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Abstract
Ankle fractures are a common injury associated with trauma in the young patient and osteoporosis in the elderly
patient. They can be associated with significant morbidity and challenging to manage. These patients are at an
increased risk of developing post traumatic ankle arthritis as well as other complications. Therefore a systematic
approach to the management of ankle fractures is required. We review the anatomy, clinical presentation and
discuss the management options and potential complications commonly encountered in these injuries.

Introduction
Ankle injuries are common and account for more than five million
emergency department consultations annually [1]. Interestingly, 85%
of these ankle injuries are ankle sprains and the remaining 15% are
ankle fractures [2]. Overall ankle fractures constitute 9% of fractures
and are the most common injuries involving articular surface of a
weight bearing joint [3,4]. Often, ankle fractures are isolated injuries
and up to one in four will require surgical intervention. One in twenty
ankle fractures are associated with other fractures. Patients with
polytrauma, who survived their initial injuries, are more likely to suffer
from functional impairment if foot and ankle injuries were also present
[5].
The average age of a patients presenting to emergency department is
46, although there is a bimodal age distribution with peaks in older
females and young males. There has been a three-fold rise in incidence
in the older females over the past three decades because of an aging
population [3,6]. There has also been a surge in the number of open
ankle fractures amongst the elderly following low energy trauma such
as a falls from standing height. Ankle fractures are an increasing
problem due to the increasing aging population [3].
A high proportion of patients with ankle fractures are at risk of
developing post traumatic ankle osteoarthritis in addition to other
complications [7]. This can significantly impact the quality of life and
lead to increased mortality in the most severe cases [7]. Therefore the
primary intervention is to restore the normal anatomy. In this article
we review the anatomy and management of ankle fractures and discuss
the potential treatment options as well as complications.

Anatomy
The ankle joint is a complex hinge joint consisting of the distal part
of the tibia and fibula which articulate with the body of the talus. The
majority of articulation occurs between the surface of the talus and
tibial plafond. The posterior part of the tibial plafond forms the
posterior malleolus, the medial distal tibia forms the medial malleolus
and distal fibular forms the lateral malleolus. This joint is capable of
plantar-flexion, dorsi-flexion as well as sliding and rolling movements.
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It is most unstable in plantar flexion as the talus is narrowest
posteriorly and most injuries occur in this position [8].
The ankle joint is vital for maintaining posture and ambulation. The
congruency and stability of the joint are maintained by a combination
of the bony components, surrounding ligaments, tendons, musculature
and joint capsule. The lateral ligament is composed of three structures:
the anterior and posterior talofibular ligament with the calcaneofibular
ligament running between them. Medially, the deltoid ligament which
is made up of a superficial part attached to the medial malleolus, talar
neck and calcaneum and the deep part which is attached to the medial
malleolus and talus. The deltoid is the stronger ligament and its
disruption influences the management of ankle fracture. The distal
tibia and fibula form a fibrous joint called the distal tibiofibular
syndesmosis, which is made up of four ligaments and two bones. The
distal tibiofibular syndesmosis contributes to ankle stability and
maintains the anatomical position of the ankle to form the ankle
mortise.
The ankle has the smallest surface area out of the major weight
bearing joints with the talar dome bearing more weight per unit area
than any other joint surface. During ambulation, the stress placed
across the joint ranges from 1.25 to 5.5 times normal body weight
depending on activity [9]. Despite being one of the most congruous
joints with a low risk of osteoarthritis, minor disruptions to
congruency can lead to arthritic changes in the long term. It has been
shown that 1mm of talar shift can lead to a 42% reduction in the
tibiotalar contact area causing a 49% increase in the joint contact
pressure [10-12].

Classification
It was Percival Pott who developed the first classification system for
ankle fractures describing the injury by the number of malleoli
involved thus unimalleolar, bimalleolar and trimalleolar fractures [13].
The Danis-Weber classification was first developed by Danis in 1940
and later modified by Weber in 1966 (Table 1). It is based upon the
level of the distal fibula fracture. The higher the fibular fracture, the
greater the risk of instability and need for surgical intervention.
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Although this is a simple classification it does not take into account
injury to medial structures [14,15].
Type

Description

A

Fracture below the level of syndesmosis (infrasyndesmotic)
Correlates with supination adduction injury
Mostly stable

B

Fracture at the level of syndesmosis (transyndesmotic)
Considered unstable if associated with medial malleolus or deltoid
ligament injury
Correlates with supination external rotation injury

C

Fracture above the level of syndesmosis (suprasyndesmotic)
Considered unstable if associated with medial malleolus or deltoid
ligament injury
Correlates with pronation abduction and pronation external rotation
injury

Table 1: The Danis-Weber classification of ankle fractures.
An alternative classification system, devised by Lauge-Hansen in
1950, was based upon the position of the foot at the time of injury and
the direction of the deforming force and noted the subsequent fracture
pattern in freshly amputated limbs (Table 2). The injury is governed by
two factors, firstly the position of the foot (pronation or supination)
and secondly the direction of force (abduction, adduction or external
rotation). This system predicts the bone and soft tissue injuries and
pioneered the way for the closed treatment of ankle fractures [16].

Clinical presentation
The most common cause of ankle fractures is a fall (37.5%),
followed by inversion injuries (31.5%) and then sports related injuries
(10.2%) [3]. Diabetic patients may present with a history of minor
trauma or may not recall trauma at all if they have peripheral
neuropathy. High energy injuries with axial loading may result in more
serious tibial plafond, or pilon fractures, and compartment syndrome
of the leg [17].
Type

Description

Supination-External
Rotation (SER)

Composed of lateral oblique fibula fracture and possible
medial malleolus fracture or deltoid ligament injury
Most common ankle fracture
Fibular fracture correlates to Weber B

Pronation-External
Rotation (PER)

Composed of fibula fracture above the joint level and
may be as high as the fibula neck with medial malleolus
or deltoid ligament injury
Correlates to Weber C

Supination-Adduction
(SA)

Composed of fibula fracture below the joint level with
vertical medial malleolus fracture and impaction of the
plafond
Correlates to Weber A

PronationAbduction(PA)

Composed of comminuted fibula fracture above the joint
level with medial malleolus or deltoid ligament injury

Table 2: The Lauge-Hansen classification of ankle fractures.
Patients will frequently present with pain, bruising, swelling of the
ankle and inability to weight bear. Patients with an open injury,
dislocation or the presence of neurovascular compromise must be
identified. Areas of maximal tenderness should be identified including
the malleoli and palpation the entire fibula to exclude a Maisonneuve
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injury (associated high fibular fracture), deltoid ligament and midfoot
for associated injuries [18].
It is important to note other medical comorbidities such as diabetes,
smoking and peripheral vascular disease, all of which can lead to
delayed bone union and poor wound healing. Diabetic patients are at
particular risk with peripheral neuropathy and require well-padded
casts and regular skin inspection. The patient’s social history should
also be recorded including mobility status and functional requirements
to aid in individual tailored care [19,20].

Investigation
The primary mode of investigation is a standard radiological series
of the ankle including an anterior-posterior (AP) view, lateral view and
mortise view. The mortise view is taken with the foot internally rotated
by 15 degrees thus the X-ray beam is perpendicular to the
intermalleolar line, demonstrating the ankle mortise, an area of
equidistant joint space between the tibial plafond and talar dome. The
lateral view also visualises the posterior malleolus. In cases where there
is clinical tenderness of the proximal leg then full-length radiographs
of the tibia and fibula are obtained to detect a Maisonneuve injury.
In more complex cases, including those affecting the tibia articular
surface or growth plate, more detailed imaging may be required in the
form of computer tomography (CT) or magnetic resonance imaging
(MRI).

Treatment Option
The principles of treatment are to restore anatomical alignment and
joint congruity to ensure stability, which will in turn reduce long term
complications. This involves urgent reduction of grossly displaced or
dislocated joints in the emergency department with documentation of
neurovascular status before and after reduction. Initial immobilisation
in a splint or cast is applied with a check X-ray. Complex fractures
involving the tibial plafond, talus and associated soft tissue injury may
require further imaging.
Open fractures require tetanus prophylaxis and antibiotic coverage.
Debridement, removal of any foreign material and flushing of the area
should be undertaken as the earliest but safest time. This reduces the
bacterial load in the wound thus minimising the chance of infection. If
there is a delay in definitive management due to open wounds an
external fixator may be employed to maintain the reduction [21-23].
Once the fracture is immobilised, the decision for definitive
treatment can be made based upon two factors: congruency of the
tibiotalar joint and stability. This can be detected by medial joint tender
tenderness clinically and displacement of the tibiotalar joint
radiographically commonly called talar shift. In cases that can be
difficult to assess, further stress views radiographs or fluoroscopy
under anaesthesia can help to evaluate joint stability.

Non operative Treatment
Fractures that are considered stable can be treated conservatively in
a cast or moonboot for a period of at least six weeks [24]. Stable
fractures include those with an isolated undisplaced medial or lateral
malleoli fractures without significant talar shift (less than 4 mm).
Posterior malleolus fractures are also treated non-operatively if they
involve less than 25% of the articular surface [1]. The advantages of
non-surgical intervention are less risk of wound complications, blood
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clots and anaesthetic related complications. However, the main
drawback of conservative management is that patients require regular
follow up with serial radiographs to ensure fracture alignment is
maintained.

Operative Treatment
Unstable fractures are treated surgically unless contraindicated by
significant co-morbidities. The indication for surgery include; open
fractures, unstable (bimalleolar fractures) or displaced fracture and
those with neurovascular compromise. Posterior malleolar fractures
should be fixed if the fragment is more than twenty-five percent of the
joint surfaces of the distal tibia as viewed on a lateral radiograph. Some
may contend that this value is difficult to interpret via radiographs.
Operative management of ankle fractures mainly includes open
reduction and internal fixation, using plates and screws. Alternative
techniques include the use tension band wires or external fixators in
complex fractures. External fixators are often used in open fractures
with significant comminution that are not amenable to other fixation
methods as well as high energy periarticular fractures such ankle pilon
or tibial plateau fractures.It is important during surgery of ankle
fractures to assess the tibiofibular syndesmosis and intraoperatively the
hook test, can be used to assess the integrity of the syndesmosis.
Presence of tibiofibular diastasis is may indicate syndesmotic
disruption. The optimum fixation for the syndesmosis has not been
defined yet. There is no consensus on how many cortices should be
engaged, the ideal screw size, screw composition, the optimum level of
placement above the tibial plafond [25]. Commonly, a 3.5 mm or 4.5
mm cortical screw are used but this is often governed by the surgeon’s
preference [26]. It has been shown in some studies the use of two
cortical screws over one diastasis screw provide stronger construct
biomechanically [27,28]. The 4.5 mm cortical screw provides
significant support against forces acting on the syndesmosis during
walking [29]. However, in some cases, the syndesmosis screw may be
removed prior to full weight bearing at six to eight weeks though some
studies have shown no benefit in terms of morbidity when leaving the
screw in situ.
An alternative to screw fixation is the use of the Tightrope which
consists of a non-biodegradable wire held in place by two cortical
metal buttons at either end. This does not routinely require removal,
therefore eliminating risks of second anaesthetic and potential cost
saving. The drawback with this method is that some patients develop
biological reaction to the material. Post operatively, the patients are
reviewed in the fracture clinic and remain non weight bearing for at
least six weeks [32-34].

Complications and Risk of Arthritis
Common complications post ankle fractures include arthritis,
stiffness, DVT and thrombophlebitis, infection, malunion, non-union
and synostosis formation. The risk of these complications varies and is
dependent upon the initial fracture pattern, velocity of injury, quality
of stabilisation and patient factors. [7,35,36].
In patient with ankle arthritis, it has been reported that up to 70%
have had a history of an ankle injury. Post traumatic osteoarthritis is
the most common complication after an ankle fracture and is the most
common indication for ankle arthrodesis [37,38]. The ankle joint has a
small surface area and bears a lot of weight per unit area and combined
with the complex motion of the ankle, incongruency can result in wear
of the cartilage and arthritic changes. The more severe the fracture, the
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more pronounced the arthritic changes. Eighty percent of patients with
stable injuries will be asymptomatic after eighteen years. In
comparison, 20% of patients with unstable injuries that undergo
operative fixation had radiographical signs of arthritis after six years
and while 80% of patients managed conservatively had radiographical
changes after six years [11,39].
Patients with diabetes, peripheral vascular disease, osteoporosis,
obesity and those that smoke are associated with a higher risk of
poorer outcomes following an ankle fracture fixation due to a
combination of factors including poor blood supply, poor bone
healing, poor wound healing and the higher weight load through the
fracture fixation [40,41]. Diabetics especially pose a challenge with
increased risk of infection and hardware failure due to infection,
neuropathy, ulcers and poor bone stock. Even amongst diabetics, those
with neuropathy are 7.63 times more likely to experience a wound
complication than those without neuropathy. The need for further
surgery and the development of a Charcot neuropathy is also higher in
diabetics with the potential risk of an amputation [19,42,43].

Conclusion
Ankle fractures are common injuries. Even with a sound
understanding of the anatomy, biomechanics and principles of fixation,
they can still be a challenge to manage. We have presented a review of
the general management and commonly encountered complications.
The most common complication is post traumatic osteoarthritis.
Diabetic patients and elderly patients are more at risk of particular
complications including infection and failure of soft tissue and bone
healing. Understanding the associated risks with both non operative or
operative management and tailoring management to the needs of the
patient will ensure better outcomes for the patient.
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