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INTRODUCTION 

Lower limb amputees often complain about 
uncomfortable residual limb skin temperatures, 
accumulation of perspiration inside their prostheses, 
and loss of confidence in suspension security (Klute, 
2014; Klute, 2016; Hagberg, 2001). This study 
compared a prosthesis designed to unobtrusively expel 
perspiration with a standard-of-care prosthesis in hot 
and humid environments. 

METHOD 
Subjects: Five transtibial amputees provided informed 
consent to participate in this institutional review board-
approved protocol (49±12 yo, 93±14 kg, 1.82±0.06 m, 
19±15 years post-amputation, n=4 trauma, n=1 
secondary to infection). All participants considered 
themselves moderately active community ambulators. 

Procedures: Subjects (n=5) were fit a modified patellar 

tendon bearing socket and two study suspensions: (1) 
a distal PIN locking liner and (2) an innovative 
suspension that included a pump to induce dynamic air 
exchange (DAE) between the liner and the residuum, 
allowing expulsion of any accumulated perspiration. 
Subjects were randomized to study prosthesis and 
asked to walk at their self-selected speed on a treadmill 
in an environmental chamber at 50% relative humidity 
(RH) and 20, 30, and 35° C, presented in random 
order. A 26 cm2 absorbent patch was also placed on 
the lateral calf of the contralateral limb. While in the 
chamber, subjects rested while seated for 30 min, then 
walked for 30 min or until they lost confidence in the 
security of their prosthetic suspension, and then rested 
outside the chamber (~50% RH, 20° C) while seated 
for 30 min. Perspiration amounts were measured by 
tare weight (g) at the end of the protocol. Liner slippage 
(n=2) was measured by marking the skin at the 
proximal border of the liner prior to the protocol and 
measuring the distance (mm) between the mark and 
the liner at the end of the protocol.  

Data Analysis: A linear mixed model was used to 
determine if differences in contralateral limb 
perspiration were statistically significant (p<0.05). 
Others were not statistically analyzed. 

RESULTS 

No subject lost confidence in the security of their 
suspension; all walked for 30 min in all conditions. One 
subject experienced pistoning at 30 and 35° C while 
wearing the PIN, but was confident to continue the 
protocol. Liner slippage (n=2) was greater for the DAE 
than PIN at 20° C but greater for PIN than DAE at 35° 
C (Table 1). The DAE accumulated more perspiration 
(Table 2) and resulted in more total perspiration 
(accumulated + expelled) than PIN at each 

temperature. Individual results were highly variable as 
indicated by the large standard deviations. The DAE 
prosthesis expelled 51, 11, and 20 percent of the total 
perspiration at 20, 30, and 35° C, respectively. No 
difference in contralateral limb perspiration was 
observed across temperature (p>0.05). 

 20° C 30° C 35° C 

PIN 5±5 17±19 46±34 

DAE 21±29 17±23 33±43 
Table 1. Liner slippage (mean ± standard deviation) from two 
subjects (mm). 

 20° C 30° C 35° C 

Accumulated in PIN 0.0±0.1 0.6±0.8 1.3±1.8 

Accumulated in DAE 0.3±1.0 2.0±2.8 4.1±5.9 

Expelled by DAE 0.3±0.2 0.3±0.2 1.0±1.4 

Contralateral limb PIN 0.2±0.1 0.5±0.5 0.5±0.3 

Contralateral limb DAE 0.5±0.9 0.3±0.2 0.5±0.4 
Table 2. PIN and DAE perspiration (mean ± standard 
deviation) from five subjects (g). 

DISCUSSION 

Even at 35° C, all subjects were able to walk for 30 min 
without losing adherence, suggesting a more 
demanding protocol is needed to identify loss of 
suspension thresholds. The DAE liner slipped more 
than PIN at 20° C, but the PIN slipped more than DAE 
at 35° C, suggesting the heavier DAE may be 
beneficial in more demanding conditions. The DAE 
expelled a portion of the accumulated perspiration at 
each temperature, but subjects perspired more while 
wearing it compared to the PIN. 

CONCLUSION 

These interim results suggest that despite greater 
perspiration while wearing the DAE, it may provide 
greater adherence (less slippage) in demanding 
conditions. Enrolling additional subjects is warranted. 

CLINICAL APPLICATIONS 

Dynamic air exchange technology may improve the 
mobility and comfort of individuals who need to 
maintain a secure suspension in demanding 
conditions.  
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