Phantom= ©]-§3F Afo]¥{u}0] 2 Synchrony ™ 3.&F 2] 4]
o] g B}

EiD i E R R

B AT wFel mek g gle] & FHUH B3 7)) PALA

2 + *
ABA’, AFY
paaskat, T s chat 3 ) 13t ok ekt

gzl 2§ Sz Aol MiLkol L Synchrony™ 55 5745 o] 4

42 grhakth. synchiony &8 24| o] 484 B7HE 98] S ol A ¥ 22 o Pharram£ o]-§- 84932, Phartem &
o}m E Ho| Bo] = AHH WA o Radiodromic B5-& 4edste] 73 o] X582l ol2E Ee 21 Gy, 70% T FFHo 7
28}l eh 3274 ® Phantam o] §3% 52 8 782 §] Phartame] Synchrony ™~ %32 W o2 1ol 247} 53] 243 48
A B7}= 314 9 Phartom 53 A] & ¢2]3= 0.0195~0.652 mm, & o|2] 32 0.39026 mm= Yetsho v 22 9] Pharrem £ o]
43 Synchrony - 38 27 Wy o] A9 2 & o8] 0.4405~0,7665 mm, & o8] BT 0.5673 mmE Vel T g of el 3k
e 7F gtk & AT5 B8f Abe] vt o] Synchiony™ & F7 x| o] AT S Ut o™, Ao WA pa HE A

THEAAE ERE 5 AT

Z4101: AOIHLIOIE, Synchrony™, S8 FEEX|, ARt WA 5, HP|E At

1LAE

WARD 2 me] BAHE A 2He] FE HAshst]
AR ol o5t H4e o, Sl A A5 AFe
AGA A ¢hg x| w3l Zeolth o] #gh H2g 2357 9
s AR 2 = Boks AFE 9L T WER 2l
G Fr= AR A 8 E, G| AEsE 2 35
3 sk QlaL, o] H AT V&g 21&EAl Lol 385
WA A 5EAE S8t & 5 A = Ao

Tt Tz om ] WAL
M zApem A ZlEe) Qubr el thad AR o] ok 1
U 43 G-53)el A AAET B Fe NG WoR 2
AVsl= WA =<2 (Stereotactic Radiosurgery, SRS)e] 7l o]
2EH] AL Tk BAR e A& TEste FUE-©
WA B9 U A o] 83 r-Knifedd X|9} 7| 22] A&7}
X|{Linear accelerator)E ©]-83F WAL 425 A x|, ok=A 9
o] gk Bragg Peak 9] E4E ©]-83F Proton WA 5%
Az, 2yo 6 MVe] XA & TN = = ¥ TF
27} A2 E Alo] Bl o] = x| (Accuray Inc, Sunnyvale, CA),
Novalis(Brain LAB, Munich, Germany), TomoTherapy Hi-
Ait(Tomotherapy, Inc, Madison, WI)G o] o] 8% 3L QJTH1].
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FHZ Abo] Biv}o] Z.o] Synchrony™(Accuray Inc, Sunnyvale,
CA) A =8 -& S &7 e o] L& AVIRPeR
223} £ Q= 2L JNde] WA o] =dE o). A}
o|Hufo|Z &) synchreny™ 3 & 3 A X5 o] 83 7|&e
R T35 e WE QA T 2L
ZAsE Bao R Rt By A1) 2wl olAl vS
BB A 2A 5 gov], Fdm ol F71e) Fa
£ #2438} & S QA HQAoH12,13,

B A= AbolH|Lbo] 3 ACCURAY AbolA] A58 2314
€& ¢] Phantom (Accuray Inc, Sunnyvalc, CA)S ©]-&3} o A}
o] Bt} o|3Z Synchrony™ & & 3 2] 74 X|(Respiratory Tracking
System)el het 4 A& 395151, 2 3H 8ol 1014 1 £
g4e WA ek,

21 o]
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2, Als Uy

21 Apolulupol T AL g A 2] 270
Aollitolzis 2ge] MY G T 23kel A
71 FAHE WA 44 A8](Image Guided Radiotherapy,
IGRD)o T}, A § 714 %= X-Band3 2] & 9300 MHz2]
Z35E 7R A HE L 800 Mu/min® & 6 MV XA 2 1
AAZITH14]. Aloliito|Z o] ARgH = fE o] F{Cone)
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22 7hA|5L 9lo] ARE S FF Kol A oF 120071 H]
e E WAL EAE S o], DTl £
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Eo] v FY 44 (Nonisocentric Technique) W20 2 E5f
25 Yele) 4L BN A =T & ek Hxe) A
|EA 84 AFE GFZICDo R dojzl txE A4
=X Pﬂ o A (Digital Reconstructed Radiography, DRR)I} %]
20 Aol thZha ko 2 N mahis REhe XA WA
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23 Phantom= 0]-§-3t A &g 7}

2.3.1-&2]%] Phantom(Synchrony motion Phantom,
Accuray Inc, Sunnyvale,CA)

€A 9l Phantom& A4 31,75 mme] 73 ol=d &

(Acrylic bal)-& Z2) o] 9)x]8l= 1A ©] A8 8| (Solid water
cule)2 4 o JJr* EXEF JEE o] TR o] A

o] it} 31| A WA = 470 BHoR

= 2 so] FH 0w

Fig. 1. Synchrony™ moving Phantom where LED attaches (A) and radiochromic film inserted in the acrylic ball cube (B).
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o
Contour  Align Visualize PlanQA Settings Help - k

Setup Isocentric Confoemal 3 ate Finetune

—e—

ot 3 Total MU
Beams. 3 M WU
Max Dose (cOy) Max MU
Daose Statstics Tatse
Vol Min(cGy)  MmicGy) | ClI

TumorSe(C 1900 41 2430 02
- Tune 3 60043 243800

Fig. 2. Image for a Synchrony™ plan of moving Phantom. Prescription dose to the 70% isodose line with 21 Gy. It shows the Dose-Volume
histogram (DVH) and 3 Dimension beam direction.

Lx}A)Z] Radiochromic E-E-(Gafchromic MD-55, International
speciality products, Wayne, NJ, USA)2- 419 3o vl & 5}55 ) CT Scan
. _ - (Phantom)
(Fig. 1), &4 %) Phartom habe] BT 5§ o3& 24
S Qe S1 A o] R Tlol 9E UED)E 2 2= 3] 1
©m 15 Cyde/min® & &2 o= & 24 35}¢I v}, Synchrony™
TE =7 Ax o AFAL =4 = ¢S Phantom 2 3% Treatment
Planning
F7] of] w2} ] (SuperiorInferior)®ek © 2 ]gF 25 mm <] 2
A A 5 & S g gk Ch \L
232 Ex o) A 37y Exposure
279 Qo A71E 918 Phanome 7HEI 3B
(Computed Tomography, CT) AX|& 15 mm ZAFAY 4 J{
$e YEHYT, 95T CTPEL o8] Abo]Whfo]
MultiPlan™ (A ccuray Inc, Sunnyvale, CA)© 2 X|ZAEL- A Film Scan &

Calibration

Sich, 57 o] A FrHE 915k X7 ASe dukHQ) $x) o)
X2 AEF A5 27 0 Phantan 2] of] 2]x] 81 71g o] X
2 87 (Taget Vaume)]l o} E Eof 20 mme & ALg-3}e]
21 Gy A =2 70% T4 F=54l(sodose line)2- A8 sla] 23}
a1, T A X7 7|<4(socentric Treatment Technique)E
X2 AL A oHFg 2). X2 A8 F Phantom 9} o] 2|5
x| A1Z] RadiochromicE & o) A8 © wlo] WeF o = Alo] lﬂb}
o| 3 WAL G A E o] &-31e] 6 MV XML 2AFEIGIT 2=
A1E "E e X3 A A AT AN 2 S E 17 4
Sz B 3713H7] flsf Ale]Bivke] X ACCURAY Aol A] 3191 %
End to End Test Z 2 13 (Version2,0, Accuray Inc, Sunnyvale, Complete
o]-&-3}e] 71519tk End to End Testi= Phantom of] &)

= ox
= WAAA AR 27)9] Radiochremied F2F 2AMHA] 8 Fig. 3. The flowchart which verifies the accuracy of CyberKnife
712 HE Reference film)-g = 300 X 300 DPI(Dots Synchrony™ Respiratory Tracking System which use Phantom.

Verification
(E2E Test Tool)

rfo FJ
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per ich)2 A ske] 2703F 3 AF (Anterior-Posterion)W3F,
Fe-Ieft-Righy W&k, F1 (Superiorinferior)t3gF o] o8] 2k
Zrzh o] WhakoA] Ul o 2] AlF B FH(Root mean
square)?l & o] Fe - T I Jvh. ACCURAY AL A&
End to End TestZ &4 ¥ & ol#]7} 224 ¥ Phantom-£- 0]-&-3+
2 £ 0.95 mmo]s}, = ¢ Phantom & ©]-83F A 1.5 mm
o3} 7} HE & A #E(QAIE A B1al 9Tt (Fig. 3).

Phanome] A9 B7he Vlde] Fo12 242 e
XN2AE L F£Hste] 24 H Phantomd] @4 F3 37
(Fiducial Tracking methode) A] 2 A& FHrlel &=l
Phantome] Synchrony™ & & 3242 & o] &3l o] Fo]
A WA T bR 27 WBeR Yol 247t s
A Z 103] A A5t

Synchrony™ & & F 24 x| o] f-84E5 wzt7] 93]
39 Phantomg- ©

T FAR AT A

L

Table 1. Fiducial Tracking Method Error Using a Fixation Phantom.

3. 4%

3.1 i@ Phantom- 083 F352] Wbyl o] 352 g
4 37} A
314 % Phantom$ ©]-43 @57 Yoz A4
Radiochromic 52| 317 F &AL AF Wgore Ha
0.0666 mm, Ht)| 0,4429 mm oj|2] & Bl o, ¢ ek 3
22 0,033 mm, ) 0.5332 mm, 7] 9o 34 0,0288 mm
15k

B o2 #he AS Haake HS F dHe H4 00195
mm, FH 0.652 mmz =4 ¥}, 324 ¥ Phantom2- o]&
o FUFH PR ol g9 53 A} W olE) T AT
koA 0.2008 mm, F$- W3k 0.1679 mm, F7] Wk 0.1780
mm, % o] -2 0.3926 mm = e (Table 1),

3.2 €A Phantoma 0]-8-gt SynchronyTM SEFAH
R R Rl g e g =

%79l Phantom& o] &3} Synchrony™ & & 3=32] Wi
o B4 gy B Aok AF Bl AL 00834

Fiducial Tracking Method Error (mm)

Trial A(+)/P(-) L(+)/R(-)" SHINE) T Total error®

1 -0.4429 0.1438 -0.1909 0.5033

2 0.2191 -0.0958 0.2036 0.314

3 -0.1894 -0.5332 -0.3239 0.652

4 -0.0666 0.0383 -0.0288 0.2979

5 -0.1308 -0.0286 -0.1427 0.1957
Average 0.2098 0.1679 0.1780 0.3926
SD 0.1428 0.2094 0.1068 0.1827

“A-P(Anterior-Posterior), *L-R(Left-Right), *S-I(superior-Inferior)
§Total error= \/(A/P er’ror)2+ (Z/R error)?+ (S/]error)2

Table 2. Synchrony™ Tracking Method Error Using Moving Phantom.

Synchrony™ Tracking Method Error(mm)

Trial AH)P() L(+)/R(-)* SHNE) T Total error®

1 -0.0986 0.4107 0.3867 0.5726

2 -0.5284 0.0413 0.0699 0.5346

3 0.0834 0.0823 0.4246 0.4405

4 -0.1684 0.7302 0.1608 0.7665

5 0.4444 0.2687 -0.0566 0.5224
Average 0.2646 0.3066 0.2197 0.5673
SD 0.2071 0.2795 0.1749 0.1213

“A-P(Anterior-Posterior), *L-R(Left-Right), *S-1(Superior-Inferior)
§Totalerror= \/(A/P error)’+ (L/R error)*+ (S/I error)?
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) End to End Test (version 2.0)

Eile  Calibration Imagel Image2 Execute

Centroid Area 101355
Pixels to Left 371.014
Pixels to Top 375.3542
Eccentricity: 1.1745
Centroid Area sEha08
Pixels to Left 371.2978
Pixels to Top 377.9789
Eccentricity 13142

Reference Calibration

Test: MTS Hor piximm: 11.8386

Date: 2008 920 Vert piximm: 11.8268

Film Label: KonYang Sup. Pos mm: 31.75

Scanner: V700 Ant. Posmm: 31.75

Film Type: MD55 Left Posmom: 31.75

Film Batch:

Pixel Information Contour Threshold: 38310

Minimum: 36356 BG Film: 47239
rm from left edge:  31.3393 e 041065
s edpe G0 anterior arror um: 0.012408
ACCURAY contour areafball area: 0.91432 i i 038668
rm from superior edge: 31.3633 anterior error mm: -0.20952
R e S average anterior errormm: -0.098558
contour areafball area: 0.82099 TOTAL TARGETING ERROR mm: 0.5726

Fig. 4. Result of analysis by the End to End test program. Figure shows the Radiochromic film which scans and error price of each direction
(anterior-posterior error, left-right error, superior-inferior error, total targeting error).

Table 3. Comparison of Two Tracking (Fiducial Tracking and Synchrony Tracking) Methods Using a Statistical Programs (SPSS ver12.0).

Variables Average SD t P
AJP error 0.05486 0.28245 0.434 0.686
L/R error 0.13870 0.42352 0.732 0.505
S/l error 0.04176 0.14358 0.65 0.551
Total Tracking Error 0.17474 0.26068 1.499 0.208

mm, AT 0.5264 mm o PE Beovl, 49 Wge Az PALI AT DY B9 B Tl DH Y B 27 ole)

0.0413 mm, ] 0.7302 mm, T7] W3R FH A 00566 mm,  Fro] 528k Aol o] gl AL & S ¢ UH(Table 3).

1) 04246 mme] o &) k-2 ERACh ZH2ke] % o o= 2

4~ 0.4405 mm, H 0.7665 mmzE A E o}, A

Phantomg ©]-83} Synchrony™ & & 32 WL o]l 5 4, 11.&

3| ZAE N F o2 32 I3 el A 0.2646 mm, #-¢-

W 03066 mm, FH| W 02197 mm, F o8 FE FHdo] & F 55 A7 AR X wAl Ee Atz o

0.5673 mm=Z W EPE T (Table 2)(Fig, 4). 2 Z9kg A 213t o §-E(Planning Target Volume, PTV)
+Ad o] gl= 3149 Phantom& o] &3t 53 FHUH & F7U B2 T4 (Percentage Deprh Dose, PDD)&-

A A o] ghe AbolH]ibe] S ACCURAY AL ol A1 Bshis A eisto] Fopol A 3R 27t 9hA3) EOH RS 2As 0

Ao B7F 22 191 0.95 mm o] 3ke] & vER i om, vt A& o] &3 kT 53] Ao AR 5 28 Al 7] A

FH7IR & Synchrony™ && 2234 X5 o] &3 AT SAE 2 e AR B ZALR Q1S F Ao v A A A7)
22w 9] 1.5 mm o] SE= W ERT T A7 Ede 29T o /ol HESPE ol Ed ek et

Phantom-£ o] 83t T 352 W Synchrony™ &F 44t Abel# o] X Synchrony™ A= &l w2 4719
FETE g ZH7te] Aolg dotry] He tldumE T FAHYE BRo] B FomA AARIoR Fge F 23]
e AAstSien, A2te] Wake) dle g Aatde 7t o xR Fsie Histetr FEH Rl 2 e
AR 7] Wigel] v R4 Og 232 He R solrk. vl glom, s e AR S 2 ARE 4 9le] WA

-
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O£ %= ALolul el X Synchreny™ F A= e 3
29179l H 4 ko] g0 thak make s £
o) 39 =0l ) & Foll whE WAL wgso)e o Be.
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B AT AR Ak o) B eI s e d
Hipo] Z synchrony™ F§ F24 Ao AL A
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Accuracy Evaluation of CyberKnife Synchrony™ Respiratory Tracking System

Using Phantom

Gha-Jung Kim"*, Seok-Hwan Bae ",

Chang-Seon Lim* and Chong-Yeal Kim*

“Department of Radiological Oncology, Konyang University Hospital, *Radiological Science, Konyang University,

"Radiological Science & Technology, Chonbuk National University

Abstract - This study was conducted to evaluate the accuracy of CyberKnife Synchrony™ respiratory tracking system which was
applied to Stereotactic Radiosurgery (SRS) for moving tumors in chest and abdomen with breathing motion. For accurate evaluation,
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gold fiducial marks were implanted into a moving phantom. The moving phantom was a cube imbedding an acryl ball as a target. The
acryl ball was prescribed to 20 Gy at 70% of isodose curve in a virtual treatment and radiochromic films were inserted into the acryl
ball for dose verification and tracking accuracy evaluation. The evaluation of position tracking consists of two parts: fiducial mark
tracking in a stationary phantom and Synchrony™ respiratory tracking in a moving phantom. Each measurement was done in three
directions and was repeated to 5 times. Range of position error was 0.1957 mm to 0.6520 mm in the stationary phantom and 0.4405 mm
to 0.7665 mm in the moving phantom. Average position error was 0.3926 mm and 0.5673 mm in the stationary phantom and the
moving phantom respectively. This study evaluates the accuracy of CyberKnife Synchrony™ Respiratory tracking system, and confirms
the usefulness when it’s used for Stereotactic Radiosurgery of body organs.

Keywords : CyberKnife, Synchrony™, Respiratory tracking system, Stereotactic Body Radiotherapy, Stereotactic Radiosurgery
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