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INTRODUCTION 

Common prosthetic liner materials insulate the 
residual limb

1
, resulting in elevated socket 

temperatures and increased perspiration.  Heat and 
perspiration are common complaints leading to a 
decreased quality of life reported by amputees

2
.  A 

proprietary phase-change material (PCM) has the 
ability to store and release thermal energy.  In an 
effort to better manage the thermal environment of the 
prosthetic socket, silicone used for prosthetic liners 
has been modified with PCM to increase thermal 
conductivity and heat capacity.  Initial attempts to 
evaluate the performance of the PCM liner included 
socket bench top testing and pilot testing with a small 
number of study participants.  Results from the bench 
top testing and pilot testing indicated a benefit 
associated with the PCM liner.  In addition, patient 
anecdotal comments advocate that the PCM liner 
provided a more comfortable temperature 
environment and less perspiration inside the liner.  
The purpose of this work is to report results from a 
larger crossover study evaluating the PCM liner to a 
standard silicone liner. 

METHOD 
Subjects: Eight unilateral transtibial amputees 
participated in this study.   

Apparatus: Temperature was measured using T-type 
thermocouples.  The amount of moisture on the skin 
was measured by wiping the skin and liner surface 
with a laboratory towel.  The towel was then weighed 
in a zip-lock bag on a digital scale to determine the 
change in weight from the calibration weight.  The zip-
lock bag was used to minimize water loss through 
evaporation. 

Procedures: The study procedures were reviewed 

and approved by an IRB.  A randomized crossover 
design was used to evaluate the change in 
temperature and moisture buildup during activity 
between a standard silicone liner and a silicone liner 
with PCM added.  Group A (n=4) began testing 
wearing a standard silicone liner and Group B (n=4) 
started the study wearing the PCM liner.  The starting 
skin temperature was recorded.  After completing the 
activity (riding a stationary bicycle for 25 minutes at a 
self-selected speed) subjects in Groups A and B 
crossed over to use either the PCM or standard liner 
respectively. Continuous temperature data was 
collected by thermocouples that were placed on the 
skin surface (posterior calf), between the liner and 
socket, on the outside surface of the socket, and in 
the testing room (environment was maintained at 
80°F).  The thermocouples were carefully placed so 

when the amputee subject donned the prosthesis, the 

temperature sensors overlapped one another.  During 
the bicycle ride, a metronome was set to match the 
participant’s self-selected pace to keep them on 
cadence during the entire activity.  Skin moisture was 
measured immediately after doffing the liner post-
activity by wiping the limb and liner and determining 
the change in weight of the towel.  After a 1 hour rest 
period, the groups changed treatments and the 
procedures were repeated.  The metronome cadence 
documented during the first activity session was used 
during the second ride to ensure consistent cadence 
between the two bicycle rides. 

Data Analysis: Data was plotted on graphs that were 
color-coded to indicate differences between each 
patient and between each liner material.  A one tailed, 
paired t-test was performed on the data. 

RESULTS 

Initial pilot results found trends in the data: 1) Donning 
either liner initially reduced the skin temperature. 2) 
Activity increased the skin temperature. 3) The PCM 
liners demonstrated lower skin temperatures, 
especially during activity. 4) Temperature associated 
with the PCM liner was relatively stable post activity. 

Similar results were found for the work reported here.  
A significant decrease (p<0.05) in temperature 
change was found when subjects wore the PCM liner 
compared to the standard liner during activity.  In 
addition, a significant decrease (p<0.05) in 
perspiration was found when wearing the PCM liner 
compared to the standard liner.  Perspiration values 
were similar to those reported previously by Klute et 
al.
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DISCUSSION & CONCLUSION 

Overall, the results from the testing indicated 
incorporating PCM into the liner can significantly 
affect the environment inside the liner.  The difference 
in temperature between the two liners is clinically 

significant as suggested by Peery
3
.  The results 

support anecdotal claims made by amputees that a 
PCM liner creates a more comfortable temperature 
environment and less perspiration inside the liner.  
Regulating the temperature in the socket and 
reducing the amount of perspiration can lead to 
improved comfort, health and quality of life for 
amputees. 
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