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SYNOPSIS
Introduction

This dissertation describes the design of a knee simulator for the testing and wear
analysis of fixed- or rotating-hinge total knee prostheses. The simulator is designed to
meet the requirements of ISO 14243-3, which specifies the loading and displacement
parameters necessary to replicate in-vivo functioning of the prostheses. The required
profiles are based on human gait analysis as well as analyses of recovered total knee

prostheses. The simulator was not required to be built or commissioned.

The minimising of wear is a pivotal design criteria in any new total knee prosthesis.
Knee simulators are required to simulate the wear in total knee replacement designs and
to enable measurement of the amount of wear. This data is used to validate new designs

or new materials used in the prostheses.

The knee simulator also tests the biomechanical functioning of the prosthesis for failures
bought about by mechanical weakness or fatigue. The simulator is required to run for 5
million cycles, equating to approximately 10 years of normal use by the patient.

Simulator Design

The design consists of a single station, multi-axis simulator capable of testing fixed- and
rotating- hinge total knee prostheses that do not have any motion in the anterior-posterior
direction. Therefore, the simulator is able to provide flexion-extension, tibial rotation,

and axial force motions to the knee prosthesis.

All three motions are provided by linear hydraulic actuators, one for each motion. Linear
hydraulics was chosen due to its fast response times and its relative inexpensiveness
compared to rotary hydraulics. The linear motion of the actuators is converted to rotary
motion by the use of trunnion bearings and spherical rod ends. All actuators are
controlled in position control mode by a central desktop computer based interface that
integrates the three motions. The axial force is controlled by compressing a die spring

and measuring the force generated using a load cell.

Department of Biomedical Engineering
The University of Cape Town
















































































































































































































































































































































































































































