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INTRODUCTION 

Users of lower-limb prostheses frequently experience 
high mechanical stresses at the limb-socket interface, 
potentially inducing a variety of damaging conditions 
for the individual. Such ambulatory discomfort and 
subsequent soft tissue damage can greatly reduce 
mobility and comfort.  

Force sensitive resistors (FSRs) have the potential to 
be used to measure interface pressures within the 
prosthetic socket due to their non-invasive form factor 
and relative ease of implementation. Previous studies 
on their performance characteristics however, have 
only evaluated static loading characteristics on flat or 
slightly uneven surfaces, consistent with contours at 
the foot/shoe interface (e.g. [1]). Within the socket, 
various interface materials such as gel liners and 
socks may affect the performance of the sensors, 
thereby calling into question the sensor output and 
calibration. 

The purpose of this research was to investigate the 
effect of interface materials and curved surfaces on 
FSR output, approximating the conditions seen inside 
lower limb prosthetic sockets. 

METHOD 

Sensors: Four identical A201 FlexiForce sensors (Fig. 
1) (Tekscan Inc., Boston, MA) were used in the study. 

 
Figure 1. Flexiforce A201 force sensor and ELF Multi-handle system. 

Liners: Three standard liner materials with different 
material properties were tested. These liners were 
characterized as being soft, medium and hard.  

Apparatus: The sensor output was recorded using the 
ELF Multi-Handle system (Tekscan Inc., Boston, MA). 
A custom testing apparatus was used to apply 
calibrated loads to the sensor with three different liner 
materials and five different radii of curvature. 

Procedures: Each sensor was tested under different 
static loading conditions to evaluate the material and 
curvature effects on the Sensor Measurement Error, 
Linearity, Hysteresis, and Drift. 

Data Analysis: The sensor output was recorded then 
later analyzed using MATLAB software (Mathworks, 
Natick, MA) to calculate sensor performance. 

RESULTS 

Sensor Measurement Error 
For the different liner materials, there was no 
significant trend in the sensor measurement error as 
the curvature of the base was increased. The soft, 
medium, and hard liners had average errors of 6.4%, 
5.0%, and 3.7% respectively. 
Linearity 
The linearity error in the sensors increased 
significantly as the curvature increased, from 3.1% on 
the flat surface up to 14.2% on the most curved base. 
Hysteresis 
The hysteresis of the sensor was dependent upon the 
liner material, with higher hysteresis values 
corresponding to softer liner materials. The soft liner 
had a maximum hysteresis of 13.0% of full scale, 
compared with 5.9% for the hard liner under the same 
loading conditions. 
Drift 
The sensors exhibited small amounts of drift 
regardless of curvature or interface materials, with all 
tests showing drift <3% per logarithmic time scale. 

DISCUSSION & CONCLUSIONS 

Our results indicate that positioning FSRs against a 
prosthetic liner, as would be done for interface 
pressure measurement, influences the measured 
pressure, as does applying the load against a curved 
base. Using the FSRs next to a prosthetic liner 
therefore requires care to be taken in both the initial 
sensor calibration, as well as placement within the 
socket. 

Standard calibration methods are insufficient to 
provide accurate measurements within prosthetic 
sockets. Accurate calibration methods for sensor 
implementation within prosthetic sockets should be 
pursued and implemented in clinical studies. 

CLINICAL APPLICATIONS 

Practitioners or researchers using FSRs for diagnostic 
purposes or scientific investigation should be careful 
that FSR measurement error introduced by interface 
material and curvature effects is not greater than the 
interface pressure change of clinical interest. Errors 
reported here border on changes deemed clinically 
relevant in previous subject studies [2,3]. 
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