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Background

Methods

Results

Elevated vacuum suspension (EVS) was first introduced to the prosthetic field in 19951 and became  
commercially available in 19992.  EVS suspension continues to grow in popularity on the basis of improved  
fit and function3-6 through a reduction of pistoning3,7-9 and residual-limb volume management3,10-11.   
Even more interesting are the reports of wound healing when using an EVS prosthesis6.  WillowWood  
and The Ohio State University partnered on a study to better understand what limb health changes are  
occurring to explain these wound healing events.

Ten lower extremity amputees (five transtibial and five transfemoral) participated in the randomized 
crossover study.  Participants wore a non-EVS or EVS prosthesis for 16-weeks before switching to the 
other condition.  Measurements were taken and the beginning and end of the 16 week period.   
Transepidermal water loss was used to quantify skin barrier function.  Hyperspectral imaging was taken 
before and after a 10-minute walking activity at each visit and measured oxygen within the skin tissues.  
Transcutaneous oxygen measurement measured the amount of oxygen present within the skin tissues 
during activity.

The results12 identified improved skin barrier function, increased oxygen level in the skin tissue during 
walking, and less reactive hyperemia following socket doffing when EVS was used compared to non-
vacuum suspension (Figure 1).  Oxygen levels while during activity were restored to a critical level of 40 
mmHg after long term EVS use (Figure 3).  This improvement in oxygen levels during activity would lead 
to a reduction in reactive hyperemia (Figure 2) and therefore promote skin barrier function (Figure 1).

Figure 1:  Transepidermal water loss measures how well your skin is regulating interactions with the environment.   
While some water loss is normal, high levels of TEWL indicate a disruption of skin barrier function. If water is  
leaving at a high rate, bacteria can also penetrate at a higher rate. With EVS use, we found improvements in TEWL.
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Conclusion
Together these results show that long term use of elevated vacuum suspension improved the objective skin 
outcomes.  The authors suggest this is due to EVS providing a more stable limb environment through a  
reduction of socket motion3,7-9 and more stable limb volume3,10-11 that has been reported in the literature.  
Lower socket motion and more stable fit will reduce stress applied to the soft tissues of the limb allowing 
the limb to adapt over time, leading to the improved skin health.

Figure 2:  Reactive hyperemia is your body’s natural response to a period of limited blood flow. Generally 
it is a favorable response because your body is restoring balance but with prosthesis use it is a negative 
response because it indicates wearing the prosthesis is occlusive to blood flow.  With EVS use, we found  
a reduction in reactive hyperemia.

Figure 3:  Measurement taken during activity found that EVS restored oxygen levels to a critical level 
of 40 mmHg (red line), below which there is not a proper nutrient delivery to the skin tissues.  Better 
blood flow inside the socket would lead to a reaction of reactive hyperemia (Figure 2) and therefore 
better skin tissue health (Figure 1).

800.848.4930  
OR 740.869.3377



References
1. Caspers CA. Hypobarically-controlled artificial limb for amputees. US patent number 5,549,709. 

2.  2Board W, Street G, Caspers C. A comparison of transtibial amputee suction and vacuum socket conditions.  
Prosthetics and Orthotics International. 25, 202-209. (2001).

3.  Board WJ, Street GM, Caspers C. A comparison of transtibial amputee suction and vacuum socket conditions. 
Prosthet Orthot Int. 2001;25(3):202–9.

4.  Ferraro C. Outcomes Study of Transtibial Amputees Using Elevated Vacuum Suspension in Comparison With  
Pin Suspension. J Prosthet Orthot. 2011;23(2):78–81.

5.  Samitier CB, Guirao L, Costea M, Camós JM, Pleguezuelos E. The benefits of using a vacuum-assisted socket  
system to improve balance and gait in elderly transtibial amputees. Prosthet Orthot Int. 2016;40(1):83–88. 

6.  Traballesi M, Delussu AS, Fusco A, Iosa M, Averna T, Pellegrini R, Brunelli S. Residual limb wounds or ulcers heal 
in transtibial amputees using an active suction socket system. A randomized controlled study. Eur J Phys Rehabil 
Med. 2012;48(4):613–23. 

7.  Darter BJ, Sinitski K, Wilken JM. Axial bone-socket displacement for persons with a traumatic transtibial  
amputation: The effect of elevated vacuum suspension at progressive body-weight loads. Prosthet Orthot Int. 
2016; 40(5):552–57. 

8.  Gerschutz MJ, Denune JA, Colvin JM, Schober G. Elevated vacuum suspension influence on lower limb amputee’s 
residual limb volume at different vacuum pressure settings. J Prosthet Orthot. 2010;22(4):252–56. 

9.  Gerschutz MJ, Hayne ML, Colvin JM, Denune JA. Dynamic Effectiveness Evaluation of Elevated Vacuum Suspen-
sion. J Prosthet Orthot. 2015;27(4):161–65. 

10.  Goswami J, Lynn R, Street G, Harlander M. Walking in a vacuum-assisted socket shifts the stump fluid balance. 
Prosthet Orthot Int. 2003;27(2):107–13. 

11.  Sanders JE, Harrison DS, Myers TR, Allyn KJ. Effects of elevated vacuum on in-socket residual limb fluid volume: 
Case study results using bioimpedance analysis. J Rehabil Res Dev. 2011;48(10):1231–48. 

12.  Rink C, Wernke MM, Powell HM, Gynawali S, Schroeder RM, Kim JY, et al. Elevated vacuum suspension preserves 
residual-limb skin health in people with lower-limb amputation: Randomized clinical trial. J Rehabil Res Dev. 
2016;53:1121-1132.

 © WillowWood Global LLC  

18 SEPT 2019     PN-2613-A


