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INTRODUCTION 

Lower limb prosthetic sockets and liners do little to 
alleviate perspiration accumulation in the inside of the 
prosthetic interface (liner). Under dry limb conditions, 
a secure adherence can often be provided. For the 
active individual, inadequate moisture management 
can be a significant impediment. The materials from 
which prostheses are made are nearly impermeable 
to moisture (Hachisuka et al., 2001) and of low 
thermal conductivity (Klute et al., 2007); properties 
that prevent evaporative and conductive cooling. 
More than just bothersome for many amputees 
(Hagberg and Branemark, 2001), sweat-related 
adherence problems can limit or inhibit mobility under 
demanding conditions. 

This study compared a novel prosthesis, designed to 
expel accumulated perspiration by using negative 
gauge pressure to induce dynamic air exchange 
(DAE), with a widely-prescribed total surface bearing 
suction socket prosthesis (SUCTION) using a 
prospective, randomized cross-over experiment. 

METHOD 
Subjects: Five transtibial amputees provided informed 
consent to participate in this IRB-approved protocol 
(44±15 yo, 89±18 kg, 1.8±0.1 m, 14±15 years post-
amputation, n=3 trauma, n=2 secondary to infection). 
All participants considered themselves moderately 
active community ambulators. 

Procedures: Subjects were given a one-week 

acclimation period to each study prosthesis while their 
step activity levels were measured with a StepWatch3 
(Orthocare Innovations). Subjects then performed a 
30-min seated rest, 30-min treadmill walk at their self-
selected speed), 30-min seated rest protocol in a 
laboratory environment (~20° C, ~30% relative 
humidity) while wearing thermally-insulative garments. 
Changes in residual limb skin temperatures were 
measured with thermistors and tare weights were 
used to measure accumulated and expelled 
perspiration. Afterwards, subject opinions about the 
prostheses were assessed with subsets of the 
Prosthesis Evaluation Questionnaire (PEQ; Legro et 
al., 1998). Three scales measuring ambulation, 
frustration, and residual limb health were scored on a 
scale from 0 to 100 where 100 represented the best 
outcome. 

Data Analysis: A paired t-test was used to determine 
if differences in step activity levels were statistically 
significant (p<0.05). A linear mixed model was used to 
assess whether differences in residual limb skin 
temperatures were statistically significant (p<0.05). 
Accumulation and expulsion (DAE only) of 

perspiration and subjective experiences were not 
statistically analyzed. 

RESULTS 

No difference in step activity levels were observed 
between prostheses (p=0.220) during the week-long 
acclimation period. During the rest-walk-rest protocol, 
no differences in residual limb skin temperatures were 
observed between prostheses (p=0.366). The DAE 
prosthesis accumulated 1.09±0.90 g and expelled 
0.67±0.38 g perspiration while the SUCTION 
prosthesis accumulated 0.97±0.75 g. As measured by 
the PEQ, subjects opined their residual limb was 
healthier while wearing the DAE (89±15) compared to 
the SUCTION (66±30), it was easier to ambulate 
while wearing the DAE (76±25) compared to the 
SUCTION (65±32), but wearing the DAE (49±32) was 
more frustrating compared to the SUCTION (58±40). 

DISCUSSION 

The total amount of perspiration (accumulated plus 
expelled) while wearing the DAE was 80% more than 
the SUCTION prosthesis. If the approximately 1 g of 
perspiration expelled by the DAE had remained 
between the skin and liner, it is unknown if that 
amount would have resulted in an insecure 
adherence. The time to loss of adherence under 
controlled conditions (e.g., activity intensity, 
environment temperature and humidity) would aid in 
defining perspiration limiting thresholds. 

CONCLUSION 

The DAE prosthesis was able to expel more than a 
third of the total perspiration, suggesting it may 
enable longer uninterrupted periods of perspiration-
inducing activity for lower limb amputees. The 
questionnaire results suggest participants were 
receptive to both prostheses. 

CLINICAL APPLICATIONS 

Dynamic air exchange technology may improve the 
mobility, health, and comfort of ambulatory lower limb 
amputees. 
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