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Abstract 
A mathematical model was used to investigate 
the dynamic behaviour of an above-knee (AK) 
prosthesis in the swing phase and to analyse the 
influence of mass and mass distribution on the 
maximal stump load and the required energy. 
The model consists of a bondgraph model of the 
prosthesis and a "walk ing" model which 
predicts the walking velocity, step length and 
the femoral trajectory. Equipment was 
developed to measure the inertial propert ies of 
the components of the prosthesis. 

Through computer simulation, stickdiagrams 
of the swing phase and graphs of the variation 
with time of the hip and stump forces were 
obtained. It was found that for a normal A K 
prosthesis with a knee-lock mechanism the axial 
stump load is greatest at the beginning and at 
the end of the swing phase. At a walking 
velocity of 5 km/hr the maximum axial stump 
load amounts to 2.1 t imes the static weight of 
the prosthesis. 

The maximum axial stump force appeared to 
be almost directly proport ional to the total mass 
of the prosthesis but independent of the mass 
distribution. The required energy also 
increased with the mass of the prosthesis but is 
dependent on mass distribution. 

Because of their comparable weights the 
influence of the shoe is almost equal to the 
influence of the prosthetic foot. Thus 
lightweight shoes should be used with 
lightweight prosthetic feet in order to add to 
their advantages. 

Introduction 
Since the days of Ambroise Paré (1580), the 

history of the development of lower limb 

prostheses shows deep concern for the 
problems of mass and mass distribution. The 
famous prosthesis of Paré had a total weight of 
7 kg and was made of steel. In the 17th century, 
wood and leather became the most important 
materials in prosthetics, later followed by 
aluminium. The success of the these light and 
strong materials can be concluded from their 
frequent use until this day. Because of the rapid 
development of modern plastics in the last half 
century, it is nowadays possible to make a 
complete A K prosthesis with a total weight of 
less than 2 kg. All manufacturers of prosthetic 
components are developing their lightweight 
prostheses, usually based on modern materials 
such as t i tanium, "aircraft" aluminium alloys 
and carbon fibre reinforced plastics. All these 
new designs satisfy some standards for the 
required strength and stiffness, e.g. the 
Philadelphia Standards ( ISPO, 1978). It is 
remarkable that there are as yet no standards 
for the optimal mass of lower limb prostheses. 
The final mass is the result of the available 
materials, rather than conforming to well-
understood design criteria. The aim of this 
research is to establish scientific criteria for the 
optimal mass and mass distribution. 

In general there are two approaches: 
Experimental It is possible to evaluate walking 
patterns of amputees wearing prostheses of 
varying mass. However, in this way it would be 
difficult to do serious experiments with 
prostheses with a much lower weight than the 
currently available types. Therefore, it was 
decided to approach the problem in a 
theoretical way. 

Theoretical A method, was developed based on 
bondgraphs, to obtain mathematical models of 
the dynamic behaviour of lower limb 
prostheses. At this moment the authors have 
models for the swing phase of locked and 
unlocked A K prostheses. A model for the 
stance phase is in preparat ion. 
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