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Abstract

for patients with talar extrusion injuries.

Talar extrusion is a very rare injury and is defined as talar dislocation from surrounding tibiotalar, subtalar, and talonavicular
joints. It often results from high energy trauma. These injuries often have poor outcomes and serious complications including
avascular necrosis, infection, and osteoarthritis. There are limited case reports and case series in the literature regarding talar
extrusion injuries. In this review, we discuss the complex anatomy, diagnosis, treatment options, complications, and outcomes
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Abbreviations: CT: Computed Tomography; AVN:
Avascular Necrosis; TC: Talocalcaneal Joint; TN: Talonavicular
Joint; TCN: Talocal caneonavicular Joint; RI: Magnetic
Resonance Imaging.

Introduction

The talus is the second-largest tarsal bone in the foot
and is essential to the function of the foot and ankle [1]. Talus
dislocations and fractures are rare injuries accounting for
less than 1% of all fractures; however, it is the second most
common fractured tarsal bone, after the calcaneus [2-4].
Total traumatic extrusion of the talus accounts for 2% of all
talar injuries, and it is estimated that this phenomenon only
occurs in 0.06% of all dislocations [5,6]. Most talus injuries
occur after high energy trauma but can also occur from low
energy trauma [7]. The mechanism of talar neck fractures
and dislocations is forced dorsiflexion of the foot, driving
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the talus against the anterior tibial plafond, which was first
described by Anderson due to pilot’s exerted pressure on
the rudder pedal as they crashed to the ground [8]. If the
dorsiflexion continues, the talus will rotate around the intact
deltoid ligament and subluxate between the posterior aspect
of the medial malleolus and the Achilles tendon [8,9]. In rare
cases, disruption of the intact deltoid ligament can lead to
complete dislocations, and extrusion of the talus can occur
[10].

Talar extrusions are defined as dislocation of the talus
from the tibiotalar, talonavicular, and subtalar joints [11]. In
about 25% of these injuries there is supination of the foot,
which causes medial neck comminution and an associated
medial malleolus fracture [8,9]. Treatment of talar extrusion
injuries, also known as total talus dislocation, can be either
conservative or surgical. Conservative management often
has a limited role for these injuries and is reserved for small
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nondisplaced fractures. Therefore, surgical management is
often undertaken for these injuries. Due to the tenuous blood
supply of the talus, one major complication after talus injury
is avascular necrosis (AVN). AVN of the talus often occurs in
the talar neck or body and is seen on radiographs within 6
to 8 months from time of injury resembling an opacity of the
involved bone [12,13]. This can lead to collapse of the talus
and posttraumatic arthritis.

There seems to be paucity in the literature regarding
management and outcomes when treating talar extrusion
injuries. Published reports on this topic are mostly limited
to case reports and small case series. Multiple surgical
techniques, including primary talectomy with tibiocalcaneal
arthrodesis and immediate reduction with fixation have
been discussed in the literature [14]. Therefore, the purpose
of this study is to review and determine the efficacy of the
management and treatment of talar extrusion injuries, with
additional literature review on talar anatomy and overall
outcomes regarding this rare injury.

Anatomy

The talus is the second largest bone in the hindfoot just
behind the calcaneus and plays a vital role in the stability

of the ankle joint [15]. The talus articulates with the tibia,
fibula, calcaneus and navicular [16]. The anatomy of the
talus consists of the head, neck, body, lateral and posterior
processes [17]. The body of the talus has a trapezoid shape
with a convex superior dome with the wider anterior portion
allowing for increased stability in dorsiflexion of the ankle
[17]. The talus does not have any muscular or tendinous
attachments, and is covered in up to 70% of cartilage [18].
Without any musculotendinous attachments, this increases
the vulnerability for dislocation [19].

The talus has an extraosseous blood supply with
contributions from all three major vessels in the lower
extremity [18]. Gelberman, et al. [20] found that the peroneal
artery provides two branches, the posterior tibial artery
provides three branches, and the anterior tibial artery
provides six branches, which anastomose to form a complex
network of vessels surrounding the talus. The main blood
supply to the talus is the artery of the tarsal canal. This is a
branch of the posterior tibial artery and supplies nearly two-
thirds of the body [20]. Miller, et al. [21] demonstrated that
the posterior tibial artery supplies approximately 47% of the
total blood supply to the talus [21].

Figure 1: Anteroposterior radiograph demonstrating a right extruded talus with talar neck fracture (red arrow) and associated
medial (black arrow) and lateral malleolar fractures (white arrow).

Presentation and Diagnosis

The talus is the only bone in the lower extremity with
no muscular attachment, making it susceptible to complete
dislocation. This injury is mostly involved with high energy
trauma, falls from significant heights, and snowboarding
when an axial load is applied to a plantar flexed foot [22].
The exact position of the foot relative to the talus determines
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the direction of dislocation, including anterior, posterior,
medial, lateral, and complete dislocations [23]. A systematic
review conducted by Weston, et al. [14] compared 86 cases
of total talar dislocation [14]. They found that a majority of
talar extrusion injuries are open compared to closed, with
73 injuries being open compared to 13 being closed [14].
In addition, isolated total talar dislocations, indicating no
associated fractures, were present for 29 of the 86 patients,
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with 72% of these patients having open injuries [14].

Upon presentation, patients often have significant
pain, ecchymosis, swelling, and decreased range of motion
of the foot and ankle. An obvious deformity is commonly
appreciated, but may be masked by substantial amounts of
swelling. Complete talar dislocations are frequently open
injuries, but there is a rare possibility of this injury being
closed. Due to the high risk of associated injuries, including
medial and lateral malleoli, calcaneus, navicular, cuneiforms,
cuboid, and metatarsals, multiple radiographs and additional
imaging need to be obtained [23]. Anteroposterior (AP),
lateral, and oblique radiographs of the foot and ankle are
the first steps in diagnosis, with additional Canale or Harris

views to evaluate talar neck fractures or talocalcaneal joint
disruption, respectively [24]. Associated fractures and
intraarticular fractures are often difficult to assess with
plain radiographs, therefore additional imaging is often
required [25]. A computed tomography (CT) scan can assist
in diagnosing talar injuries, whether initial radiographs
are negative or further information needs to be obtained.
It provides excellent visualization of the bony anatomy and
gives the provider more information of the injury and can
assist with preoperative planning. Additionally, magnetic
resonance imaging (MRI) is an option to detect talar
revascularization, early development of AVN, and additional
soft tissue injury at subsequent follow up appointments [6].

Figure 2: Lateral radiograph demonstrating a right extruded talus with talar neck fracture (red arrow).

Treatment and Outcomes

Initial treatment and evaluation of talar fractures
involves reduction of dislocations as well as urgent
assessment of open injuries. Management of open fractures
applies to the initial management of the extruded talus with
timely antibiotics and tetanus, and proper irrigation of the
wound [26]. While an attempt to standardize treatment of
the extruded talus has been made, there is still controversy
over proper treatment.

Historical treatment of talar extrusion consisted
of primary talectomy, but recent literature proposes
reimplantation of the talus as the mainstay of treatment [27].
Due to the severity of this injury, urgent surgical management
is often necessary as closed reduction is often not adequate.
A case review of 25 subtalar dislocations demonstrated that
open reduction was required in 32% of subtalar dislocations
alone [26]. In a retrospective review investigating results
of reimplantation for extruded talus, Smith, et. al. [27] 19
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patients diagnosed with extruded talus were identified
and treated with reimplantation [27]. The method of initial
reimplantation varied depending on the degree of soft
tissue disruption. If no further soft tissue attachments were
identified, the extruded talus was irrigated with sterile
saline, wrapped in sterile bacitracin and reimplanted in
the operating room [27]. A case report by Fleming and
Hurley included antibiotic polymethylmethacrylate beads
in the wound with delayed wound closure [28]. Results and
fixations of remaining fractures following reimplantation
were treated with open reduction and internal fixation
utilizing screws and plates [29].

A similar alternative was proposed, which suggested
talar reimplantation supplemented by tibiotalocalcaneal
arthrodesis [28]. Due to the proposed and common
complication of avascular necrosis, Mohammad et. al. utilized
initial treatment of the extruded talus with tibiotalocalcaneal
arthrodesis [28]. This was thought to decrease the risk of
secondary procedures and provide added stability to the
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subtalar, tibiotalar, and talocalcaneal joints [28]. Regardless
of the decision to proceed with a tibiotalocalcaneal
arthrodesis, most current literature continues to recommend
reimplantation as opposed to complete talectomy.

Following talar reimplantation,ithasbeen recommended
that patients remain non-weight bearing in a cast for 6 weeks
if the wound is amenable for closure. If there is significant
soft tissue disruption, immobilization with an external
fixator was recommended for approximately 6 weeks [27].
Following removal of either cast or external fixator, patients
werenon-weightbearing foranadditional 6 weeks [26,27,29].
Current literature suggests that talar reimplantation remains
the primary treatment method for the extruded talus, with
overall good outcomes and preserved ankle mobility [30].
Although infection and avascular necrosis tend to be the most
commonly associated complications with these injuries,
Smith, et. al. saw no acute infections postoperatively with
talar reimplantation in all twenty-seven of their patients
[27]. Talar reimplantation also appears to have no significant
impact on ankle range of motion in the post-operative course
[29].

Complications

Common complications with fractures of the talar body
and neck are subsequent subtalar arthritis as well as AVN.
In the setting of talar neck fractures, subtalar arthritis has
been reported to occur at varying rates, with some studies
reporting 100% occurrence [31]. In regard to AVN, the rates
have been reported to be correlated to the severity of the
injury. In the setting of talar neck fractures rates have been
reported to be as high as 48-53% in Hawkin’s III and IV
patterns [31]. Due to the rarity of the injury, rates of subtalar
arthritis and AVN have not been as clearly defined with talar
extrusion.

In a systematic review of total talar dislocations involving
the subtalar, tibiotalar, and talonavicular joints by Weston, et
al. [14] AVN was found to be the most common complication
and present in 25% of the cases [14]. Radiographic evidence
of arthritis was only present in 22% of cases; however, the
mean follow-up time in this review was only 32 months.
There were no correlations of outcomes to treatment
methods in this study; however, 26% of patients did require
a second surgery such as an arthrodesis after failed fixation
[14]. Of note, 26% of patients had a primary arthrodesis
after the injury, showing that in the limited time period of
this study, over 50% of patients ended up with a fusion [14].

Infectionisalsoaconcernwhendiscussingtalar extrusion
injuries. A study by Smith, et al. investigated infection risk
with reimplantation of the talus after talar extrusion [27]. In
19 patients with a minimum of 1 year follow up, they found
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the infection risk to be relatively low, occurring in only two
of their patients. They concluded that reimplantation was a
relatively safe procedure with the benefits outweighing the
risks [27].

The study by Smith, et al. [27] also describes
complications that occur when there is a talar fracture
associated with a talar extrusion [27]. There were 8 patients
that had an associated talar neck or body fracture with
a talar extrusion injury that reached 1 year of clinical and
radiographic follow up. All 8 patients had evidence of talar
collapse, osteonecrosis, or subtalar arthritis at the 1-2-year
mark. There were 5 patients with extrusion injury without
fracture that met the same criteria of 1 year of clinical and
radiographic follow up. Three of these patients had no
significant abnormalities at the 1-year mark. Overall, there
were 17 secondary surgeries performed in 7 out of the 19
patients. Four of the 7 that required secondary surgery did
have an associated fracture [27].

Conclusion

Fractures and dislocations of the talus are difficult to
treat in the acute and long-term setting. They can occur due
to a variety of different mechanisms, but often occur during
an axial load while the foot is in a dorsiflexed position. Talar
fracture-dislocations will commonly present as an open
fracture and subsequent extrusion, as there are no muscle
or tendinous attachments to hold it in place. With talar
extrusion injuries, the risk of long-term arthritis increases
as the subtalar, tibiotalar, and talonavicular joints are
disrupted. High rates of avascular necrosis are appreciated
due to complete cut off of blood supply. For talar extrusions,
previous literature supported management with primary
talectomy. However, recent studies discuss reimplantation
of the talus as the mainstay of treatment. If reimplantation
is possible, the talus needs to be thoroughly cleaned and
debrided to decrease the risk of infection. Regardless of
treatment decision, these patients should be taken to the
operating room due to the nature of an open fracture-
dislocation.
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