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 Learn about the AAPM TG-132 recommendations & 

guidelines for using image registration in all aspects 

of radiotherapy

 Describe the meaning of image registration and 

fusion

 Review of the components of an image registration 

algorithm 

 Understand the difference between rigid, affine and 

deformable registration

 Understand key sources of error related to data 

acquisition and image registration

 Understand the need for QA of image datasets/ 

registrations:

 Gain familiarity with methods for qualitative 

and quantitative assessment of image 

registration accuracy

 Describe frameworks and datasets available to 

carry out commissioning of registration software

 Be able to perform patient specific registration 

verification in a radiotherapy department:

 Review key elements of the radiotherapy 

image registration request and report

Learning objectives:

mailto:john.kipritidis@health.nsw.gov.au


A guided tour of TG-132

• Stated goal of TG-132:
– “[To] review current approaches and solutions for image registration (both 

rigid and deformable) in radiotherapy and to provide recommendations for 

quality assurance and quality control of these clinical processes.”



A guided tour of TG-132



I. Introduction

a. Image data in radiotherapy:

Multiple imaging modalities:

• X-ray computed tomography (CT)

• Magnetic resonance imaging (MRI)

• Positron emission tomography (PET)

• Single photon emission computed tomography (SPECT)

• In-room kilovoltage (kV) or megavoltage (MV) planar imaging

• In-room kV/MV cone beam CT (CBCT)

• Real time volumetric ultrasound (US)

b. Uses of image registration + fusion in RT:

Multiple applications:

• Segmentation

• Multi-Modality Treatment Planning

• Image-Guided Radiotherapy

• Adaptive Treatment Planning

• Response assessment



d. Glossary of Terms

– Image registration is the process of determining a geometric transformation relating identical (anatomic) 

points in a `moving’ dataset (Study A) and a `stationary’ source dataset (Study B).

In the language of Velocity and MIM:

• Study A is the “secondary image”

• Study B is the “primary image”

I. Introduction

Consider:

• Does an identical transform exist?

• How accurate is the transform we 

have derived?

– Image fusion – the combined display of mapped data from Study A onto Study B with the transformation 

applied.

– The transformation (T) is one of the results of image registration: it is a function applied to Study A to 

align it with Study B. 

Mathematically:

• Study B = T(Study A)



A guided tour of TG-132



II. Techniques for image registration

• Fig. 2: Basic mechanics of an image registration algorithm:

“Primary image”

“Secondary image”



II. Techniques for image registration

b. Nature of the registration basis

Is the registration “extrinsic” (e.g. based on fiducials or other extracted geometry) or “intrinsic” (voxel data)?

• The registration metric quantifies the extent to which the images are aligned:



II. Techniques for image registration

c. Nature of the transformation

Considers questions like: How many degrees of freedom does the transformation have? Is it invertible? 



III. Clinical issues of image registration in radiotherapy

• A. Sources of error in data acquisition:

Limitations in scan extent, slice thickness, or image quality of individual studies can affect the accuracy of 

their registration with other studies.

• B. Sources of error in image registration:

Uncertainties can arise due to image artifacts (metal or motion), contouring variability, feature selection, 

discontinuous motion (e.g. lung/chest wall interface), anatomic changes and interpolation/extrapolation of motion fields.

Or, in other words..
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IV. Methods for validation and quality assurance

a. General concepts



IV. Methods for validation and quality assurance
b. Qualitative validation and verification of image registration accuracy

(Useful in routine clinical practice)



IV. Methods for validation and quality assurance
c. Quantitative measures of registration accuracy (esp. useful for commissioning)



IV. Methods for validation and quality assurance
c. Quantitative measures of registration accuracy (esp. useful for commissioning)

Target registration error (Tolerance: 2-3mm)

TRE (Before) TRE (After)



IV. Methods for validation and quality assurance
c. Quantitative measures of registration accuracy (esp. useful for commissioning)

Jacobian determinant (Tolerance: no negative values)

Deformable vector field T(x)

The Jacobian determinant is useful to “screen” a registration for problem areas.

Jacobian determinant J(x)

Histogram of J(x) 
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V. Commissioning and validation of registration software
a. Commissioning

• Commissioning should make use of digital phantoms with known (synthetic) transformations and/or fiducials

• AAPM TG-132 datasets: https://www.aapm.org/pubs/reports/report132.asp

The AAPM TG-132 datasets were generated using a commercial software (ImSimQA) 

or were contributed from the DIR-lab (www.dir-lab.com) 

ImSimQA (Basic phantom) ImSimQA (Pelvis phantom) DIR-lab (4DCT)

https://www.aapm.org/pubs/reports/report132.asp
http://www.dir-lab.com


V. Commissioning and validation of registration software

Provided datasets Recommended tests & tolerances

a. Commissioning (Cont’d).



V. Commissioning and validation of registration software
Quality metrics & Tolerances for Commissioning, Annual QA & Patient-specific QA:



b. Patient-specific verification during clinical practice: the request and the report.



VI. Clinical integration of registration techniques

a. Treatment planning

• Processes should allow for consistent patient positioning between imaging studies.

• The image registration report should be completed prior to planning.

• Final review of the image registration should be performed by the RO.

• Unresolved registration errors should be accounted for in treatment margins (e.g. PTV).

b. Treatment delivery

• For each treatment site, a registration request should be made providing a clear directive on the region(s) of 

interest, important landmarks, required accuracy, etc.

• The registration should be performed by the RT, with appropriate training.

• For standard fractionation, the registration should be reviewed by the RO prior to delivery of next fraction.

• For single fractions >5 Gy, the registration should be reviewed by the RO prior to delivery.

Recommendations of the TG-132 report:



Conclusions, I



Conclusions, II



Thank you!



The ACPSEM Medical Image Registration Special Interest Group (MIRSIG) Online Webinars
Questions and Answers from the June 2020 Webinar Chaired by Laurel Schmidt and Joel Poder (Talk 1 by John Kipritidis)

Question 1: What open source software is available for investigation into DIR?

Answers: Two very good options for open source DIR software include the following US 

NIH-funded projects: 3DSlicer (a GUI-based software available at: https://www.slicer.org ) 

and Plastimatch (a fully command-line software, available at: http://plastimatch.org). Both 

have cross-platform support (though you may have to compile source code in some 

cases), and both have good documentation and user forums/communities available via 

their respective project sites. Also interestingly, both 3DSlicer and Plastimatch have some 

tools/capabilities that go far beyond just DIR; for example they include many tools for 

basic image conversion, filtering/smoothing and contouring/segmentation in the context of 

developing other workflows.

Question 2: What are recommendations for dose accumulation?

Answers: The AAPM TG-132 report provides general guidelines on the uses and quality 

assurance for image registration; dose accumulation is recognised as one of these 

applications. In section 6.C. of TG-132, it is stated that dose accumulation "has additional 

demands on accuracy compared to the use of deformable registration for contour 

propagation […] every voxel receiving significant dose should be accurately aligned, 

whereas for contour propagation the accuracy is most important at the boundary of the 

organ." However, TG-132 also specifically mentions that the use of DIR for dose 

accumulation and subsequent adaptive replanning is outside of the scope of the 

document, and that there should be a future report dedicated to this matter.

Question 3: What is your advice on patient specific TG132 request and report forms?

Answers: The exact form of a request / report system will depend on the infrastructure 

available within the department. For example one option is to create a set of electronic 

questionnaires or forms, linked to check-points requiring sign-off/approval at specific 

steps within the treatment planning process. At RNSH, an “Image Registration Review” 

task is part of the Care Path for all patients requiring an image registration process. It 

should noted that different treatment sites will have specific requirements in terms of what 

types of checks are required.

Question 4: What role would quantitative QA have for patient specific QA?

Answers: The ability to perform quantitative QA on a patient-specific basis (e.g. in terms 

of analysing target registration error, the Jacobian determinant histogram and Dice 

similarity index) is highly desirable but not always feasible given the manual workflows for 

those processes in commercial image registration software. It is nevertheless considered 

an essential part of commissioning for any new image registration process; the need of 

quantitative PSQA should also be considered during the commissioning stage.

https://www.slicer.org/
http://plastimatch.org/

