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Development of a highly reproducible anatomical coordinate-system
for MR imaging-based femoral model.

Shuichi ISHIYA, Toshiyuki SASAKI, Koji ODA, Toyohiko HAYASHI, PhD,
Yasuo NAKAMURA, PhD, Satoshi WATANABE, MD,, Takashi SATO, MD,,
Go OMORI, MD,, Yoshio KOGA, MD.

Abstract

To evaluate a patient's knee motion, 3-D bone model-based approaches using a combination
of fluoroscopic image sequences of the knee and a 3-D model are under development. For bone
model construction, the MR system is presently used because it is less invasive to the patient
than CT. A remaining problem is that a conventional anatomy coordinate system defined by the
entire femur cannot easily be determined because it takes an enormous amount of time to obtain
images of the entire femur. Then, we proposed a geometric approximation .method of determin-
ing an anatomical coordinate system defined solely by the femoral condyle. Subsequently, we
evaluated the reproducibility of the proposed coordinate system and the positional relationship
between the proposed and conventional coordinate systems. Empirical results demonstrated that
1) the proposed coordinate system could be determined with high reproducibility as expected
and 2) the position and orientation seemed relatively stable with respect to the conventional sys-
tem.

Key words : MR system, 3-D bone model, geometric approximation method, anatomical coordinate system,
femoral condyle,
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3. Deviation of the transformation parameters
of MRI coordinate system of the condlyle
from a conventional CT coordinate system.
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Accuracy of automated image matching technique of bone and implants using
biplanar radiography.

Koichi KOBAYASHI, PhD., Nobuaki TANAKA, Ken-ichi ODAGAWA, Takashi SATO, MD.,
Makoto SAKAMOTO, PhD., Yuji TANABE, PhD., Go OMORI, MD., Yoshio KOGA, MD.

Abstract

We have developed a 3-dimensional (3D) lower extremity alignment assessment system
that has been applied to pre-operative planning and post-operative alignment assessment of total
knee arthroplasty (TKA) with the subject in a standing position. The system evaluates align-
ment by matching 3D bone and component model projections to frontal and oblique X-ray imag-
es manually. In this paper, an automated matching technique is presented to reduce the labori-
ous task for manual image matching and improve the repeatability of pose estimation. Sawbone
femur and tibia and femoral and tibial components of a TKA system were used. Three spherical
markers were attached to each sawbone and each component to define the local coordinate sys-
tem. Outlines of the CT-based 3D bone models and the component computer-aided design (CAD)
models were projected onto the extracted contours of the femur and tibia and the implants in
frontal and oblique X-ray images. Three dimensional pose of each model (full 6 degrees of free-
dom (DOF) parameters) was recovered by minimizing the difference between the projected
outline and the contour using the downhill simplex algorithm. The relative poses were recovered
within —0.3mm=05mm and —05deg=1.1deg for the femur with respect to the tibia, —0.9mm*
04mm and 0.4deg =+ 0.4deg for the femoral component with respect to the tibial component,
—0.8mm = 0.2mm and 0.8deg *0.3deg for the femoral component with respect to the femur, and
—0.3mm = 0.2mm and —05deg+0.4deg for the tibial component with respect to the tibia.

Key words : Pose estimation, Image matching, Biplanar radiography, Leg alignment, TKA.
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B 1. Rotation table for biplanar radiography.
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