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Background

The systematic surgical treatment of bone infection in the 
feet of patients with diabetes is currently under debate 
because some patients achieve remission exclusively with 
antibiotics.1 However, surgery is the usual approach for 
treating diabetic foot osteomyelitis (DFO), whether primar-
ily or in cases in which antibiotics are not able to control 
the infection.2 The choice of surgical technique to treat 
DFO is not well standardized, and the goal is to remove the 
infected bone without reducing the functionality of the foot. 

Some teams perform amputations to removed the infected 
bone,3 whereas others use conservative surgery to conserve 
the architecture of the foot.4,5 When infection remains in 
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Abstract

Surgery is usually used to treat diabetic foot osteomyelitis (DFO), whether primarily or in cases in which antibiotics are not 
able to control infection. In many cases, the bone is only partially removed, which means that residual infection remains in 
the bone margins, and the wound is left open to heal by secondary intent. The use of culture-guided postoperative antibiotic 
treatment and adequate management of the wound must be addressed. No trials exist dealing with local treatment in the 
postoperative management of these cases of complicated DFO. We decided to test a super-oxidized solution, Dermacyn 
Wound Care (DWC; Oculus Innovative Sciences Netherlands BV, Sittard, Netherlands) to obtain preliminary experience in 
patients in whom infected bone remained in the surgical wounds. Our hypothesis was that DWC could be useful to control 
infection in the residual infected bone and surrounding soft tissues and would thus facilitate healing. Fourteen consecutive 
patients who underwent conservative surgery for DFO, in whom clean bone margins could not be assured, were treated 
in the postoperative period with DWC. Eleven cases were located in the forefoot, 6 on the first ray and the rest in lesser 
toes, 1 in the Lisfranc joint, and 2 on the calcaneus. No side effects appeared during treatment. Neither allergies nor skin 
dermatitis were found. Limb salvage was successfully achieved in 100% of the cases. Healing was achieved in a median period 
of 6.8 weeks.
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bone and/or soft tissues, the wound should not be closed.6-8 
The open wound caused by surgery will undergo postop-
erative care to achieve healing by secondary intention or 
before undergoing reconstructive techniques.

Our approach to treating DFO is to remove the infected 
bone, leave the wound open to heal by secondary intention, 
and use culture-guided postoperative antibiotic treatment.5,9 
In many cases, we cannot be sure that all the infected bone 
has been removed and thus believe that wide drainage 
through the open wound and postoperative culture-guided 
antibiotics should be used to eradicate the infection. 
Theoretically, adjuvant treatment with topical antibiotics or 
antiseptics could help reduce the bacterial load, which is 
located in the residual infected bone and soft tissues. This 
could also help reduce the timing of postoperative antibiotic 
treatment but this has not been confirmed.

In our experience, management of the postoperative 
wound following surgery for diabetic foot infections is 
always determined in an individualized way, and we fre-
quently use silver-based dressings. However, this choice is 
empiric because no trials exist dealing with local treatment 
in the postoperative management of DFO. Based on the 
experience of other groups,10,11 we decided to test a super-
oxidized solution, Dermacyn Wound Care (DWC; Oculus 
Innovative Sciences Netherlands BV, Sittard, Netherlands), 
in order to obtain preliminary experience in patients in 
whom infected bone remained in the surgical wounds. Our 
hypothesis was that DWC could be useful for controlling 
infection in the residual infected bone and surrounding soft 
tissues and could thus facilitate healing.

The aim of this work is thus to present our preliminary 
experience with a super-oxidized solution as adjuvant treat-
ment in the postoperative wound management of compli-
cated DFO in patients presenting a high risk of amputation 
in order to establish its safety and usefulness prior to design-
ing a clinical trial.

Patients and Methods
Fourteen consecutive patients who underwent conservative 
surgery for DFO, in whom clean bone margins could not be 
assured, were treated in the postoperative period with 
DWC. All were assumed to have infected but viable bone 
remaining in the wounds after removing most of the 
infected bone. Conservative surgery in this case was 
defined as a procedure in which only the infected bone and 
nonviable soft tissue were removed, but no amputation of 
any part of the foot was undertaken. Conservative surgery 
preserves the soft-tissue envelope and more distal tissues, 
which means resection of the infected bone while preserv-
ing the soft-tissue envelope.5 Only cases with osteomyelitis 
without soft tissue infection were included in this prelimi-
nary study. Soft tissue infections were diagnosed either 
preoperatively or during surgical procedures according to 
previously published criteria.12,13

Diagnosis of osteomyelitis was based on our flow chart 
comprising a sequential combination of the probe-to-bone 
test and plain X-rays, as published elsewhere.14 A neuro-
logical examination was undertaken using Semmes-
Weinstein filaments (5.07 = 10 g). Neuropathy was 
diagnosed when the patient did not feel 3 or more sites. 
Peripheral arterial disease was diagnosed if the patient met 
the following criteria: absence of both distal pulses and/or 
ankle brachial index below 0.9. Ulcers in patients diagnosed 
for neuropathy were defined as neuropathic ulcers. If both 
neuropathy and peripheral arterial disease were present, the 
ulcer was defined as neuroischemic.

During surgical intervention, bone samples were 
extracted for analysis by the microbiology and pathology 
laboratories. Only aerobic cultures were grown in this study. 
Surgical wounds were copiously irrigated with DWC in the 
operating room. DWC was irrigated daily through the 
wound with the purpose of washing the residual bone. 
According to our treatment protocol, cases with persistent 
postoperative infection either in bone or soft tissue that pre-
cluded wound healing and/or produced clinical infectious 
symptoms were reoperated. Reoperations included minor 
and major amputations if required. Based on our previous 
experience, infection control was considered successful 
once the surgical wound and the index ulcer that acted as 
the point of entry of the infection had healed.5,9 Patients 
were followed-up to detect recurrence of the infection, reul-
ceration (whether complicated or not with new osteomyeli-
tis), and the need for amputation. Limb salvage was 
achieved when the patient did not require a major amputa-
tion, which was defined as amputation through or above the 
ankle joint.

The major endpoint to be evaluated was healing without 
recurrence of the infection and need for amputation. Any 
side effect associated with the treatment was assessed.

Patients gave informed consent for surgery, photogra-
phy, and inclusion in the study. The ethical research com-
mittee of the Materno-Insular Hospital of Las Palmas de 
Gran Canaria reviewed and approved the study protocol 
and gave consent for publication.

Results
Histopathology reports confirmed osteomyelitis in every 
case. Eleven cases were located in the forefoot, 6 on the 
first ray and the rest in lesser toes, 1 in the Lisfranc joint, 
and 2 on the calcaneus. Cases are presented in Table 1. 
Eight patients had previously undergone surgery for the 
same infection, which had not been resolved. Other teams 
had treated 6 patients, and amputations (2 major) had been 
indicated. Four patients had undergone surgery in our hos-
pital but infection was not adequately resolved. DWC was 
not used in the postoperative period following the initial 
surgery. Cultures were negative in 3 cases, were not avail-
able in another one, and bacteria were isolated in the 

 at INTERNATIONAL JOURNAL OF LOWER EXTREMITY WOUNDS on February 27, 2013ijl.sagepub.comDownloaded from 

http://ijl.sagepub.com/


3

Ta
bl

e 
1.

 C
as

e 
Se

ri
es

Po
in

t 
of

 E
nt

ry
 t

o 
th

e 
In

fe
ct

io
n

Lo
ca

tio
n 

of
 B

on
e 

In
fe

ct
io

n
Pr

ev
io

us
 S

ur
ge

ry
 D

ue
 

to
 t

he
 S

am
e 

In
fe

ct
io

n
Su

rg
ic

al
 P

ro
ce

du
re

Ba
ct

er
ia

 In
vo

lv
ed

D
W

C
 U

se
N

ee
d 

fo
r 

R
eo

pe
ra

tio
n 

an
d/

or
 A

m
pu

ta
tio

n
Po

st
op

er
at

iv
e 

A
nt

ib
io

tic
 T

re
at

m
en

t
T

im
e 

to
 

H
ea

lin
g

Fo
llo

w
-U

p

C
as

e 
1

N
eu

ro
is

ch
em

ic
 

in
te

rd
ig

ita
l 

ul
ce

r

Pr
ox

im
al

 p
ha

la
nx

N
o

O
st

ec
to

m
y 

of
 t

he
 

ph
al

an
x

N
A

La
va

ge
 o

f t
he

 o
pe

n 
w

ou
nd

 a
nd

 s
oa

ke
d 

ga
uz

es
 w

ith
 D

W
C

N
o

3 
w

ee
ks

8.
5 

w
ee

ks
Pa

tie
nt

 d
ie

d 
1 

m
on

th
 

af
te

r 
he

al
in

g 
fo

llo
w

in
g 

he
ar

t 
at

ta
ck

C
as

e 
2

Sp
re

ad
in

g 
of

 
fo

re
fo

ot
 

in
fe

ct
io

n 
al

on
g 

pl
an

ta
r 

ap
on

eu
ro

si
s

C
al

ca
ne

us
. 

A
tt

ac
hm

en
t 

of
 

pl
an

ta
r 

ap
on

eu
ro

si
s 

to
 t

he
 c

al
ca

ne
us

Ye
s. 

Fo
re

fo
ot

 
in

fe
ct

io
n 

ha
d 

be
en

 
op

er
at

ed
. C

al
ca

ne
us

 
os

te
om

ye
lit

is
 w

as
 

a 
co

ns
eq

ue
nc

e 
of

 
sp

re
ad

in
g 

of
 t

he
 

in
fe

ct
io

n 
al

on
g 

pl
an

ta
r 

ap
on

eu
ro

si
s. 

D
W

C
 w

as
 n

ot
 

ap
pl

ie
d 

at
 t

he
 fi

rs
t 

su
rg

er
y

C
al

ca
ne

us
 c

ur
et

ta
ge

Es
ch

er
ic

hi
a 

co
li, 

St
re

pt
oc

oc
cu

s 
sp

p.

C
lo

se
 la

va
ge

 w
ith

 
D

W
C

 t
hr

ou
gh

 t
he

 
w

ou
nd

N
o

7.
1 

w
ee

ks
7.

1 
w

ee
ks

13
 m

on
th

s 
w

ith
ou

t 
re

cu
rr

en
ce

C
as

e 
3

N
eu

ro
is

ch
em

ic
 

pl
an

ta
r 

ul
ce

r 
be

ne
at

h 
th

e 
fir

st
 

m
et

at
ar

sa
l–

ph
al

an
ge

al
 

jo
in

t

M
ed

ia
l s

es
am

oi
d 

bo
ne

Ye
s. 

D
W

C
 w

as
 n

ot
 

ap
pl

ie
d 

at
 t

he
 fi

rs
t 

su
rg

er
y

Se
sa

m
oi

de
ct

om
y. 

K
el

le
r’s

 
ar

th
ro

pl
as

ty
. 

In
te

rn
al

 fi
xa

tio
n

Es
ch

er
ic

hi
a 

co
li, 

M
et

hi
ci

lli
n-

re
si

st
an

t 
St

ap
hy

lo
co

cc
us

 
au

re
us

In
fe

ct
io

n 
of

 t
he

 
su

rg
ic

al
 w

ou
nd

. 
C

lo
se

d 
la

va
ge

 w
ith

 
D

W
C

 t
hr

ou
gh

 t
he

 
su

rg
ic

al
 w

ou
nd

 a
nd

 
ga

uz
es

 s
oa

ke
d 

in
 

D
W

C

Ye
s

8.
5 

w
ee

ks
8.

5 
w

ee
ks

R
ec

ur
re

nc
e 

2 
m

on
th

s 
af

te
r 

ap
pa

re
nt

 h
ea

lin
g. 

Pa
tie

nt
 u

nd
er

w
en

t 
ne

w
 c

on
se

rv
at

iv
e 

su
rg

ic
al

 p
ro

ce
du

re
s. 

N
o 

am
pu

ta
tio

n 
ha

s 
be

en
 r

eq
ui

re
d 

in
 t

he
 

ye
ar

 s
in

ce
 t

he
 fi

rs
t 

su
rg

er
y

C
as

e 
4

N
eu

ro
pa

th
ic

 
pl

an
ta

r 
ul

ce
r 

be
ne

at
h 

th
e 

fir
st

 
m

et
at

ar
sa

l–
ph

al
an

ge
al

 
jo

in
t

M
ed

ia
l s

es
am

oi
d 

bo
ne

Ye
s. 

D
W

C
 w

as
 n

ot
 

ap
pl

ie
d 

at
 t

he
 fi

rs
t 

su
rg

er
y

Se
sa

m
oi

de
ct

om
y. 

K
el

le
r’s

 
ar

th
ro

pl
as

ty
. 

In
te

rn
al

 fi
xa

tio
n

St
ap

hy
lo

co
cc

us
 

au
re

us
In

fe
ct

io
n 

of
 t

he
 

su
rg

ic
al

 w
ou

nd
 a

nd
 

re
op

en
in

g 
of

 t
he

 
ul

ce
r. 

C
lo

se
d 

la
va

ge
 

w
ith

 D
W

C
 t

hr
ou

gh
 

th
e 

in
de

x 
ul

ce
r 

an
d 

ga
uz

es
 s

oa
ke

d 
in

 
D

W
C

N
o

8.
5 

w
ee

ks
6.

8 
w

ee
ks

12
 m

on
th

s 
w

ith
ou

t 
re

cu
rr

en
ce

C
as

e 
5

N
eu

ro
is

ch
em

ic
 

ul
ce

r 
of

 t
he

 
bi

g 
to

e 
as

 a
 

co
ns

eq
ue

nc
e 

of
 c

ri
tic

al
 

is
ch

em
ia

D
is

ta
l p

ha
la

nx
 o

f t
he

 
bi

g 
to

e.
 B

ig
 t

oe
 

am
pu

ta
tio

n 
ha

d 
be

en
 in

di
ca

te
d 

by
 

an
ot

he
r 

te
am

Ye
s. 

D
W

C
 w

as
 n

ot
 

ap
pl

ie
d 

at
 t

he
 fi

rs
t 

su
rg

er
y

R
em

ov
al

 o
f t

he
 

di
st

al
 p

ha
la

nx
. 

A
ft

er
 t

he
 fi

rs
t 

pr
oc

ed
ur

e 
re

cu
rr

en
ce

 
w

as
 fo

un
d 

an
d 

tr
ea

te
d 

w
ith

 n
ew

 
cu

re
tt

ag
e 

an
d 

D
W

C

M
et

hi
ci

lli
n-

re
si

st
an

t 
St

ap
hy

lo
co

cc
us

 
au

re
us

La
va

ge
 o

f t
he

 o
pe

n 
w

ou
nd

 a
nd

 g
au

ze
s 

so
ak

ed
 in

 D
W

C

N
o

4.
3 

w
ee

ks
3 

w
ee

ks
6 

m
on

th
s 

w
ith

ou
t 

re
cu

rr
en

ce

C
as

e 
6

N
eu

ro
is

ch
em

ic
 

ul
ce

r 
on

 t
he

 
do

rs
um

 o
f t

he
 

fo
ot

O
st

eo
m

ye
lit

is
 o

f t
he

 
Li

sf
ra

nc
 jo

in
t. 

M
aj

or
 

am
pu

ta
tio

n 
ha

d 
be

en
 in

di
ca

te
d 

by
 

an
ot

he
r 

te
am

Ye
s. 

A
no

th
er

 t
ea

m
 

pe
rf

or
m

ed
 

de
br

id
em

en
t

C
ur

et
ta

ge
 o

f t
he

 
Li

sf
ra

nc
 jo

in
t

Ye
rs

in
ia

 
en

te
ro

co
lit

ica
C

lo
se

 in
tr

ao
ss

eu
s 

la
va

ge
 w

ith
 D

W
C

 
th

ro
ug

h 
th

e 
w

ou
nd

N
o

4.
1 

w
ee

ks
9.

2 
w

ee
ks

8 
m

on
th

s 
w

ith
ou

t 
re

cu
rr

en
ce

C
as

e 
7

N
eu

ro
pa

th
ic

 
ul

ce
r 

on
 t

he
 

fif
th

 t
oe

O
st

eo
m

ye
lit

is
 o

f 
th

e 
pr

ox
im

al
 

in
te

rp
ha

la
ng

ea
l 

jo
in

t. 
Fi

ft
h 

to
e 

am
pu

ta
tio

n 
ha

d 
be

en
 in

di
ca

te
d 

by
 

an
ot

he
r 

te
am

N
o

C
ur

et
ta

ge
 o

f t
he

 
in

te
rp

ha
la

ng
ea

l 
jo

in
t

N
o 

gr
ow

th
La

va
ge

 o
f t

he
 o

pe
n 

w
ou

nd
 a

nd
 g

au
ze

s 
so

ak
ed

 in
 D

W
C

N
o

0.
3 

w
ee

ks
2.

8 
w

ee
ks

9 
m

on
th

s 
w

ith
ou

t 
re

cu
rr

en
ce

(c
on

tin
ue

d)

 at INTERNATIONAL JOURNAL OF LOWER EXTREMITY WOUNDS on February 27, 2013ijl.sagepub.comDownloaded from 

http://ijl.sagepub.com/


4 

Po
in

t 
of

 E
nt

ry
 t

o 
th

e 
In

fe
ct

io
n

Lo
ca

tio
n 

of
 B

on
e 

In
fe

ct
io

n
Pr

ev
io

us
 S

ur
ge

ry
 D

ue
 

to
 t

he
 S

am
e 

In
fe

ct
io

n
Su

rg
ic

al
 P

ro
ce

du
re

Ba
ct

er
ia

 In
vo

lv
ed

D
W

C
 U

se
N

ee
d 

fo
r 

R
eo

pe
ra

tio
n 

an
d/

or
 A

m
pu

ta
tio

n
Po

st
op

er
at

iv
e 

A
nt

ib
io

tic
 T

re
at

m
en

t
T

im
e 

to
 

H
ea

lin
g

Fo
llo

w
-U

p

C
as

e 
8

N
eu

ro
pa

th
ic

 
ul

ce
r 

on
 t

he
 

bi
g 

to
e

O
st

eo
m

ye
lit

is
 o

f t
he

 
in

te
rp

ha
la

ng
ea

l j
oi

nt
 

of
 t

he
 h

al
lu

x.
 B

ig
 t

oe
 

am
pu

ta
tio

n 
ha

d 
be

en
 

in
di

ca
te

d 
by

 a
no

th
er

 
te

am

N
o

C
ur

et
ta

ge
 o

f t
he

 
in

te
rp

ha
la

ng
ea

l j
oi

nt
Es

ch
er

ic
hi

a 
co

li
La

va
ge

 o
f t

he
 o

pe
n 

w
ou

nd
 a

nd
 g

au
ze

s 
so

ak
ed

 in
 D

W
C

N
o

5.
4 

w
ee

ks
6.

1 
w

ee
ks

8 
m

on
th

s 
w

ith
ou

t 
re

cu
rr

en
ce

C
as

e 
9

N
eu

ro
pa

th
ic

 
ul

ce
r 

ov
er

 t
he

 
fir

st
 m

et
at

ar
sa

l–
ph

al
an

ge
al

 jo
in

t

O
st

eo
m

ye
lit

is
 o

f 
th

e 
fir

st
 m

et
at

ar
sa

l-
ph

al
an

ge
al

 jo
in

t. 
Tr

an
sm

et
at

ar
sa

l 
am

pu
ta

tio
n 

ha
d 

be
en

 
in

di
ca

te
d 

by
 a

no
th

er
 

te
am

Ye
s. 

A
no

th
er

 
te

am
 p

er
fo

rm
ed

 
de

br
id

em
en

t 
du

ri
ng

 
ad

m
is

si
on

 in
 a

no
th

er
 

ho
sp

ita
l

C
ur

et
ta

ge
 o

f t
he

 
fir

st
 m

et
at

ar
sa

l-
ph

al
an

ge
al

 jo
in

t. 
Ex

te
rn

al
 fi

xa
to

r. T
he

 
in

de
x 

ul
ce

r 
w

as
 le

ft
 

op
en

 t
o 

al
lo

w
 jo

in
t 

la
va

ge

Pr
ot

eu
s 

m
or

ga
ni

i, 
St

ap
hy

lo
co

cc
us

 
au

re
us

La
va

ge
 t

hr
ou

gh
 t

he
 

ul
ce

r 
an

d 
ga

uz
es

 
so

ak
ed

 in
 D

W
C

N
o

4.
4 

w
ee

ks
7.

1 
w

ee
ks

8 
m

on
th

s 
w

ith
ou

t 
re

cu
rr

en
ce

C
as

e 
10

N
eu

ro
pa

th
ic

 
ul

ce
r 

on
 t

he
 

tip
 o

f t
he

 t
hi

rd
 

to
e

O
st

eo
m

ye
lit

is
 o

f t
he

 
di

st
al

 p
ha

la
nx

N
o

O
st

ec
to

m
y 

of
 t

he
 

di
st

al
 p

ha
la

nx
N

o 
gr

ow
th

La
va

ge
 o

f t
he

 w
ou

nd
 

an
d 

ga
uz

es
 s

oa
ke

d 
in

 D
W

C

N
o

2.
7 

w
ee

ks
4.

3 
w

ee
ks

9 
m

on
th

s 
w

ith
ou

t 
re

cu
rr

en
ce

C
as

e 
11

In
te

rd
ig

ita
l 

ne
ur

oi
sc

he
m

ic
 

ul
ce

r

O
st

eo
m

ye
lit

is
 o

f t
he

 
m

id
dl

e 
ph

al
an

x 
of

 
th

e 
fo

ur
th

 t
oe

N
o

O
pe

n 
ar

th
ro

pl
as

ty
Ac

in
et

ob
ac

te
r 

ba
um

an
ii

La
va

ge
 o

f t
he

 o
pe

n 
w

ou
nd

 a
nd

 g
au

ze
s 

so
ak

ed
 in

 D
W

C

Ye
s. 

Pr
og

re
ss

iv
e 

in
vo

lv
em

en
t 

of
 

so
ft

 t
is

su
e 

w
ith

 
ne

cr
os

is
 r

eq
ui

ri
ng

 
am

pu
ta

tio
n 

of
 t

he
 

fo
ur

th
 t

oe

N
A

N
A

N
A

C
as

e 
12

N
eu

ro
pa

th
ic

 
ul

ce
r 

on
 t

he
 

he
el

O
st

eo
m

ye
lit

is
 o

f 
th

e 
ca

lc
an

eu
s 

an
d 

C
ho

pa
rt

 jo
in

t. 
M

aj
or

 a
m

pu
ta

tio
n 

ha
d 

be
en

 in
di

ca
te

d 
by

 a
no

th
er

 t
ea

m

Ye
s. 

A
no

th
er

 t
ea

m
 

pe
rf

or
m

ed
 

de
br

id
em

en
t. 

N
eg

at
iv

e 
pr

es
su

re
 

w
ith

 s
ilv

er
 w

as
 

ap
pl

ie
d 

du
ri

ng
 

ad
m

is
si

on
 in

 a
no

th
er

 
ho

sp
ita

l

C
ur

et
ta

ge
 o

f t
he

 
ca

lc
an

eu
s 

an
d 

C
ho

pa
rt

 jo
in

t

N
o 

gr
ow

th
C

lo
se

 in
tr

ao
ss

eu
s 

la
va

ge
 w

ith
 D

W
C

 
th

ro
ug

h 
th

e 
w

ou
nd

N
o

7.
1 

w
ee

ks
11

.4
 

w
ee

ks
T

hr
ee

 m
on

th
s 

w
ith

ou
t 

re
cu

rr
en

ce

C
as

e 
13

In
te

rd
ig

ita
l 

ne
ur

op
at

hi
c 

ul
ce

r

O
st

eo
m

ye
lit

is
 o

f 
th

e 
pr

ox
im

al
 

in
te

rp
ha

la
ng

ea
l j

oi
nt

 
of

 t
he

 fo
ur

th
 t

oe

N
o

O
pe

n 
ar

th
ro

pl
as

ty
Se

rr
at

ia
 

m
ar

ce
sc

en
s

La
va

ge
 o

f t
he

 o
pe

n 
w

ou
nd

 a
nd

 g
au

ze
s 

so
ak

ed
 in

 D
W

C

N
o

4.
8 

w
ee

ks
3.

8 
w

ee
ks

Fi
ve

 m
on

th
s 

w
ith

ou
t 

re
cu

rr
en

ce

C
as

e 
14

N
eu

ro
pa

th
ic

 
pl

an
ta

r 
ul

ce
r 

on
 t

he
 b

ig
 t

oe

O
st

eo
m

ye
lit

is
 o

f t
he

 
di

st
al

 p
ha

la
nx

 o
f t

he
 

bi
g 

to
e

Ye
s. 

D
W

C
 w

as
 n

ot
 

ap
pl

ie
d 

at
 t

he
 fi

rs
t 

su
rg

er
y

Pa
rt

ia
l d

is
ta

l 
ph

al
an

x 
re

m
ov

al
Se

rr
at

ia
 

m
ar

ce
sc

en
s

D
eb

ri
de

m
en

t 
of

 t
he

 
ul

ce
r. 

La
va

ge
 o

f t
he

 
op

en
 w

ou
nd

 a
nd

 
bo

ne
 e

xp
os

ed
 a

nd
 

ga
uz

es
 s

oa
ke

d 
in

 
D

W
C

 fo
r 

5 
da

ys
. 

Bo
ne

 s
ur

ge
ry

 a
nd

 
cl

os
ur

e 
of

 t
he

 
w

ou
nd

N
o

3 
w

ee
ks

2.
1 

w
ee

ks
T

hr
ee

 m
on

th
s 

w
ith

ou
t 

re
cu

rr
en

ce

A
bb

re
vi

at
io

n:
 D

W
C

, D
er

m
ac

yn
 W

ou
nd

 C
ar

e 
(D

W
C

; O
cu

lu
s 

In
no

va
tiv

e 
Sc

ie
nc

es
 N

et
he

rl
an

ds
 B

V,
 S

itt
ar

d,
 N

et
he

rl
an

ds
); 

N
A

, N
ot

 a
va

ila
bl

e.

Ta
bl

e 
1.

 (
co

nt
in

ue
d)

 at INTERNATIONAL JOURNAL OF LOWER EXTREMITY WOUNDS on February 27, 2013ijl.sagepub.comDownloaded from 

http://ijl.sagepub.com/


Aragón-Sánchez et al. 5

remainder, as illustrated in Table 1. Gram-negative bacteria 
were isolated in 8 cases and methicillin-resistant 
Staphylococcus aureus (MRSA) in 2 cases. Postoperative 
antibiotic treatment was given for a median of 4.4 weeks.

DWC was used in different ways: closed lavage through 
a catheter inserted in the cavity or by inserting the tip of a 
syringe between the stitches, open lavage, or by placing 
gauzes soaked in DWC. Case 2 is shown in Figure 1. The 
patient had undergone debridement of the plantar central 
compartment and was readmitted for abscess on the heel. 
X-ray showed signs of osteomyelitis in the calcaneus (Figure 2, 
yellow arrow). He underwent debridement and bone curet-
tage, which did not resolve the infection. He underwent a 
reoperation consisting of new curettage of the calcaneus and 
the wound was closed, leaving a Foley’s catheter inside 
(Figure 3). Postoperative culture-guided antibiotics were 

administered and lavage with DWC was carried out 3 times 
a day. The catheter was removed and healing was achieved 
without complications (Figure 4). Lavage through the 
stitches due to wound infection in case 3 is shown in Figure 5. 
The Kirschner wire was not removed due to infection. The 
Kirschner wire was removed 6 weeks after surgery, and the 
patient was discharged with only a minor defect in wound 
healing in order to undergo outpatient care (Figure 6A, white 
arrow). However, recurrence 3 months after apparent heal-
ing was found in case 3 (Figure 6B). The latter patient under-
went new conservative surgical procedures using DWC in 
the postoperative period. No amputation has been required 
in the year since the first operation. One patient (case 11, 
Figure 7) required amputation of the toe due to uncontrolled 
infection by Acinetobacter baumanii and progressive 
destruction of the soft tissue envelope. Neither recurrence of 

Figure 2. X-ray of the case 2. Yellow arrow shows cortical 
defect where the abscess was drained

Figure 3. The wound was closed after new curettage of the 
calcaneus, leaving a Foley’s catheter inside for performing 
instilation with DWC

Figure 4. Total healing of the surgical wound

Figure 1. Case 2. Abscess on the heel after undergoing 
debridement of the plantar central compartment. Bone could be 
probed through the incision
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the infection nor subsequent amputation was found in the 
rest of the patients. Limb salvage was successfully achieved 
in 100% of the cases. Healing was achieved in a median 
period of 6.8 weeks.

No side effects appeared during treatment. Neither aller-
gies nor skin dermatitis were found. Pain was not evaluable 
because of the neuropathic etiology of the ulcers.

Discussion
The role of antiseptics in wound care is controversial 
because in vitro studies have shown the cytotoxicity of such 
products.15,16 Despite these in vitro studies, the clinical rel-
evance of this cytotoxic effect on wound healing is 
unknown and could be compensated for by their control of 
bacterial burden.17 Recently, the cytotoxic effect of 12 com-
monly used antiseptics on topical application in vitro to 2 
human skin substitutes and a full-thickness autograft was 
assessed. Dermacyn was not cytotoxic in that study.18 
Cytotoxicity was not assessed in the present study. However, 
we consider that time to healing could be considered as an 
indirect way to test the possible deleterious effect of DWC 
on wound healing. In our first series dealing with DFO, 
open wounds healed by secondary intention over a median 
period of 12.8 weeks. The median wound healing time in 
patients with successful conservative surgery was 11.4 
weeks compared with 17.1 weeks for those who had minor 
amputations (P = .003).5 Wound healing was achieved by 
secondary intention after a median of 8 weeks in our more 
recent series.9 Healing time in cases of wide postsurgical 
wounds was 10.5 ± 5.9 weeks in the group treated with 
DWC versus 16.5 ± 7.1 weeks in the group treated with 
povidone iodine (P = .007).11 The median time to healing in 
the current investigation using DWC was 6.8 weeks, and 
this figure can be considered favorable. Even though we 

cannot state categorically that the improvement in healing 
time was due to the use of DWC, at least the healing time 
was not prolonged due to possible cytotoxicity.

Our approach to dealing with DFO is to remove the 
infected bone if possible and leave the wound open to heal-
ing by secondary intention in most cases.2,5,19-21 We hypoth-
esized that using a product that reduces the bacterial burden 
in bone and soft tissues could be beneficial. Two small sin-
gle-center randomized controlled trials showed that super-
oxidized solution was useful for treating foot infections and 
wide postsurgical lesions.10,11 Another group reported that 
super-oxidized solution was at least as effective as oral 
levofloxacin for mild diabetic foot infections.22

In this small series, DWC was always in contact with the 
residual infected bone. It was applied by means of pulse 
irrigation or by filling the wound cavity with soaked gauzes. 
We also used closed lavage in cases in which the surgical 
wound had been closed; in 2 of these cases a wire had been 
inserted. Intraosseus lavage with DWC was used in midfoot 
and calcaneus osteomyelitis. This is a novel approach in our 
experience and the outcomes were favourable. Limb sal-
vage was achieved in 100% of patients and only one 
required a minor amputation. Infection was eradicated in 
every patient included in this series and every wound 
healed. Only 1 recurrence was detected but the patient was 
treated with new conservative procedures, including the use 
of DWC through the wound. No amputation has been 
required to date in this complicated case.

One of the possible advantages of using DWC as adju-
vant treatment to surgery and antibiotics could be its poten-
tial to reduce the period of postoperative antibiotic 
treatment. IDSA guidelines recommend that in cases in 
which residual infected (but viable) bone remains, antibiot-
ics should be administered for 4 to 6 weeks initially paren-
terally but possibly switching to oral administration 
depending on conditions.23 Definitive conclusions cannot 
be drawn from our preliminary experience but 4.4 weeks 
seems to be a short period compared with other investiga-
tions. Moreover, the microbiological isolates in this series 
were a little atypical. They included a high proportion  
of MRSA and gram-negative bacteria unlike most series  
in which Methicillin Sensitive Staphylococcus aureus 
(MSSA) was the most frequent isolate.1 Postoperative anti-
biotic treatment was given for a median of 5.1 weeks in our 
previously reported prospective series.9 The duration of 
antibiotic therapy was 10.1 ± 6.1 weeks in the group treated 
with DWC compared with 15.8 ± 7.8 weeks in the group 
treated with povidone iodine (P = .016) reported by 
Piaggesi’s group.11

The weaknesses of this study were the following: there 
was no control group, only short-term follow-up was con-
ducted in 3 cases, and in our experience, at least 6 months 
should be considered to state that the bone infection has 
been eradicated. No bacteriological postoperative controls 

Figure 5. Lavage through the stitches due to wound infection in 
case 3
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Figure 6. (A) Minor defect in wound healing when the patient was discharged from hospital. (B) Recurrence of osteomyelitis after 
apparent wound healing was detected after 3 months of follow-up

Figure 7. Progressive destruction of the soft tissue envelope and necrosis in case 11 requiring toe amputation

were carried out. The strengths of the study are that it is 
the first time that DMC has been used in cases of residual 
bone infection after surgery for DFO, bone infections 
were always histopathologically confirmed, and patients 
underwent specialized treatment in cases with a high risk 
of amputation. Indeed, other teams had indicated several 
amputations, including 2 major. The good outcomes 
obtained in this preliminary study have encouraged us to 
design a trial to test the use of DWC in cases of bone 
infection.

In conclusion, using DWC as adjuvant treatment in the 
postoperative period of surgery for DFO when the wound is 
open and bone margins may have residual infection is safe 
and may help eradicate the infection when combined with 
antibiotic treatment. Additional controlled studies are nec-
essary to determine the precise role of DWC in the manage-
ment of patients who have a high risk of amputation.
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