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Fig 2. Construction of moving phantom
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Fig 1. The reconstructed respiratory log file
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Implementation program of moving phantom
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Table 1, Results of targeting error for two breathing pattern,

o 22 5304 ANEE SAST BH F5 Aol »
28} LED marker?] 22912 A3 (Anterior-Posterior, AP)
o) AAT SE2 S0l HAL, W W B
(Ball cube target) ] 212 552 el wel 242
&}(Superior-Inferior, SI) W& 2 5 mm, 10 mm, 20 mm
37kA A2719] MR 58] A& st T F
2 A|=Hle] A s AfolHupo] 2 A Aol A AlEE
E2E test & A ZRIHE o] 8ate] Melo e 2
=5 Y (29 71 8k B4 2% (Targeting error) 2 LE}
Woteh, F7he B2E esvh A S B ARUA 27
Zgpel #H3HAT,

(Correlation error) &

M

M 2 H 2 24t

X2 QA (Targeting error)= AAIA 35 Jed
F¥A(Ball cube target) 22]%1 o] =7]7} 5 mm, 10 mm, 20
mm °f w2} 2tz % ﬁll4+013mm10500 m,
2371017 mmo] i, &~ H & W3l Jefd 2 24zt
B 1.87+0.19 mm, 2,15+0.21 mm, 2.44+0.26 mmO. 2

EAEATHE 11 14 F2 o glo] wie] WE o] oz A

Targeting error (mm)

Breathing pattern No. S-I motion
5 mm 10 mm 20 mm
1 1.12 0.99 2.37
2 1.11 1.12 2.29
Sinusoidal
3 1.27 1.10 2.19
tt
pattetn 4 1,16 0.94 2.40
5 1.04 1.10 2.60
DRIy 1.14 £ 0.13 1.05 £ 0.20 2,37 £ 0.17
1 1.80 2.01 2.31
2 1.79 2.18 2.46
Sudden change
3 1.86 2.21 2.48
pattern
4 1.90 2.29 2.36
5 2.00 2.06 2.59
Htgk 1.87 £ 0.19 2.15 £ 0.21 2.44 + 0,26
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Table 2, Results of correlation error for two breathing pattern,

ATl Q| 30l : o= 27

K53t S8 B0 T2 MOIHLIO|T S £ YA AR HHE 24

Correlation error (mm)

Breathing pattern No. S-I motion
5 mm 10 mm 20 mm
1 0.78 0.62 1.51
2 0.90 0.80 1.73
Sinusoidal
3 0.87 0.72 1.69
pattern
4 0.81 0.73 1.55
5 0.83 0.60 1.67
Rk 0.84 + 0,01 0.70 £ 0.13 1.63 £ 0.10
1 0.99 1.21 2.02
2 1.02 1.52 2.01
Sudden change
3 1.04 1.40 1.99
pattern
4 0.85 1.48 1.86
5 0.95 1.59 2.02
Hitgk 0.97 £ 0,06 1.44 + 0,11 1.98 + 0,10
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Fig 4.
Phantom image acquisition with CT
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Fig 6. Setup of moving thoracic phantom on the couch in the treatment room,
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Fig 9. Targeting errors with breathing pattern at different
S-I motion,
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Abstract

An accuracy analysis of Cyberknife tumor
tracking radiotherapy according to
unpredictable change of respiration

Department of Radiation Oncology, Inha university hospital, Incheon, Korea

Seo jung min, Lee chang yeol, Huh hyun do, Kim wan sun

Purpose : Cyber-Knife tumor tracking system, based on the correlation relationship between the position of a tumor which
moves in response to the real time respiratory cycle signal and respiration was obtained by the LED marker attached to the
outside of the patient, the location of the tumor to predict in advance , the movement of the tumor in synchronization with the
therapeutic device to track real-time tumor, is a system for treating. The purpose of this study, in the cyber knife tumor tracking
radiation therapy, trying to evaluate the accuracy of tumor tracking radiation therapy system due to the change in the form of
unpredictable sudden breathing due to cough and sleep.

Materials and Methods : Breathing Log files that were used in the study, based on the Respiratory gating radiotherapy and
Cyber-knife tracking radiosurgery breathing Log files of patients who received herein, measured using the Log files in the form
of a Sinusoidal pattern and Sudden change pattern, it has been reconstituted as possible, Enter the reconstructed respiratory
Log file cyber knife dynamic chest Phantom, so that it is possible to implement a motion due to respiration, add manufacturing
the driving apparatus of the existing dynamic chest Phantom, Phantom the form of respiration we have developed a program
that can be applied to, Movement of the phantom inside the target (Ball cube target) was driven by the displacement of three
sizes of according to the size of the respiratory vertical (Superior-Inferior) direction to the 5 mm, 10 mm, 20 mm, Insert crosses
two EBT3 films in phantom inside the target in response to changes in the target movement, the End-to-End (E2E) test
provided in Cyber-Knife manufacturer depending on the form of the breathing five times each, It was determined by carrying.
Accuracy of tumor tracking system is indicated by the target error by analyzing the inserted film, additional E2E test is analyzed
by measuring the correlation error while being advanced,

Results : If the target error is a sine curve breathing form, the size of the target of the movement is in response to the 5 mm,
10 mm, 20 mm, respectively, of the average 1.14 = 0,13 mm, 1.05 = 020 mm, with 2. 37 = 0.17 mm, suddenly for it is
variations in breathing, respective average 1.87 = 019 mm, 215 + 021 mm, and analyzed with 2 44 + 026 mm. If the
correlation error can be defined by the length of the displacement vector in the target track is a sinusoidal breathing mode, the
size of the target of the movement in response to 5 mm, 10 mm, 20 mm, respective average 0.84 + 0.01 mm, 0.70 + 013
mm, with 1,63 £ 0,10 mm, if it is a variant of sudden breathing respective average 097 = 0,06 mm, 144 = 0,11 mm, and
analyzed with 1,98 + 0,10 mm, The larger the correlation error values in both the both the respiratory form, the target error
value is large. If the motion size of the target of the sine curve breathing form is greater than or equal to 20 mm, was measured
at 1.5 mm or more is a recommendation value of both cyber knife manufacturer of both error value,

Conclusion : There is a tendency that the correlation error value between about target error value magnitude of the target
motion is large is increased, the error value becomes large in variation of rapid respiration than breathing the form of a sine
curve, The more the shape of the breathing large movements regular shape of sine curves target accuracy of the tumor
tracking system can be judged to be reduced. Using the algorithm of Cyber-Knife tumor tracking system, when there is a
change in the sudden unpredictable respiratory due patient coughing during treatment enforcement is to stop the treatment, it
is assumed to carry out the internal target validation process again , it is necessary to readjust the form of respiration, Patients
under treatment is determined to be able to improve the treatment of accuracy to induce the observed form of regular
breathing and put like to see the goggles monitor capable of the respiratory form of the person,

Keyword : cyber-knife, tumor tracking system, target error, correlation error
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