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A B S T R A C T

Background: Total ankle replacement (TAR) represents an alternative to fusion for the treatment of end-
stage ankle osteoarthritis. The aim of the present study was to retrospectively assess the frequency of
infections between TARs with anterior and lateral transfibular approach at 12-months follow-up.
Methods: 81 TARs through an anterior approach and 69 TARs through a lateral approach were performed
between May 2011 and July 2015. We compared surgical time and tourniquet time, as well as superficial
and deep infections frequency during the first 12 postoperative months.
Results: In the anterior approach group, there were 3 (3.7%) deep infections and 4 (4.9%) superficial
wound infections. In the lateral approach group, there were 1 (1.4%) deep infection and 2 superficial
wound infections (2.9%). There were not statistically significant differences between the groups. There
was a significant difference between anterior approach (115 minutes) and lateral approach group (179
minutes) in terms of surgical time (P < 0.001).
Conclusions: The frequency of superficial and deep periprosthetic infections during the first postoperative
year was not significantly different in the lateral approach group compared to the anterior approach
group, despite the significantly longer surgical time in the lateral transfibular approach group.
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1. Introduction

End stage ankle osteoarthritis (OA) is a disabling condition that
can severely impact patients’ quality of life, especially given their
younger age and greater activity level compared to their knee/hip
OA counterpart [1,2].

Ankle arthrodesis has traditionally been the treatment of choice
for patients affected by end-stage ankle arthritis although total
ankle replacement (TAR) has gained growing popularity over the
last decade [2]. The latest generations of TARs have demonstrated
good function as well as lower complications rate compared to
earlier implant designs [1,3,4].

The reported frequency of periprosthetic joint infections
following TAR ranges from 2% to 8.6% [5–9]. They may result in
implant failure, more than one revision surgery, salvage
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arthrodesis, and below knee amputation [10–14]. Deep peri-
prosthetic joint infection has been classified as a high-grade
complication due to the high rate of consequent implant failure:
prevention, early diagnosis and treatment of any wound
infection are the keys to prevent negative outcomes
[10,13,15,16].

The anterior approach may be associated with a risk of wound
complications ranging from 2% to 40% [17–19]; superficial and
deep peroneal nerve, and anterior tibial artery are also at risk with
anterior approach [20].

One of the most recent TARs to be introduced requires
implantation through a lateral transfibular approach [20]. Poten-
tial advantages of the lateral approach include: low risk of wound
complications thanks to a preservation of the blood supply to the
skin and a preservation of the distal leg and ankle angiosomes,
leading to less vascular disruption [21] (Fig. 1); bone stock
preservation thanks to limited bone resections [20]; easier
identification of the anatomic center of rotation and the possibility
to address coronal plane deformities without substantial release or
reconstruction of the deltoid ligament [22].
ts reserved.
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Fig. 1. Surgical incision for total ankle replacement through lateral transfibular
approach.
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The purpose of this study is to retrospectively compare the
frequency of superficial and deep infections between TARs
performed through an anterior approach and TARs performed
through a lateral transfibular approach at 12-months follow-up.

2. Materials and methods

The study was approved by the Local Ethics Committee as the
protocol TARUS (66/INT/2016). We retrospectively reviewed all
patients who underwent a TAR at the authors’ institution. This
included one-hundred and fifty (150) primary TARs (150 patients)
performed between May 2011 and July 2015 with at least 1-year
follow up. Only primary TARs were included in this study;
patients were excluded if they underwent a revision TAR
procedure. Neuropathic arthropathy, neuromuscular disorders,
acute infectious arthritis, and avascular necrosis of the talus
involving greater than 50% of the bone were considered contra-
indications for TAR [23]. A 3-component uncemented implant
(Hintegra, Newdeal SA, Lyon, France) was used in 81 TARs (54%)
through an anterior approach. A 2-component uncemented
implant (Zimmer Trabecular Metal Total Ankle, Zimmer, Warsaw,
IN), was implanted in 69 TARs (46%) through a lateral transfibular
approach.

The mean age in anterior approach group was 55 years (range,
22–79 years), and 51 years (range, 21–77 years) in lateral approach
group. Indications for TAR included posttraumatic OA in
118 patients (79%) and rheumatoid arthritis in 8 patients (5%).
The other diagnoses were primary OA (7 patients, 5%), ankle
instability-related OA (7 patients, 5%), clubfoot sequelae
(5 patients, 3%), septic OA sequelae (3 patients, 2%), and tarsal
coalition (2 patient, 1%).

Tourniquet time, operative time, and superficial and deep
infections were recorded for each patient up to the 1-year follow-
up.

2.1. Surgical technique and management

Each procedure was performed by an orthopedic foot and ankle
surgeon (the Senior Author) with extensive TAR experience. All
prostheses were implanted using the manufacturer’s described
technique [24,25]. In the anterior approach group a mobile-bearing
three components TAR was implanted. In the lateral approach
group a two components fixed-bearing system was implanted
through a lateral transfibular approach. The latter required a distal
fibula osteotomy fixed with plate and screws at the end of the
procedure. At the time of surgery, any additional procedure
required to achieve a balanced implant was performed by the
surgeon. Antibiotic prophylaxis included 2 g of intravenous
cefazolin preoperatively. Patients with a higher risk of developing
infections (body mass index of 30 or greater, use of steroids,
malignancy, smoking, diabetes, immunosuppression, and surgery
time greater than 3 h) also received 1 g intravenous every 8 h for
24 h postoperatively. Patients with poorly controlled diabetes,
recent (last 12 months) ankle surgery, previous open fractures, or
long hospitalizations in the last 12 months also received 1 g of
intravenous vancomycin preoperatively.

All patients were clinically and radiographically evaluated
postoperatively at two, six and twelve months.

2.2. Infection evaluation

The diagnosis of superficial or deep infection was made by an
interdisciplinary team composed by an orthopedic surgeon (the
Senior Author), an infectious diseases specialist and a plastic
surgeon. The postoperative management was the same in both
groups: all patients were placed into a short leg cast – with an
anterior or lateral window to enable wound inspection and wound
dressings – for 4 weeks. They were restricted to non-weight
bearing for 4 weeks. The wound dressings were performed daily
during the hospital stay and, afterward, every two days by a nurse
or the general practitioner. On postoperative day 15 the wound was
inspected through the window by the Senior Author. If the wound
edges were dry, intact and without erythema, the sutures were
removed. The patients were allowed to weight bear as tolerated at
4 weeks postoperatively using a walker-boot for further 2 weeks.
At 6 weeks, patients started a rehabilitation program, including
stretching of the triceps surae, calf strengthening, and propriocep-
tion [25].

If the wound showed signs of drainage, erythema, or other signs
of delayed healing, the sutures were left in place and the patients
were evaluated by the infectious diseases specialist. After further
2 weeks, if the wound failed to heal the patients were evaluated by
a plastic surgeon to collaboratively plan the treatment with either
local wound care versus operative management.

Superficial wound infections were classified as a dehiscence,
eschar, or wound drainage (Fig. 2) according to criteria of the
Centers for Disease Control and Prevention for surgical wound
infection [26,27]. This states that an infection occurring within
30 days after the surgery must be associated with at least 1 of the
following: (1) purulent drainage from the incision; (2) organisms
isolated from an aseptically obtained culture from the incisional
fluid or tissue; (3) at least 1 of the following signs or symptoms:
pain or tenderness, erythema, localized swelling, heat, superficial
incision that is deliberately opened by surgeon, unless culture of
incision is negative; or (4) a diagnosis of surgical site infection by
an attending physician.

The clinical signs of deep infection included pain, erythema,
warmth, sinus tract, and/or abscess around the wound. Definitive
diagnosis was made with at least one of the following findings:
growth of the same organism in at least two cultures of synovial
fluid, peri-prosthetic tissue and/or sonicated fluid collected
intraoperatively; intraoperative finding of pus in/around the
joint; abnormal acute inflammation markers (complete blood
count, ESR, CRP); histopathological signs of inflammation
(>5 neutrophils/high-power field); a sinus tract directly commu-
nicating with the implant. Deep infections were classified
according to Fitzgerald’s classification: acute postoperative
(within three months after the surgery); deep late infections
(between three months and two years after the surgery); late
hematogenous infections (more than two years after the surgery,



Fig. 2. Superficial infection 2 months after total ankle replacement through lateral
approach that was treated with oral antibiotic and fibular hardware removal. It
progressed into a deep infection that was treated with removal of the implants and
insertion of antibiotic-impregnated cement spacer.

Fig. 3. Deep infection 6 weeks after total ankle replacement through anterior
approach that was successfully treated with intravenous antibiotic therapy and
vacuum assisted closure (VAC).
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not included in this paper because of the follow-up shorter than
two years) [28].

2.3. Statistical analysis

The statistical analysis was performed by a statistical software
(Matlab version 2008, MathWorks, Natick, MA, USA). We
compared the frequency of superficial and deep infections
between the two groups using the Fisher exact test. We compared
the operative time between the groups using the ANOVA test and
the Kolmogorov–Smirnov test confirmed the normality of the
distribution of the data [29,30]. Then, the Fisher–Snedecor F-test
was used to verify the equality of variances.

Confidence intervals were defined at 95%. All statistical tests
were considered significant with P-value < 0.05.

3. Results

Tourniquet was used in all the primary TARs of the anterior
approach group. It was inflated prior to skin incision and deflated
immediately after skin closure. The mean operative and tourniquet
time was 115 min (range, 65–150 min). In the same group, 20 (25%)
patients underwent at least one concurrent surgical procedure at
the time of TAR. The 2 most commonly performed procedures were
percutaneous Achilles tendon lengthening (7 patients), and
subtalar arthrodesis (4 patients) [31].

In the anterior approach group, there were 4 (4.9%) superficial
wound infections that consisted of a dehiscence in 3 patients and a
wound drainage in 1 patient. They were all treated with oral
antibiotic therapy. In one patient the wound dehiscence resulted in
prolonged tibialis anterior tendon exposure not-responsive to non-
operative therapy that required a tibialis anterior tenotomy: this
went to skin healing without any further surgery. Two of the
patients with a superficial wound infection developed a deep
infection.

Overall, there were 3 (3.7%) deep infections in the anterior
approach group (Fig. 3). One patient was successfully treated with
culture-specific intravenous antibiotics for 6 weeks and vacuum
assisted closure (VAC). However, the other two patients required
surgical revision: removal and replacement of the tibial compo-
nent and polyethylene liner in one patient; debridement,
polyethylene exchange, and VAC treatment in the other.

In lateral approach group tourniquet was used in 25 patients
(36%) with a mean tourniquet time of 57 min (range, 10–169 min).
The tourniquet was only inflated for the accessory procedures.
Fibular osteotomy is part of the surgical technique, thus not
representing an accessory procedure. The mean operative time
was 179 min (range,105–333 min). The most commonly performed
concurrent procedures were subtalar arthrodesis (10 patients) and
percutaneous Achilles tendon lengthening (5 patients).

In the lateral approach group, there were 2 superficial
infections (2.9%) that consisted of a wound drainage in 1 patient
and a dehiscence in the other one (Fig. 2). They were treated with
oral antibiotic treatment and fibular hardware removal (2 months
after the TAR surgery in both patients). One patient also required
skin flap coverage. One of these patients with a superficial
infection developed a deep infection.

Overall, there was 1 deep infection (1.4%) in lateral approach
group that was treated with removal of the implants and insertion
of antibiotic-impregnated cement spacer.

Operative time was statistically different between anterior and
lateral approach group, with a longer surgical time for the lateral
approach group (P < 0.001).



Table 1
Isolated pathogens and treatment for deep infections following total ankle replacement.

Patient n. Group Type of infection Pathogen Treatment

01 Anterior approach Acute postoperative Staphylococcus aureus and Stenotrophomonas
maltophilia

Intravenous antibiotic treatment + VAC treatment

02 Anterior approach Late Streptococcus equisimilis Debridement + liner exchange + VAC treatment
03 Anterior approach Late Psaeudomonas aeruginosa Intravenous antibiotic treatment + revision of tibial

component and liner
04 Lateral approach Late Staphylococcus aureus and Staphylococcus

epidermidis
Implants removal and antibiotic-impregnated cement spacer

Anterior approach group: patients treated with total ankle replacement through anterior approach. Lateral approach group: patients treated with total ankle replacement
through lateral transfibular approach. Acute postoperative infection: infection that occurred within three months after the ankle replacement surgery. Late infection:
infection that occurred between three months and two years after the ankle replacement surgery. VAC: vacuum assisted closure.

22 F.G. Usuelli et al. / Foot and Ankle Surgery 25 (2019) 19–23
There was no statistically significant difference between the
two groups in terms of superficial infections (P = 0.687), and deep
infections (P = 0.625).

Demographics, infections, pathogens, and treatments of deep
infections are summarized in Table 1.

Tourniquet time, number of patients in whom the tourniquet
was used, operative time and number of patients in whom
accessory procedures were performed are summarized in Table 2.

4. Discussion

In this study, the frequency of superficial and deep infections
was retrospectively compared between TARs performed through
either an anterior approach or a lateral transfibular approach at 12-
months follow-up. Superficial and deep periprosthetic infections
frequency during the first postoperative year was not significantly
different between the lateral and the anterior approach group,
despite the significantly longer operative time in the lateral
approach group.

We did not consider septic osteoarthritis sequelae as a
contraindication to TAR. Other studies also recommended TAR
in patients with ankle OA secondary to a previous infection [32,33].
In our series, patients with a history of septic OA did not develop
any infectious complication.

Few level III studies have evaluated infection rate, management,
and outcome in TAR registries or single cohorts [14–16]: a
retrospective case series reported that the anterior approach is
susceptible to wound healing problems and higher infection rates
and a systematic review on 7942 TARs reported a superficial
wound infection frequency of 2.4% and deep infection frequency of
1.1% [16,34]. In the present study, the superficial wound infection
frequency was 4.9% in the anterior approach group and 2.9% in the
lateral approach group. Deep infections frequency was 3.7% and
1.4% in anterior and lateral approach group, respectively. Statistical
analysis of the data did not reveal any significant difference
between the two groups. This data supports the safety of the lateral
approach in terms of infections frequency, despite a significantly
longer surgery time.

Some authors reported a frequency of wound complications
ranging from 20% to 28% following TARs performed through the
Table 2
Relation between surgical approach for total ankle replacement and operat

Variable 

Tourniquet time (min) 

Tourniquet (number of patients) 

Operative time (min) 

Concurrent surgical procedure (number of patients) 

Anterior approach: patients treated with total ankle replacement through 

replacement through lateral transfibular approach. Data are reported as me
anterior approach [35,36]. The authors did not distinguish
infectious complications from delayed wound healing, which
possibly explains the higher complication frequency compared
with the superficial wound infections in the present study. They
hypothesized that the anterior aspect of the ankle heals slowly and
mobilization of the anterior tibial neurovascular bundle, necessi-
tated by the exposure, may contribute to the incidence of
complications [35].

In a prospective controlled trial that compared TAR through
anterior approach and ankle fusion [37], the wound problems
occurrence was 20.9% as site adverse event and 3.2% as major
complication while the infections occurrence was 4.4% as site
adverse event and 1.3% as major complication: this is somewhat
similar to the data in the present study. In the same study, the
authors also concluded that the anterior approach is associated
with a higher rate of sensory nerve dysfunction, wound problems,
and soft tissue edema compared to the lateral approach used in the
fusion group of the study [37].

In another series of 100 consecutive TARs implanted through an
anterior approach the deep wound infection frequency and the
wound complications frequency were comparable to our results
(4% and 6% respectively) [38].

In a matched case-control study on 26 periprosthetic ankle
infections, the authors reported that poor wound healing and
wound drainage led to a 7–15-fold odds of developing peripros-
thetic joint infection [7]. These findings are consistent with the
present study, in which 3 out of 4 periprosthetic joint infections
followed a superficial infection.

Tourniquet time and prolonged operative time have also been
found responsible for increased risk of a periprosthetic joint
infections [6,10,23,39–41]. To the best of our knowledge there is no
known operative time threshold that significantly increases the
risk of TAR infection. A retrospective review of 6489 total knee
replacements found that an operative time greater than 2.5 h was
associated with an increased incidence of infection [42]. In the
present cohort no difference was found in terms of superficial and
periprosthetic infections frequency between the two groups
despite a statistically significant difference in operative time. It
is possible that the potential impact of the prolonged operative
ive variables.

Anterior approach Lateral approach

115 57
81 (100%) 25 (36%)
115 179
20 (25%) 25 (36%)

anterior approach. Lateral approach: patients treated with total ankle
an or number of patients (%).
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time in lateral approach group was counteracted by the shorter use
of tourniquet [7,41].

Guidelines have been proposed for the surgical treatment of hip
and knee periprosthetic joint infections, including criteria for
retention of the components [43]. However, hip and knee grading
are too strict for periprosthetic joint infections of the ankle, due to
the different thickness of the surrounding tissues, and correlation
between bacterial load and inflammation [15]. A retrospective
study on 19 cases of periprosthetic joint infections concluded that
only a limited number of patients with infected TAR can expect to
undergo successful joint-preserving revision ankle arthroplasty
[16]. In accordance with the latter study we believe that early
postoperative infections can be managed with retention of the
components, while late chronic infections should be treated with
surgical revision of the implants.

Limitations of the present study include its retrospective
design, the small cohort and the short 1-year follow-up. Moreover,
we compared two different implant designs and manufacturers so
this could have influenced the results. Despite these limitations,
the present study compared the frequency of infection between
TARs implanted through two different surgical approaches: the
lateral transfibular approaches and the anterior approach. It
demonstrates a lower superficial and deep wound infections
frequency in the lateral transfibular approach group compared to
the anterior approach group. Nonetheless, this difference was not
statistically significant. The significantly longer operative time in
the lateral approach group did not seem to affect the infections
frequency, possibly because of the significantly shorter use of the
tourniquet.

In conclusion, TARs performed through a lateral approach
appear to be as reliable as TARs done through an anterior approach
in terms of the infections frequency within the first postoperative
year. Further studies on larger cohorts and longer follow-up are
essential to validate the findings from the present study.
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