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INTRODUCTION 

Alignment is important for optimal prosthetic function 
(Pinzur 1995). However, it was suggested that both 
prosthetists and amputees would accept a range of 
alignments as optimal (Zahedi 1986). A previous 
study demonstrated that socket reaction moments 
measured by an instrumented prosthesis alignment 
component would change systematically due to 
alignment perturbations (Boone 2005). Therefore, the 
results implied that one could develop a mathematical 
model that could measure the magnitude of prosthetic 
malalignment based on the information from socket 
reaction moments. This model may support 
prosthetists to tune alignment of prostheses more 
consistently in the clinical setting. The aim of this 
study was therefore to evaluate the model that could 
predict prosthetic malalignment based on the socket 
reaction moments measured by the instrumented 
prosthesis alignment component (Boone 2005).  

METHOD 

Subjects: Eleven subjects with transtibial amputation 
were recruited from the community. 

Apparatus: An instrumented prosthesis alignment 
component (Boone 2005). 

Procedures: Socket reaction moments of a transtibial 
prosthesis were measured during ambulation under 
various alignment conditions, including nominally 
aligned using conventional clinical methods, angular 
perturbations of ±3 degrees and ±6 degrees and 
translation perturbations of ±5mm and ±10mm in the 
sagittal and coronal planes referenced from the 
nominal alignment. 

Data Analysis: To statistically analyze and model the 
socket reaction moments curves generated for each 
subject at each alignment, a series of variables were 
calculated from socket reaction moments measured 
during stance phase. Anthropometric data (body 
weight, height, and foot length) were also collected. 
For each alignment type (e.g. coronal angle), a model 
base was constructed for linear, nonlinear and fuzzy 
logic solutions using self-data mining by the GMDH 
method (Müller 2000). Each of the resulting models 
was then used to calculate predictive values of 
alignment based solely on experimental 
measurements for each trial of each subject. Model 
results from consecutive steps for each subject with 
each alignment were averaged. Model performance 
was measured by comparing the model-predicted 

values of alignment to the experimental condition 
definitions of alignment relative to the nominally 
aligned condition. For each model the mean absolute 
prediction error, Pearson’s correlation coefficient and 
the coefficient of determination by linear regression 
were calculated.  

RESULTS 

Prediction accuracy of each model is presented in 
Table 1.  

Table 1. Summary of prediction accuracy  

 

DISCUSSION 

The derived models of prosthetic alignment 
demonstrate that it is possible to predict the nature 
and magnitude of prosthetic malalignment from 
socket reaction moments and anthropometric data 
from inexpensive instruments suitable for application 
in a clinical setting. The non-linear solutions had the 
best numerical accuracy in predicting the actual 
alignments.  

CONCLUSION 

The three models (linear, non-linear and fuzzy) could 
predict alignment of a transtibial prosthesis within a 
clinically acceptable range. The non-linear solutions 
were the most accurate. 
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