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INTRODUCTION 

Elevated vacuum suspension (EVS) is one method to 
suspend a prosthetic limb onto the amputee user.  
Reviews of the existing literature highlight that EVS 
decreases pistoning, reduces internal socket 
pressures, and stabilizes limb volume (Gholizadeh, 
2016). 

What is not understood is the possible relationship 
between limb volume and limb motion inside the 
socket.  Since the socket geometry is fixed, it is 
reasonable to surmise that a change in limb volume 
can affect the amount of limb motion inside the 
socket.  Increases or decreases in limb volume alter 
the intimacy of socket fit which may be reflected by 
changes in socket motion.  If a link between limb 
motion and volume were established, it could provide 
prosthetists with a clinically relevant tool to quantify 
limb volume and even the quality of socket fit.  The 
purpose of this study is to understand the relationship 
between limb motion, limb volume, and socket 
comfort and how these outcomes are impacted by 
method of suspension. 

METHOD 
Subjects: A total of 13 male and 2 female amputees 
participated in the study (8 transfemoral and 7 
transtibial amputees).  The average age was 49.4 
years old.  The causes of amputation were 9 
traumatic, 4 cancer, 1 infection, and 1 vascular non-
diabetic.  Ten subjects were existing EVS prosthesis 
users and five were existing suction suspension 
prosthesis users. 

Apparatus: Limb motion during each visit and the 
amount of vacuum pump usage (for elevated vacuum 
users) between visits was collected using the 
LimbLogic Communicator (Gershutz 2010).  Limb 
volume was collected using the Omega Scanner 
software.  A study specific questionnaire was used to 
collect information regarding subject demographics as 
well as socket comfort scores at each visit. 

Procedures: Each subject completed three study 
visits: initial, 1-week, and 8-week follow-up.  Each visit 
started by collecting subjects’ weight and socket 
comfort score.  Subjects then doffed their prosthesis 
and the Omega Scanner was used to capture a digital 
image of their residual limb and liner.  Tracking 
markers were placed at known landmarks to allow for 
systematic alignment and processing of the digital 
image for volume calculation.  After the scanning was 
complete, subjects donned their prosthesis and 
completed a 15 minute intermittent walking task.  

Once complete, subjects re-doffed their prosthesis 
and another scan was taken to capture limb volume. 

Data Analysis: Limb volume was calculated by the 
Omega software.  Motion between the limb and 
socket was inferred from measured vacuum pressure 
variation (Gerschutz, 2015).  The average vacuum 
pressure was calculated across each walking trial. 

RESULTS 

Limb motion inside the socket was found to correlate 
to limb volume and socket comfort.  For suction 
suspension users, limb volume was significantly 
decreased after the walking tasks compared to before 
the walking.  Alternatively, the limb volume of subjects 
using EVS was the same or even greater after the 
walking task compared to before.  In addition, these 
users had a significant decrease in the amount of 
measured in-socket limb motion compared to suction 
suspension users.  Distinct data trends suggest 
correlations between limb motion and volume.  
Among the vacuum users, socket comfort score was 
inversely related to limb motion inside the socket. 

DISCUSSION 

This study suggests that a relationship between limb 
motion and volume exists.  The results of this work 
support claims of previous work completed by the 
authors (paper accepted in JRRD) investigating 
changes to limb health in response to prosthetic 
suspension.  The claims state that beneficial changes 
in skin health and perfusion were a result of a more 
stable environment for the soft tissues, allowing the 
limb to adapt to the socket environment. 

CONCLUSION 

Changes in limb motion inside the socket appear to 
be related to limb volume changes, both of which are 
impacted by ones choice of prosthetic suspension 
methodology.  Future studies should include real-time 
measurements of in-socket limb volume. 

CLINICAL APPLICATIONS 

Real-time monitoring of in-socket limb motion can 
provide clinicians valuable information regarding limb 
volume and even socket fit.  Such data could be 
useful for defending clinical decisions in pursuit of 
reimbursement for socket changes. 
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