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INTRODUCTION 

Elevated vacuum suspension sockets continue to 

grow in popularity for improved fit and suspension.  

Case reports and clinical trials support qualitative 

claims for vacuum-dependent improvements to skin 

health
1
 and wound healing

2, 3
 on the basis of self-

reported questionnaires, clinical outcomes scales, and 

wound closure studies.  Previous work by the authors 

optimized new technology platforms for quantitative 

assessment of residual limb skin health and 

circulation in response to elevated vacuum 

suspension.  Non-invasive measurement protocols 

were developed that leverage out-of-socket skin 

health tests (transepidermal water loss (TEWL), 

surface electrical capacitance (SEC), cutometry 

(CTY), and torsional ballistometry (TB)), out-of-

socket circulation imaging (hyperspectral (HI) and 

laser speckle imaging (LSI)), and in-socket probe-

based circulation tests (transcutaneous oxygen 

measurement (TCOM), laser doppler flowmetry 

(LDF)).  These techniques were employed to 

characterize residual limb health in response to long-

term use of a vacuum suspension socket. 

METHOD 

Subjects: All experiments were approved by The 

Ohio State University Institutional Review Board.  

Ten unilateral amputee subjects (5 transfemoral and 5 

transtibial) were enrolled in the study.   

Apparatus: Residual limb skin health was assessed 

by measuring skin water loss/hydration (TEWL, 

SEC) and elasticity (CTY, TB) at areas of high and 

low socket stress.  Out-of-socket circulation in the 

sound limb and residual limb was quantified using HI 

(skin oxygenation) and LSI (perfusion).  In-socket 

residual limb circulation was quantified by TCOM 

(skin oxygenation) and LDF (perfusion). 

Procedures: A crossover design was employed, such 

that half of the subjects were randomized to begin the 

study with their current, non-vacuum prosthesis 

(Group A) while the other half began testing with the 

vacuum socket (Group B).  After 16 weeks, subjects 

in Groups A and B crossed over to use either the 

vacuum socket or their original prosthesis 

respectively.  During each 16 week interval, skin 

health and circulation measurements were acquired at 

baseline (week 1), mid-point (week 8), and final 

(week 16) time points. 

Data Analysis: TEWL, SEC, CTY, and TB data were 

exported from DermaLab
TM

 and MApp v1.10.2000 

software immediately after socket and liner removal 

and after equilibration with air for 15 minutes.  HI 

and LSF data were analyzed using custom MATLAB 

code that averaged signal intensity over a 2.5cm x 

2.5cm FOV.  Raw data from the LDF and TCOM 

probes were analyzed using semi-automated 

MATLAB code as the mean ± SD value recorded 

during a 1min period under defined resting positions 

and during activity (treadmill walking).  All data 

were analyzed using a student’s t-test (SigmaStat 

12.0).  Skin health data were expressed as mean ± 

standard error of the mean and statistical significance 

was established if p<0.05. 

RESULTS 

The use of vacuum socket technology reduced both 

skin surface hydration and water loss compared to 

non-vacuum controls in Group A in areas of high 

socket pressure.  Within Group B, SEC values were 

significantly reduced in areas of low pressure with 

vacuum use and these changes persisted even after 

cross-over to non-vacuum conditions.  Differences in 

skin biomechanics were also found between the two 

suspension systems.  Reactive hyperemia (increase in 

blood flow after period of occlusion) was consistently 

observed when comparing pre- to post-activity StO2 

values from the residual limb of amputees.  After 16 

weeks of use, however, reactive hyperemia was 

significantly attenuated in subjects under elevated 

vacuum suspension conditions as compared to 

suction controls. While not statistically significant, 

there was a general trend for reactive hyperemia to 

increase over the 16 weeks under suction conditions. 

DISCUSSION & CONCLUSION 

This work represents first efforts to quantitatively 

assess skin health and circulation in response to 

elevated vacuum suspension.  The results suggest 

vacuum suspension leads to improved circulation and 

skin health.  Further work is needed to explore these 

findings in more detail with a larger study population. 
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