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SUMMARY 
Before clinical application of a Multi-body simulation (MBS) 
a validation of the employed model is mandatory. We present 
a validation for loads in the lower extremity of above-knee 
amputees. 
 
 
INTRODUCTION 
Multi-body simulation offers the possibility to determine loads 
of the musculoskeletal system in a non-invasive manner. This 
allows investigations that otherwise would not be possible for 
practical and ethical reasons. 
 
In the field of load analysis with over-knee amputees it is 
feasible to measure forces and moments directly at the 
prosthesis interface with a strain-gauge based transducer. A 
comparison of calculated and measured data allows a 
validation of the numerical model. 
 
 
METHODS 
Six one-sided above-knee amputees with a C-Leg (Otto Bock 
Healthcare) exoprosthesis and a conventional socket perform 
level walking in the gait laboratory of the MHH. Kinetic and 
kinematic data is recorded with a VICON motion capturing 
system (8 cameras Vicon MX-20/MX-40, PlugIn-Gait marker 
set lower extremity) and two forceplates (AMTI). 
A strain-gauge based transducer is integrated into the 
exoprosthesis 24 mm above the rotation axis of the artificial 
knee joint at the interface to the socket (Figure 1). 
Simultaneously with the acquisition of kinetic data directly 
measured forces and moments are recorded. 
 
The data acquired in the gait analysis is processed in the MBS 
AnyBody [1] (AnyBody Technology A/S, Denmark). Loads 
are determined at the location of the transducer utilizing an 
inverse dynamics approach (Figure 2). 
 
Measured and calculated forces and moments are compared 
for each trial individually. Statistical methods for comparison 
include calculation of RMSD and parameter analysis utilizing 
Band-Altman [2] plots. A limit for differences of clinical 
relevance of 15 % has been chosen. 
 
 
 

 

 
Figure 1: Detailed view of the transducer location and its 
integration between socket and exoprosthesis. 
 
 

 
Figure 2: Lower extremity of one of the subjects and 
corresponding multi-body model during gait with the 
transducer location marked by the coordinate system, where 
loads are determined.  
 



RESULTS AND DISCUSSION 
For level walking the resultant force in the femur at the time 
of initial heel contact is 103±13% Bodyweight (BW) in the 
MBS and 105±15% BW for the measurement.  
The axial direction shows the best agreement with a maximum 
relative difference of 7.4%. Agreement during the complete 
gait cycle using RMSD calculates to 6.8±2.6% BW. The limits 
of agreement according to Bland-Altman are fulfilled for the 
axial and resultant force. 
 
The maximum resultant moment in the femur occurs during 
terminal stance with 209±42% BodyweightMoment 
(=Moment/(Bodyweight*Bodyheight)) for the simulation and 
255±79% BWM for the direct measurement. For the complete 
gait cycle RSMD calculate to 53±19% BWM. This 
considerable error can be traced back to an inaccuracy of the 
lateral and frontal position of the transducer in the model. 
Forces are not affected by this shift in position. With 
correction of the offset, the maximum moment in the 
simulation calculates to 276±72%BWM and RSMD reduces to 
30±7%BWM. This is in the order of magnitude of the force 
errors. 
 
Measured and simulated forces are in good agreement; errors 
of the resultant force are in an acceptable range. Resultant 
moments are affected by an inaccuracy in the data acquisition 
setup, but can be traced back solely to this fault. Therefore the 
moments calculated by the simulation at a precisely defined 
location can be considered accurate. (Figure 3) 
 
 
CONCLUSIONS 
The authors consider the model fully validated regarding 
resultant forces and moments. It will be used in further 
research to determine loads in the socket of over-knee 
amputees especially in risk situations such as falling scenarios, 
where direct measurement with subjects is not possible for 
ethical reasons. This will further improve the design of 
prosthesis interface assemblies and ultimately improve the 
quality of life of such patients. 
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Figure 3: Comparison of calculated and measured forces and 
moments. Best case (A,C) and worst case trials (B,D) are 
shown. The shift of the horizontal transducer location in the 
model is accounted for in the moments. 
 
 

 
 


