Open Fractures of the Ankle Joint and the Hindfoot
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ABSTRACT

Ankle fractures are common lesions in sportive activities and high-velocity trauma, 17% could be open fractures; obese and older women are
more prone. Leading to coverage defects, osteomyelitis, and bone loss. Management of open fracture requires an interdisciplinary team, with
extensive knowledge in this complex situation. Treatment in the emergency department includes clear documentation of the wound, including
contamination, neurologic and vascular status, radiographic diagnosis and early administration of antibiotics and tetanus prophylaxis, provisional
reduction, and splint the extremity. A debridement similar to oncology protocol decreased the probability of infection as a complication. The
use of negative pressure wound therapy has a positive impact on wound closure and decreased necrosis of flaps and grafts. Fractures of the

hindfoot are least prevalent but may have frequent complications.
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INTRODUCTION

Ankle fractures account for approximately 9% of all fractures';
in open fractures around this joint, the bone is exposed to the
environment (Fig. 1), directly or indirectly, through a wound in
the skin and underlying soft tissue.? Before the antibiotic era and
modern debridement techniques, these injuries were of poor
prognosis, resulting in amputation or death, given high infection
rates.>*

The incidence of ankle fractures is near to 100 per million/
year, of which 1.5-17% are open fractures;">® remarkably, open
fractures are more likely to occur in obese patients (17% open and
10% close).” The mean age of presentation is 55 years, and are
more frequentin females.! In elderly patients (>65 years old), open
fractures are more common, especially in women >80 years."®°
The primary trauma mechanism is simple falls, followed by motor
vehicle accidents,® while in young men, occur more frequently
during sports activities."> Fractures of the medial malleolus are
associated with a higher incidence of fracture-dislocations of
the ankle.®™°

The purpose of the treatment of open fractures is to prevent
associated complications and achieve superior functional outcomes.
Bacterial load at the fracture site is the most critical risk factor for
infection." Nonetheless, multiple blood transfusions, coverage of
contaminated wounds, smoking status, peripheral artery disease,
and diabetes mellitus are also poor prognosis factors. It has been
described that the infection rate following open fractures is more
frequent in lower limbs than in upper extremities.* Additionally,
patients with increased body mass index are at higher risk of
complications following open ankle fractures.”

TREATMENT

The goal of the treatment of open fractures is to achieve bone
healing, adequate soft tissue coverage, and a functional limb
while avoiding infection. Treatment strategies include surgical
debridement of wounds, fracture stabilization, prophylactic
antibiotics, and if indicated, early soft tissue coverage. These
interventions must be performed considering the patient’s
condition and the presence of concomitant injuries.'?
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In managing patients with open fractures, all interventions aim
to “preserve life, preserve the extremity, and preserve function”,
ideally in that order.? The initial assessment of these patients must
include evaluating the trauma mechanism, the setting in which
the injury occurs, the neurovascular status of the extremity, and
soft tissues’ condition.? Following macroscopic contamination
removal, wounds are covered with sterile dressings, fractures,
and dislocations are reduced, and temporary stabilization is
provided with a splint. It is recommended to obtain photographic
documentation of the wound before it is covered to avoid repetitive
exposures to the environment (Fig. 1).

Avascularinjury should be suspected in the absence of dorsalis
pedis artery pulse, pallor, coldness, or other signs of impaired distal
perfusion and must be confirmed by arterial Doppler, eco-Doppler
ankle/arm index, or computed tomography (CT) angiography. In
the case of abnormal findings, the extremity’s alignment is verified,
and the requirement of vascular exploration is assessed.? Injury to
peripheral nerves is suspected by the absence of plantar sensibility
and decreased muscle strength. Despite their nature, experimental
studies have demonstrated a significant risk of compartment
syndrome after open fractures resulting from high energy trauma;'?
therefore, it is essential to rule out this condition.

The ankle is particularly susceptible to open fractures due to
the limited muscle tissue surrounding the joint and the malleoli’s
subcutaneous location. The state of the soft tissues around the
ankle defines the treatment approach; consequently, the skin,
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Fig. 1: Open fracture of distal tibia with coverage defect

muscles, tendons, nerves, and vessels are evaluated thoroughly.
The Tscherne classification' and the AO/OTA classification' are the
most commonly used classification systems for soft tissue injuries;
regardless of their limitations, are helpful to establish prognosis
and guide treatment. Tscherne lIl or AO/OTA lll injuries are treated
with damage control and provisional fracture stabilization instead
of definitive fixation.

Remarkably, in the treatment of open fractures of the ankle,
the only variables under the surgeon’s control are fracture
reduction and fixation, soft tissue debridement, and the coverage
of defects.’

DEBRIDEMENT

Historically, the management of open fractures was outlined
by the “6-hour rule”, in which the patient had to undergo
surgical irrigation and debridement.'® However, this concept
has been debated in recent literature. In a study of 554
open fractures in children, the authors did not demonstrate
significant differences in infection rates between patients
treated within 6 hours and those treated beyond this period.”
Similarly, Bednar and Parikh reported an incidence of deep
infection of 4.9% in 82 Gustilo and Anderson (G&A) type lll
open fractures where only 24% of patients underwent surgical
debridement in <6 hours (mean time from injury to treatment
of 8.8 hours)."? To date, there is no solid evidence for considering
debridement as a surgical emergency; nonetheless, as a general
recommendation, it must be performed promptly according to the
patient’s condition.”

Prospective studies have demonstrated that residual necrotic
tissue is associated with a higher incidence of infection.'® Successful
surgical debridement consists of radical removal of all non-viable
skin, subcutaneous tissue, muscle, and bone. For the muscle, the 4
C'srule helps determine its viability: color, contractility, consistency,
and capability of bleeding; any tissue that does not comply with
these characteristics must be excised.

There is broad variability in the literature regarding the
adequate debridement extent. However, it has been described
that less contaminated injuries benefit from limited debridement,
while severely contaminated wounds require a more aggressive
approach.
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Fig. 2: After an extensive debridement and irrigation, reduction of the
fracture and damage control with an external fixator

One of the authors (RP) recommends that debridement
must be performed by an experimented fully trained surgeon,
implementing an extended excision protocol similar to that used
in tumor resection.”” A separate set of instruments (scalpel, tissue
forceps, right-angle retractors, and a curette) are used only for the
debridement to avoid cross-contamination. After this step, surgical
drapes, gowns, and gloves are changed, and the limb is prepared
again for fracture stabilization.

Irrigation

Surgical irrigation allows removing contamination and necrotic
non-viable tissue to decrease bacterial load: “dilution is the
solution of the pollution” (Fig. 2). The study by the Fluid Lavage
of Open Wounds (FLOW) group published in 2005 compared the
use of soapy solutions and saline irrigated at different pressures
and demonstrated that low-pressure irrigation with sterile saline
is the preferred option,?® given that excessive irrigation pressure
might cause further injury to the tissues and impaction of external
particles into the wound.

Antibiotics

Experimental studies of bacterial inoculation in bone compared the
effectiveness of prophylactic antibiotics given at 2, 6, and 24 hours
after the injury and found that administration within 6 hours was
protective against infection.?' Furthermore, Patzakis and Wilkins''
highlighted the benefit of antibiotics administration in <3 hours.
Therefore, as a general rule, antibiotics must be administered as
soon as possible."??

Antibiotics used in the management of open fractures
must cover the main causative microorganism of deep soft
tissue infection: gram-positive, gram-negative, anaerobic, and
gas-productive bacteria.> The most common microorganism is
Staphylococcus aureus, followed by Streptococcus species. In cases
of wounds occurring in thoroughly contaminated environments
such as farms, swampy waters, fecal waste, and soil, antibiotics
against anaerobic germs and Clostridium must be included.!"?"22

The antibiotic prophylaxis follows the G&A classification of
open fractures: in grade |, the first-generation cephalosporine for
24 hours is indicated; in grade I, first-generation cephalosporine
and aminoglycoside for 48 hours, and in grade lll first-generation
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