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Targeting Errordt ©H&9| MM M)}

SHYSIMSYR PANBYST, ' HYUS TR A YA SYsT

EH: 22 Alolg{Lfo|=ZollM EtXte|l SE[Qlol| o|st J|=X el x|HEt QAITF x| 1A A| AR (target location system, TLS)
2 &5t01 targeting errorat0l A =ts| A (correction) ==X Z7tsta X} gt
CHAN QI HiH: =2 AIS2 fargeting] HEtME = 2A4517| 215 head and neckH &0l Gafchromic 2 E&(MD-55)= &gt =, At
L}0| =(CyberKnife Robotic Radiosurgery System G4, Accuray, US)2| 6 MV XM & ZAlstct €5 2412 AccurayAtol| A
3oz End to End (E2E) =23 E 0|83sIUCt 7[EH /X[oA x vy, z&2&22 0+0.2 mm, roll, pitch, yawtsFto 2
0+0.2° o|Lf 2 FX|5t0] 123 Z=Alst h=Z 2} °|°I“°i a—! olg Fof MES APSH63|e AETY targeting 2AHE F
ob oiz=Fxt MaFe| Wit tist ReldES +-AYE Safl 2435 £k gamma-index method (dose difference:
3%E Sl 2xHA A MEEEo AX|AZ distance to agreement DTAE ZZH 1 mm, 1.5 mm, 2 mmZ E2|5to] M2kststn,
U|I’|_ _E_A-I 3}01 [:F
o} E2E test Al Zzf 7|& EE9 targeting W24 0.405 mm, HAF0.069 mm, Y ZHEo| HAit
HAL0.121 mmeZ Lo AN Z3 Fol2E P=0.836 ("lil—_rUF 95%)22 F T Thol| A
=5 DTAS ZH2H 1 mm, 15 mm, 2 mmE Mk zo| ox|M g H|mst Zof 7|FLE 33147
*7—| 95.04%, 97.56%, 98.13%, sagittal® & 2 ZtZt 95.47%, 97.68%, 98.47% LX|stHCt MEEE1 u|wsh Z 1} 332374
oM axialZ & Ho2 22t 96.38%, 97.57%, 98.04%, sagittalZ & 2 22t 95.50%, 97.87%, 98.36% L%t AS =
T AALE
d B 22 Aloj{LjolZ=
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M B Al wZ]loll &3t 7|53 ] X3 @2l X 54 A el o

g )4 & et
AR Sl glofA] BEASE 7= 9l o8] 4} F 29 ol A AJsstar ole AolHufo]| & o] 2 3hAte
o7 Qg 7|FAe] xSt o= FekxAdle FHulg 2 XA A 2Bl (target locating system, TLS)& ©]
Ae FaL AdzA e 243k A 2A3 = W Ssto] o] 99X & AslAl A8l B (correction) 3
AAN RS FH49 B glolA wle Fg gclolch  o2H DAY seup LAWY olzh AFA 914}
AA| el E 24 3A7F 3 H27|TFE Hesle] QAR g]le] 7hsdt X & Aulolck AAIZF A4S
A9 SAUST B ming ST A S AR ALY G BUAEE Ll
o} spARE gake] T, AR 2Ela AAIZE X 8 ol whE 7188 BHA ol o7t #HE A o] ohd AdFAE B3t
gael 22 el «VF X7} 715 glem, Ato]Hto]Z xR HA ] Thssle) o] YRS HollA 3 sds 94
(CyberKnife)o} - 4™ AAALATES Q3= X8 slar BAggko 24 7|FAlell A3t targetingo| 7hsslrhaL

2 gk

o] 2.0 20084 119 30! W4=ale] 20004 19 259 AElx|9lS. Atolvji}o] . A|ZLALl Accurayol|4] AIsl+ translation
ANAA} : AodF, AN Y A SEE T correction limits Zk-& x (superior-inferior), y (right-left), z

Tel: 02)709-9416, Fax: 02)709-9414

- . sk o " . .
E-mail: jungy j80@schme.ac.kr (anterior-posterior) Bl&FS 2 +10 mm, rotation correction
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limitszk-2 roll (right-left), pitch (head up-down), yaw (cw-
cow) RO Z Z7H 19, 1°, Bo|ek? AA X & A TLSE: o] &
slo] 2] A }lel]l gt AEE ZAol(mm)et Z4HE()E
yebia, 2 FA)E ZESE manipulatorel] o8l EA=H

£ e Aolube|Z X5 A 7|E39] AAE UA9A
o2 wg 7o 2 TLSE &3 WA 2] A2tAS head and
neck¥ME 7} Gafchromicd S(MD-55, linch)< ©]£3l End to
End (E2E) test %3&}o] targeting®] AetAly} HE Akl
o] A4S HrlelEarz) st

At & u

Aol AgEl Au|e Aro]rLto] Z(CyberKnife Robotic
Radiosurgery System G4, Accuray, US)S Al&3l9lom, 6
MVE XAE 800 MU/min7tA] ¥FE3lth X g+ iso-
center2HE] F, $ 45° vilgko & 40~125 kVp oA HY
E ZE XA tuber} KA 9lom, ol e A e (a-Si) o

2 FA = imaging detectors7} vlebel] 9le}. Detectors= TLS
H3rEoll dA=]o] ] X gAvet AFAE FAlB, X8
Folle ko] W-oHQl 22 e AXZE Fsked A

AlgHlH 2 head and neck IS 1 mm EelolAs FAR
AA CT 2708103, #5342 A EARE ArE

(Multiplan system, Accuray, US)E Z<&lo] Xsight spine
tracking system 2. & 70%2] z—ﬁ%‘:ﬂ.—ﬁﬂ] 30 Gy Al2kS X4t
sl9Jcl. Mini ball-cube targeting toolol] GafchromicZ S5
axial (anterior-left, AL), sagittal (anterior-superior, AS)"}aF

o7 ARl & el o] mini cube slotol] Wil TAAZIC)
CTdA e 2 T2 e AlT+A] (digital reconstruction radiography,
DRRO 345} A 24 Aeke X4 A 354 Qg
fusions}o] HEl-S CTEd A9} A §-A¢}a, 15 mm colli-
matorE o] &3}e] & 8113 MUES 108712] beam HlFol|A]
N

1. Targeting test

1) o= MA

2008 7HEE] 20009 6¥7HA] A3k U7-EAIE
(quality assurance, QA) &5 tzgog AA sgon,
elo] £ x, y, z Wk 04+0.2 mm, roll, pitch, yaw "+
3F 0+0.2° o] & §A|5lo] X 123] E2E testS Al3¥slc}
(Fig. 1).

2) Ay MY

(1) HHE x, vy, z Wgko g Z+7F 10 mmA coucho| & %
24393, roll, pitch, yaw BEFS 04+0.2° o|WHE §-A|3}0]
E2E testS AAs}Ath(Fig. 2).

(2) AL x, vy, z o Z 27 10 mm, 5 mm, 0 mm, —5

o
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pitch and yaw direction 0+0.2°.
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and z direction 10 mm & roll,
pitch and yaw direction within




HIZE 2 32 : 282 Alo|HHo| =M X QIAA AR S 0| 25t Targeting Errordt E& el MM Hot
g+ M4 coucho]E3}913L, roll, slo] targeting errorgkS AFEEs}9lar, ARA} AccurayollA] A

mm, —10 mm# 3 node wjc}
pitch, yawgF2: 0£0.2° o]
AAE A cHFig. 3).

(3) WMH L x, y, z& Wk 0+10 mm, roll, pitch, yawH}
£1° £1° £3° HellA 3 node wih 3 4 A%
Zl0]g FolA] E2E testS & 23] AA]sl9ich(Fig. 4).

(4) PR x, y, 2% W3 0£02 mm o[ FAIST,
roll, pitch, yawi}eF +1° +1°, £3° HE| oA e19)#el &
Q)8 Fo]A] E2E testE AA|s}IcH(Fig. 5).

E2E test AA& MD-55 & 243} wkabdlo] z=AHE7) ¢k
2 MD-55 HE 148 FA|o| 2708k}, Target ball calibra-

Z §Asto] E2E testS & 23]

3k
o
E=3

b 3184 095 mm oot 1}e=A] Falelgint”

2. 28 535 &3
MD-55 L59| 2AA#-531% £A4S ZAea1A} 1 inch
A5 A9 olbelol a5z AL ¥ A4
(Mevatron, Siemens, Germany)2] 6MV XA-& o]&slo] 10

Gy, 25 Gy, 40 Gy, 55 Gy9] A& A9}, 252
S7HEA FelagaAl A (| Ao] 15 mm A el ﬁ*lﬁ}

93z, 2ok 10X10 em’, SSD (Source skin distance)¥ 100
cml Z 319t MD-55 HEL8 = 719 F44(615 nm, 675

TAeke] 2R E Zeko] &5 =4

tion%,‘:fj AL, AS ¥FsF 717k 15875 mmE. s}k A48 2 nmm)S 7R Qo] &
2o BB Zeadow AF AR T0%edeA B F ESHe A7) ek wol welAT 2447 ool
15 _ Position Delta
1;
ﬂ:h s''"9e" s Y628 50" 55 ks 'Se " '5s 'e0 " 'es Yo' 'ys "0 ""ss "'90 " " 9s oo 108 Fig. 3. Position delta result of phan-
55 HesaUpmewaBets, | tom in whole therapy moved one
= couch in every 3 nodes (x, y and z
Chrte S Sl AL ~. - —— . .
- direction 10 mm, 5 mm, 0 mm, —
= 5 mm, —10 mm), & roll, pitch
‘allllllllllllllllélllzlnl|||2lsllllalulil||slllllll|||||||sloll||s|s|||g"llllslsllr!’a“llll',lsrlllslnllllslsllllslnllllslslll{alnll‘lalsll and yaw direction Oﬂ:O.ZO.
20 = Position Delta
15;
10;
“1....;.. g e e T s b Fig. 4. Position delta result of
= o Do Detta phantom in whole therapy x, y and

CWACW Delta

Coll:h

z directions within 0+10 mm, &
artificial movement in every 3
nodes (roll, pitch and yaw direc-
tion within £1°, +1°, £3°).

Position Delta
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z directions within 0+£0.2 mm, &
artificial movement in every 3
nodes (roll, pitch and yaw direc-
tion within +1°, £1°, £3°).
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QHAEE z710] Fo] wislA] ghert” oleldt TAR zAE
LEE 24417k o] Fol| B2 (V700, Epson)E o]835}o]
FIEE 248 I DEEATAHED curve)S T332k

=70l A] targeting errorZfo] 7HA AL AL ASHES
Zy7y AAsle] tzay AT 259 AFEE dXAe
Felsioict. 5l A-83kEl ZZ 1@ Verisoft (PTW-
Freiburg, ver.3.2)2] gamma index methodS o]-&3}9lx, o]
wl] dose differencet= 3%Z s}9l.om], i ekol|A] 5%o|sk
9] 7k A4 AL AZ ). Distance to agreement (DTA)

Z 1 mm, 1.5 mm, 2 mmE 22]slo] gammaz}( 7 -value)S-

1. Targeting test & Z1}

1) = targeting errorgt Z o}

HE24 A3} left, superior, anterior error 2-Z¢ ¥ I
—0.104 mm, 0.011 mm, 0.075 mm= ¥ 2™, total target-
ing error B 0.405+0.069 mmE H.gon], BE 7lol|A] &
8] o|s}Z UElskcH(Table 1).

2) A&2 targeting errorgt Zz}

H2H A A} left, superior, anterior error Z+7} ¥

Table 1. Targeting error datas in contrastive group (E2E test-12 films)

(unit: mm)
1 2 3 4 5 6 7 8 9 10 11 12
Left —0.269 0.102 0.188 —0336 —0.370 —0.122 —0360 —0.180 —0.224 0376 —0.112  0.060
Superior 0.010 —0.304 —0.287 0.030 —0.106 —0.160 0.055 —0.007 0.042 0.155 0.286 0412
Anterior —0.351 0.076  —0.098 0334 —0.109 0.189 0.382 0.326 0.409 —0.073 —0.220 0.039
Targeting 0.442 0.330 0.357 0.475 0.400 0.276 0.528 0.373 0.468 0.413 0378 0418

Table 2. Targeting error datas in experimental group (E2E test-6 films)

(unit: mm)
1 2 4 5 6
Left —0.293 0.235 0.340 —0.306 —0.240 —0.178
Superior 0.260 —0.111 0.417 0.232 0.102 0.493
Anterior —0.141 0.072 0.025 0.238 —0.062 0.080
Targeting 0.416 0.270 0.539 0.452 0.268 0.531
Table 3. Group statistics and independent samples test
Group N Mean Std. deviation Std. error mean
Error Contastive group 12 405 .069 012
Experimental group 6 413 121 .049
Le\{ene s test. for t-test for equality of Means
equality of variances
95% Confidence
) ) ) Std. error interval of the
F Sig. t df Sig Mean difference difference difference
Lower Upper
Equal variances  3.269 .089 —.176 16 .863 —.008 .044 —.101 .086
assumed
Equal variances —.146 6.676 .888 —.008 .053 —.135 119

not assumed
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—0.074 mm, 0.232 mm, 0.035 mmE F.92™, total target-
ing error H T 0.413+0.121 mmE Fglom, A wil 7

ol=24d

T ZhollA] &8x] o8& byt (Table 2). =70l A] targeting error7} 7HAF AL HES J|FHE o

A F3 z27o] kel gk §o4S ST -7 2 XA} anterior 0.031 mm, left 0.06 mm, anterior
AL =) Ayt J/]- S9gE P=0.863 (R1E]F7} 95%)° 0.062 mm, superior 0.007 mm, total targeting errorZt-2 0.076
Z T Aol $93F XolE B 4 9i9rH(Table 3). mme] it}

715 &3} iz 229 gamma valueS DTA 1 mm,
1.5 mm, 2 mmZ ¥W7sto] v|z3k A3} 331470 pointoll A
MD-55 HE2| Z3leE =43t ZHI}=(Table 4)9} 2o AL EL HF 95.04%, 97.56%, 98.13% (Table 5) L x5}

]
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=
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w, AL S3tEe] A9l BAIE Eelsly] Sl 3, ASHE-L HF 9547%, 97.68%, 98.47% (Table 6) L]}

4z} vEAA o & fittings}AtHA] 1). At
7=—0.0019X'+0.2634 X —16.156 X +837.12X 72 v o g AT P23} vt Aae ALEE 3,323
L 0 [0 YO (A1)
ZA3k3 fittinggt A4S o83k AWE 7ke] Afol= 55 Gy
o] Akl Aut 0.43%2] #tolE HAI, VA Agol|A= 25,000
x| AR FAE &9l & 5 AU THFg. 6).
20,000 -
> 15,000
2
Table 4. MD-55 film exposure-density datas fitting results (]
P o ¢ © 10,000 -
Net. . .
Gy  Measurement Net. fitting  Gy/unit
measurement 5,000 -
10 21,300 7,000 7,000 0.00143
25 29,000 14,200 14,200 0.00176 0 . . . : : .
40 34,400 19,600 19,600 0.00204 0 120 3 40 50 60
55 38,300 23,500 23,600 0.00233 Dose (Gy)

Background 14,800 unit. Fig. 6. Characteristic curve MD-55 film (H&D curve).

Table 5. Gamma-value of reference film and contrastive group film (AL)

Percentage of passing gamma value (%)

DTA
1 2 3 4 5 6 7 8 9 10 11 Mean

I mm 98.52 93.74 97.15 96.25 95.97 96.28 96.16 96.96 93.30 92.04 92.57 95.04
1.5 mm 99.00 96.84 98.27 98.24 98.12 98.09 97.03 98.29 96.48 97.32 96.88 97.56
2 mm 99.30 97.80 98.43 98.73 98.43 98.43 97.76 98.44 97.09 98.14 98.08 98.13

DTA: Distance to agreement

Table 6. Gamma-value of reference film and contrastive group film (AS)

Percentage of passing gamma value (%)

DTA
1 2 3 4 5 6 7 8 9 10 11 Mean

1 mm 97.19 97.61 96.70 96.49 97.13 97.03 92.58 93.64 95.16 94.20 92.43 95.47
1.5 mm 97.97 98.67 98.00 97.70 98.67 97.88 96.00 97.92 97.78 97.11 96.79 97.68
2 mm 98.34 98.88 98.49 98.15 98.94 98.21 97.70 99.19 98.53 98.94 97.78 98.47
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Table 7. Gamma-value of reference film and experimental group film (AL)

Percentage of passing gamma value (%)

DTA

1 2 3 4 5 6 Mean
I mm 94.89 93.42 95.76 97.84 97.81 98.53 96.38
1.5 mm 96.88 95.56 97.12 98.80 98.20 98.83 97.57
2 mm 97.45 96.19 98.20 99.01 98.39 98.98 98.04

Table 8. Gamma-value of reference film and experimental group film (AS)

Percentage of passing gamma value (%)

DTA
1 2 3 4 5 6 Mean

1 mm 95.58 96.21 93.42 96.70 92.70 98.41 95.50
1.5 mm 98.17 97.96 98.01 98.08 96.21 98.80 97.87
2 mm 98.50 98.17 98.89 98.44 97.18 98.95 98.36

7N pointol| A % 96.38%, 97.57%, 98.04% (Table 7) Y23} g} A=)

93, ASEE HHF 95.50%, 97.87%, 98.36% (Table 8) U3}

= 22 H9% 5 U &n23|

JoH gl A=

285 ol Zloltt o & 3l B A 4=
Relhe Zol Weekn BEE 4L Fodol Al A2
2 Ak Aol Aasht

H AL EJE test 3 gamma-index methodZE o]8-3s}o]
RoluluelZe] FEHAE 71, RASALE AolulLlel L
A& T A sk gF el thete] 1 mm o] We] &
A& BAS A, AQ) BA whE 23] AR EEE
71EEE9 95% o} dAXshe Ao ' vEbyct

aEl} TLSE ol 8% 8] 94 Hel X4 ZAF 6
MV oUAS] A58 XHo] ZARIA HF 829] A7k
ZHA o] Q7] wlzell o] At Well FZjlell tigk HAg-L o]
0] A7) kol ek AN ARE TR Kbt A
7} i}k o|#3t FA|= software?] Jadle|=, 1A 7|}
tEnzsle olgdl BAe $A9E Az, o
nodente} XS A 4] VA $HAE BAstel
A 85 APgro g ALEE U FAE 5 Ag Aol
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Abstract

Evaluation on the Accuracy of Targeting Error Correction Through the
Application of Target Locating System in Robotic CyberKnife

Young Joon Jeong, Jae Hong Jung', Kwang Chae Lim', Eun Ju Cho

Department of Radiation Oncology, SoonChunHyang University Hospital, Seoul,
"Department of Radiation Oncology, SoonChunHyang University Hospital, Bucheon, Korea

Purpose: The purpose is to evaluate the accuracy of correcting the targeting error through the Target Location
System (TLS) for the location change error of the reference point which arises from the movement or motion of
patient during the treatment using the CyberKnife.

Materials and Methods: In this test, Gafchromic MD-55 film was inserted into the head and neck phantom to
analyze the accuracy of the targeting, and then the 6 MV X-ray of CyberKnife (CyberKnife Robotic Radiosurgery
System G4, Accuray, US) was irradiated. End to End (E2E) program was used to analyze the accuracy of targeting,
which is provided by Accuray Corporation. To compute the error of the targeting, the test was carried out with the
films that were irradiated 12 times by maintaining the distance within the rage of 0+0.2 mm toward x, vy, z from the
reference point and maintaining the angle within the rage of 0+0.2° toward roll, pitch, yaw, and then with the films
which were irradiated 6 times by applying intentional movement. And the correlation in the average value of the
reference film and the test film were analyzed through independent samples t-test. In addition, the consistency of
dose distribution through gamma-index method (dose difference: 3%) was quantified, compared, and analyzed by
varying the distance to agreement (DTA) to 1 mm, 1.5 mm, 2 mm, respectively.

Results: E2E test result indicated that the average error of the reference film was 0.405 mm and the standard
deviation was 0.069 mm. The average error of the test film was 0.413 mm with the standard deviation of 0.121 mm.
The result of independent sampling t-test for both averages showed that the significant probability was P=0.836
(confidence level: 95%). Besides, by comparing the consistency of dose distribution of DTA through 1 mm, 1.5
mm, 2 mm, it was found that the average dose distribution of axial film was 95.04%, 97.56%, 98.13%, respectively
in 3,314 locations of the reference film, consistent with the average dose distribution of sagittal film that was
95.47%, 97.68%, 98.47%, respectively. By comparing with the test film, it was found that the average dose
distribution of axial film was 96.38%, 97.57%, 98.04%, respectively, at 3,323 locations, consistent with the average
dose distribution of sagittal film which was 95.50%, 97.87%. 98.36%, respectively.

Conclusion: Robotic CyberKnife traces and complements in real time the error in the location change of the
reference point caused by the motion or movement of patient during the treatment and provides the accuracy with
the consistency of over 95% dose distribution and the targeting error below 1 mm.

Key words: CyberKnife, target location system, End to End, gamma-index
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