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Clinical Question: Does the use of elevated vacuum suspension (EVS) have a direct and beneficial impact on residual limb 
wound healing among unilateral transtibial (TT) prosthesis users? 

Background: The recent introduction and incorporated clinical use of the elevated vacuum system as a viable suspension 
method for lower limb prosthetic users has been presented as having multiple purported benefits with favorable outcomes for 
lower limb amputees1-8. Although not dissimilar in concept from suction suspension, EVS instead incorporates active 
vacuum levels using a draw pump to create a consistent negative pressure environment between the socket and the liner1-5, 8. 
The use of sub-atmospheric pressure systems to adhere the limb to the prosthesis within this closed system introduces 
differing force systems both within and external to the residual limb when compared to traditional suspension methods. As a 
result of this, theoretical benefits from EVS include maximizing perfusion within the limb1, 2, 8, and eliminating movement 
between the socket and liner1, 4, 5, which reduces pistoning3, 4, 8, improves prosthetic control1, and enhances user 
proprioception5. Other texts and qualitative studies suggest that EVS influences the risk of skin issues developing1, 8 and 
improves wound healing4, 5, 6, 7, while users have also reported enhanced socket comfort1, 2, 8 and a better sense of balance1, 8. 
Current standard procedure is to discontinue prosthetic use once an open wound develops for fear of worsening it during 
weight-bearing activities, but it inhibits rehabilitative efforts and diminishes the patient’s quality of life. Maintaining the 
health of the residual limb is therefore a principal concern among lower limb amputees. 
A 2011 outcomes survey collated by Ferraro compared 13 patient responses comparing EVS to pin suspension, with 
significantly higher ABC scores for EVS users and better reported outcomes regarding pistoning, blister formation, and 
reduced skin breakdowns in favor of EVS8. However, a systematic review by Kahle, et al., in 2014 designated only two peer- 
reviewed articles that addressed the impact of EVS usage on wound healing, with uncertain supportive results, within the 
existing body of evidence, finding a large majority of studies to be anecdotal11. Therefore, the goal of this critically appraised 
topic is to assess existing studies on whether EVS systems have a direct and clinically significant impact in assisting with 
wound healing compared to non-EVS systems. If so, the body of evidence that informs clinical decisions can support the use 
of EVS as an option in patients with chronic ulceration, multiple skin issues, and reoccurring wounds, rather than prosthetic 
disuse in favor of wound management. 

Search Strategy: 
Databases Searched: PubMed, Journal of Prosthetics and Orthotics (www.oandp.org), CINAHL 
Search Terms: (wound OR wound care OR wound management OR wound healing OR ulcer) AND (vacuum OR vacuum- 
assisted OR elevated vacuum OR vacuum suspension OR active suction OR sub-atmospheric) AND (amputee OR transtibial 
OR prosthetics OR prosthesis) *Exact key terms and operators used in engine search.  
Inclusion Criteria: Transtibial amputees, 2000 to present day, national or international studies, written or translated English 

Synthesis of Results: Three studies9, 10, 12 and one systematic review11 looked at the effectiveness of EVS as an intervention in 
wound healing amongst a total of 36 participants, of which 32 were retained for final analysis. The study designs were diverse, 
with two randomized designs (one controlled9, and the other crossover12), a case series involving six subjects10, and a 
systematic review11 regarding this appraisal’s topic. The two randomized studies9, 12 compared vacuum-assisted systems and 
alternative suspension methods, with similar follow-up timelines at 369 and 32 weeks12. Key results from two studies showed 
that all residual limb wounds healed over the period of study9, 10 and that the use of an EVS prosthesis did not inhibit the 
eventual healing of open wounds9, although some subjects from both studies report incidences of reopened wounds or 
developed new ones during the course of the study9, 10. The review by Kahle, et al., found that the 2012 Traballesi study also 
contained a high risk of bias, that was not elaborated on, despite it meeting the qualifications of a peer-reviewed study 
employing objective measures. The study by Rink, et al., supports many of the purported benefits of EVS, in that 
physiological qualities that contribute to skin issues and wound development, such as reactive hyperemia, skin barrier 
function, and perfusion, showed improved results in an EVS system compared to standard pin or suction prostheses12. 
Limitations across the three studies included small sample sizes9, 10, 12, and the inability to reinforce compliance and correct 
usage of EVS9, 12, while individual limitations included a high attrition rate9, and lack of a control group for comparison10. 

Clinical Message: While results from the Rink12, Hoskins10, and Traballesi9 studies support EVS as a suitable system 
for preventing ulcer formation and allow patients with existing ulcers to continue ambulating, more research is required 
to determine if there is a direct correlation between EVS systems and whether they are directly beneficial in wound 
healing. Ideally, future studies should incorporate larger study samples and objective outcome measures for assessing 
the direct correlation between EVS and wound healing. 
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Evidence Table 
 C

linical question: D
oes the use of elevated vacuum

 suspension (EV
S) have a direct and beneficial im

pact on residual lim
b w

ound healing am
ong unilateral 

transtibial (TT) prosthesis users? 
 

 
T

raballesi, et al. (2012) 9 
H

oskins, et al. (2014) 10 
K

ahle, et al. (2014) 11 
R

ink, et al. (2016) 12 
Population 

20 dysvascular transtibial participants 
initially recruited. 4 individuals dropped- 
out. 

 
10 random

ized into control group (C
G

) and 
10 random

ized into the intervention group 
(V

A
G

). 
 

3 dropped out of C
G

 and 1 from
 V

A
G

. 

6 unilateral transtibial participants w
ith 

existing open w
ounds on residual lim

b. 
 

A
verage w

ound size: 2.17 ± 0.65 cm
2 

35 potential articles retrieved; 8 pertinent 
articles selected; 2 on the topic of w

ound 
healing. 

A
rticle topics included: 

• 
Lim

b physiology (volum
e, 

pressure, residual lim
b m

ovem
ent) 

• 
W

ound healing 
• 

Function (A
B

C
, Step activity, G

ait 
sym

m
etry) 

10 participants w
ith unilateral low

er lim
b 

am
putations recruited (5 transtibial, 5 

transfem
oral). 

H
alf of the group on suction, and the other half 

on pin suspension, prior to study. 

Study D
esign 

R
andom

ized controlled study 
C

ase series 
System

atic review
 

R
andom

ized crossover study 

Inclusion / 
E

xclusion 
C

riteria 

Inclusion criteria: 
• 

18 to 80 y/o 
• 

K
2, K

3 level 
• 

W
ound dehiscence from

 post-op or 
ulcer from

 m
echanical stress 

• 
Stable clinical condition 

• 
Intact m

ental status 

Exclusion criteria: 
• 

Severe com
orbidities 

• 
Phantom

 lim
b pain 

Inclusion criteria: 
• 

U
nilateral transtibial am

putation 
• 

O
pen w

ound present on the 
residual lim

b 

Inclusion criteria: 
• 

Subjects use vacuum
-assisted or 

sub-atm
ospheric technology 

• 
Peer-review

ed journal publication 
• 

Includes transtibial and/or 
transfem

oral am
putated subjects 

 Exclusion criteria: 
• 

Individual cases or case series 
• 

R
elated to suction 

• 
N

ot relating to prosthetics 
• 

Editorial or non-peer-review
ed 

• 
C

onference proceedings 
• 

Published before 1990 
• 

N
on-English 

• 
N

on-hum
an subjects used 

Inclusion criteria: 
• 

18 to 65 y/o 
• 

U
nilateral transtibial or transfem

oral 
• 

U
nim

paired contralateral side 
• 

C
an am

bulate in prosthesis 
 Exclusion criteria: 

• 
Sm

oker 
• 

R
enal failure 

• 
U

sed EV
S system

 prior to study 

Intervention 
V

acuum
-assisted suspension (V

A
S) 

system
 using the O

ttobock V
A

SS TEC
 

H
arm

ony. 

V
acuum

-assisted suspension system
 using 

SealM
ate Liners and Prosthetic D

esign 
Elevated V

acuum
 Locking System

. 

N
on-applicable. 

Elevated vacuum
 suspension system

 using 
the W

illow
 W

ood Lim
bLogic V

acuum
 

System
. 

C
om

parison 
Total surface bearing suction socket w

ith one-
w

ay expulsion. 
N

o control group. 
N

on-applicable. 
N

on-EV
S system

; standard of care using 
subject’s current prosthesis (pin or suction). 

M
ethodology 

A
fter subjects w

ere random
ized into control 

and intervention groups, they w
ere enrolled in 

a 12- w
eek rehab program

 w
ith required 

physical therapy for 60 m
inutes/day at 5 

days/w
eek. M

onitoring of open w
ounds 

occurred during W
1-4, W

6, W
8, and W

12 of 
the rehab program

. D
ata accrual for the 

Locom
otor C

apability Index, w
ound 

progression, and pain levels w
ere scheduled at 

W
20, W

28, and W
36 (tw

o, four, and six 
m

onths after com
pletion of rehab). Total 

observation tim
eline of this study occurred 

over 36 w
eeks. 

C
ustom

 socket and V
A

S prosthesis provided 
on D

ay 1 for all subjects. W
ound surface 

area w
as assessed at first onset and at each 

follow
-up appointm

ent until w
ound closure. 

Follow
-up occurred every 1-2 w

eeks after 
first onset and until w

ound closure. Tw
o 

raters independently m
easured all w

ound 
surface areas using the N

IH
 Im

ageJ 
softw

are. A
 m

ean value of the area w
as 

determ
ined using both raters’ inputs 

(variability betw
een the raters w

as ± 0.2%
). 

Four databases (PubM
ed, C

IN
A

H
L, 

C
ochrane, W

eb of Science) searched using 
selected keyw

ords relating to V
A

S. 
B

ibliographic citation softw
are w

as used to 
gather references and rem

ove duplicates. 
Tw

o investigators independently review
ed 

all articles according to the inclusion and 
exclusion criteria, and w

ere deem
ed 

pertinent, non-pertinent, or uncertain. 
U

ncertain articles w
ere review

ed and 
determ

ined by a third review
er. 

H
alf of the subjects w

ere random
ized into 

non-EV
S standard of care (G

roup A
) and 

the other half into the intervention group 
w

ith EV
S test socket (G

roup B
). Skin health 

and perfusion m
easurem

ents w
ere taken at 

baseline (W
k 0), at 16-w

eeks of use (W
k 

16), and at the end of the study (W
k 32). 

G
roups A

 and  B
 w

ere sw
itched into the 

intervention and control groups, 
respectively, at w

eek 16. M
easurem

ents 
taken com

pared in-socket and out-of-socket 
as w

ell as the subject at rest, static 
w

eightbearing, and treadm
ill w

alking. 
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T

raballesi, et al. (2012) 9 
H

oskins, et al. (2014) 10 
K

ahle, et al. (2014) 11 
R

ink, et al. (2016) 12 
O

utcom
e 

M
easure(s) 

-Subjects asked about prosthetic w
ear for how

 
m

any hours per w
eek; a self-report m

easure that 
w

as asked during follow
 up appointm

ents (W
20, 

W
28, W

36) 
 

-Locom
otor C

apability Index (LC
I); user survey 

used to score prosthetic m
obility and usage 

 
-V

isual A
nalogue Scale; self-report m

easure 
used to assess pain perception by the subject 

 
-W

ound/ulcer dim
ensions (area, perim

eter) taken 
using the J-M

icro V
ision v1 1.2.7 

-W
ound surface area (cm

2) 
-Physiotherapy Evidence D

atabase (PED
ro); a 

rating system
 for m

ethodological quality of 
studies 

 -Scottish Intercollegiate G
uidelines N

etw
ork 

(SIG
N

); checklists that assess risk of bias and 
extract relevant data from

 studies 
 -C

enter for Evidence B
ased M

edicine 
(C

ER
M

); assignm
ent of a level or grade of 

evidence 

-Transepiderm
al w

ater loss (TEW
L); a 

m
easure for skin barrier function 

 
-Transcutaneous oxygen m

easurem
ent 

(TC
O

M
); a m

easure of levels of oxygen 
saturation w

ithin residual lim
b 

 
-Laser D

oppler flow
m

etry (LD
F); a m

easure 
of perfusion w

ithin the residual lim
b 

-H
yperspectral im

aging; a m
easure for 

determ
ining reactive hyperem

ia 

K
ey Findings 

-Tim
e fram

e from
 w

hen users took first steps: 
• 

V
A

G
 took 16.4 ± 8.6 days 

• 
C

G
 took 58.6 ± 24.7 days 

• 
p = 0.012 

• 
A

ll V
A

G
 users able to w

alk at W
12 

• 
Five C

G
 users w

ere able to w
alk at 

W
12 

• 
p = 0.001 

-LC
I score after the 12-w

eek rehab program
: 

• 
V

A
G

 m
edian score: 42 / 42 

• 
C

G
 m

edian score: 21 / 42 
• 

p = 0.002 

-Prosthetic usage after 2-m
onth follow

 up: 
• 

V
A

G
: 62 hours/w

eek 
(m

edian: 66, range: 0-91) 
• 

C
G

: 12 hours/w
eek 

(m
edian: 5, range: 0-56) 

• 
p = 0.003 

-Prosthetic usage after 4-m
onth follow

 up: 
• 

V
A

G
: 65 hours/w

eek 
• 

C
G

: 59 hours/w
eek 

• 
p = 0.275 

-Prosthetic usage after 6-m
onth follow

 up: 
• 

V
A

G
: 80 hours/w

eek 
• 

C
G

: 59 hours/w
eek 

• 
p = 0.184 

 
-N

o significant difference in pain perception 
betw

een V
A

G
 and C

G
 

 
-H

igh variability in w
ound dim

ensions: 
• 

N
o significant statistical difference in 

w
ound dim

ensions betw
een V

A
G

 and 
C

G
 as study progressed 

• 
W

ound healing occurred in 90%
 of 

V
A

G
 users w

ithin 20 w
eeks of use 

-A
verage w

ound surface area: 2.17 ± 0.65 cm
2 

-A
verage w

ound healing tim
e: 177 ± 113 days 

-A
ll subjects obtained eventual w

ound 
closure w

hile w
earing a V

A
S system

 
prosthesis. 

-Three subjects developed new
 w

ounds 
w

hile in V
A

S, suggesting that an ill-fitting 
prosthesis can still contribute to w

ound 
form

ation and developm
ent. 

-W
ound healing occurrence could be due to 

the encouragem
ent of subjects to am

bulate 
rather than the V

A
S design itself. 

-Tw
o articles on w

ound healing review
ed: 

• 
Johannesson (2008) 

• 
Traballesi (2012) 

-Johannesson: 

• 
V

A
S soft rem

ovable dressing vs. 
conventional hard plaster as post- 
op treatm

ent for TTA
s 

• 
PED

ro Score: 7 / 10 

• 
M

oderate risk of bias 

• 
Level 2 study 

• 
N

o statistically significant 
difference in results betw

een the 
tw

o types of dressings regarding 
w

ound healing. 

-Traballesi: 

• 
V

A
S system

 vs. standard TSB
 

socket w
ith suction for TTA

s 
w

ith an open ulcer 

• 
PED

ro Score: 7 / 10 

• 
H

igh risk of bias 

• 
Level 2 study 

• 
V

A
S users show

ed an 
im

provem
ent in LC

I scores and 
tim

e to taking first steps in a 
prosthesis com

pared to control. 

• 
Suggests that V

A
S allow

s for 
early fitting w

ithout inhibiting 
w

ound healing or causing pain. 

-N
o peer-review

ed evidence-based study 
currently exists to support that V

A
S system

s 
assist in w

ound healing. 

-C
ontrol sockets and EV

S sockets both 
low

ered residual lim
b skin perfusion at rest. 

• 
N

o statistically significant 
difference betw

een out-of-socket 
and in-socket perfusion 
m

easurem
ents across suspension 

m
ethods and across the tim

eline. 

-EV
S preserved skin barrier function. 

• 
W

16: TEW
L values increased 

for control users from
 baseline to 

16 w
eeks of use. 

• 
TEW

L values for EV
S users 

decreased by 19.5%
 com

pared to 
control and decreased by 20%

 
for high stress areas com

pared to 
control. 

-EV
S TcPO

2 m
easurem

ents betw
een out-of- 

socket and at activity levels w
ere not 

significantly low
er after 16 w

eeks of use. 

• 
TC

O
M

 levels decreased by 
44.3%

 at baseline and 53.7%
 at 

16 w
eeks of use for control. 

• 
TC

O
M

 levels decreased by 
43.1%

 for EV
S group at baseline 

but no difference after 16 w
eeks. 

-R
eactive hyperem

ia m
easurem

ents 
significantly less in EV

S com
pared to pair- 

m
atched standard sockets. 

• 
R

eactive hyperem
ia 

m
easurem

ents decreased by 
34.7%

 for EV
S users com

pared 
to control. 
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T

raballesi, et al. (2012) 9 
H

oskins, et al. (2014) 10 
K

ahle, et al. (2014) 11 
R

ink, et al. (2016) 12 
K

ey L
im

itations 
-D

ifficulty in standardizing correct donning 
procedure for V

A
SS, especially for older 

subjects. 

-V
acuum

 level generated through m
echanical 

pum
p, w

hich is dependent on the activity 
level of the subject. 

-Sm
all sam

ple size of subjects w
ith high attrition 

rate. 

-C
G

 users w
ere kept to standard protocol 

(use of prosthesis once w
ounds have 

healed), w
hereas V

A
G

 users w
ere fitted 

earlier despite open w
ounds. 

-N
o com

parison or control group. 

-D
epth and severity of w

ounds not 
accounted for in analysis. 

-Subjects w
ere of differing etiology, 

com
orbidities, and tim

es since am
putation. 

-U
nreinforced subject com

pliance using 
vacuum

 system
 and varied w

ound care 
m

anagem
ent practices. 

-Subjects w
ere recruited from

 a single 
practice. 

-V
ery sm

all sam
ple of articles assessed. 

-Lim
ited am

ount of peer-review
ed 

evidence-based articles on V
A

S 
com

pared to anecdotal studies. 

-Prosthetist skill sets are not equal or 
m

easurable across studies. 

-U
sers have bias tow

ards certain sockets, 
m

aterials, and com
ponentry. 

-D
iscom

fort, unfam
iliarity, loss of 

confidence can lead to subject attrition 
(attrition rate 29%

 am
ong this review

’s 
body of evidence). 

-LD
F data excluded from

 analysis during 
treadm

ill w
alking due to m

otion artifact 
affecting data collection. 

-LD
F calibration technique inhibits inter-LD

F 
data com

parison am
ongst differing studies 

incorporating LD
F as a m

easure. 

-R
elying on subject feedback and the 

inability to m
onitor vacuum

 levels and daily 
vacuum

 use by subjects w
hile not at the 

laboratory. 

-Sm
all sam

ple size. 

C
onclusion 

The V
A

S system
 did not inhibit w

ound 
healing for V

A
G

 users, suggesting that w
ound 

form
ation is not a contraindication for early 

prosthetic fitting, w
eightbearing, and 

am
bulation. 

The use of V
A

S in w
ell-fitting sockets and in 

com
pliant individuals did not prevent w

ound 
healing from

 happening, suggesting that it is 
possible for patients w

ith open w
ounds to use 

a prosthesis w
ithout lim

iting or halting 
am

bulatory activities. 

C
urrent existing articles using evidence- 

based objective outcom
es are lim

ited in 
supporting clinical applications of V

A
S for 

w
ound healing. W

hile articles outside this 
review

’s criteria support V
A

S as favorable in 
w

ound healing, there is still no standard of 
care w

hen open w
ounds develop. M

ore 
research is required to determ

ine if V
A

S is 
directly correlated w

ith w
ound healing. 

O
utcom

e results suggest that EV
S system

s can 
im

prove perfusion levels, preserve skin barrier 
function, and provide a stable environm

ent for 
adaptive vascular rem

odeling in the residual 
lim

b com
pared to control users on alternative 

suspensions. These results support that EV
S has 

a positive im
pact on the physiology of the 

am
putated lim

b, w
ith the potential to prevent 

ulcer form
ation. 
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