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Short Statement of Relevance/Purpose 

With regards to cancers in the head and neck, the general procedure for eliminating the 

pathology is to perform surgical resection of the tumor as well as pre- and post-operative 

radiotherapy. Adjuvant radiotherapy is delivered based on a plan created after the surgery based 

on pre-operative and post-operative CT scans as well as reports from the operating surgeon. 

However, post-operative tissue deformation – shifts in the anatomy surrounding the surgical area 

– makes the previous location of the tumor difficult to identify. Because of this uncertainty and 

in order to ensure that none of the remaining cancer cells are missed, the area identified for 

radiotherapy is overestimated. This is harmful to patients because the volume of irradiated tissue 

dictates the toxicity affecting the patient, which has negative downstream consequences, such as 

intense pain and the inability to swallow and eat. The goal of our project is to show how the 

tissue around the surgical area deforms from pre- to post-operative CT scans. This will allow 

radiation oncologists and dosimetrists to more accurately localize the area containing the 

remaining cancer cells. This information, in turn, will inform planning to allow tighter and more 

accurate volumes for adjuvant radiotherapy. Small decreases in irradiated volume will lead to 

significant decreases in toxicity.  

Technical Approach:  

 First, we will acquire the pre-operative, intra-operative and post-operative data. These 

will be obtained with the help Dr. Richmond and Dr. Quon. Currently, we plan to use pig-heads 

because of they have similar structures to humans. The following is a brief methodology to 

obtain the data: 

1. CT scan of the three pig-heads before the operation  

2. Tissue removal from tongue in each pig head 

3. Marking around the site of removal with the Polaris marker 

4. Surgical clips will be placed where the Polaris has marked.  

5. CT scan of each head with an wound still open 

6. Close the wound 

7. CT scan of each head with a closed wound 

The first step to developing the registration algorithm is to compare and evaluate current 

deformable registration algorithms. It is possible that there are algorithms that would be effective 

at registering the pre-operative to post-operative. There are many algorithms on the subject as 

well as open-source libraries that would help to make the testing phase more efficient. The intra-

operative Polaris data and the post-operative surgical clips location will allow us to measure the 

accuracy of each algorithm.  
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After this initial research phase, we will identify and develop an algorithm that will be 

appropriate. It is likely that a currently available algorithm is appropriate and would require 

minor changes to fit this operation.  

Deliverables:  

 Minimum: Data collection and comparison of deformable registration algorithms. 

The data collection is a rather lengthy process due to the many factors that are 

involved; such as acquiring the pig-heads, and coordinating a time where Dr. 

Richmond and technicians would be available. Comparison of the existing 

deformable registration algorithms may be a lengthy process despite utilizing 

currently available libraries.  

 Expected: Minimum deliverables and implementation of workflow to register image 

data and evaluate tissue deformation. The ultimate goal for identifying points of 

pathology using the Polaris requires further implementation. This may result in a 

change of workflow in surgery. After data collection and algorithms comparison, we 

will work with Dr. Richmond to devise a feasible alteration to the current surgery 

workflow.  

 Maximum: Expected deliverables, determining optimal marker placements for tissue 

deformation evaluation and writing a journal paper. The marker points will be used 

to identify the deformation of the tissue around the wound. Currently, Dr. Richmond 

will place three points around the wound at his discretion. We hope to identify the 

optimal distance and number of points in relation to the size of the wound and 

expected tissue deformation. If time permits, we will submit/ publish a journal article 

about our findings.  

Key Dates and Assigned Responsibilities 

 March 5: This is our planned Data Collection Day, during which pig heads will have 

cookie-cutter resections, and Polaris data as well as pre- and post-operative images 

will be collected. We also plan to understand how to use Polaris and its data by this 

data. Members responsible: Kareem and Matt. 

 March 7: Complete literature review by this date. Members responsible: all. 

 March 15: We plan to finish evaluating and comparing all open-source deformable 

registration algorithms of interest by this date. Members responsible: all. 

 April 4: We plan to finish implementation of algorithms and workflow by this date. 

o March 14: Devise method to incorporate Polaris data into pre-operative data 

by this date: Members responsible: Steven and Kareem. 

o March 21: Implement registration of pre- to post-operative CT data by this 

date. Members responsible: Matt and Steven. 

o March 28: Devise method of quantitatively measuring tissue deformation by 

this date. Members responsible: Matt and Kareem. 

o April 4: We plan to have the polished workflow finished by this date. 

Members responsible: all. 

 April 15: Once the implementation is complete, we plan to find optimal tracker 

placement by running the data collection with varied placement. Members 

responsible: all. 

 Mid-May: We plan to submit a paper for publication. Members responsible: all. 
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Dependencies  

Data collection - Experiment will be conducted at JHH using pig heads.  

i. 4 pig heads – Will be purchased at Mt. Airy Locker Co. One pig head will be put 

through a CT head in order to determine whether pig heads are appropriate for this 

experiment.  

ii. CT scans - Department of Radiological Oncology and will be coordinated by Dr. 

Quon with the help of Wen Liu.  

iii. Lab space reservation- Coordinated by Dr. Richmon 

iv. Polaris tracking system – At the generosity of Dr. Taylor 

All funding provided by Dr. Quon 

 

Management Plan 
 We will meet bi-weekly in-person or via Skype with Dr. Quon (and other sponsors as 

they are available) for general updates. Sponsors are open to meeting more frequently as needed. 

As a team, the three of us will meet three times per week to collaborate and assign individual 

duties. For version control, we will each evaluate different algorithms and while 

implementing/editing code, we will utilized GitHub in order to manage version control of code. 

Literature and reports will be shared through Dropbox. 

 

Reading List 
 The primary reading list has been provided by Dr. Lee.  It consists of two papers: 

 

S. Klein, M. Staring, K. Murphy, M. A. Viergever, and J. P. W. Pluim, “elastix: A toolbox for 

intensity-based medical image registration,” IEEE Transactions on Medical Imaging, Vol. 29, 

No. 1, pp.196-205, 2010. 

  

B. B. Avants, C. L. Epstein, M. Grossman, and J. C. Gee, “Symmetric diffeomorphic image 

registration with cross-correlation: evaluating automated labeling of elderly and neurodegerative 

brain,” Medical Image Analysis, Vol. 12, No. 1, pp.26-41, 2008. 

 

The first paper is related to the open source software, elastix which is used for segmentation and 

registration.  The second paper is related to ANTs, an open source piece of software also used for 

segmentation, registration and visualization of 3D medical images.  These two papers are meant 

to help give a good understanding of the libraries that we will hopefully be utilizing for the 

project.   

 


