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INTRODUCTION 

Computational modeling can be used to model the 
socket stump interaction and can assist this iterative 
fitting process. Dynamic Roentgen Stereo- 
photogrammetric Analysis (DRSA) data were used as 
boundary conditions to model bone-stump-socket 
interaction in a trans-tibial amputee finite element 
model (FEM) .The socket reaction forces were 
calculated using non-linear FE analysis. The stress 
distribution in the soft tissues was assessed based on 
the accurate DRSA data. The simulation revealed that 
both location and magnitude of maximum normal and 
shear stresses is changing with time.  

METHOD 

The DRSA method is capable of assessing 
kinematics and strain of deformable materials (hard & 
soft tissue) with translational and rotational accuracy 
of less than ±0.1mm and 0.8 degrees respectively for 
very high speeds of motion, up to 1000 frames/s 
[Papaioannou et.al. 2010]. A patient with trans-tibial 
Elevated Vacuum socket participated in the study. 
The preliminary FEM resulted from reconstructing 
solid models from Computed Tomography (CT) data 
that included the socket, the silicone liner, and the 
residual stump [Papaioannou et.al. 2008]. The socket 
is modeled with homogeneous isotropic linear elastic 
material (Modulus of Elasticity=1.1GPa, Poisson’s 
ratio=0.38). Both bones assumed to be rigid. The soft 
tissues are considered to be homogeneous isotropic 
and compressible. We also assume that there is no 
slip between bones and soft tissues. 

We have constrained the socket and transferred 
measured marker displacements from the global 
(laboratory) to the local (socket) coordinate system. 
With this approach, the socket can be fixed in space 
using Dirichlet boundary conditions. The inertial 
effects are ignored and time-dependant behavior is 
captured using a series of quasi-static large 
deformation (non-linear) analyses. DRSA showed that 
the stump volume perfectly complied with the socket 
inner surface geometry. The fact that no slipping 
between the skin and the socket was observed, 
allowed us to replace the socket model by the set of 
kinematic constraints. The FEM consisted of 29,500 
solid structural first-order elements capable of large 
deformations and supporting non-linear material 
models. Each element consisted of eight nodes with 
three translational degrees of freedom per node. A 

Newton-Raphson iterative solver with force 
convergence control was used to solve a system of 
non-linear algebraic FE analysis equations. 

RESULTS 

The results of motion tracking of bone markers 
showed that bones move independently from each 
other in all 3 directions [Figure 1]. Simulation revealed 
that both location and magnitude of maximum normal 
and shear stresses are changing in time.  
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Figure 1: Shear stress distribution in the soft tissues 
(at 0.373 seconds). 

DISCUSSION 

The DRSA data was used to accurately describe 
bone-stump-socket interaction during the motion. 
Large relative motion between fibula and tibia was 
detected. It was found that socket experiences non-
zero pressures in all 3 directions of motion. Simulation 
revealed that both location and magnitude of 
maximum normal and shear stresses is changing with 
time. In the future, kinematics from more markers will 
be used to improve the model. Another future 
challenge is to distinguish between muscle, fat and 
skin tissues in the FEM. 

CONCLUSION 

There is currently no method available to directly 
measure in-vivo stress within the residual stump in 
the amputee extremity. FEM, if validated 
appropriately, is the best available tool for predicting 
in-vivo computed forces and moments.  Appropriate 
calibration of the FE models with experimentally 
measured high accuracy DRSA kinematics allows us 
to iteratively refine patient specific material properties 
and eventually estimate stress fields within the tissue.  
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