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Integrated system for evaluation of kinematics and contact mechanics of knee joint
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In order to investigate the kinematics and contact behavior at the knee joint, a
novel 2D to 3D image matching technique utilizing MRI volume rendering of the knee was established. This
technique can eliminate both the laborious task of contour extraction from bone in MR images and the
radiation dose issue. Also, an assessment system for 3D weight-bearing alignment of the lower extremities
using a slot radiography szstem was developed. This system produces high-speed full length X-ray imaging
of the lower extremities while reducing patient exposure and small image distortion compared with
conventional x-ray systems.
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1 Local coordinate system for MRI volume
data.

Focal point

2 Perspective view model for volume
rendering.
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3 Biplanar slot radiography using turn table.

Frontal view

Oblique view

4 Virtual biplanar radiography model.
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(a) Bi-plane x-ray image

(b) Rendering of volume data
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(c) Overlap of x-ray and rendering images

5 Image matching of bi-plane x-ray image
and rendering of MRI volume data.
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6 Estimation errors in 6DOF parameters of
relative position between femur and tibia (n=3).
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(c) Varus deformity

Translation, mm Rotation, °

Front/Left Front/Right Front/Left Front/Right

M-L 00*+02 0.2+05 -04+03 -02*04
A-P  03*£07 00*+05 02+04 -01*03
P-D 0.1+05 06*02 01*+06 -0.2+0.3

(a) Slot radiography (b) Bone model overlaid

7 Result of image matching for femur and

# 1 Mean = SD for errors in relative position.
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(a) Femoral and tibial components: x-ray image (left).
Model overlaid (right).
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(b) Femur and femoral component: x-ray image (left).
Model overlaid (right).
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(c) Tibia and tibial component: x-ray image (left). Model
overlaid (right).
8 Result of image matching for artificial
knee joint.
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(a) Femoral and tibial components

Translation, mm Rotation, °
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(b) Femur and femoral component
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