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SmartTemp Liner

• Heat and perspiration are 
the leading complaint 
resulting in a reduced 
quality of  life

• Warm and sweaty limbs 
increase risk of  infection 
and formation of  blisters 
and may affect suspension

Hagberg 2001, Kohler 1989, Naylor 1955, Akers 
1972, Legro 1999, Klute 2007, Webber 2014



SmartTemp Liner

• A passive liner system 
with improved thermal 
properties
− Incorporate Phase 

Change Material (PCM)
− Improves latent heat



Pi lot Study

• Pilot Testing
− TF and avid bicyclist who 

reported much less sweat while 
cycling with PCM liner

− 15 minute rest period after 
donning liner and socket

− 25 minute bicycle ride in 80°
room

− 10 minute rest period



Pi lot Study Results

Pre-activity rest Activity Post-activity

• The SmartTemp liner resulted in a slower temperature increase 
during activity and a faster temperature decrease after activity.



Randomized C l in ica l  Tr ia l

• 8 amputees (4 TF and 4 TT)
• Cycle for 25 minutes
• 80°F room
• Outcomes: Temperature (1 location) and 

Perspiration
• H1 – PCM liner will lower temperature 

increase and amount of  perspiration 
during activity



Temperature Results

• Temperature 
increase 
significantly 
reduced 
(p<0.05) 
with PCM 
liner

• 2° difference 
at the end 
of  the 
activity 
period



Perspirat ion Results

• PCM 
significantly 
reduced 
perspiration 
(p<0.05)
− Note, data from 

all 8 subjects 
included in 
statistics, but 4 
were excluded 
from graph 
because they did 
not sweat with 
either liner



Randomized C l in ica l  Tr ia l

• 16 TT amputees
• Cycle for 25 minutes
• 10 minute rest
• 80°F room
• Outcomes: Temperature (4 locations) 

and Perspiration
• H1 – PCM liner will lower 

temperature increase and amount of  
perspiration during activity



Temperature

• SmartTemp
liner 
significantly 
reduced mean 
skin 
temperature, 
denoted by *

*

*

*

*



Perspirat ion:  Act iv ity

• SmartTemp liner 
significantly reduced 
mean skin 
perspiration collected 
immediately after 
activity

• 12 of  16 subjects had 
less perspiration with 
the SmartTemp liner.

• No subjects had more 
perspiration with the 
SmartTemp liner



Pe rs p i rat i o n :  Pos t -A c t i v i t y

• SmartTemp liner 
significantly reduced 
mean skin 
perspiration collected 
after post-activity rest

• Only 1 subject 
continued to perspire 
during the post-
activity rest with the 
SmartTemp liner 
(Subject 4).



Bi lateral  Subject

• For 1 bilateral 
transtibial
amputee subject, 
the SmartTemp
liner always 
resulted in lower 
skin temperature 
and less 
perspiration.



Discussion

• PCM material significantly reduced temperature increase of  the 
skin during activity and during post-activity rest

• PCM material significantly reduced the amount of  perspiration 
during activity and during post-activity rest

• May promote skin health and reduce skin injury



Publication



Q U E S T I O N S ? ?
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