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Open Fractures of the Ankle Joint and the Hindfoot
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Ab s t r ac t​
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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In t r o d u c t i o n​
Ankle fractures account for approximately 9% of all fractures1; 
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.2 Before the antibiotic era and 
modern debridement techniques, these injuries were of poor 
prognosis, resulting in amputation or death, given high infection 
rates.3,4

The incidence of ankle fractures is near to 100 per million/
year, of which 1.5–17% are open fractures;1,5,6 remarkably, open 
fractures are more likely to occur in obese patients (17% open and 
10% close).7 The mean age of presentation is 55 years, and are 
more frequent in females.1 In elderly patients (≥65 years old), open 
fractures are more common, especially in women >80 years.1,8,9 
The primary trauma mechanism is simple falls, followed by motor 
vehicle accidents,6 while in young men, occur more frequently 
during sports activities.1,5 Fractures of the medial malleolus are 
associated with a higher incidence of fracture-dislocations of 
the ankle.6,10

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.11 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.4 Additionally, 
patients with increased body mass index are at higher risk of 
complications following open ankle fractures.7

Tr e at m e n t
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.12

In managing patients with open fractures, all interventions aim 
to “preserve life, preserve the extremity, and preserve function”, 
ideally in that order.2 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.2 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).

A vascular injury 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.2 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;13 
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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muscles, tendons, nerves, and vessels are evaluated thoroughly. 
The Tscherne classification14 and the AO/OTA classification15 are the 
most commonly used classification systems for soft tissue injuries; 
regardless of their limitations, are helpful to establish prognosis 
and guide treatment. Tscherne III or AO/OTA III 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.5

De b r i d e m e n t
Historically, the management of open fractures was outlined 
by the “6-hour rule”, in which the patient had to undergo 
surgical irrigation and debridement.16 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.17 
Similarly, Bednar and Parikh reported an incidence of deep 
infection of 4.9% in 82 Gustilo and Anderson (G&A) type III 
open fractures where only 24% of patients underwent surgical 
debridement in <6 hours (mean time from injury to treatment 
of 8.8 hours).12 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.5

Prospective studies have demonstrated that residual necrotic 
tissue is associated with a higher incidence of infection.18 Successful 
surgical debridement consists of radical removal of all non-viable 
skin, subcutaneous tissue, muscle, and bone. For the muscle, the 4 
C’s rule 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.

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.19 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”5 (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,20 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.21 Furthermore, Patzakis and Wilkins11 
highlighted the benefit of antibiotics administration in <3 hours. 
Therefore, as a general rule, antibiotics must be administered as 
soon as possible.11,22

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.5 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.11,21,22

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

Fig. 1: Open fracture of distal tibia with coverage defect Fig. 2: After an extensive debridement and irrigation, reduction of the 
fracture and damage control with an external fixator
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cephalosporine and aminoglycoside for 72 hours. In cases of 
penicillin allergy, clindamycin can be used.5,12

Penicillin is indicated in contaminated wounds with a high risk 
of necrotizing gangrene by Clostridium.12,23 However, penicillin 
administration in injuries with no risk of infection by these bacteria 
is questionable18 and has been withdrawn from military trauma 
guidelines.

As mentioned, the timing of antibiotic administration is a 
prognostic factor for open fracture outcomes. The choice of 
antibiotics is determined by the wound’s characteristics and the 
setting where it was obtained. The maximum duration of antibiotics 
is 72 hours in more severe open fractures and only continued for 
three additional doses after soft tissue coverage procedures. If 
additional interventions are required, a single dose of prophylactic 
antibiotic is administered as usual.5,24,25 The administration of 
tetanus immunoglobulin, is a key point in the treatment of wounds, 
especially those with a high risk of infection and contamination, 
guide from the Centers for Disease Control and Prevention must 
be followed (available on https://www.cdc.gov/tetanus/clinicians.
html).

Fr ac t u r e Fi xat i o n
In the past, most open fractures around the ankle were considered 
contaminated, regardless of the environment in which occurred, 
and early internal fixation with implants was precluded. In the late 
nineties, several studies debated this concept.10,26 Franklin et al.27 
published a series of 38 patients who underwent immediate to 
early fracture fixation without identifying cases of infection. Bray 
et al.28 demonstrated favorable outcomes with early osteosynthesis 
in patients stable at admission, without associated injuries and 
clean wounds; they also described that patients with contaminated 
wounds and multiple injuries benefit from a late fixation; their 
functional results were limited compared with the first group. The 
authors also concluded that infection rates were reduced by timely 
antibiotic administration and optimal surgical debridement.

Moreover, early fracture fixation might be advantageous for the 
soft tissues as it decreases the tension caused by unstable fractures 
or deformed bones, improves blood flow and lymph drainage, and 
facilitates wound care.5,25 Friedrich29 and Wijendra et al.9 found a 
positive association between stable constructs for fracture fixation 
and lower rates of infection, and improved functional outcomes30 
(Fig. 3). Open fractures that occur in less contaminated or clean 
settings, G&A grade I and II, must undergo early fixation.5

In skin necrosis, macroscopic contamination with soil or 
swampy waters, blood blisters, and whether primary skin closure 
is not possible (i.e., soft-tissue edema), temporary fracture 
stabilization with a splint or external fixator is recommended. 
Whenever possible, primary wound closure is preferred to decrease 
skin tension and keep the wound sterile. Conversion to internal 
fixation is completed within 6.9 days after the first procedure.6

So f t Ti s s u e De f e c t Cov e r ag e
Skin necrosis might be present in approximately 16% of surgical 
wounds after ankle fracture fixation. Risk factors related to this 
outcome are male sex, diabetes, ASA 2, and open fractures 
G&A III.25 In ankle fractures complicated with skin necrosis, surgical 
debridement of non-viable tissue, cultures to rule out deep surgical 
site infection, and the use of negative pressure systems (NPS) must 
be accomplished. Serial debridement and NPS exchanges help 

delimit the necrosis extension and assess the appropriate coverage 
options according to the residual defect.

The preferred moment to cover soft-tissue defects in the 
lower limbs has been reviewed extensively. Historically, closure by 
the secondary intention was the standard of care to decrease gas 
gangrene risk. However, publications from the end of the twentieth 
century, in which timing of defect coverage was grouped in <3, 
3–90, and >90 days, demonstrated that defects managed in <3 
days after the injury had lower reoperation rates, fewer infections, 
and a lower length of stay.31 These findings were confirmed by Liu 
et al.32 in a study of 105 patients, where patients receiving free 
flaps within three days from injury presented better outcomes than 
those treated in 7 days.

The one-stage management protocol of covering defects and 
performing fracture fixation developed by Gopal,33 known as “fix 
and flap”, consist of covering defects associated with open fractures 
of the tibia G&A IIIB and IIIC within 24–72 hours. This treatment 
approach reached better results compared with delayed coverage 
procedures. Regardless of the method, it has been described 
that rotational and local flaps present higher rates of failure, skin 
necrosis, and reoperations, mainly when the conditions of the bed 
and surrounding tissues are lacking.34

With the significant increase of cases of open fractures with 
soft tissue defects, the British Association of Plastic, Reconstructive 
and Esthetic Surgeons (BAPRAS) and the British Orthopaedic 
Association (BOA) published in 2009 “the standards of care of 
open fractures”.35 Recommendation for defect coverage should 
be performed with in 72 hours to decrease the risk of infection 
and to complete open reduction and internal fixation in the same 
stage. Finally, emphasize providing adequate soft tissue coverage 
to enhance bone healing.

Likewise, recent studies demonstrated that early fixation and 
defect coverage in elderly patients reduce prostration, allow early 
rehabilitation, positively impact functional outcomes, and decrease 
fatal outcomes. Mortality after open fractures of the ankle is similar 
to that after hip fractures.8,9

Soft tissue coverage must be performed preferably within 
72 hours after injury, along with fracture fixation, in the same 
procedure. Free flaps are recommended over local flaps, given 
the increased risk of complications in the latter, mainly due to the 
injury’s severity.

Fig. 3: Stable fixation of fractures helps to decrease the risk of infection
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Ne g at i v e Pr e s s u r e Wo u n d Th e r ap y
If the patient is unstable, immediate coverage by a microsurgeon 
is not available, and the soft tissues are not adequate for a flap 
or primary closure, the use of negative pressure wound therapy 
(NPWT) is indicated. Moreover, it has been demonstrated to 
decrease the risk of deep infection by 80%.36

The NPWT decreases the wound exudate and the number 
of metalloproteinases produced by the inflammatory reaction, 
increases capillary perfusion, and stimulates granulation tissue 
production to promote a more favorable bed for coverage. 
However, by itself, NPWT cannot generate epithelial tissue. The 
prolonged use of NPWT might cause additional damage to soft 
tissues and joint contractures; therefore, coverage should not be 
delayed, aiming NPWT therapy.37,38

In the prospective study by Stannard et al.,39 the use of NPWT 
demonstrated significant improvements in the quality of life of 
patients and a reduced rate of deep infection compared with the 
control group (5.4% NPWT vs 20% no NPWT). Similarly, Joethy et 
al.,40 in a retrospective study of 69 patients with open fractures 
requiring flaps (51 NPWT and 18 control), found that the deep 
infection rate in the NPWT group was 10% vs 33% in the control 
group, and flap failure rates of 6% with NPWT vs 11% without NPWT. 
Conversely, more recently, the randomized control trial published 
by Costa et al.41 showed no difference in the disability index at 12 
months after injury, the prevalence of deep infection, nor wound 
complications while comparing the use of NPWT against standard 
dressings.

The NPWT help managing lower limb trauma (Fig. 4). It improves 
wound healing, neovascularization, decreases the size of soft 
tissue defects by promoting granulation, and decreases bacterial 
contamination. Furthermore, decreased secondary necrosis risk 
by reducing exudate and hematomas in flaps postoperative care.

Am p u tat i o n
A mangled or severely injured extremity is defined as the damage 
of three or more of the systems that constitute it (tegument, 
nerves, vessels, or bone). This scenario’s primary approach is to 
decide whether the limb is appropriate for salvage or amputation 
is indicated. Advances in wound care such as NPWT and modern 
techniques of free flaps have increased the rate of successful limb 
salvage of extremities that were deemed to amputation.

The criteria to assess severely injured extremities are provided 
by the Mangled Extremity Severity Score (MESS), the Limb Salvage 
Index (LSI), and the Predictive Salvage Index (PSI).42 The most used 
scale is the MESS, which provides a positive predictive value of 100% 
for amputation in patients with scores >7;43 the main limitation 
of this scale is that most of the studies used for its development 
were retrospective, leading to classification bias and inaccuracy in 
decision making. The Lower Extremity Assessment Project (LEAP) 
study in 2010 demonstrated that the MESS has low sensitivity but 
reasonable specificity in the initial assessment of the injury2,34 and 
low sensitivity and specificity for tibial nerve injury and drop foot, 
as criteria for amputation. This study also described some extent 
the recovery of plantar sensation in severe injuries.34

Other factors, such as socioeconomic status and comorbidities 
before the injury, are related to the prognosis of patients with 
mangled extremities; these variables have also negatively impacted 
patients’ functional outcomes and quality of life.34 Furthermore, 
limb salvage is associated with higher rates of complications such 
as reoperations, readmissions, and chronic pain, without significant 
differences between salvage and amputation in return rates to work 
after two years from injury.34 However, amputations might be more 
costly in the long-term.

Primary amputation in lower-limb trauma is reserved for cases 
of partial traumatic amputation, cold ischemia, non-reparable 
vascular injuries, or uncontrollable bleeding in patients with 
hemodynamic shock. Treatment delay of >6 hours has been 
associated with hemodynamic instability, rhabdomyolysis, and 
the requirement of late amputation. In addition, in the setting 
of degloving injuries and loss of muscle tissue that affects more 
than two compartments of the leg, the BAPRAS guidelines are 
recommended to deliberate the decision between two surgeons, 
with previous detailed analysis of the case and ideally with patients’ 
and family consent.35

Ma n ag e m e n t o f In f e c t i o n
After open fractures, deep infection incidence is around 8%,44 
where obese and smoking patients are at higher risk.7 This 
complication is managed with surgical irrigation and debridement, 
culture samples, and targeted antibiotics.

Fang et al.45 described a treatment strategy according to the 
onset of infection. If the infection occurs after complete fracture 
healing, implant removal is performed, followed by irrigation 
and debridement, and antibiotics; irrigation might be repeated 
according to the patient’s response. In acute infection or infection 
without fracture healing, implant retention is preferred, along 
with irrigation, debridement, and antibiotics. In the absence of 
improvement, the implant should be removed or exchanged. 
However, if implant removal is not possible or the patient is not fit 
for surgery, suppressive antibiotic therapy is indicated.45

During the surgical procedure, third spaces must be avoided 
as this allows the bacterial colonization of hematomas or fluid 
collections. The treatment of deep infection with local antibiotic 
and antibiotic-loaded cement pearls has demonstrated promising 
results in infection control and decreasing the likelihood of toxicity 
of systemic antibiotics.46

Several prospective and retrospective studies in open fractures 
have shown the benefits of timely wound closure and local 
antibiotics.47,48 In refractory infections and osteomyelitis after 
open fractures, the use of intramedullary cemented rods for ankle 
arthrodesis has demonstrated favorable results.46,49 Alternatively, Fig. 4: NPWT in damage control and flap coverages is a useful tool
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antibiotic-loaded cement spacers (Fig. 5), ceramics, and bioactive 
glass have been widely used for infection control with acceptable 
results.46

Deep infection after open fractures decreases the chance of 
positive outcomes, leading to multiple interventions, impaired 
fracture consolidation, and late amputations.5,6 Complications 
such as wound dehiscence, superficial infections, and non-union 
are twice as common in the open (33%) than close fractures (11%).6

Sp e c ia  l Co n s i d e r at i o n s​
War Injuries
Unfortunately, war has provided a significant number of lessons 
about open fractures and severely injured extremities. Registries 
demonstrate that around 500,000 gunshot wounds are observed 
in both developed and developing countries each year. In our 
country, war and violence are the leading cause of death of men 
between 15 years and 44 years old.50 During the war in Iraq and 
Afghanistan, over 1,300 lower-limb amputations were performed 
in the United States.51 Explosions cause severe damage to soft 
tissue due to thermal and mechanical trauma and are considered 
highly contaminated wounds. Explosives (mainly hand-made) are 
usually contaminated with fecal material and soil, increasing the risk 
of polymicrobial infections (anaerobic or gram-negative bacteria) 
and reducing the chance of salvage.50

Low-velocity gunshot wounds produce less severe trauma to 
the soft tissues and can be treated without antibiotics; however, 
high-velocity or fragmentation projectiles are considered G&A type 
III open fractures and treated accordingly.50

Most military trauma victims have multiple concomitant 
injuries, and efforts should be addressed to resuscitate and manage 
life-threatening injuries such as thoracic, abdominal, vascular, 
or traumatic amputations. Suarez et al.50 in the Central Military 
Hospital of Bogotá, Colombia, a referral center of military trauma, 
described a protocol of treatment, starting with the assessment 
of the wound, coverage with sterile sponges, administration of 
antibiotics, irrigation, debridement, cultures, and external fixation 
for fracture stabilization. After 48 hours, surgical irrigation, 
debridement, and cultures are repeated. Interestingly, the authors 
describe that the main microorganisms found in these wounds 

were: S. aureus (36%), of which 50% were sensitive to oxacillin, 10% 
to aminoglycoside, 10% to clindamycin, and 100% resistance to 
first-generation cephalosporins. According to these findings, high-
velocity gunshot wounds are treated with oxacillin, aminoglycoside, 
and penicillin. On the other hand, microorganisms isolated in 
wounds from antipersonnel mines were Enterobacter faecalis (15%), 
Escherichia coli, and Pseudomonas aeruginosa (13%);50,52 therefore, 
broad-spectrum antibiotics such as clindamycin, aminoglycoside, 
or metronidazole are recommended.18,50,52

During the Korean War, a high incidence of Clostridium 
infections was identified;18 however, recent series of Iraq and 
Afghanistan show bacterial isolations similar to those described 
in the Colombian series, with different resistance patterns; 15% of 
their cases resulted in osteomyelitis.53

Prophylaxis against the hepatitis B virus was recommended in 
non-vaccinated patients after the isolation of virus fragments in 
Israeli war bombs.18

Limb reconstruction after war injuries must be delayed until 
negative cultures are obtained, and the patient is in optimal 
condition, both nutritionally and physiologically, ideally after 
the fifth day.18 Different authors have highlighted the benefits of 
NPWT in decreasing the number of surgical debridement in these 
patients.18,38

It must be considered that bone grafts and osteosynthesis 
hardware might perpetuate a non-treated infection; therefore, 
management with circular or hybrid external fixations helps treat 
these injuries.54 Innervated flaps aimed to restore the foot sole’s 
sensibility have not demonstrated a significant difference in 
ulcer onset than non-innervated flaps.38 In soft tissue coverage, 
skin grafts might retract and hinder joint mobility; therefore, 
fasciocutaneous flaps are preferred.38

Pilon Fractures of the Ankle
These fractures, produced by high-energy axial trauma, are 
challenging due to the severity of associated soft tissue injury, 
fracture comminution, and damage to the articular surface.55 
Given that anatomical reconstruction of the joint surface is nearly 
impossible with minimally invasive techniques, more extensive 
surgical approaches are required; Sirkin et al.56 presented a staged 
protocol for managing these fractures. The fracture should be 
stabilized with a splint in the emergency room. In the first surgical 
stage, debridement, lateral column internal fixation, and the medial 
column’s external fixation to maintain the length are performed. 
In the meantime, a CT scan is obtained for preoperative planning 
of fracture reduction and fixation. Finally, when the soft tissues 
are adequate, a second stage is performed, in which the external 
fixator is removed, and the pilon fracture is fixed, aiming to restore 
the anatomy of the ankle. A mean of 14 days between stages is 
suggested. The authors reported a rate of 9% of complications: 
two patients developed osteomyelitis, and one was amputated.

Liu et al.57 published a series of 18 cases of open pilon fractures 
G&A IIIB treated with a staged protocol; in the second stage, soft 
tissue defect coverage was carried out. Reported two cases of 
partial necrosis of the flap and fracture consolidation in 5–6 months, 
without implant failure. The authors concluded that open pilon 
fractures must be treated with a staged approach. Similarly, Zeng et 
al.58 described 28 cases of open pilon fractures. Recommendation 
for low-energy G&A I be treated with a single staged open reduction 
and internal fixation, while G&A II and III require external fixation 
and staged treatment.

Fig. 5: Patient with persistent infection after a distal tibial and calcaneus 
open fracture, final treatment with ankle arthrodesis with intramedullary 
nail with antibiotic
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Talus Fractures
Around 20–25% of talus fractures are open,59 and 18–25% are 
located in the neck. Are usually secondary to high-energy trauma 
such as falls from height and motor vehicle accidents. Talus fractures 
often present with associated calcaneus and malleoli fractures. 
Forty percent of injuries around the ankle and hindfoot are talus 
dislocations. Deep infection is the most common complication 
(25%), followed by avascular necrosis.60

Recommendations for this open fracture treatment are to 
perform the debridement and fracture reduction through the same 
approach if possible and always attempt primary skin closure. In 
more severe cases, fracture reduction and stabilization with an 
external fixator and NPWT are used, allowing complete edema 
resolution before definitive fixation. Liu et al.59 described a 41% 
infection rate after the treatment of open talus fractures, with 81% 
deep infections and 85% of cases occurring during the first 2 weeks. 
The authors also find that severely compromised joint surfaces and 
G&A II and III were more associated with complications.

Calcaneus Fractures
Intra-articular and displaced fractures of the calcaneus are 
complex injuries that significantly affect patients’ quality of life and 
functional outcomes. Open fractures of the calcaneus are rare but 
are usually caused by high-energy trauma.61

Spierings et al.61 performed a systematic review of 18 articles, 
including 589 patients, 50.1% G&A grade III. In fractures G&A I, there 
was 11.8% of infection and 66% in grade III, of which 55% were 
managed with external fixation, and 10% of amputations occurred 
in patients undergoing closed management. The author concluded 
that these findings might be explained by the higher amount of 
severe and complex fractures and that early infections precluded 
definitive fixation. Patients with a lower rate of complications 
underwent open reduction and internal fixation through an 
extended lateral approach, probably those with less severe injuries.

Thoroughly irrigation and debridement and early fracture 
reduction and stabilization might reduce the risk of infection and 
associated complications.62 Wounds in the medial side of the hindfoot 
associated with a medial fracture fragment of the sustentaculum 
must be reduced promptly to avoid further skin lesions. In severe 
injuries, the external fixator must span from the tibia to the medial 
cuneiform or the first metatarsal base, and NPWT is indicated.61

Co n c lu s i o n​
Open fractures around the ankle are prevalent. It is crucial to 
recognize the severity of the injury to provide adequate treatment. 
Timely administration of prophylactic antibiotics, protecting the 
wound with sterile sponges and dressings, prioritizing surgical 
irrigation and debridement, and performing a thorough removal 
of non-vital tissues are essential for success.

In G&A III, the antibiotic treatment, must last 72 hours. Early 
fracture fixation and reduction and soft tissue coverage must 
be attempted whenever possible. On the contrary, with highly 
contaminated wounds, military injuries, and unstable polytrauma 
patients, fracture stabilization with external fixation is the first 
choice.

The application of NPWT has been demonstrated to decrease 
the rate of amputations in mangled extremities and decrease the 
complexity of soft tissue defects, increasing the rate of successful 
salvages. In severe trauma with the joint surface’s involvement, 
recurrent infections, and osteomyelitis at the distal tibia or talus, 

ankle arthrodesis with intramedullary rods covered with antibiotic-
loaded bone cement has been helpful in infection control at our 
institution.

Re co m m e n dat i o n s​
•	 At the emergency room:

•	 Administer antibiotic prophylaxis and tetanus prophylaxis 
as soon as possible.

•	 Remove macroscopic contamination.
•	 Obtain photographic documentation of the wound and 

related injuries.
•	 Obtain pertinent diagnostic images.
•	 Reduce fractures and dislocations and splint.
•	 Obtain additional diagnostic test.

•	 Take the patient to the operating room as soon as possible to:

•	 Perform surgical irrigation and debridement, with broad 
margins of resection.

•	 Fracture reduction and fixation according to the pattern and 
location of the fracture.

•	 In cases of highly contaminated wounds: temporary external 
fixation.

•	 Primary wound closure avoiding tension, use of NPWT, 
immediate or delayed flaps (according to the clinical 
conditions of the patients and availability of trained 
microsurgeon).
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