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Kinematic analysis of forearm rotation by

2D-3D registration using biplane fluoroscopy *

Yusuke Tenma

Abstract

In orthopedic surgery, the quantitative kinematic analysis of skeletal struc-
tures is important to improve the patient-specific treatment. In case of forearm,
3D motion analysis of pronation and supination is important for diagnosis and
treatment planning. Previous studies analyzed the 3D rotation axis during the
movement between maximum pronation and maximum supination. In order to
understand the movement of the forearm in more detail in a clinical routine, a
method which allows 3D motion analysis with high temporal resolution while
keeping the radiation dose at the conventional level is preferable. Our specific
goal in this study is to analyze the detailed mechanism of instability of elbow
and wrist joints including a quick movement. For this purpose, we propose
a 2D-3D registration method using a calibrated biplanar dynamic fluoroscopy
and a CT image. This method optimizes the rigid transformation parameters of
multiple bones by maximizing the similarity between the fluoroscopy and digi-
tally reconstructed radiograph (DRR). In this study, we report five evaluation
experiments in total. Three of them used x-ray images of (1) a resin model
bone, (2) model bone with soft tissue, and (3) cadaver bone, and the other two
experiments used x-ray images of (4) a healthy volunteer and (5) a patient ac-
quired in a clinical protocol. Through these experiments, we evaluated accuracy

of the proposed methods and analyzed the kinematics of forearm rotation.

Keywords:

*Master’s Thesis, Department of Information Science, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-IS-MT1651076, March 15, 2018.
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