
A method to analysis dynamics properties of  
 trans-femoral prosthesis 

Le Van Tuan1 , Akihiko Hanafusa1, Shinichiro Yamamoto1 
1 Shibaura Institute of Technology, Japan 

  

American Academy of Orthotists & Prosthetists 
41st Academy Annual Meeting &  

Scientific Symposium 
February 18 - 21, 2015 

FPTH14 

 
INTRODUCTION 
A lower limb prosthesis is designed to replace the 
functions of the missing lower limb. An understanding 
of the structure’s dynamic properties and the load 
transfer between the socket of the prosthesis and the 
residual limb is important to the evaluation of the 
quality of a prosthesis.  

In this study, the authors modeled the residual limb 
and prosthesis with two links. Each part of the 
prosthesis was modeled in full size. These results 
show the forces and moments acting on the hip and 
knee joints in the dynamic state. This method offers 
greater flexibility and the calculation requires less 
time.   

METHOD 
The subject in this study was a man with a right-side 
trans-femoral amputation. He was aged 47, 167 cm in 
height, and weighed 61 kg without his prosthesis. His 
prosthesis incorporated a UCLA socket, a Nabco 
prosthesis, and an Ottobock foot.  

The kinematic data for the lower-limb and prosthesis, 
as well as the reaction forces applied to the 
prosthesis foot while walking were measured using a 
Mac3D system and a force plate platform. Data was 
recorded at a sampling rate of 200 Hz while the 
subject was walking.. 

Fig.1 shows the actual lower limb with the prosthesis 
and the 3D model. A 3D model of the residual limb 
and socket prosthesis were created using MRI data.. 
The dimensions of the parts of prosthesis were taken 
from the actual prosthesis. 
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Fig. 1. Real and 3D model of lower limb with 
prosthesis (a) Position of markers and angles 
on lower limb and foot (b). 

The data determined with Creo, including the material 
density, inertia moment, geometry data, and 
constraints were exported to Simmechanics 
(MathWorks). The initial simulation parameters 
consisted of the angle, angular velocity, and the 
angular acceleration at the hip and knee joints. The 

reaction force and moments at the foot were 
calculated from the measured data.  

 

Fig. 2. The block diagram in SimMechanics 

RESULTS 
The forces and moments at the hip and knee joints as 
determined using Simmechanics. Fig 3 shown the 
moment at M point, hip and knee joint.  

 
Fig. 3 Moment at point M, hip, and knee joints 

DISCUSSION 
The graphs of the reaction force at the hip and 

knee joints are almost the same as the ground 
reaction force. The direction of the moment at point M 
and at the hip and knee joints are reversed. The 
maximum and minimum moment of the hip joint 
appear in the heel contact and toe off periods, 
respectively. 

 CONCLUSION 
From these results, we have a flexible method to 
calculate the forces and moments applied to the hip 
and knee joints, and the load transfer between the 
socket and the residual limb.  
CLINICAL APPLICATIONS 
These results could be used to analyze the socket, 
and enable the quantitative evaluation and 
optimization of prosthesis. 
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