
The ACPSEM Medical Image Registration Special Interest Group (MIRSIG) Online Webinars

This seminar (1200, Tue 7th July 2020) is chaired by Laurel Schmidt

• Talk 1: Current Practices in Clinical Use for Rigid and Deformable Image Registration: Survey Results and Analysis

Presented by Johnson Yuen 

• Talk 2: Deforming to best practice: Key considerations for deformable image registration in radiotherapy

Presented by Jeffrey Barber

Webinar activities!!

-Use the “Q&A” to ask questions!

Liver Poll!

Poll information will be used to confirm CPD, 
so it is important to participate! 

Post webinar survey!

Please answer survey when email is sent 

Seminar material available online!

Please see 
https://www.acpsem.org.au/About-the-
College/Special-Interest-Groups/MIRSIG

Be more involved!

1. MIRSIG welcomes professions from all disciplines, including radiation therapists and 
radiation oncologists

2. Sign up to the MIRSIG mailing list (https://www.acpsem.org.au/Home ,  click myACPSEM, 
click speciality groups, tick MIRSIG)

3. Join MIRSIG as a member, email mirsig@acpsem.org.au

https://www.acpsem.org.au/About-the-College/Special-Interest-Groups/MIRSIG
https://www.acpsem.org.au/Home
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Learning Objectives

o Know strategies for evaluation and implementation of DIR in 

multidisciplinary radiotherapy workflows

o Appreciate limitations of DIR for applications in radiotherapy

o Apply best practice recommendations to the use of DIR in 
radiotherapy



Last month John Kipritidis provided an excellent 
summary of the AAPM TG-132 recommendations

I’m going to discuss starting to move beyond TG-132…



Poll #3



General Image Registration Process



Datasets along patient journey



• General advice applies 
to rigid and deformable

• More advanced 
applications are 
beyond scope

What does AAPM TG-132 say about DIR?



Problems with DIR
o DIR 

o is a tool

o a mathematical process to transform voxels

o only knows what we give it as inputs (GIGO)

o little/no representation of physical 

constraints and characteristics

o little/no free variables for user to control



Differences between Algorithms & Regularisation

Image from Varian Medical Systems



Rigid registration B Splines Demons

DIR for Image Warping – Associated image sets

Warping of images data for good result may not be appropriate for linked functional data 
Slide courtesy of Nick Hardcastle



Problems with DIR – holes/overlap; missing info



Problems with DIR – contrast drives algorithm

Actual 
(translation only)

Algorithm Interpretation
(3N Degrees of Freedom)

Slide courtesy of Ben Archibald-Heeren



Problems with DIR – Inverse Consistency

IA

IB

ICE

Bender & Tomé, Phys. Med. Biol. 54 2009 

Start

Finish

Inverse Consistency Error (ICE)

Slide courtesy of Nick Hardcastle



Keep a healthy sense of scepticism…



 Many in the room already started working with DIR 

applications, probably coming across similar issues. 

 We want to leverage all the big brains in one room to 

smooth those problems.



In Press





SMIRF Recommendations

What is covered

•General tips for (D)IR

•Recommendations for use cases

•Commissioning & QA

• Training & Education

• Implementation & Automation

•Research packages & Risk 
frameworks

What isn’t covered

•How to for your system

•How to do your case

•How to commission your system

•How to train your staff

•How to implement in your clinic







General DIR Recommendations

o Initial RIR is critical for effective DIR
o RIR should account for systematic variation (global/coarse fit), DIR 

focus on deformation alone.

o Region of Interest for registration need to be set appropriately
o Bounding boxes
o Include appropriate contrast/structures
o May need sequential smaller ROI

o Contrast within the ROI
o Use thresholds and window/level settings to improve contrast where 

possible.



General DIR Recommendations

o Understand the limitations of DIR 
o Communicate and document for downstream processes
o Limitations may be due to software, the images used, operator 

experience or the task itself.

o Consider reproducibility of registrations
o Caution is urged with user-dependent tools. 

Reproducibility, consistency, appropriate for associated data?

o Acquire all images in similar position where possible
o Discuss with Radiology and Nuclear Medicine staff, use low-tech 

solutions where possible



General DIR Recommendations
o Review registrations

o The amount of QA should reflect the risk of the task. 
o Reviews of registration should contain both quantitative and 

qualitative 
o Consider using the RIR if the DIR does not improve the accuracy level 

significantly.

o Naming conventions 
o DIR naming - date and purpose of IR
o Use comment fields
o Indicate derived or resampled from DIR.
o Clarity and consistency in naming increases safety



Use case: CT-CT & CT-CBCT consensus

o ~ Half RT workforce regularly do soft tissue matching

o Soft tissue matching & 6DOF matching 
o basic skill (prerequisite?) for more advanced tasks (DIR, ART)

o Plan evaluation directly on CBCT is feasible
o However accuracy is impacted by limited field of view, limited image length, 

decreased image quality of CBCT, and artefacts inherent to CBCT.

o The accuracy of CBCT HU is complex 
o Changes with image dose, size and geometry of the subject and 

beam spectrum. 



Use case: MR-CT consensus
o RIR is the best approach to register MR 

imaging for radiotherapy planning in most 
scenarios. 

o Current DIR algorithms struggle with dissimilar image 
information.
o More important to do good RIR focused to a local region, and use 

multiple RIR if needed across a larger volume.

o Be aware of MR artefacts and distortions
o know of work-arounds

o If MRI is to be used for planning, it is imperative that 
routine QA of MRI spatial distortion is performed.

Images courtesy of Jason Dowling



Use case: PET-CT consensus 
o DIR can be used with PET/CT, and this is performed 

in several departments at present. 
o The uncertainties in DIR were deemed equivalent or not 

significantly more than using linked RIR, given the innate 
uncertainties of using PET images.

o It is recommended to validate the consistent frame of reference 
between the PET and acCT images before coupling other 
registrations, in case there is patient movement between scans or 
if the two bores of the PET/CT scanner are not well aligned.

o Check calibrated units before quantitative analysis

o PET-pCT DIR should only be performed making use of the 
intermediate acCT-pCT 



Use case: Contour propagation
o Only contours that are anatomical in basis such as organs at risk 

should be automatically propagated

o Any structure derived from another should not be 
automatically propagated (Boolean combinations or margin 

expansions), instead re-create them

o Use caution when deforming tumour structures,
deformation algorithm may not change the shape of the structure the 
same way that the actual cells are behaving. 

o Propagation of deformed isodose contours can’t be edited, requires 
assessment as to the accuracy level achieved.

o All structures deformably propagated should be reviewed and any 
errors corrected prior to further use.

Image courtesy of Michael Jameson



Use case: Atlas-based automatic segmentation
o Robust agreement on structures between all users of an atlas is a 

key starting point.

o While DSC is commonly used to assess atlas performance, it 
should be used in combination with other metrics such as 
volume, location and surface measures such as Mean Distance 
Agreement (MDA) or Hausdorff Distance. 

o To reduce editing time and computational performance, use pre-
and post-processing steps (e.g. build atlases with smoothed and 
cleaned contours, and reduce contours to every third slice – this 
can be filled with interpolation once the atlas is applied).

o While sharing of atlases is viewed favourably by attendees, there 
are obstacles to overcome in terms of infrastructure and 
governance (privacy requirements, data transfer and storage and 
effort required). 

Image courtesy of Michael Jameson



Use case: Retreatment
o This may be the use with the most immediate impact for 

clinicians

o RIR may be sufficient to transfer previous dose to a new pCT

o DIR for retreatment has a positive benefit/risk ratio, particularly when there is 
o (1) significant time lapse between courses and already high uncertainties in tissue 

changes, forgotten dose, etc. or 
o (2) simulation images acquired in different positions 

◦ high uncertainty in correspondence of dose due to anatomy deformation

◦ difficult to indicate range of dose overlap

o Increased uncertainty in a retreatment may result in practical impacts such as 
larger target volumes, increased toxicity or changing from radical to palliative 
intent. It is recommended to use the best estimate of previous dose possible, 
with the tools available. 

Image courtesy of Joel Poder



Use case: Dose Warping
o Dose warping (or dose deformation) is a purely mathematical tool

o Does not directly relate to physical processes, but it 
can be valuable in some scenarios
o especially as DVHs cannot be summed between plans 

calculated on different underlying anatomy.

o Some scenarios where it may make sense to use dose warping 
include between images in a 4DCT set, treatment dose 
accumulation, retreatment (local and distant), and for assessing 
dose response relationships to functional imaging.

o Any dose deformation should be rigorously reviewed.

Image courtesy of Adam Yeo



Use case: Replanning
o DIR in replanning workflows can increase efficiency

and improve plan turn-around time, as well as reduce the number 
of manual tasks required. 
o Replan assessment with image warping, Contour propagation, Atlas

o Automated DIR processes still need careful review as would 
normally be performed for manual replans.

o Take care when reviewing DVH between different plans.

Summing DVH from different anatomy is not correct. 
Radiobiology may also be considered



Use case: Adaptive Radiation Therapy 

o Offline adaptation (scheduled replans, adaptive dose monitoring and regular 
replans between treatments) is feasible with current tools. 
o It is resource intensive and should be undertaken with care to ensure it is feasible within a 

working department. 

Image courtesy of Jonathan Sykes



Use case: Adaptive Radiation Therapy 

o Online adaptation tools are 
typically available, but 
workflows and expertise are 
not sufficient in most cases. 
o Likely to improve in the near future 

as vendors provide more integrated 
solutions. 

o This will bring challenges for the 
radiotherapy community to cope 
with the additional information and 
decisions in an optimal manner.

WATCH THIS SPACE

“Off the shelf” adaptive systems



Use case: Treated Dose Accumulation
o Considerable experience and understanding of 

the local treatment systems is required to be 
able to make meaningful decisions based on 
dose accumulation results

o The value of dose accumulation is not 
yet proven, and it is unclear if treated 
dose correlates with response in the 
same manner as the current planned 
dose evidence base. 

o At present, any dose deformation should be 
rigorously reviewed due to inherent 
uncertainties and assumptions, before being 
used for clinical decision making.

Image courtesy of Nick Hardcastle



Use case: Brachytherapy
o Brachytherapy can potentially benefit from DIR significantly, 

due to the deformations between image series 
o presence of applicators or TRUS probes in Bx images but not 

EBRT images

o new applicator insertions for each HDR session

o Very steep dose gradients associated with BT place strict 
demands on accuracy of DIR on every voxel – impact on 
dose accumulation 

o DIR in Brachytherapy is still research focused, or 
used as additional information only. There are many 
unknown factors at present



Use case: Response Assessment
o DIR can create a common reference for assessing 

images prior to, during and after treatment. 

o There is potential for significant advances in 
quantitative response assessment, beyond the RECIST 
criteria 

o Combining functional imaging with DIR methods is 
creating new opportunities such as mapping changes 
in lung function with perfusion and ventilation 
imaging 

o Future advances in radiomics will also need to work 
with or alongside DIR.



Commissioning
o Ideally, the performance of DIR should be evaluated for all possible clinical 

scenarios using local clinical datasets prior to clinical implementation. 

o However, this is not feasible in practice, and it is recommended to take a 
pragmatic approach that covers a range of example datasets 
representing desired use cases, and a risk-based approach assessing 
DIR as part of the overall radiotherapy treatment chain. 

o TG-132 report provides a framework for commissioning DIR
o tests for data integrity, baselines for periodic testing after upgrades, end-to-end tests for 

each new development in the clinic. 

o Routine QA should follow from baselines acquired during commissioning and 
also reflect clinical usage.



• Despite many attempts in the literature no robust 

quantitative measure for individual DIR accuracy 

has been developed. 

• A range of QA metrics and visual inspection should 

be used in all clinical applications.

• Aim is to be happy with the result, within the 

desired uncertainty for clinical goal (typically 2mm 

in areas of interest)

Patient-specific QA



oAnatomy (qualitative) 

oDice

oTRE (target registration error)

oDVF & Jacobian maps

How do we validate?

Image courtesy of Nick & Adam
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Enough rope? Perfect the 
enemy of good?



• SOP, DIR reports, OIS reports, QC….

• Approvals, naming conventions, document control

• Strong consensus agreement for adoption of 

the TG132 Request and Report forms

Documentation

Image courtesy of Johnson Yuen



V. Commissioning and validation of registration software



TG-132 Uncertainty Assessment



TG-132 Uncertainty Assessment

0   Aligned < 1mm accurate for SRS planning

1 Locally aligned undistorted, target OK, use for delineation 

2 Usable with risk mild variations; DIR used; review in context

3 Diagnosis only geometric integrity not good enough

4 Not acceptable unable to align, or variation too great



Implementation
o Clinical roll-out model depends on local department. 

o Prioritise one use case and anatomical site to start, driven by need.

o Start small, multidisciplinary review, develop common language and roles/responsibilities up front.

o Data management policies 
o Where is data? In which system? What order are tasks performed?

o Naming conventions, approval processes and version control all need to be considered. 

o Automated workflows are encouraged to reduce simple errors, but manual 
checkpoints and methods for validation/correcting automated results are 
needed

o DIR takes resources. But has potential to reduce time for contouring, and for future new ART



INSERT TITLE

Rigid Image Registration Workflow

New patient

Fusion request at 
time of booking

Patient scanned Import images

Perform Rigid 
Fusion

Second RT check
QCL RO to review 

and volume

Review Image 
registration. 
Commence 

volumes

RT

MP

RO
30 

minutes

Slide courtesy of Callie Choong



INSERT TITLE

Proposed DIR workflow

New patient

DIR Request 
form

Patient 
scanned

Import images Perform DIR

Qualitative 
review

DIR Physics 
check QCL

DIR QA 
Extension

MiM DIR QA 
tools

MiM TG132 
report 

workflow

Append report 
to RO

Fuse DIR 
dataset with 
Planning CT

QCL RO for 
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approve DIR 
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Registration
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RT/MP 
team 

perform 
together

Slide courtesy of Callie Choong



INSERT TITLE

Process Evaluation Needed

New patient

DIR Request 
form

Patient 
scanned

Import images Perform DIR

Qualitative 
review

DIR Physics 
check QCL

DIR QA 
Extension

MiM DIR QA 
tools

MiM TG132 
report 

workflow

Append report 
to RO

Fuse DIR 
dataset with 
Planning CT

QCL RO for 
volumes

RO Review/ 
approve DIR 

Report

Review Image 
Registration

RT

MP

RO

RT/MP 
team 

perform 
togetherRoles? Feasible?

Too much? Too Little?

Slide courtesy of Callie Choong



Education & Training
o Training for RIR and DIR is important, and consideration needs to be made for 

the appropriate model of training for a department. 

o Training amongst all staff groups is required. 
o DIR requires a collaborative approach as uncertainties, technical limitations and clinical 

decisions associated with using DIR need to be understood by all groups. 

o Site visits and discussions with experienced departments are encouraged. Training should 
cover “how-to” training for new software, as well as background theory to develop critical 
analysis to identify and rectify sub-optimal results.

o There is limited formal training available in this area, and it will tend toward 
software-specific. 



Research Packages

o Open source and research tools are not recommended 
for routine clinical use. 
o require specialised expertise and if used clinically should be within a well-

documented protocol e.g. clinical trials.

o They can however supplement existing practices as tools for training, 
benchmarking or extending clinical systems 

◦ generate virtual phantoms, perform cross validation with different DIR algorithms, 
test advanced concepts like masking, multi-algorithm registrations and prototype 
pipelines for workflows

o all data going in and out of an OIS/TPS should be parsed through a Therapeutic 
Goods Administration approved software first to ensure integrity. 



Risk-based framework

o Risk based approaches (e.g., TG-100 model) can help develop 
effective, feasible, and practical quality control

o Overall image registration process can be evaluated for 
residual risk and uncertainty with departmental consensus 
on acceptable risk, uncertainty, and trade-offs based on 
available solutions

o Risks in use of DIR depend on the application of the DIR 
results. 
o Propagating deformed contours is usually lower risk than 

propagating deformed dose.

o Validation of deformed contours can be done with existing 
expertise and correction. 

o Validation of deformed dose depends on the intended use and 
accuracy level and is specific to DIR used. 

Images courtesy of Johnson Yuen



Some recent 
developments…



Advances in Radiation Oncology (2019) 4, 559-565
https://doi.org/10.1016/j.adro.2019.05.007

https://doi.org/10.1016/j.adro.2019.05.007




https://doi.org/10.1016/j.radonc.2020.06.017

https://doi.org/10.1016/j.radonc.2020.06.017


Image courtesy of Jason Dowling
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The ACPSEM Medical Image Registration Special Interest Group (MIRSIG) Online Webinars
Online Poll data from the June 2020 Webinar Chaired by Laurel Schmidt (Talk 2 by Jeffrey Barber)



The ACPSEM Medical Image Registration Special Interest Group (MIRSIG) Online Webinars
Questions and Answers from the June 2020 Webinar Chaired by Laurel Schmidt (Talk 2 by Jeffrey Barber)

Question 1: What do you think about running something similar to dosimetry audits for 

registration with a phantom?

Answers: This is a great idea as adaptive MR Linacs come online. There is a pilot 

study by the ACDS for adaptive systems, and such tests will be able to validate 

registration processes. However, at this stage these may not be aimed for regular 

departments. Quality assurance with a physical phantom is a great idea as there are 

lots of uncertainties that can be checked.

Question 2: Is there any general guidance or QA tools on assessing quality of datasets 

coming in from external data sources for example MRI or PET distortion before using it 

for image registration?

Answers: Currently no. If external images are acquired, there may be a need to build a 

relationship with the external image provider to work out what the quality assurance is 

for various aspects (such as MR distortion). Generally, distrust could be a starting point 

until there is quantitative validation data from the external image provider.

*There are guidance documents e.g. AAPM TG 174 Utilisation of FDG PET in 

RT((https://doi.org/10.1002/mp.13676), and other AAPM reports which provide 

guidance on QA required for diagnostic imaging systems

https://doi.org/10.1002/mp.13676

