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INTRODUCTION 

Prosthetic sockets are custom made for each amputee 
in order to create an intimate fit for optimal comfort and 
performance.  Prosthetists determine the appropriate 
socket geometry and which method of suspension will 
best serve an individual patient.  Unfortunately, this 
process lacks quantitative methods to determine the 
quality of socket fit which could then provide clinicians 
with a tool to identify non-optimal fit.  In addition the 
variability of a patient’s residual limb has been well-
documented (Sanders, 2011 & 2016) and can make 
the fitting procedures even more difficult. 

Despite this reality, the authors are unaware of any 
studies investigating the effectiveness of limb volume 
management techniques that can be implemented 
during the socket fitting process so as to improve the 
fit of the resulting socket.  Related to this observation, 
some studies conclude elevated vacuum suspension 
better manages limb volume compared to other 
methods of suspension.  

The purposes of this study are to 1) investigate the 
effect of body position on residual limb volume while 
not wearing a prosthesis and 2) to determine the 
impact of prosthetic suspension on these volume 
changes. 

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 elevated vacuum suspension 
prosthesis users and five were existing suction 
suspension prosthesis users. 

Apparatus:  Limb volume was collected using the 

Omega Scanner software.  A study specific 
questionnaire was used to collect information 
regarding subject demographics as well as individual 
weights and socket comfort scores at each visit. 

Procedures:  Each subject completed a total of three 
study visits (initial, one week follow-up, and eight week 
follow-up) in conjunction with another study.  Limb 
volume was collected using the Omega scanner before 
and after an intermittent walking task that lasted 15 
minutes.  Tracking markers were placed at known 
landmarks to allow for systematic alignment and 
processing of the digital image for volume calculation.  
After the walking task was completed, subjects re-
doffed their prosthesis and volume measurements of 
the residual limb and liner were collected immediately 
after doffing, 5 minutes out of the socket, and 15 
minutes out of the socket.  The time to complete the 

initial scan after doffing was recorded.  During the 15 
minute post-activity period, subjects were instructed to 
stay in one of three positions; 1) seated, 2) lying 
supine, 3) lying supine with residual limb elevated.  The 
order in which subjects completed the positions was 
randomized by study visit. 

Data Analysis: Limb volume was calculated by the 

Omega software.  A repeated measures ANOVA was 
used for statistical comparisons. 

RESULTS 

Across all subjects, remaining in a seated position 
resulted in virtually no change in volume, while lying 
with the residual limb elevated resulted in the most limb 
volume loss during the 15-minute period. When the 
results are analyzed by suspension, the suction users 
gained volume when remaining seated, lost volume 
when lying supine, and lost the most volume when the 
limb was elevated. Limb volume measurements at the 
initial, 5-minute, and 15-minute collection points were 
highly influenced by body position. Vacuum users on 
the other hand were found to have a small loss of 
volume across all body positions. This loss was 
relatively consistent across the initial, 5 minute, and 15 
minute measurement points. 

DISCUSSION 

The results suggest that elevated vacuum suspension 
buffers the residual limb from experiencing large 
swings in volume.  Suction suspension users were 
more susceptible to volume loss, particularly in certain 
positions. The results of this study are consistent with 
reports that elevated vacuum suspension reduces 
pistoning and internal socket forces, suggesting that 
elevated vacuum suspension stabilizes the socket 
environment. 

CONCLUSION 

Limb volume changes were better managed with 
elevated vacuum suspension.  Subject body position 
impacted limb volume. 

CLINICAL APPLICATIONS 

Prosthetist should consider the body position of their 
patients as they are waiting during the socket fitting 
process.  Based on the findings, patients should vary 
body position to stabilize limb volume.  Better 
managing the limb volume can result in better fitting 
sockets through obtaining a more representative limb 
shape, rather than trying to fit a swollen or shrunken 
limb shape. 
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