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SUMMARY

The talus is the key articular segment linking the leg and foot, and as such, is subject to complex loads and may occa-
sionally fracture. Fracture patterns provide clues to the underlying pathomechanics and energy of the injury, both of which
can help guide treatment and suggest prognosis. Talus fractures have a wide variety of presentation from low-energy avul-
sion fractures of the lateral or posterior processes, to high-energy comminuted talar body fractures. Appropriate, expe dient
treatment provides the patient the best chance of obtaining a good functional outcome. Treatment relies on appropriate
diagnosis, which hinges on clinical suspicion provided by the patient’s account of pathomechanics, clinical examination,
and radiological workup. This current concepts review discusses the pathomechanics, presentation, workup, treatment, and
prognosis of fractures of the talar head, neck, body, lateral process, posterior process, and talar extrusions. 
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INTRODUCTION

The talus is the crucial intercalary articular segment
connecting the leg to the foot, and is unique in that it is
the only tarsal bone lacking muscular or tendinous atta-
chments. The ability of the foot to function simultane-
ously as a supple shock absorber and rigid lever arm reli-
es on the complex geometry of the talus, and pattern of
motion through the transverse tarsal and subtalar joints
(26). As such, talar injuries may be catastrophic. Open
talus fractures were associated with high-energy mecha-
nisms and had a reported mortality rate of 84% in 1848
(52, 63). Early 19th and 20th century literature on talus
fractures was dominated by case reports until the large
case series (18 patients) by Anderson in 1919(2). Ander-
son was a Consulting Surgeon to the Royal Flying Corps
in World War I and noted the association of talus frac-
tures with aviation. Anderson postulated that injuries
occurred because the pilot’s feet were on the rudder bar
when planes crashed into the ground, which concentra-
ted force on the astragalus resulting in fracture; thus the
term “Aviators Astragalus”(2). His World War I data was
supported by World War II data from Coltart, an ortho-
paedist and Wing Commander for the Royal Air Force

(14). During 1940-1945, 25,000 fractures and disloca -
tions were treated and there were 228 talus injuries
(~1%). Of these, 70% of the serious talus injuries were
caused by aviation, justifying the original title “Aviators
Astragalus” (2, 14). With the current advent of safety
equipment that allows patients to survive previously fatal
injuries (e.g. airbags and seatbelts), talus fractures are
becoming more common to orthopaedic surgeons (1,
21). Modern understanding of talus anatomy and vas-
cularity has helped elucidate fracture patterns, clarify
long-term complications, and plan treatment protocols. 

Anatomy
Approximately 60% of the surface of the talus is

covered with articular cartilage by way of articulations
with the tibia, fibula, calcaneus, and navicular. As such,
talus fractures are frequently intraarticular. Superiorly,
the saddle shaped articulation of the talar body is wider
anteriorly, and is congruent with the distal tibia. The
talar body has a medial articular facet that articulates
with the medial malleolus and distally is collinear with
the talar neck. The lateral articular surface of the body
flares laterally and becomes the lateral process of the
talus, which articulates with the fibula superiorly and
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blood supply to the talus in all quadrants of the talus,
except for the anteromedial quadrant of the talus whe-
re the majority of the blood supply came from the ante-
rior tibial artery (30). There was a predictable dense
anastamotic network of vessels from the peroneal and
posterior tibial arteries around the posterior tubercle of
the talus, as well as between the arteries of the tarsal
canal and sinus tarsi within the tarsal canal and talus
(30). The traditionally described deltoid branch of the
posterior tibial artery was highly variable in size and
location. The posterior tibial artery has two entry points;
one in the tarsal canal and one at the posterior tuber cle,
which provides some anterograde blood supply to the
talar body (30, 51).

TALAR NECK FRACTURES

Pathomechanics
Given the unique shape and location of the talus, a sig-

nificant load is often required to fracture the talar neck.
The exact mechanism may be from either a hyperdorsi-
flexion force (48), or from an axial load to the forefoot
while the talus is fixed between the calcaneus and tibia
(50). Many patients with talar neck fractures are poly -
traumatized (67) and as such, it is important to suffi -
ciently assess the patient in accordance with Advanced
Trauma Life Support (ATLS) protocols and rule out
associated injures. Because of the high degree of ener-
gy required to fracture the neck of a talus, most talus
fractures are displaced, and if not anatomically reduced
can be associated with severe complications such as
hindfoot deformity, arthritis, or AVN. The radiographic
workup (x-ray) to characterize talar neck fractures is an
ankle series (anteroposterior (AP), lateral, and mortise)
and foot series (AP, lateral, and oblique). The Canale
view may also assist in viewing the talar neck (place the
foot in maximal equinus on the x-ray cassette, pronate
the foot 15°, and direct the x-ray beam 75° cephalad
from the horizontal). Given the complex pattern of the
fracture with possibility of osteochondral fragments,
computed tomography (CT) should be routinely used to
help with preoperative planning. 

the posterior facet of the calcaneus inferiorly. The
posterior portion of the talar body flares posteriorly and
creates a posterior process, which composes a portion
of the posterior facet of the concave subtalar joint arti-
culation. The posterior process is divided into medial
and lateral tubercles. The valley between the two
tubercles houses the flexor hallucis longus tendon.
There are two other subtalar facets; anterior and medi-
al facets. Distal to the talar body lies the neck of the
talus, which is devoid of articular cartilage and angled
approximately 25° medial and inferior to the axis talar
body. The talar neck connects the talar body to the talar
head, which forms the “acetabulum pedis” with the
navicular. In general, fractures of the talus can be divi-
ded into talar neck, talar head, talar body, and proces-
ses/avulsion fractures. 

Vascularity
Given the lack of musculotendinous attachments on

the talus, the talus derives its blood supply from a vas-
cular sling around its neck and perforating branches
(Fig. 1). The vascular orientation and subsequent retro-
grade flow to the talar body has been blamed for the
traditionally high rate of avascular necrosis (AVN) of
the talar body with displaced talar neck fractures (24,
27). More recent reports have shown a smaller risk of
AVN than was traditionally published (22, 67), which
may be due to a strong posterior blood supply of the
talus with a rich intraosseous anastamotic framework
(30). The talus receives it’s blood supply from three
main arteries which form an anastamotic sling around
the talar neck; the peroneal artery, the anterior tibial
artery, and the posterior tibial artery (24). The talus is
lacking cartilage at the talar neck, medial talar body
inferior to the medial malleolus, the sinus tarsi, and the
posterior tubercle; these sites are critical points of ent-
ry for talus vasculatur (51). In a recent cadaveric gado-
linium-enhanced MRI study, Miller et al. (2011) found
that the posterior tibial artery supplied 47% of the enti-
re vascularity of the talus, the anterior tibial artery supp-
lied 36.2%, and the peroneal artery supplied 16.9% (30).
Furthermore, the posterior tibial artery dominated the
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Fig. 1. Vascular supply of the talus.
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Classification
Hawkins classified talar neck fractures by displace-

ment, and there is a recognized increased risk of AVN
with increasing displacement of the fracture (12, 27).
Type I is a nondisplaced talar neck fracture, and Types
II, III, IV are all displaced (Fig. 2). Type II is characte-
rized by a subluxation or dislocation of the subtalar joint,
Type III is a type II with subluxation or dislocation of
the tibiotalar joint, and Type IV is a type III with talo-
navicular joint subluxation or dislocation. Special atten-
tion should be paid to the presence of medial neck com-
minution because it may alter the surgical treatment. 

Indications for surgery/Nonoperative 
managment

Patients with displaced talar neck fractures should be
treated operatively due to a high risk of nonunion, malu-
nion, altered foot mechanics, subtalar arthritis, and AVN
with nonoperative management. The role for nonope-
rative management in talar neck fractures is limited to
pa tients who have nondisplaced fractures (confirmed
via CT), or in patients who are unable to have surgery
for medical reasons. Patients treated nonoperatively
should be followed frequently and closely for displa-
cement, and will be non-weight bearing in a well-mol-
ded cast for 8 weeks, followed by mobilization in a cast
for 6 weeks. 

Operative management
Initial fracture management includes a closed reduc-

tion on presentation (in the presence of severe subluxa-
tions or dislocations), which can be achieved by flexing
the knee and plantarflexing the foot to bring the talar
head to the position of the talar body. Adequate consci-
ous sedation is often required. In the event of an irredu-
cible talar neck fracture, and open reduction with inter-
nal fixation should be performed as soon as possible to
prevent progressive soft tissue compromise. 

Timing of open reduction and internal fixation
Irreducible fracture dislocations require an emergent

closed and possible open reduction. Once a reduction is
obtained, most orthopaedists do not believe that an emer-
gent operation is needed for displaced talar neck fractu-
res (46). Several studies that show there is no apparent
increase in complications with increasing time from
injury to operative fixation (7, 35, 55, 67). Definitive
management should be conducted as soon as an expe -
rienced surgical team can safely perform the surgery,

with special attention paid to the soft tissues quality. If
there is significant swelling, the surgery can be staged
until the quality of the soft tissue permits a safe surgi-
cal dissection with primary incision closure. 

Approach
Obtaining an anatomic reduction of talar neck frac-

tures is critical because a small amount of varus neck
malalignment may substantially limit subtalar eversion
and increase subtalar joint contact stresses (15, 56). Talar
neck fractures often have a tensile failure laterally, and
compressive failure medially. Accordingly, the lateral
fracture pattern may often be simple, and the medial
neck fracture may have comminution. Direct visualiza-
tion of the talar neck on the medial and lateral sides is
often required to facilitate an anatomic reduction. The
authors advocate for a combined anteromedial and an -
terolateal approach. In cases where the neck fracture is
proximal, or if there is a body fracture associated with
the talar neck fracture, a medial malleolar osteotomy can
be used to enhance fracture visualization. 

Fixation
Once reduction of the talar neck fracture is obtained,

there are many options available for fixation including
Kirschner-wires (K-wires), anterior to posterior screws,
posterior to anterior screws, and plates (6). Both ante rior
to posterior and posterior to anterior screws are stronger
than K-wires (62). The authors do not recommend the
routine use of K-wires for talar neck fixation, because
they may not adequately hold the reduction to permit ear-
ly range of motion. Regardless of what fixation is cho-
sen, areas of comminution (usually dorsomedially)
should be held out to length with a fully threaded screw(s)
or a plate/screw construct, and areas of anatomic reduc-
tion should be compressed with lag screws. The benefit
of posterior to anterior directed screws is that the fixa -
tion typically crosses the fracture perpendicularly, which
may increase the strength of the fixation (62). However,
a recent biomechanical study by Attiah et al (2006) found
that there was no difference in fixation strength to yield
point between anterior to posterior screws, posterior to
anterior screws, and a medial sided plate with a lateral
screw (6). All of their fixation constructs were able to
withstand greater than 1.1 kN, which is the calculated
shear force across the talar neck during active range of
motion (62). The potential drawbacks of posterior to ante-
rior directed screws are the technical challenges of intra-
operative positioning, the risk of damage to articular car-

Fig. 2. Hawkins talar neck classification; types I–IV.
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AVN with a higher Hawkins grading55. Talar dome vas-
cularity post-fracture can be identified by a positive
Hawkins sign (relative subchondral osteopenia in the
talar dome post- injury) (65). Hawkins sign appears bet-
ween the 6th and 9th week post trauma, and has a sensi-
tivity of 100% and specificity of 57.7%, meaning that if
a patient develops a Hawkins sign, they are highly unli-
kely to go on to late AVN (65). If AVN develops, nor-
mal talar dome density can return in many cases, even
in the presence of normal weight bearing without bra-
cin (67). Furthermore, AVN is not always associated
with dome collapse. Two risk factors for dome collapse
with AVN are neck comminution and open injuries (67).
If dome collapse develops, patients should be managed
symptomatically. Many salvage surgeries can be per-
formed later including Blair fusions, pantalar fusions, or
talectomies (55) (Fig. 3 and Fig. 4).

TALAR BODY FRACTURES

Definition
Talar body fractures range from talar dome osteo-

chondral injuries to comminuted body fractures with
tibiotalar and subtalar joint involvement. Given the wide
disparity of mechanism, treatment, and prognosis of
these injuries, the AO classification system has created
three separate classifications for talar body fractures;
C1 (osteochondral injury to the superior dome of the
body), C2 (coronal split in the talar body demonstrating
both tibiotalar and subtalar joint involvement), and C3
(comminuted talar body). For the purposes of this paper,
talar body fractures will refer to C2 and C3 fractures,
and C1 injuries will be considered talar osteochondral
injuries and will not be discussed. Distinguishing bet-
ween talar body and talar neck fractures can be difficult
given the natural confluence between the neck and body.
As such, Inokuchi et al. (1996) created a classification
system based on the inferior fracture line and it loca tion
with respect to the lateral process of the talus (29). If the
fracture line exits anterior to the lateral process, it is
a talar neck fracture and if it extends into the lateral pro-
cess it is termed a talar body fracture (29). By defini -
tion, talar body fractures are intraarticular fractures that
involve the tibiotalar and subtalar joints, whereas talar
neck fractures are extraarticular or involve the medial
facet of the subtalar joint only. 

tilage, and damage to neuro vascular structures (18). This
is particularly important given the recent vascular study
by Miller et al. (2011) that found a major anterograde
vessel supplying the talar body and entering the poste -
rior tubercle (30, 51). 

Outcomes
Talar neck fractures are potentially disabling high

energy injuries55. Outcomes of patients with displaced
talar neck fractures are dependent upon the development
of early and late complications, which may lead to secon-
dary reconstructive surgeries (55). In a retrospective
cohort study by Sanders et al (2004), 70 patients with
displaced talar neck fractures were assessed (55). Pa tients
without varus malalignment or radiographic arthrosis had
excellent functional outcomes. However, patients with
varus hindfoot alignment, subtalar joint space loss, and
comminuted fractures did significantly worse and often
required secondary reconstructive surgeries (55). Based
upon life table analyses, they found that the percentage
of patients requiring secondary surgery was 48% at 10
years. Possible immediate and long term complications
after talar neck fractures include wound infection, wound
dehiscence, deep infection, delayed union, nonunion,
malunion, AVN and talar dome collapse, ankle osteo-
arthritis, subtalar arthritis, and pantalar arthritis (35, 55,
67). The most common complication requiring seconda-
ry surgery is subtalar arthritis with reported rates of up
to 100% on long term follow up (35, 55). Patients with
talar neck fractures should be counselled that they have
a high risk of developing subtalar arthritis, which may
require secondary reconstructive procedures such as sub-
talar or pantalar fusions. 

The risk of developing talar dome AVN is highly va -
riable with rates increasing with increasing Hawkins
grading (27, 67). In his original paper, Hawkins publis-
hed no AVN in type I, 42% AVN with type II, and 91%
AVN with type III. More current literature suggests the
rate may be lower than was originally published (22, 44,
55, 64, 67). In a retrospective series of 102 patients, Val-
lier et al. (2004) found AVN in 39% of type II fractures,
and 64% of type III fractures (67). In another large
retrospective series, Sanders et al. (2004) found the ove-
rall rate of AVN to be 11% for 70 patients with displa-
ced talar neck fractures (29 type II, 25 type III, 16 type
IV), with no apparent predilection for higher rates of
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Fig. 3. Comminuted talus fracture, preoparative CT.
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Fig. 4. Comminuted talus fracture, 6 and 26 weeks postoperative.

Pathomechanics/Treatment
Talar body fractures are rare, catastrophic injuries.

Although there have been reports of talar body stress
fractures in elite gymnasts (54), talar body fractures are
much more commonly caused by large axial loads acting
on the talus while it is fixed in position between the cal-
caneus and distal tibia. Talar body fractures represent
approximately 25% of all talus fractures, are common-
ly caused by falls from height and motor vehicle colli-
sions, and are frequently associated with talar neck frac-
tures (68). The overall initial treatment of talar body
fractures is similar to talar neck fractures; these patients
are often polytraumatized and should be assessed in
accordance with ATLS protocols. Following this, soft
tissues should be assessed and joint dislocations should
be reduced. Definitive management should be perfor-
med when patient medical condition and soft tissues per-
mit. Standard anteromedial and anterolateral approaches
can be used, and posterior talar body fractures often
necessitate medial malleolar or fibular osteotomies to
help with fracture visualization and instrumentation.
Fractures should be treated with anatomic open reduc-
tion and internal fixation whenever possible. Nondis-
placed fractures (CT proven) can be managed nonope-
ratively with a well-molded cast nonweightbearing;
close radiographic follow-up to assess for fracture dis-
placement is needed. 

Outcomes
Early outcomes data for talar body fractures managed

nonoperatively were abysmal, with up to 95% of pa tients
having moderate to severe complaints (60). Sneppen
et al. (1977) used this data to advocate for “exact reduc-
tion and stable fixation whenever possible” (60). Talar
body fractures can be associated with the highest inci-
dence of arthritis and worse outcomes in the tibiotalar
and subtalar joints when compared with the talar neck
and lateral and posterior process fractures (20). In the
largest published series to talar body fractures treated
with open reduction and internal fixation, Vallier (2003)
reported a 38% prevalence of AVN, and half of these
went on to collapse (68). Patients with AVN and col-
lapse did worse than those without collapse. Open frac-

tures and concurrent talar neck fractures were associa-
ted with AVN and collapse (68). Tibiotalar and subtalar
arthritis were reported in 65% and 35% of patients, res-
pectively (68). Late salvage procedures are determined
by the pathology and include tibiotalar fusion, subtalar
fusion, Blair fusion, talectomy, and amputation. 

TALAR HEAD FRACTURES

Pathomechanics
Talar head fractures are much less common than talar

neck and body fractures and as such, the published lite-
rature is characterized by occasional case reports. Talar
head fractures may occur in isolation from a direct blow
or axial load along the first ray, or may be an indicator
of a greater injury. Talar head fractures are often diffi-
cult to characterize on plain x-rays, and accordingly CT
scanning should be used to characterize the nature of the
articular fracture. 

Associated injuries/Treatment
The examiner must rule out other injuries to the foot

and ankle if a talar head fracture is seen. Talar head frac-
tures may be subtle a sign that a subtalar (33) or talo-
navicular joint dislocation has occurred (53). The talo-
navicular joint (also knows as the acetabulum pedis) is
the key joint to motion of the hindfoot (5) and thus, ana-
tomic reduction is desirable. After ruling out associated
injuries, displaced talar head fractures should be fixed
anatomically with open reduction and internal fixation
when possible. A dorsomedial approach over the talar
head can be used, and fragments can be fixed with mini-
fragment fixation where possible. Areas of comminu -
tion can be spanned with a bridge plate or external fixa-
tor to help maintain length in the medial column of the
foot. Avascular necrosis and nonunion are rare following
talar head fractures. 

Given how difficult these injuries can be to diagnose
without a high clinical suspicion and appropriate cross
sectional imaging, talar head fractures may present late.
If the patient is presenting late without signs of radio-
graphic arthroses, osteotomies can be used to correct the
deformity (37). If there are painful clinical and radio-
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will load the articular facet and cause pain in lateral pro-
cess of the talus fractures (66).

Loading the lateral process with the lateral process
stress test provides clues towards the pathomechanics
most frequently causing this fracture. These injuries
were originally thought to be a result of dorsiflexion and
inversion (38, 40). More recent biomechanical studies
have reproducibly shown that fractures are a result of
dorsiflexion and eversion (23) or external rotation (8).
These biomechanical studies correlate with Valdera-
bammo’s study in which injured snowboarders were
questioned regarding the mechanism of injury; injuries
were from dorsiflexion and either external rotation, ever-
sion, or a combination of these mechanisms (66).

Treatment
Treatment relies on an accurate diagnosis, which is

key given the intraarticular nature of the lateral process.
McCrory and Bladin (1996) presented a classification
system to help guide treatment (38). Type 1 fractures are
small chip fractures of the anterinferior portion of the
lateral process and may represent an avulsion of the ante-
rior talofibular ligament. These fractures do not extend
into the talofibular articulation. Type 2 fractures repre-
sent a single large fragment that extends from the talo-
fibular articular surface to the posterior talocalcaneal
articular surface (2A are nondisplaced and 2B are dis-
placed). Type 3 fractures are comminuted and often
involve the entire lateral process. Type 1 fractures and
nondisplaced fractures can be treated non-operatively
with non-weight bearing for 6 weeks. Given the articu-
lar nature of the lateral process, displaced fragments
should be fixed with open reduction and internal fixa -
tion (large fragments), or excision (small fragments)
(38, 66).

Outcomes
If diagnosed early and treated properly, patients with

lateral process fractures can have high American Ort-
hopaedic Foot and Ankle Society (AAFAOS) hindfoot
scores and do well (66, 69). Operatively and non-ope-
ratively managed patients may have a small decrease in
subtalar joint range of motion (66). If there is fracture
displacement, operatively managed patients may do
better and have a lower rate of revision surgery (66).
Non-operative management may lead to a symptomatic

nonunion eventually requiring
debridement (66, 49). Patients
presenting late can have poor out-
comes and often require seconda-
ry surgeries such as debridement
and fragment excision (49). Asso-
ciated local injuries are common
and may influence outcomes. In
a cohort study of 23 snowboarders
with lateral process fractures, Von
Knoch (2007) showed that there
was an 88% incidence of concur-
rent injuries including calcaneal
chondral lesions, ligament injuri-

graphic signs of osteoarthritis, a talonavicular fusion or
triple arthrodesis can be performed. 

LATERAL PROCESS OF THE TALUS 
FRACTURES

Pathomechanics/Assessment
The lateral process of the talus is a unique structure

with dorsolateral and inferomedial articular facets that
articulate with the fibula and calcaneus, respectively.
The lateral prominence is the site of insertion of the talo-
calcaneal ligament, and as such, it may be in injured in
an avulsive tensile fashion, or from large direct mecha-
nical loads from the fibula or calcaneus. These injures
have a high correlation with snowboarding, and as such,
have been termed snowboarder’s fractures (31, 38, 42).
In the largest review of snowboarding foot and ankle
injuries, Kirkpatrick et al. (1998) found that these inju-
ries accounted for 34% of all fractures around the an kle
(31). These may be more common in snowboarders
because of the flexibility of the boot and loading mecha-
nism (31), and are more common in the leading foot
(66). These fractures may be difficult to assess on plain
radiographs, and there is discrepancy which radiogra -
phic views are optimal to assess lateral process fractu-
res (17). Occasionally, there is the presence of a V-sign
on the lateral radiograph, which is pathognomonic for
a displaced lateral process of the talus fracture (concen-
tric V-shaped articulation of the talus with the subtalar
joint is disrupted (69); (Fig. 5). If there is any clinical
or radiographic suspicion for a lateral process fracture,
a CT scan should be obtained. 

Lateral process of the talus fractures are often mis -
diagnosed as an ankle sprain, and require a high index
of suspicion to make the correct diagnosis. This is cri-
tical because lateral process of the talus fractures can
have a much worse prognosis than ankle sprains if tre-
ated inappropriately. Some history and physical exam
features which may heighten the suspicion for a lateral
process fracture include a history of a “sprained ankle”,
point tenderness 1 cm distal to the lateral malleolus, and
a history of snowboarding when the injury occurred
(38). A lateral process stress test may also help esta blish
the diagnosis (66). The leg is held in external rotation,
and a dorsiflexion and eversion torque is applied to the
foot while maintaining an axial load on the foot. This
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Fig. 5. “V–Sign” indicating a displaced lateral process of the talus fracture.
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es (calcaneofibular ligament most common), and pero-
neal tendon subluxation (69). Subtalar arthritis was pre-
sent in 45% of patients at 3.5 years follow-up, and was
found in patients with delayed presentation, a commi-
nuted fracture pattern, or those complicated by associa-
ted injuires (69). The long-term incidence of subtalar
arthritis and outcome is unknown. 

POSTERIOR PROCESS 
OF THE TALUS FRACTURES

Anatomy
The posterior process of the talus has a superior arti-

culation with the tibia and an inferior articulation with
the subtalar joint comprising 25% of the posterior facet
(41). The posterior process is divided into medial and
lateral (the lateral tubercle is larger and is eponymous-
ly termed Stieda’s process) tubercles, and the sulcus bet-
ween the tubercles contains the flexor hallucis longus
tendon. Commonly, an os trigonum exists posterior to
the lateral process. The Y-shaped bifurcate talocalcane-
al ligament inserts onto each tubercle, and the posterior
talofibular ligament commonly inserts on the lateral
tubercle (47). The posterior portion of the deltoid liga-
ment (posterior talotibial ligament) inserts on the me -
dial tubercle. 

Pathomechanics
Fractures of the posterior process are rare and can be

from a ligamentous avulsion or direct loading. Dorsi-
flexion and eversion can avulse the medial process via
the posterior talotibial ligament (Cedell fracture) (13).
Plantarflexion and inversion may cause a lateral process
avulsion fracture (Shepherd’s fracture) (58). Direct loa-
ding fractures often are caused by hyperplantar flexion
compressing the posterior process between the poste rior
malleolus and calcaneus (47).

Presentation/Imaging
As with lateral process of the talus fractures, a high

index of suspicion is required for diagnosis as these
fractures are frequently missed (30, 43). In a retro -
spective study by Paulos et al. (1983), twenty patients
were assessed and the average number of physician
visits before being diagnosed with a posterior talar pro-
cess fracture was 5.8 (47). Patients may have a suspi-
cious description of mechanism (e.g. hyperplantarfle-
xion), and be tender in the posterior aspect of the ankle
joint. Posterior ankle pain may be exacerbated by plan-
tarflexion and/or resisted motion of the great toe (47).
Radiographically, three views of the ankle may miss the
fracture (19, 43), and a 30° external rotation view of the
ankle may help with diagnosis. If there is any suspi cion
of displacement, a CT scan should be ordered and used
to judge fracture location and displacement (25). 

Treatment/Outcomes
Avulsion fractures of the posterior process are typi-

cally extraarticular and may achieve a good result with
immobilization and limited weight bearing (30). Un -

treated avulsions do poorly; however, untreated fractu-
res can achieve a comparably good long-term outcome
if treated with late excision (30). If missed, posterior
process fractures can be a cause for ongoing posterior
ankle pain or tarsal tunnel syndrome (47, 61). Someti-
mes posterior process of the talus fractures are an indi-
cator of a more serious injury, such as a subtalar dislo-
cation (25). If this is the case, outcomes are much worse.
Guiffrida et al. (2003) presented a case series of 6 pa -
tients with posteromedial talar process fractures, and all
were associated with medial subtalar dislocations (25).
Of the six, four were misdiagnosed originally as having
an os trigonum. Of these patients, 4 underwent even tual
subtalar fusion, one underwent tibio-talar-calcaneal fu -
sion, and one was recommended a subtalar fusion for
ongoing symptoms but did not proceed with surgery. The
authors stress that appropriate diagnosis is key to suc -
cessful management, and hinges on a good history of
pathomechanics, and physical examination, which can
guide imaging. 

EXTRUDED TALUS

Pathomechanics
Talar extrusions are possibly the most devastating

talar injury, and are the result of large amounts of force
being transmitted to the foot. Leitner (1955) postulated
that total talar extrusions were the end result of the sa -
me vectors that cause subtalar dislocations; excessive
supination or pronation forces cause the talus to dislo-
cate laterally or medially, respectively (34). These inju-
ries are high energy. In the largest retrospective case
series of talar extrusions, Smith et al. (2006) found that
motor vehicle collisions were the most common mecha-
nism, and wounds can be lateral, medial, posterome dial,
anterolateral, or anterior (59). As a result of the high
energy and frequently open extrusion of the talus, there
is often a complete stripping of the entire blood supply
of the talus, which intuitively carries a poor prognosis
(Fig. 6).

Treatment/Outcomes
Historically, outcomes have been poor due to high

rates of infection (16, 36) and AVN (16, 28, 32, 57). As
such, some initial treatment recommendations included
talectomy and arthrodesis (16) or primary arthrodesis
(32). Primary arthrodesis was advocated because of the
theoretical difficulty in achieving fusion in osteonecro-
tic bone (48). This has not been borne out in the litera-
ture, as there are many successful reports of late arthro-
deses in osteonecrotic tali (59, 67). More recent large
retrospective case series have shown that the rate of AVN
and infection may not be as high as previously thought.
Smith et al. (2006) showed that none of the 19 patients
with open extruded talus injuries had an infection rela-
ted to reimplantation, and that on radiographic follow-
up at one year, not all had poor outcomes (59). Of the
eight patients with a talar body facture, all had AVN,
collapse, or arthritis, and of the 5 patients without a frac-
ture, only one had arthritis and one had AVN without
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collapse (59). In a retrospective case series of 8 patients
with talar extrusions, Burston et al (2010) showed that
only two had infections (one K-wire infection and one
joint infection), and only 5 had AVN (only one of the
those with AVN went on to collapse; the patient with the
deep infection) (11). In this same paper Burston et al.
summarized the current literature on talar extrusion and
found that the overall infection rate for extruded talus
injuries was 20%, the overall AVN rate was 30% and the
osteoarthritis rate was 16% (64) (Fig. 7).

Based on the aforementioned outcome data, the au -
thors recommend reimplanting the talus whenever
possible, with meticulous attention to cleaning the
talus. The benefits of talar reimplantation are preser -
vation of the normal hindfoot shape and mechanics
and preservation of bone stock for future reconstruc-
tive procedures. Adjuncts required to maintain talar
position following reduction include soft tissue im bri -
cation or K-wires (if unstable with soft tissue repair
alone) to hold the triple joint complex in anatomic
position. Decisions should be made on an individual
basis. The largest drawback of talar reimplantation is
potential for infection (36). Infection may be the most
important determinant of patient outcome (11). Smith
et al. (2006) did not have infections relating to reim-
plantation and used a cleansing protocol where they
placed the talus in a sterile Bacitracin solution, follo-
wed by gentle intraoperative scrubbing and two or
three serial Bacitracin washes before reimplantation
(59). In vitro studies show that other protocols such as
gentle cleaning with 10% Providone-iodine solution
followed by a normal saline wash may have an opti-
mal balance between microbial kill and chondrocyte
preservation (10).
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Subsequent to talus reimplantation and non-weight-
bearing for approximately 8 weeks, patients should be
treated expectantly. There is a possibility that the talus
may become revascularized on long-term follow up (3).
If AVN develops, continued weight bearing and activi-
ty as tolerated is acceptable (59). Salvage surgeries for
symptomatic control include subtalar, tibiotalar, or ti -
bio talocalcaneal arthrodesis, talectomy with fibrous
arthroplasty, tibiocalcaneal arthrodesis or, ankle arthro-
plasty with subtalar arthrodesis, or amputation. These
decisions should be made on an individual basis. 

Given how rare these injuries are, functional outco-
mes reported are limited to a small number of case
reports. If patients avoid early infection, it is possible to
have average to good function post injury (4, 9, 28, 45,
59). In the retrospective case series presented by Burs-
ton et al. (2010), 4 of 8 patients had equal range of mo -
tion compared to the contralateral uninjured side, and
there is often little correlation with AVN and functional
outcome (11). If there is a need for secondary surge ries,
patients may often have continued disability. In Smith’s
retrospective case series, 7 of 19 required secondary sur-
geries and had continued disability (59). Overall, the
functional outcome for talar extrusions is similar to talar
body fractures (59, 68), and poor prognostic factors 
include an associated deep infection (11, 36).

CONCLUSIONS

Injuries to the talus have a wide spectrum of clinical
presentation from low-energy ankle sprains (lateral and
posterior process fractures), to high-energy open inju -
ries with significant soft tissue disruption. Knowledge
of the precise anatomy of the talus and its blood supply

Fig. 6. Extruded talus debridement befo-
re and after reimplantation.

Fig. 7. Extruded talus and status 6 years
postoperatively.
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will help guide treatment and prognosis. Regardless of
presentation, the treating physician must be vigilant to
pathomechanics, associated injuries and treatment op -
tions. If lateral and posterior process injuries are appro-
priately diagnosed, patients may have good outcomes.
If neglected, patients may require salvage surgeries such
as a subtalar arthrodesis. Higher energy injuries (talar
head, neck, and body fractures and talar extrusions)
must be recognized and treated appropriately to provi-
de a possibility of a good outcome. In most instances,
the treating surgeon should strive for anatomic open
reduction and internal fixation. Talar neck and body
fractures and talar extrusions may be complicated by
AVN, even if treated appropriately. AVN may or may
not influence outcome, and not all cases of AVN are
associated with talar dome collapse. Patients with AVN
can be managed in accordance with their clinical symp-
toms, and salvage procedures can be prescribed accor-
dingly. 
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