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Accuracy of 3-D pose estimation of bone using an image matching technique
with fluoroscopic images and 3-D bone model.

Nobuaki TANAKA, Koichi KOBAYASHI. PhD., Yuji TANABE, PhD., Takashi SATO, MD.,
Yoshio KOCGA, MD., Go OMORI, MD., Makoto SAKAMOTO, PhD.

Abstract

The mechanical perspective of bone and joint diseases can be gained through accurate mea-
sures of joint kinematics. This study attempted to develop an automated method for analyzing in
vivo knee kinematics using single plane fluoroscopy and 3D bone models. The study was carried
out on one human cadaveric knee. Three sphere markers were fixed to both femur and tibia. A
3D bone model was created by CT scan images of each bone.

After CT scanning, the femur and tibia were fixed using an external fixation device, resem-
bling anatomical positions of the knee. Six single plane fluoroscopic images of 1 set of fixed bones
were obtained with different directions of image acquisition. Digitally reconstructed radiographs
(DRRs) were generated from 3D bone models by a voxel projection technique. The relative 3D-
pose (full 6 degrees-of-freedom parameters) between femur and tibia were determined by
matching the DRR of each bone model with the fluoroscopic image of the corresponding bone by
automatic maximization of the similarity measure between the 2 images. The true value of the
relative pose was measured using a 3D coordinate measuring machine. The RMSE of the in-plane
rotation parameter was within 1.0 degrees and the out-of-plane rotation parameters were within
2.1 degrees. For the translation parameters the RMSE took its minimal value of 1.0 mm in the in-
plane direction and its maximal value of 36 mm in the out-of-plane direction.

Key words : Knee, Kinematics, Single-plane fluoroscopy, Image matching.
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