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Fig. 1. SynchronyTM moving Phantom where LED attaches (A) and radiochromic film inserted in the acrylic ball cube (B).
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Fig. 2. Image for a SynchronyTM 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.

Fig. 3. The flowchart which verifies the accuracy of CyberKnife
SynchronyTM Respiratory Tracking System which use Phantom.
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Trial A(+)/P(-)* L(+)/R(-) S(+)/I(-) 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)

Fiducial Tracking Method Error (mm)

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

Trial A(+)/P(-)* L(+)/R(-) S(+)/I(-) 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-I(Superior-Inferior)

SynchronyTM Tracking Method Error(mm)

Table 2. SynchronyTM Tracking Method Error Using Moving Phantom. 
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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

A/P error 0.05486 0.28245 0.434 0.686

L/R error 0.13870 0.42352 0.732 0.505

S/I error 0.04176 0.14358 0.65 0.551

Total Tracking Error 0.17474 0.26068 1.499 0.208
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Abstract - This study was conducted to evaluate the accuracy of CyberKnife SynchronyTM 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 SynchronyTM 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 SynchronyTM Respiratory tracking system, and confirms

the usefulness when it’s used for Stereotactic Radiosurgery of body organs.
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