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INTRODUCTION 

The prosthetic socket is the interface between an 
amputee’s residual limb and prosthesis. It’s an 
important factor in the acceptance and performance 
of prostheses. Fitting of a prosthetic socket is very 
much an empirical process where socket rectifications 
are highly dependent on the prosthetist’s skill and 
experience. Quantitative methods for analyzing 
socket fit would improve the fitting process. Several 
studies have investigated the pressure distribution 
inside lower-limb sockets comparing experimental 
results to various finite element models (Zachariah, 
1996). However inter-study comparisons are difficult 
to make due to differences in experimental design 
and modeling assumptions. Other methods for 
measuring socket displacement include various 
imaging techniques (Sanders, 2006). This paper 
evaluates the accuracy of two models’ prediction of 
biaxial socket rotation due to external forces. 

METHOD 

Apparatus: A transhumeral socket was duplicated and 
an eye bolt was rigidly secured to the distal end. A 
mold of the inside of the socket was made from 
ballistic gel and covered with silicon to increase 
surface traction and resilience. The mold was rigidly 
attached to a frame via a pipe simulating the intrinsic 
bone before donning the socket. Reflective passive 
markers were placed on the socket, mold, and 
transducer to define segments and track their 
position. An 8 camera Vicon motion analysis system 
tracked the marker positions. An ATI 6-axis force 
transducer with a hook attachment was used to apply 
and record forces acting on the eyebolt. 

Procedures: Four trials were collected. Each trial 
consisted of loading the eyebolt in opposite directions 
three times each (two anterior-posterior loading trials 
and two medial–lateral loading trials). The first set of 
trials was used to obtain the parameters. The second 
set of trials was used to test the parameters. 

Data Analysis: Socket rotations and moments were 

calculated in the coordinate frame defined by the 
markers attached to the socket and used to train the 
parameters of the two models. Model 1 used a 
nonlinear spring equation consisting of a linear spring 
constant and strain hardening index, iteratively 
optimized in Matlab by minimizing the sum of the 
square error. Model 2 consisted of a bi-axial angular-
rotational model using the matrix form of Hooke’s Law 
to relate stress and strain, and was optimized using a 
noniterative quadratic minimization method. 

Table 1: Average sum square error for each model 

 
Trained Data Untrained Data 

Model ML Rot. AP Rot. ML Rot. AP Rot. 

1 0.97 0.69 1.78 1.11 
2 1.02 0.51 1.62 1.15 

 

Figure 1: Medial-Lateral socket rotation 

RESULTS 

The socket rotation predicted by the bi-axial model is 
compared to the untrained experimental rotation in 
Figure 1. Results were similar for model 1. The 
average sum square error for each model with 
respect to direction is shown in Table 1. 

DISCUSSION 

Both models showed the ability to accurately predict 
rotations in the two directions. Model 1 considered 
only in-plane reactions while model 2 considered 
strain in the transverse direction. Even though results 
were similar for the two methods, model 2 is more 
computationally efficient. 

CONCLUSION 

Models such as those presented are needed to better 
understand and predict the behaviour of the prosthetic 
socket. The work here shows the socket interface can 
be modeled as one unit instead of dividing the 
interface into many elements like in previous finite 
element models. However these models do not 
provide insight into residual limb pressure 
distributions. Understanding socket motion will 
improve socket design and provide quantitative 
measures for socket fit. Future work will incorporate 
additional parameters to account for hysteresis, 
ultimately reducing the amount of error. 
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