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INTRODUCTION 
An appropriate distribution of pressure within a 
prosthetic socket is essential for biomechanical 
control, containment, comfort, and maintaining skin 
integrity. (Brienza, 2001). Pressure distribution is 
dependent on socket configuration, shape, volume, 
and the socket materials. Prosthetists justify socket 
billing based on their view that shape and 
construction of the socket affect distribution of forces 
on the residual limb and clinical outcomes. However, 
little research has been done to quantify and validate 
this assumption. 
Our hypothesis is that targeted shape changes in an 
adjustable socket will result in changes to the 
pressures applied by the socket onto the residual 
limb during gait.  
METHOD 
Strain gauges and thin force sensors were integrated 
into an adjustable ischial containment socket. The 
strain gauge was incorporated into the socket’s 
closure system. Force sensors were attached to the 
socket’s distal end, along the long axis of the socket 
and at the ischial containment aspect of the socket. 
These sensors effectively mapped pressure 
distribution within the socket and the tension within a 
proximal strap. Triplanar motion sensors were 
incorporated to the socket to measure socket 
movement. Sensor data were recorded while the 
patients performed functional tests. 
A convenience sample of 10 randomly selected 
patients were instructed to find a perceived neutral fit 
then increase and decrease the tensioner by 25 lbs. 
to create a tight/smaller volume and loose/larger 
volume variable. Adjustment of the tension value for 
this adjustable socket system directly correlates with 
socket shape and volume. L-test, two-minute walk 
test, and FSST functional outcomes measures were 
conducted at these variables and associated with 
sensor data. Patients also recorded a Socket Comfort 
Score at the conclusion of functional outcomes 
measures at each variable.  
RESULTS 
Data analysis across different users showed 
statistically significant trends. Taking the neutral 
position as baseline, the patients generated greater 
pressure in the proximal and ischial containment 
aspects of the socket, while reducing pressure on the 
distal end by tightening the closure system and 
thereby reducing socket volume. Conversely, when 
the patients loosened the closure system, the 
pressure in the proximal and ischial containment 
aspects of the socket decreased, and the pressure 
on the distal end increased. 
When performing outcome measures, a loose closure 
system generated greater data variability for a given 
sensor (a large difference between high and low 
values). When the closure system was tightened, the 
average pressure increased in the proximal sensors, 
and sensor data variability was lowest.  

 
Figure 1: Effect of Varying Brim Tension on Pressure 
Readings within the Socket 
DISCUSSION 
By increasing the tension in the closure system, 
patients could change the relative pressure 
distribution. When the closure system was loose, 
patients experienced higher distal pressure. When 
the socket tension was tight, pressure in proximal 
and ischial containment aspects of the socket 
increased.  
Functional outcome scores and socket comfort 
scores were lowest at the loose setting. This 
correlates with the increased variability in pressure 
distribution data during functional outcomes 
measures. These results indicate decreased 
biomechanical control and higher peak pressures 
when the socket fit was loose. Conversely, when the 
closure system was tight, variability in pressure 
readings decreased for each sensor, indicating good 
connectively between the limb and socket. Functional 
tests performed with the tightened brim yielded 
better outcomes, which can be explained with better 
connectivity and thus better biomechanical control. 
CONCLUSION 
Results indicate a direct correlation between socket 
shape and resultant forces on the residual limb, 
functional outcome measures, as well as Socket 
Comfort Score. Future studies will be directed to 
increasing the number of patients tested to further 
validate this correlation.  
CLINICAL APPLICATIONS 
Data quantifying the relationship between the 
profile of pressure distribution on a residual 
limb and patient outcomes are critical for 
rational prosthetic socket design and may 
further help to justify costs when payers 
challenge the need for socket adjustability or 
socket replacements.  
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