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TG-179: QA for CT-based IGRT 

 

Bissonnette JB et al. Quality assurance for image-guided radiation therapy utilizing CT-based 
technologies: A report of the AAPM TG-179. Medical Physics, Vol. 39, No. 4, April 2012 
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Daily Quality Assurance 

Frequency Quality Metric Quality Check Tolerance 

Daily Safety Collision and Interlocks Functional 

Warning lights Functional 

System Operation 

and Accuracy 

Laser/image/treatment isocenter 

coincidence    OR 

+/- 2 mm 

Phantom localization and 

repositioning with couch shift 

+/- 2 mm 
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Daily Laser/Image/Treatment 

Isocenter Coincidence Agreement 

• Align phantom with 3 implanted 

gold seeds to lasers and CBCT 

• Check alignment and acquire 2 

orthogonal MV port films 

• Use Setup Intelligence in Mosaiq 

to check alignment of MV ports 

with reference images 



 

Images courtesy of Department of Radiation Oncology, Wake Forest Baptist 
Medical Center, Winston-Salem, NC USA 

 

Images courtesy of Department of Radiation Oncology, Wake Forest Baptist 
Medical Center, Winston-Salem, NC USA 



Phantom Localization and Table Shift Test 

• Align Quasar phantom to known offset and CBCT 

• Perform translation and check laser alignment 

• Could be done Daily, typically, is performed Weekly 

• Place small angle under 1 corner to test Hexapod rotational 

corrections 

 

Monthly Quality Assurance 

Frequency Quality Metric Quality Check Tolerance 

Monthly Geometric Geometric calibration map OR Save new map 

kV / MV laser alignment +/- 1 mm 

Couch shifts, accuracy of motions +/- 1 mm 

Image Quality Scale, distance, and orientation 

accuracy 

Baseline 

Uniformity, noise Baseline 

High contrast spatial resolution  < 2 mm, or 

 5 > lp/cm 

 

Low contrast detectability Baseline 

If used for dose calc CT number accuracy and stability Baseline 
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MV and kV Isocenter Coincidence 
• Ball bearing test performed  

• Procedure outlined in manufacturer acceptance documents 

• Variation of Winston-Lutz test 

• Recommend that procedure be done with physicist 

• Can do in conjunction with an automated MLC calibration 

 

MV EPID Stage 

• Align ball bearing phantom (8mm)  with lasers 

• Acquire MV images (gantry at 0, 90, 180, 270) 

• Transfer images to XVI and evaluate 

• Reposition ball bearing relative to jaws 

• Repeat until ball bearing is within 0.25mm of MV isocenter 



Renstrom, Master of Science Thesis, 2005 

http://lup.lub.lu.se/luur/download?func=downloadFile&recordOI
d=2156983&fileOId=2157374 

kV CBCT Stage 
• Acquire CBCT scan 

• Determine position of ball bearing in each projection  

• Plot position as a function of gantry angle to determine 

head sag (flex map) 

• Flex maps must be generated for all acquisition modes 

(CW and CCW) 

• Acquire CBCT scan 

• Compare to reference set 

• Discrepancy is variation between isocenters 

http://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=2156983&fileOId=2157374
http://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=2156983&fileOId=2157374


Renstrom, Master of Science Thesis, 2005 

http://lup.lub.lu.se/luur/download?func=downloadFile&recordOI
d=2156983&fileOId=2157374 

MV Isocenter Stability 

• Ball bearing image with gantry, collimator, table rotations 

• Winston-Lutz test 

• Isocenter variation should be within 1 mm 

• Note: go into room and look 

http://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=2156983&fileOId=2157374
http://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=2156983&fileOId=2157374


Annual Quality Assurance 

Frequency Quality Metric Quality Check Tolerance 

Annual Dose Imaging dose Baseline 

Image System 

Performance 

X-ray generator (kV systems) 

kV, mA, exposure time, linearity 

Baseline 

Geometric Anteroposterior, mediolateral, and 

craniocaudal orientations are 

maintained 

Accurate 

designations 

System Operation Long and short term resource 

planning  (disk space, effort, etc.) 

In support of 

clinical use 
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Image Quality 

• CT Imaging Quality Assurance 

– AAPM Report 74 

– AAPM Report 142 

• Typical Tests 

– Scale and distance accuracy 

– Low contrast resolution 

– Spatial Resolution 

– Uniformity and noise 



Image Quality 

• CatPhan (done annually) 

– Image uniformity 

– Low contrast 

– High resolution 

• Image quality checks for uniformity, heterogeneity, CT number 

accuracy, resolution, artifacts 

Now You Are a CT Physicist! 

 



But Wait, Even TG142 Has Imaging QA! 

 

 



Image Dose 

• Previously discussed – assess dosimetric aspects 

of defined imaging protocols 

Accuracy of CT Numbers 

• If IGRT technique is used for re-computation of 

dose, and for general purposes, the CT numbers 

must be 1) determined and set accordingly, and 2) 

measured routine to insure stability. 

 

• Typical approach: electron density phantom, 

differing imaging parameters according to defined 

imaging protocols. 



Physics Effort for QA Procedures 
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End-to-End Test 
Verify the fidelity and accuracy of the “system” 



AAPM Practice Guideline 2.a 

 

Staffing: AAPM Practice Guideline 2.a 

 



Staffing: AAPM Practice Guideline 2.a 
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Commissioning and QA: AAPM PG 2.a 

 

Commissioning and QA: AAPM PG 2.a 

Procedures Described 

• Customer acceptance 

procedures 

• TPS configuration and 

connectivity 

• OIS integration and 

connectivity 

• Routine QA baselines 

• IGRT QA program 

documentation 

• Safety and interlocks 

• Image contrast 

• Spatial resolution 

• Image scale 

• Image uniformity 

• Imaging-treatment 

isocenter coincidence 

• Table positioning, 

repositioning 

• Image dose 



ACR-AAPM Technical Standard 
Medical Physics and IGRT 
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ACR-AAPM Technical Standard 
Medical Physics and IGRT 
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Medical Physics and IGRT 

End-to-end Test 



ACR-AAPM Technical Standard 
Medical Physics and IGRT 
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Summary 

• CT-based IGRT devices are imaging devices 

• Quality assurance should proceed based on the 

specific CT technology 

• Quality assurance comprises: Mechanicals, 

Interlocks/Safety, Image Quality and Fidelity, 

Image Dose, Communications/Data Transfer 

with/to Other Systems 

• Physics effort and instrumentation are required 

Summary 

Key AAPM and Other Guidance Documents 
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setup and target localization. 2009 

• AAPM Task Group 142. Quality assurance of medical accelerators. Klein et al. 

Med. Phys. 36(9): 4197-4212. 2009 

• ACR–AAPM Technical Standard for Medical Physics Performance Monitoring 
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