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KEY POINTS

� The talus is surrounded by the tibia, fibula, calcaneus, and navicular, composing some
joints in between with these bones.

� Customized alumina ceramic total talar prosthesis is an ideal implant for the replacement
due to talar osteonecrosis.

� Preservation of joint function and prevention of leg length discrepancy are important to
treat talar osteonecrosis.

� In the authors’ experience of 55 ankles in 41 patients with talar osteonecrosis, both sub-
jective and objective scale scores improved after the replacement with customized
alumina ceramic total talar prosthesis.
INTRODUCTION

The talus is surrounded by the tibia, fibula, calcaneus, and navicular, and approxi-
mately 70% of its surface is covered with articular cartilage. The medial segment of
the talus is supplied by the tarsal tunnel artery, branched by the posterior tibial artery.
The head and neck of the talus are mainly supplied by the tarsal tunnel and anterior
tibial arteries.1,2 However, avascular necrosis tends to occur in the talus because of
poor blood supply from the periosteum.
The causes of talar osteonecrosis are trauma,3,4 excessive steroid use,5

alcohol,6 systemic lupus erythematosus,6 pancreatitis,7 hemophilia,8,9 and severe
acute respiratory syndrome.10 The frequency of talar osteonecrosis associated
with talar fracture has been reported to be approximately 10%, 40%, and 90%
in Hawkins types 1, 2, and 3,11 respectively. More recently, talar osteonecrosis
frequency decreased to 64%, even in type 3, because of the improved surgical
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techniques and implants.3 However, the frequency of talar osteonecrosis in
patients with talar fracture dislocation is still higher. Steroid use increases the
blood level of fat, which induces microcontusions, leading to osteonecrosis.5 Dela-
nois and colleagues12 reported that 20 of 24 subjects with traumatic talar osteo-
necrosis had a history of steroid therapy. However, no evidence supports the
correlation.
Blair fusion used to be adapted for this condition because it uses the healthy

talar neck.13,14 Although minimal discrepancy of the lower leg remains after
this procedure, hindfoot instability and non union in the fixation site sometimes
occurred. In some cases, iliac crest harvest and external fixator may be necessary.
The customized alumina ceramic talar prosthesis was developed in 1994 to

compensate for the disadvantages of fusion treatments.15,16 The first-generation
implant was a talar body prosthesis with a bone peg for cement fixation to the
talar neck. However, some cases had loosening at the fixation site. In 2004, the
second-generation implant was designed as a talar body prosthesis without
a bone peg and was expected to perform the bearing function on the talar body.
However, talar head rupture occurred in some cases because of higher
pressure to the talar head. Therefore, total talar prosthesis was developed in
2005 and has been used since. In this article, diagnosis and treatment of talar
osteonecrosis, as well as surgical technique for artificial talus implantation, are
discussed.
Fig. 1. Radiograph of a 57-year-old man with a vascular necrosis of the talus. Otosclerosis is
seen in the body of the talus.
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DIAGNOSIS

An etiologic factor of osteonecrosis is that bone ischemia is induced by blood
flow disturbance. The cycle of ossification, revascularization, and reabsorption
is repeated for the healing system. In early-phase radiography, little difference
is seen compared with healthy bone. Next, reabsorption revolves around the
necrotic bone, which induces bone atrophy followed by decreased bone stock.
In the center of osteonecrosis, sclerotic change appears because of blood flow
disruption.
Radiographic staging of osteonecrosis was developed by Ficat and Arlet17 and was

modified for the ankle by Mont and Colleagues18 Stage 1 is defined as no radiographic
findings, stage 2 is defined as cystic lesion and/or sclerotic change in the talus, stage 3
is defined as crescent sign or collapse in the subchondral bone, and stage 4 is defined
as joint space narrowing.
In some patients with trauma to the talus, the clear zone can be recognized in the

subchondral bone after 6 to 8 weeks of trauma, even in cases with initial sclerotic
change, by the restoration of blood flow and that it is free from osteonecrosis (Hawkins
sign).
Patients with atraumatic talar osteonecrosis usually consult physicians because of

relatively minor ankle pain. Sclerotic change in the talar body would be observed even
in cases without severe collapse in the talus (Fig. 1). The sagittal and coronal planes of
a computed tomography (CT) image reveal sclerotic change in the bony structure of
the talus (Fig. 2)19. Moreover, a 3-dimensional image makes the evaluation of the
Fig. 2. CT of the same patient. Otosclerosis is seen in the whole body of the talus.



Taniguchi & Tanaka166
collapse of the talar body and selection of the surgical option possible. In patients
treated with artificial talus, CT of the contralateral ankle should be obtained to make
a customized implant.
MRI is useful for the detection of early lesions.19 In the T1-weighted image, the

lesion is visualized in the low-density area, reflecting loss of fatty bone marrow. In
the T2-weighted image, the lesion is visualized in the high-density and low-density
areas, reflecting bone marrow edema in the early and advanced stages, respectively.
In the fat-suppressed T2-weighted image, a mixture of high-intensity and low-intensity
areas is seen, reflecting bone marrow edema and necrosis, respectively (Fig. 3).
Bone scintigraphy has potential diagnostic power to detect the early phase.20

Although other modalities evaluate only the local tissue, bone scintigraphy targets the
whole body, which is an advantage for the diagnosis of atraumatic necrosis. The lesion
has a cold area, reflecting the lack of uptake due to necrosis, and a hot area around the
cold area reflecting the higher uptake results from reabsorption (cold in hot) (Fig. 4).
Fig. 3. MRI of a 52-year-old woman. (A) In the T1-weighted image, a low-density area is seen
in the body of the talus. (B) In the T2-weighted image, a high-density area is seen in the
body of the talus, and bony cyst is identified in it. (C) In fat-suppressed T2-weighted image,
a mixture of high-intensity and low-intensity areas is seen, reflecting bone marrow edema
and necrosis, respectively.



Fig. 4. 99mTc-HMDP bone scintigraphy of a 50-year-old man. (A) 99mTc-HMDP (hydroxy-
methylene diphosphonate) concentrates to the right talus. (B) The lesion has a cold area, re-
flecting the lack of uptake due to necrosis, and a hot area around the cold area, reflecting
the higher uptake results from reabsorption (cold in hot).
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TREATMENT

For patients with stage 1 or 2 without evidence of collapse, dislocation, or degen-
erative changes in the talus, nonweightbearing using crutches or a knee-bearing
orthosis is indicated. Partial weightbearing is allowed after bone resorption is
recognized because this indicates the restoration of the blood supply, whereas
nonweightbearing may continue long-term in cases without findings of bone
resorption.21 Surgical treatment is considered in patients not responding to conser-
vative therapy.18 For patients with stage 1 or 2, core decompression technique
would be used. Drills of 1.5 mm to 2.0 mm in diameter are inserted into the lesion
5 to 10 times from the posterolateral, lateral, or medial sides, or a drill of 4.0 mm in
diameter is inserted 2 to 4 times to reduce the pressure in the lesion. Horst and col-
leagues21 reported decreased pain and improved ankle motion in 70% of subjects
after this procedure.
For patients with stage 3 and 4, surgical treatment is usually selected, particularly in

patients with talar collapse. Tibiocalcaneal fusion connecting the tibia and calcaneus



Taniguchi & Tanaka168
after resecting the collapsed talar body usually results in length discrepancy of the
lower legs. Blair fusion connecting the tibia and talar neck with the fibula results in
less discrepancy; however, long-term mounting of the external fixator is required to
address instability in the fixation site.13,14 Recently introduced artificial talar prosthe-
ses prevent leg length discrepancy, preserve the joint function, and allow early
weightbearing.15,16

CT of the healthy side of the talus is obtained to make a customized implant. CT im-
ages are reconstructed in the pitch of 2mm in the coronal and sagittal planes. The talar
area is identified in each slice, the reconstructed image of the talus is reversed, and the
implant is made using this image (Fig. 5A–F). The customized ceramic implant is pro-
duced in 4 to 5 weeks (Fig. 5G); therefore, preventing further collapse of the talus
caused by weightbearing is necessary.
Under spinal or general anesthesia, a 10-cm skin incision is made in the anterior

ankle. The extensor retinaculum is incised, avoiding damage to the superficial pero-
neal nerve, and the ankle is exposed between the flexor hallucis longus and tibialis
anterior tendons. In addition, the talonavicular joint is exposed in the distal side. After
the dissection of the joint capsule and ligaments, the talar neck is cut and the talar
head is removed. The talar body is cut 1-cm thick on the coronal plane, dissecting
the interosseous talocalcaneal ligament. Removal of the entire bone fragment
without retaining small fragments in the surgical site is important. After irrigation of
Fig. 5. Creating the customized artificial talus. (A) CT scan of the healthy side. (B) Distinction
of the talus. (C) Rending and CAD (Computer Aided Designing) imaging. (D) Correction of
CAD image. (E) Turnover of the image. (F) Simulation in the 3-dimensional CT. (G) Finished
alumina ceramic total talar prosthesis.
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the surgical site, the artificial talus is inserted with assistance of foot traction. The
ankle, subtalar, and talonavicular joints are ranged to confirm good prosthetic fit.
The surgical wound is closed following joint capsule repair (Fig. 6). A below-knee
walking cast is applied for 3 weeks. Weightbearing is avoided in the first week, partial
weightbearing is allowed in the second week, and full weightbearing is allowed in the
third week (Fig. 7).
In the authors’ experience of 55 ankles in 41 patients with talar osteonecrosis, the

Japanese Society for Surgery of the Foot Ankle–Hindfoot Scale score improved from
42.2 plus or minus 17.4 to 89.1 plus or minus 8.6. In the subcategory of pain, score
improved from 15.0 plus orminus 9.4 to 34.0 plus orminus 5.6, function score improved
from 21.2 plus or minus 9.7 to 45.1 plus or minus 4.0, and alignment score improved
from 6.0 plus or minus 2.8 to 9.8 plus or minus 0.9. Based on the Ankle Osteoarthritis
Scale, the score for pain at its worst improved from a mean of 6.1 plus or minus 3.3
to 2.0 plus or minus 1.7. At final follow-up, ankle inversion stress radiography showed
a talar tilting angle of 5.0� plus or minus 3.6� and an anterior drawer distance of
1.4 plus orminus 0.5mm.Dislocation andmigration of the implant were not observed.22
Fig. 6. Intraoperative findings of 64 year-old woman suffering from idiopathic talar necro-
sis. (A) The talar dome is collapsed and joint surface is widely degenerated. (B) The talus is
completely removed. Artificial talar implant is inserted. (C) Plantar flexed position. (D) Dor-
sal flexed position. (E) Excised specimen. Talar dome is severely compressed and trabecula in
the talar body has completely disappeared.



Fig. 7. Postoperative weightbearing radiography. (A) Anteroposterior view. (B) Lateral view.
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In summary, the talus is surrounded by the tibia, fibula, calcaneus, and navicular,
composing some joints in between with these bones. Customized alumina ceramic to-
tal talar prosthesis is an ideal implant for the treatment of severe talar osteonecrosis.
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