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Introduction Background/Problem

A method of mapping tibiofemoral joint space width « Joint space morphology is both a predictor for risk of load-bearing
(JSW) in cone-beam CT (CBCT) volumes based on injury (e.g. tibial slope) and an indicator of progression of diseases
an electrostatic model of the joint was developed such as osteoarthritis (e.g. narrowing due to loss of cartilage).

and implemented.

« The articulating surfaces of joints are complex in shape. Current

» Preliminary validation experiments were carried out methods to characterize the joint space either lacks robustness or
to determine the feasibility of the method. Is highly operator-dependent.

 Joint space maps were generated from CBCT ..

volumes

using this method.

The end-goal of the project is to provide clinicians and

of osteoarthritic (OA) and normal knees

researchers with a sensitive, accu r'ate, consistent and Figure 1 Proposed methods of joint space characterization. (abcd) Projection along the
: P longitudinal axis depends on the definition of an arbitrary direction. (efgh) Closest point
automatic tool to track Changes In jOlnt Space distance yields asymmetric measurements that often undersamples the synovial space at
morphology from extremity CBCT volumes. protrusions.
Solution Resulting Joint Space Width Maps
In our method, two articular surfaces of the knee joint are 1. The electrostatic model was applied to the analysis of both
conceptualized as surfaces of differential charge OA and non-OA knees to generate joint space width maps.

densities, as in a capacitor. Electric field lines emerge

from one surface to the other, guided by the electrostatic
potential in between. The lengths of these lines and are
treated as the joint space width at the corresponding
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Figure 2 A basic approach to calculating tibiofemoral distance in the electrostatic
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model of the joint space. The electrostatic potential (®) is solved from the Laplace RO

equation using boundary conditions defined by the shape of the articulating Figure 5 Joint space width maps for 3 OA knees and 1 non-OA knee in sitting, standing
surfaces. Electric field lines could then be found by stepping from one surface to positions as well as their difference maps. The method can resolve local changes in joint
the other using Euler’ s method. space width at voxel size (~0.217 mm).
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and generates joint
space maps.

The resulting lines are continuously distributed throughout

the whole joint, determined solely from the configuration and
shape of the articulating surfaces and establish a one-to-one

Lessons Learned

Implementation of segmentation, registration algorithms and numeric solutions to partial
differential equations. Basics of CBCT and image reconstruction.

correspondence between the points on the two surfaces.
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