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Foot and ankle infections: Debridement, early fixation and rifampicin
provide earlier recovery of function and quality of life$
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A B S T R A C T

Background: Infection after foot and ankle fractures is a major concern for orthopedic surgeons. It is
widely believed that final osteosynthesis should be delayed until the infection is cured. However, there is
no literature that supports this practice. In addition, the delay impairs patient function and quality of life
(QoL).
Methods: In the present study, four cases of ankle infection treated with aggressive debridement, early
fixation and antibiofilm antibiotics are described. It is thought that, like other implant related infections,
ankle infections can be rapidly treated with the definitive fixation and by curing the infection to make for
a fast recovery of QoL and function.
Results: The infections were caused by MSSA and Pseudomonas aeruginosa in case 1, MSSA in case 2 and
MRSA as well as K. pneumonia in case 3. Case 4 was a culture negative infection. They were susceptible to
antibiofilm antibiotics (the gram-negative bacilli susceptible to ciprofloxacin and the gram-positive cocci
susceptible to rifampicin). Cases 1, 3 and 4 were treated with a tibio-talo-calcaneal arthrodesis and case
2 was treated with a de-rotational fibular osteotomy and a medial closing wedge supramalleolar
osteotomy. All cases improved at a median time of 4 weeks in terms of quality of life (SF-36) and function
(AOFAS). At 2-years follow-up, no recurrence of infection was observed in any of the cases. All the cases
achieved fusion or osteotomy healing at final follow-up.
Conclusions: Early fixation after debridement combined with antibiofilm antibiotics can be performed in
foot and ankle inflections to provide early recovery of QoL and function in patients.

© 2017 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Infections related to orthopedic devices are among the main
complications for orthopedic surgeons [1]. When it comes to foot
and ankle, it can be even worse as this area provides little soft
tissue coverage and a sometimes scarce blood supply [1–3].

Infection is very frequent after ankle and pilon fractures and has
an infection rate of 10%, even higher those cases of high energy and
open fractures. Ankle and pilon fractures represent about 30%–50%
of all foot and ankle infections [4,5]. They are followed by
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neuropathic arthropathies that represent some 15%–25% of foot
and ankle infections [6].

Orthopedic surgeons concern with infections has led to
delaying the definitive surgical treatment several months (or even
years) until after the infection is cured [3,7]. However, there is no
study that supports this practice. Moreover, this postponement of
the definitive surgery impairs patient function and quality of life
(QoL) [8,9].

On the other hand, there is growing evidence that prostheses
can be implanted even though the infection is not yet cured in
prosthetic joint infection (PJI) [10]. It can be performed whenever
antibiofilm antibiotics are available [11]. It has also worked in
other orthopedic infections [12]. In foot and ankle cases, good
results have been achieved after early external fixation associated
with extensive debridement and proper antibiotics [13]. Howev-
er, very few cases of early internal fixation have been reported
[14].
ts reserved.
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The aim of the present study is to describe four cases of ankle
infection in which early fixation was performed along with the use
of antibiofilm antibiotics.

2. Methods

A case series of 4 patients is here presented. All four surgeries
were performed by the same two surgeons on an in-patient basis in
the same hospital.

2.1. Microbiological protocol

As part of a standardized protocol, 5 tissue samples were taken
for microbiological cultures [15]. In addition, one sample was sent
for a histopathological study. Should there be any foreign body, it
was always sent for sonication and microbiological study.

Cultures were defined as positive when there was microorgan-
ism growth in preoperative aspirate, periprosthetic tissue cultures,
or sonication fluid cultures. It was considered a positive sonication
fluid culture when the same organism grew 50 or more colony-
forming units (CFU)/mL. However, any growth in sonication fluid
culture was considered positive when the patient had previously
Fig. 1. (a) Preoperative anteroposterior and lateral standing radiograph
received antibiotics [16]. In that sense, preoperative prophylaxis
was not considered as it has been shown to have no influence on
cultures [17]. Low-virulence microorganisms such as Coagulase-
negative staphylococci (CNS), Corynebacterium spp., Bacillus spp.,
or Propionibacterium spp. were considered pathogens if the same
organism was isolated in at least two samples [15].

Sonication consists of the application of ultrasound to the
implants removed and the submerged in saline to dislodge biofilm
and therefore the bacteria. The ultrasound beam focuses on the
surface of the implant and dislodges biofilm and dormant bacteria
that can be further studied. It has proven to be a very reliable
technique in implant related infections, especially low-grade and
chronic infections [15,16,18,19].

2.2. Outcome measures

For all the cases, a minimum follow-up of 2 years without any
local symptom and a pain-free joint was required to consider the
infection cured.

To assess QoL, the Spanish version of the Short Form 36 (SF-36)
was used. The values of the Mental Composite Score (MCS) and the
Physical Composite Score (PCS) were analyzed and reported. To
s. (b) Postoperative standing radiographs at one year of follow-up.
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evaluate function, the ankle version of the American Orthopedic
Foot and Ankle Society (AOFAS) was used.

3. Case presentation

3.1. Case 1

A 74-year-old woman was diagnosed with idiopathic sensitive
neuropathy presented with severe hindfoot deformity and a
medial ulceration due to tibial malleolus pressure. Radiographs
showed a Charcot arthropathy with a complete subsidence of the
talus and tibia causing a rocker-bottom hindfoot (Fig. 1a). An
external fixator was put in place to correct and maintain the
deformity but ulceration of the medial malleolus worsened and an
infection of the distal pins developed after 2 weeks. After refusing
the amputation proposed in another hospital, she was transferred
to our unit. Possible complications associated with the proposed
surgery were discussed with the patient and she agreed with us to
preserve the limb. Empiric intravenous antibiotic treatment
(amoxicillin/clavulanic acid 2 g/8 h) was started and a thorough
debridement was performed, the external fixator was removed and
a total contact cast was put in place. Deep tissue samples were
taken and cultures were positive for S. aureus (rifampicin and
quinolones susceptible) and Pseudomonas aeruginosa (ciprofloxa-
cin susceptible).

After 2 weeks, the definitive cultures did not show any
additional growth and the medial ulceration and the rest of the
soft tissues were doing well. At that point, another debridement
along with a tibio-talo-calcaneal arthrodesis (TTC-A) were
Fig. 2. (a) Anteroposterior and lateral radiographs and CT detail showing the inicial platin
performed (T2 Ankle Athrodesis Nail1. Stryker, Schönkirchen.
Germany). The deformity was corrected with bony resectioning
and the talus void was filled with femoral head allograft previously
soaked in the vancomycin solution (5 mg/ml), as previously
reported (Fig. 1b) [20].

One week after surgery, the soft tissues had an excellent
evolution and the wounds were dry. The soft tissues were
completely healed by the 2nd week, including the medial
ulceration. She was then discharged with oral antibiotics
(rifampicin 600 mg/24 h plus ciprofloxacin 750 mg/12 h) that were
continued for a 6-week period. Radiographic ankle fusion was
achieved at 8 months follow-up.

The patient was allowed weight-bearing with a walker cast
2 weeks after TTC-A. At 6 weeks after the onset of infection, the
AOFAS score improved from 49 points to 86 points. The MCS of the
SF-36 improved from 45.61 points to 48.50 points and the PCS
improved from 33.10 points to 41.51 points.

3.2. Case 2

A 52-year-old woman suffered a distal extrarticular tibial
fracture associated with a syndesmotic fibular fracture. The
fractures were partially reduced and the tibia was plated (one
intraarticular screw, Fig. 2a). Two weeks later, she was transferred
to our institution. Purulent drainage was observed through an
unusual tibial approach. Empiric intravenous antibiotic treatment
(amoxicillin/clavulanic acid 2 g/8 h) and meticulous debridement
and hardware removal were performed. Tissue samples and
sonication were positive for S. aureus (rifampicin susceptible).
g and the intrarticular srew. (b) Postoperative radiographs at one year of follow-up.
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Whole-leg radiographs and a CT scan were performed to determine
the appropriate surgical treatment. The CORA angle and fibular
malrotation were measured. At 2 weeks of debridement, a medial
closing wedge lower tibial osteotomy and a Valderrabano fibular
osteotomy were performed (LCP Synthes. West Chester, PA. USA)
[21]. The same previous approach was used upon the advice of a
plastic surgeon (Fig. 2b).

As soon as the wounds were dry and the soft tissues showed no
signs of complication, antibiotic treatment was switched to oral
rifampicin (600 mg/24 h) plus levofloxacin (750 mg/24 h) and the
patient was discharged. She completed a 12-week period of
antibiotic treatment, in accordance with the protocol followed in
previous studies on osteolmyelitis [22,23].

Weight-bearing was delayed until the 6th week and then the
leg was protected with a walker cast for 6 additional weeks.
Radiographic healing of the osteotomy was observed at 6 months
follow-up.

In this one case, function and QoL did not recover until the 12th
week after the onset of infection. The AOFAS score improved from
45 points to 86 points, the MCS of the SF-36 improved from
49.50 points to 62.50 points and the PCS of the SF-36 improved
from 37.0 points to 67.61 points.

3.3. Case 3

A 70-year-old male suffered a car accident that resulted in a
tibial pilon open fracture (Gustilo III-B, Fig. 3a). He was
immediately treated with debridement and an external fixator.
A Vacuum Assisted Closure (VAC) was used to cover the skin defect.
The following day, a consultation with a plastic surgeon was
Fig. 3. (a) Clinical look and radiographs at arrival into the emergency room. (b) Postopera
requested to perform definitive coverage. Unfortunately, it was not
advised because the patient suffered from idiopathic thrombocy-
topenic purpura. Two treatments were offered at that point. They
were continuing with VAC therapy and avoiding weight bearing or
amputation. At 3 months after the accident, that patient was
transferred to our unit. No pin infection was observed but a medial
skin defect of 4 � 2 cm and exposed necrotic bone was seen
beneath the VAC sponge. A TTC-A was proposed along with a prior
necrotic bone resection with the aim of wound closure after
shortening (Fig. 3b). The patient was informed of the high risk of
multi-resistant bacterial infection and subsequent failure but he
accepted the risks it entailed. Aggressive debridement and a
necrotic bone resection was performed. Limb shortening and a
TTC-A was carried out (T2 Ankle Athrodesis Nail1. Stryker,
Schönkirchen. Germany). Skin closure was possible except for a
small 5 mm diameter defect that was covered with an artificial skin
matrix (Integra1 Dermal Regeneration, New Jersey. USA). Antibi-
otic prophylaxis was modified in this case because of the
antecedent open fracture, prolonged in-hospitalization and VAC
therapy (daptomicin 800 mg/24 h + meropenem 2 g/8 h). Intra-
operative cultures revealed the growth of MRSA in 4 out of
5 samples and K. pneumoniae producing ESBL in 2 out of 5 samples.
Fortunately, MRSA was rifampicin susceptible and K. pneumonie
was ciprofloxacin susceptible. Two weeks later, the evolution was
favorable and no additional bacteria were reported. The patient
was then discharged with progressive weight-bearing using a
walker orthosis. Additionally, oral antibiotics with rifampicin
(600 mg/24 h) plus ciprofloxacin (750 mg/12 h) for a total of
12 weeks were prescribed. Radiographic TTC fusion was observed
at 10 months follow-up.
tive radiographs at one year of follow-up and whole standing view after nail removal.
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AOFAS rapidly improved from 35 points to 86 points in 6 weeks.
Relative to QoL, the MCS of the SF-36 increased from 42.0 points to
50.0 points and the PCS improved from 39.50 to 59.86 points. The
only complaint that the patient referred to was plantar pain due to
nail protrusion that was resolved with nail removal one year after
TTC-A.

3.4. Case 4

A 68-year-old woman suffered a bimalleolar fracture that was
complicated by the loss of fixation and early osteoarthritis. In
addition, the plate and screws protruded and purulent drainage
was observed. Empiric intravenous antibiotic treatment (amoxi-
cillin/clavulanic acid 2 g/8 h) was started and implant removal and
debridement were performed. All 5 tissue cultures and implant
sonication were negative (culture negative infection). After
2 weeks, a TTC-A was performed (T2 Ankle Athrodesis Nail1.
Stryker, Schönkirchen. Germany) and the patient was discharged
5 days later with oral rifampicin (600 mg/24 h) and levofloxacin
(750 mg/24 h) for a total of 6 weeks.

Weight-bearing was immediately allowed with a walker
orthosis. Radiographic fusion was achieved at 6 months follow-
up. QoL and function were better at 6 weeks. In this case, the AOFAS
improved from 21 to 82 points. In the SF-36, the MCS improved
from 30.31 to 48.50 points and the PCS increased from 28.86 points
to 53.80 points.

4. Discussion

The main result of the present study is that early fixation and
early discharge with oral antibiotics is possible in patients with
foot and ankle infections. Two fundamentals were required to do
so, the patient must have local soft tissues in an adequate state and
the infection must be caused by microorganisms that are
susceptible to antibiofilm antibiotics. The secondary result is that
early fixation makes for an early recovery of function and QoL.
However, due to the difficult management of these complications,
it is essential for treatment to be carried out by a specialized
multidisciplinary team. That team would include orthopedic
surgeons, infectious diseases specialists, microbiologists and, in
some cases, plastic surgeons.

Foot and ankle infections related to fixation devices, similar to
other foreign body infections including PJI, characteristically
facilitate bacteria attachment to the hardware and produce the
biofilm that protects bacteria against antibiotics [22]. It is thought
that once the foreign body is removed, the infection is cured.
Moreover, the longer the wait for final internal fixation without
local symptoms, the more possibilities exist to succeed in terms of
infection cure [4,7]. This is partially true as bacteria can lie dormant
beneath bone sequestrum [24]. Additionally, biofilm can also be
present in these chronic infections without implants [22,24].
Therefore, waiting is not the answer. Delaying surgery is not only a
waste of time but also can facilitate multi-resistant bacterial
selection, especially when this delay is combined with VAC therapy
as was seen in case 3 and as previously reported [25].

The most important point in dealing with bony infections is to
perform a thorough and extensive debridement rather than
waiting. That means removing necrotic or non-viable tissue
(including bone), any foreign material and irrigating with a
substantial amount of saline [10,26]. Antibiotic treatment must be
added, always according to the deep tissue cultures. In those cases
of infection produced by bacteria that are susceptible to antibiofilm
antibiotics, the infection will be completely cured if combined with
proper debridement [10]. Additionally, the fact of performing
internal fixation after debridement should not worry the
orthopedic surgeon as these bacteria will be killed off by the
previously mentioned antibiotics (even if some biofilm remains
after debridement) [23]. In the case of gram positive cocci (e.g.
S. aureus), rifampicin has proven to be effective against the biofilm
these bacteria produce [11]. It is important to combine rifampicin
with another antibiotic in every instance to avoid resistance (e.g
levofloxacin, trimethoprim/sufamethoxazole). Moreover, never
start rifampicin until wounds are dry for the same reason [27].
The combination of rifampicin and levofloxacin was the treatment
of choice in case 2 in the current series. For the treatment of gram
negative bacilli infections (e.g. P. aeruginosa,Escherichia coli), the
most effective antibiotic is ciprofloxacin [28]. It can be used alone
but it is necessary to combine it with rifampicin in polymicrobial
infections in the presence of gram positive cocci. This was done in
cases 1 and 3 in the present study. Culture negative infections can
be treated as staphylococcal infections as those are the most
frequent bacteria isolated in foot and ankle infections (as in case 4)
[3].

The most important factor is the multidisciplinary manage-
ment. It is not possible to cure these infections with only antibiotic
treatment or with surgery alone. A thorough debridement,
maintaining a stable implant and using antibiofilm antibiotics
are crucial to success.

As previously stated, waiting until final fixation is not the key to
succeeding. In addition, waiting only produces disability in the
patient that requires the use of an orthosis or wearing external
fixators for a longer period. This delay brings about an significant
degradation in the patient’s QoL and function [8,9]. This fact has
been observed in the present study as all 4 cases had scores under
50% of the general population’s mean values. Moreover, the fast
recovery of those parameters after fixation in a median period of
4 weeks is the aim.

Several limitations can be found in the present study. The first is
in the design of the study as only four cases are reported. Second,
there is the lack of a control group with different approaches.
Finally, different types of infections (acute and chronic) are
included.

From the results presented here, our conclusion is that early
fixation after debridement combined with antibiofilm antibiotics
should be performed in foot and ankle inflections to provide early
recovery of QoL and function in patients.
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