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ABSTRACT

We present an ¢lastic registration algorithm based on local deformations modeled using cubic B-splines and controlled
using 3D ChainMail. Our algorithm climinates the appearance of folding artifacts and allows local rigidity and
compressibility control independent of the image similarity metric being used. 3D ChainMail propagates large internal
deformations between neighboring B-Spline control points, thereby preserving the topology of the transformed image
without requiring the addition of penalty terms based on rigidity of the transformation field to the equation used to
maximize image similarity. A novel application to virtual colonoscopy is presented where the algorithm is used to
significantly improve cross-localization between colon locations in prone and supine CT images.
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1. INTRODUCTION

Colorectal cancer is the third most common form of cancer, accounting for about 10% of the total cancer deaths [1].
Currently, the most widely used procedure for screening patients at risk for colorectal cancer is optical colonoscopy. In
this procedure a fiber optic tube is passed in a retrograde fashion through the colon to detect premalignant polyps or
asymptomatic cancers. All US citizens 50 years or older should have screening, and to achieve this goal, 13 million
colonoscopies are necessary annually. Optical colonoscopy is a complex invasive procedure requiring sedation with
potential for complications. At the present time, there is inadequate number of physicians trained in optical colonoscopy
to provide national screening for colorectal cancer. Virtual colonoscopy is a viable alternative to optical colonoscopy for
diagnosis of colorectal cancer. In virtual colonoscopy the colon is explored by navigating through a 3D rendering of the
colon walls obtained from a CT image. To improve polyp detection accuracy, two CT scans are normally taken, with the
patient in prone and supine positions. When a polyp candidate is found in one of the image scts, its corresponding
location is explored in the other to confirm the diagnosis.

Comparing prone and supine CT images manually is a tedious and time-consuming task because of the significant shifts
and deformations in the inner organs due to the change of position of the patient. In this article, we propose performing
clastic registration of the prone and supine datasets to simplify the process of locating corresponding features in the
images. Elastic registration can be applied in two different manners: given a location in one of the images, the estimated
elastic transformation can be used to automatically locate the corresponding location in the other image, or a transformed
image can be generated for direct comparison.

Many clastic registration algorithms presented in the literature are based on a combination of a global lincar
transformation, defined by a transformation matrix, and a local deformation field, defined using basis functions
parameterized by a grid of control points [2-12]. Most of these algorithms use a uniform, rectangular grid for simplicity.
When estimating the local deformations, the goal of a registration algorithm is to find the locations in the floating image
space that best match their corresponding locations in the reference image by optimizing the values of the deformation
field at the control point locations. Finer estimations of the deformation field are achieved by using progressively finer
grids. In general, the number of progressively refined grid resolutions used depends on the nature of the local
transformations and the target accuracy of the algorithm.
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