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The introduction of additive manufacturing techniques into the design and production of orthopaedic implants
has increased the options available to patients presenting with significant osseous defects. Customised patient
specific implants can be designed for clinical situations where existing implants and techniques may not adequately
accommodate these abnormalities.
The case history below illustrates the use of a custom additive manufactured total talar replacement implant designed
to preserve motion and articulation with the surrounding joints.

Case History
In early 2019, a 61-year old female presented with a
18-month history of unremitting pain and swelling in her
left ankle. All weight-bearing activity exacerbated her pain
and for many months she experienced interrupted sleep
because of these symptoms. As a result of her pain, she
had been struggling to manage her childcare business
because it entailed being fully mobile on her feet.
There was no history of preceding history of injury to
her ankle and she had no risk factors for developing
avascular necrosis of the talus. Examination revealed
a swollen hindfoot, a mildly planovalgus foot shape
with notably irritable ankle and subtalar joints. The
planovalgus deformity was supple and correctable. The
range of motion of the ankle, subtalar and talonavicular
joints was free of crepitus, but reduced at the extremes of
the arc of motion and intrinsically the motion of all joints
were sore.
Plain standing radiographs revealed dense, sclerotic
appearances to the body of the left talus but no frank
evidence of collapse or arthropathy at the tibio-talar,
subtalar or talo-navicular joints (Figures 1 & 2).
Further imaging was required to define the extent of
the pathology and to guide treatment. MRI imaging was
used to ascertain the extent of the AVN and CT was
used to assess for arthrosis. The MRI images showed
involvement of the whole of the talus with intra-osseous
cyst formation and fracture lines extending into the
talo-navicular joint and middle facet of the subtalar joint
(Figure 3). Together with the CT images, it was apparent
that there were no degenerative changes in any of the
articulations with neighbouring bones. There was no
evidence of significant collapse of the body of the talus
(Figure 4).

Figures 1 & 2
Plain AP and lateral radiographs of the left ankle showing sclerosis
within the body of the talus but reasonable health of the ankle and
subtalar joints. Note the considerable soft tissue swelling.
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Treatment Options
Reviewing the patient with this information allowed a
discussion about the following surgical treatment options:
1. Denuding the ankle and subtalar joints of articular
cartilage and performing a tibio-talo-calcaneal fusion.
2. Excision of the body of the talus and tibio-calcaneal
fusion with a hindfoot nail, or plates and screws.
3. Excision of the body of the talus, customised
interposition implant and fusion with a hindfoot nail.
4. Total talar replacement truss with pantalar fusion.
5. Articulated total talus replacement.
The fundamental problem with options 1,2 and 3 (and
particularly option1) is that necrotic talus is left behind
which may, or may not, arthrodese with its adjacent joint
surface. This is likely to cause persistent symptoms. In
my opinion, successful union with option 4 would achieve
a pain free foot but it would be stiff. It would certainly be
the option of choice in the presence of arthrosis involving
all of the joints. After discussion with the patient, the
final treatment option was agreed in order to resect
the painful, necrotic talus but preserve motion at the
neighbouring joints. Further CT views of the unaffected
hindfoot were obtained to enable planning for a 4WEB
custom implant.

Figure 3
MRI images showed involvement of the whole of the talus with intra-osseous cyst formation and fracture lines extending into the talo-navicular joint
and middle facet of the subtalar joint.

Patient Specific Implant
DICOM versions of the CT images are used by 4WEB
to generate a web-based meeting between the surgeon
and the 4WEB design team. During this meeting, the
implant is designed accounting for surgical approach,
the zone of pathology and the method of fixation (figures
5, 6 and 7). Images of the contralateral talus are useful
as they provide a mirrored template for the diseased
talus. However, there are always subtle differences
between sides as one would expect. For example, the
radius of curvature on the affected talar head can be
superimposed onto the mirrored contralateral talus to
improve joint congruency.

Figure 6 & 7
DICOM model showing total talar replacement implant design and
dimensions of the large implant option.

A specific cobalt-chrome finished 4WEB shape was
designed to replace the avascular talus (Figure 8).

Figure 4
CT imaging showing the typical increased density of AVN, cysts and fracturing but no arthrosis.
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Figure 5
DICOM model of anatomy showing bone to be resected.

Figure 8
The definitive 4WEB PSI implant - articulating total talar prosthesis
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Surgical Approach

Post Operative Follow Up

The implant was designed to be implanted through an
anterior approach based upon the suggested suitable
approach in the literature. A standard anterior approach
allowed good access to the talus. With a saw, the neck
of the talus was osteotomised allowing the talus to be
resected in a piecemeal manner. With removal of the
talus, each articular surface can then be inspected for
wear. In this case, each surface was in good health.

Post-operatively, the patient was rested in plaster of
Paris slabs until the wound healed. At 2 weeks postoperatively, the patient was allowed to bear wearing
a walking boot and physiotherapy to the ankle and
subtalar joints was commenced. At 6 weeks after the
procedure, the patient was allowed to abandon the
walking boot. Plain weight bearing imaging was taken
at 12 weeks showing the position of the prosthesis and
the congruency of each articular surface. It is pleasing
that the mild planovalgus appearances have settled both
radiologically and clinically (Figures 11, 12 and 13). From
the patient’s perspective, her pre-op pain has gone and
she reports lessening surgical pain and swelling on a
weekly basis.

Allowing for scaling issues with the CT images, the
planning process includes making a prosthesis in
two sizes: one to scale with the CT images and one
1mm smaller in the medio-lateral and superior-inferior
dimensions of the body of the talus. The experience of
the 4WEB design team has found that this is worth doing
as in almost 50% of cases, the smaller implant achieves
a better fit. In this case, two trial implants were made
(Figure 9) to allow assessment of optimal prosthesis size.
The small trial was palpably too slack in the mortise when
all joints were mobilised and so the larger implant was
selected after superior feel from testing the larger trial.

Figure 9
Intra-operative picture showing the two sizes of plastic trials.

The implant was readily inserted by traction and
application of plantarflexion to the foot. Subsequent on
table assessment revealed a clearly stable talus (Figure
10). Wound closure proceeded in the usual fashion.

Figure 10
Intra-operative picture showing the two sizes of plastic trials.
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Reported Clinical Results for
Articulating Talar Replacements
Two large series have been reported in the literature
pertaining to the use of articulating replacements of the
talus.
Harnroongroj reported long-term follow up of prostheses
implanted from 1974 onwards. These were also mainly
implanted for AVN. In the 1970’s until recently, these
prostheses were manufactured in polished stainless
steel based upon measurement made from scanograms.
Additionally, the prosthesis design in these series differed
from a total articulating talar replacement because they
included a peg intended to be cemented into a viable
talar head. Early failures of these prostheses were
thought to be as a result of an inability to measure the
correct dimensions of the talus owing to the relatively
inaccurate methods of imaging used for implant design.
Later failures were attributed to loosening and pain from
the interface between the implant peg and the head of
the talus.
Taniguchi et al recorded lengthy experience with ceramic
talar replacements. Initially, these were also body
replacements that fixed into talar head with cement,
but the later generation of body replacements did not
include this feature and formed a pseudarthrosis between
the ceramic and the remaining talar head. With further
experience the Taniguchi group preferred total articular
talar replacements as the results reflected improved
outcomes. They concluded that in AVN, partial articulating
replacements of the body of the talus should be avoided
and that total articulating replacement provide better
outcomes. In 2014,
Angthong reported the use of a stainless steel total talar
replacement for traumatic extrusion of the talus with
a satisfied, functional patient. In a larger series from
Parekh et al, custom 3D printed nickel-plated cobalt
implants have since established a role for improving
hindfoot anatomy in patients with AVN, but the outcomes
from these cases are uncertain. With all of these papers,
it is clear that this is a burgeoning technology that needs
thorough clinical assessment and long term follow-up in
order to establish its role in future foot and ankle surgery.

Figures 10, 11 & 12
Standing plain radiographs of the foot and ankle showing the total talar replacement in three views..
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The results outlined in this case study are for a custom implant and are specific to the individual patient
only. Individual results and activity levels after surgery vary and depend on many factors including age,
weight, and prior activity level.
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