XN
e

N,
() £

Aol A% HpARAololA +07% o2 AXHAT.  Freiburg, Germany)E o] eko] LAek3ict.

olo AWML L o] & AF FH L2 Aeld 4 oo

Fig. 2. Dosimetry equipment of
relative output factor in the Cyber-
Knife. (a) water phantom (WP-3040,
CNMC, USA), (b) solidwater phan-
tom (RW3 slab phantom, PTW-
Freiburg, Germany).

Table 2. Summary of relative output factors measured with different detectors.

Collimator 0.6 cc ion 0.125 cc ion 0.015 cc ion Diode Gafchromic X-Omat V
size (mmy) chamber chamber chamber detector EBT film film
5 0.113£0.006 0.320+0.010 0.635+0.010 0.656 +0.009 0.777+0.013 0.680+0.014
75 0.238+0.007 0.641£0.012 0.772+0.009 0.865+0.009 0.876£0.011 0.825+£0.013
10 0.347£0.008 0.756+0.010 0.850+0.008 0.911£0.007 0.923+£0.011 0.8760.014
125 0.475+0.010 0.859+0.010 0.905+0.009 0.948 +0.001 0.952+0.012 0.895+0.012
15 0.595+0.011 0.919+0.001 0.936£0.006 0.967 +0.001 0.967 £0.011 0.929+0.010
20 0.799+0.010 0.965+0.001 0.966+0.002 0.980-0.003 0.968+0.010 0.965+0.010
25 0.921-+0.003 0.980+0.002 0.977=0.002 0.986+0.002 0.968+0.010 0.966+0.009
30 0.967£0.003 0.986+0.001 0.984+0.001 0.990+0.001 0.981+0.009 0.974+0.010
35 0.983+0.002 0.990+0.002 0.987+0.001 0.992+0.002 0.990+0.010 0.981+0.010
40 0.990+0.001 0.994+0.001 0.991+0.001 0.993 £0.002 0.990£0.010 0.981£0.009
50 0.996+0.001 0.998 £0.001 0.996+0.001 0.998 £0.001 0.994+£0.010 0.989+0.009
60 1.000 1.000 1.000 1.000 1.000 1.000
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Fig. 3. Plot of the relative output factors as a function of
collimator size.
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Analysis of Relative Output Factors for CyberKnife:
Comparison of lon Chambers, Diode Detector and Films

Jisun Jang*", Young Nam Kang', Dong Oh Shin®, Byung Ock Choi, Tae Kyu Lee™,
Ihl Bohng Choi’, Moon Chan Kim', Soo Il Kwon'

*CyberKnife Center, TDepartments of Radiation Oncology and TNeurosurgery, The Catholic University of
Korea, §Department of Radiation Oncology, School of Medicine, KyungHee University,
"Department of Medical Physics, Kyonggi University

The accuracy of the dosimetry in the CyberKnife system is accomplishing important role from all processes
of the stereotactic radiosurgery. In this study, we estimated relative output factors for CyberKnife. All
measurements were performed by six different detectors: diode detector, X-Omat V film, Gafchromic EBT
film, 0.015 cc, 0.125 cc and 0.6 cc ionization chamber. The diode detector and three ionization chambers
performed using water phantom at 80 cm SSD and 1.5 cm depth. When the film measurements were
performed, the water phantom was replaced with a solidwater phantom. Each collimator normalized with
respect to the output factor of the largest collimator (60 mm). For the colimators over than 30 mm, the
output factors from the different detectors showed a good agreement within 0.5% except 0.6 cc ion chamber.
For the colimators less than 15 mm, there were substantial differences in the output factors among different
detectors. That is, the value of output factor for the 5 mm collimator of a diode and Gafchromic film was
each 0.656+0.009 and 0.777£0.013. In the ion chamber and diode detector, those difference were due to
the presence of large dose gradients and lack of electronic eqguilibrium in narrow megavoltage x-ray beams.
Therefore, the Gafchromic EBT film were considered more accurate than the others detectors.

Key Words : CyberKnife, Relative output factor, Diode detector, Gafchromic EBT film
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