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Objective 

 
 

To determine and critically analyze the 
sources of error within the daily Automatic 
Quality Assurance (AQA) test used on the 

CyberKnife M6 system.  
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CyberKnife Overview 

 
•  Purpose (2011) 

–  (1) Make QA code of practice 
–  (2) Recommendations on techniques 
–  (3) Issues needing further R&D 

•  Procedures 
•  Stereotactic Radiosurgery (SRS)  

–  Trigeminal Neuralgia: 80-90Gy, x1 fraction  
•  Stereotactic Body Radiation Therapy (SBRT) 

–  6-30Gy, x1-5 fractions 

•  CyberKnife System Accuracy: < 1mm 

AAPM TG-135: 
Quality Assurance for Robotic Radiosurgery 
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CyberKnife Overview 
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CyberKnife Overview 
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CyberKnife Overview 
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CyberKnife Overview 

•  GAFChromic EBT3 
– 1cGy to >40Gy 
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CyberKnife Overview 

•  Auto QA 
– 2cm Tungsten 
– Eccentricity 
– Shadow 
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CyberKnife Overview 
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CyberKnife Overview 

•  Tracking Methods: 
 

– 6D Skull  
– Xsight Lung 
– Xsight Spine 
– Fiducial 
 
– Synchrony (Optical) 
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CyberKnife Overview 

•  Measure total system accuracy: 
 

– Localization 
– Mechanical  
   targeting 
– Planning Errors 
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CyberKnife Overview 
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CyberKnife Overview 
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CyberKnife Overview 
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CyberKnife Overview 
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CyberKnife Overview 
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Methods: CyberKnife AQA Overview 

AQA Error 
Sources 

Film 
Scanner 

Film 
Placement 

kV Imaging 
System 

Robotic 
Manipulator 
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CyberKnife AQA  
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Methods: Film Scanner 
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Methods: Film Placement 

•  Text 
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Methods: kV Imaging System 

•  Text 
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Methods: Robotic Manipulator 



JWB 24 

Methods: Robotic Manipulator 
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Methods: Robotic Manipulator 
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Methods: Robotic Manipulator 
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Results: Film Scanner - IRIS 
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Results: Film Scanner - IRIS 

R!"#!$!!""#" = !""#$%!"#$%&'%!"#$%&'%! + !""#$%!"#$!"#!!! + !""#$%!"#$%&'"&!"#$%&'% !
 



JWB 29 

Results: Film Scanner - IRIS 
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Results: Film Scanner - FIXED 
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Results: Film Scanner - FIXED 
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Results: Film Scanner - FIXED 
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Results: Film Placement - IRIS 
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Results: Film Placement - FIXED 
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Results: kV Imaging – 6D Skull 
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Results: kV Imaging - Fiducial 
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Results: kV Imaging System 

•  Method 
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Results: Robotic Manipulator 

•  Method 
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Results: Robotic Manipulator 
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Results: Summary 
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Conclusions  

The total AQA uncertainty appears to be largely due to the kV 
imaging system. These results suggest an uncertainty of less than 

0.1 mm for the film, film scanner, and robot components of the AQA 
test. The kV imaging system uncertainty could reach 0.3 mm and is 
the main source of uncertainty. This information explains greatest 

weakness in daily CyberKnife QA and may be useful in establishing 
realistic expectations of daily AQA results.  
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Conclusions  
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Conclusions  
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Conclusions  
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Future Interests 

1.  Comparison of Tracking Algorithms 

2.  IRIS vs FIXED; AQA & E2E 

3.  SRS Profiler & Film for AQA 
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Procedures for Radial Error >0.6mm 

1.  Take repeat scans on scanner 
2.  Place Film Again, repeat scan 
3.  Verify Tracking Algorithm 
4.  Repeat AQA 
5.  Use SRS Profiler for repeat movements 
6.  Call Accuray (delta Manip or other…) 
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Thank You! 

•  Questions? 


