Ankle replacement:
where are we how?

Ankle replacements have improved significantly since the first reported attempt at resurfacing

of the talar dome in 1962. We are now at a stage where ankle replacement offers a viable option

in the treatment of end-stage ankle arthritis. As the procedure becomes more successful, it

is important to reflect and review the current surgical outcomes. This allows us to guide our

patients in the treatment of end-stage ankle arthritis. What is the better surgical treatment -

arthrodesis or replacement?

WHY REPLACE ANKLES?

The impact of severe ankle arthritis on an indi-
vidual’s quality of life is significant, both physi-
cally and emotionally, and its effects are reported
to be as severe as those caused by end-stage hip
arthritis.” Ankle arthritis is most commonly post-
traumatic, either as a result of a fracture or re-
peated ligamentous injury.? Thus, unusually for
arthritis, it typically presents in young patients
with high functional demands. Ankle arthrode-
sis has long been considered the ‘gold standard’
for treatment of end-stage ankle arthritis. A solid
well-aligned fusion offers good pain control and
improved mobility without the need for future
revision surgery. It has therefore traditionally
been seen as the ideal ‘one-off’ procedure. How-
ever, fusion does have its limitations. Loss of an-
kle movement permanently disturbs normal gait
which affects the kinematics of the subtalar, knee
and midfoot joints. Coester et al* has shown that
at a mean of 22 years post-fusion, the majority
of ankle fusion patients had functionally limiting
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arthritic changes in the ipsilateral foot. The early
pain control provided by arthrodesis may not
always be the solution to a long-term pain-free
foot, as is often thought. This limitation, coupled
with the success of arthroplasty in other weight-
bearing joints, makes ankle replacement an at-
tractive alternative.

DEVELOPMENT OF ANKLE REPLACEMENTS
Themistocles Gluck attempted the first hip re-
placement in 1891 using an ivory femoral head
replacement for tuberculosis. Ankle joint re-
placements were developed much later; a case
report in 2002 of the go-year follow-up of a
talar replacement indicates that attempts to
replace the ankle were being made as early as
1962.4 Nevertheless, it was not until the 1970s
that interest in ankle replacement gained mo-
mentum. Lord and Marotte are credited with
the first series of total ankle replacements. Their
replacement consisted of the femoral stem from
a hip arthroplasty implanted in the tibia and an

acetabular cup cemented into the calcaneum,
following a talectomy.

A number of early implants were developed
including the St George, Imperial College
Hospital London, Irvine, Mayo, New Jersey
and Richard Smith prostheses. In general they
were variations of a two-component design,
predominantly with a polyethylene tibial com-
ponent and a metal talar component. All were
cemented. It became apparent that there were
high complication and failure rates limiting
these early designs.s7 AlImost 50% of Lord and
Marotte’s implants failed by ten years; a simi-
lar rate was seen in other early designs.® Fail-
ure was mainly due to loosening, massive os-
teolysis, subsidence and pain. The reliance on
cement fixation required significant tibial re-
section. This meant that the tibial component
was seated in less supportive metaphyseal
cancellous bone, which was prone to failure
and subsidence under compressive loads. The
limitation of the constrained two-component



Fig. 1 Agility
ankle replace-
ment. A fixed
bearing design
with fusion of
the distal fibula
and tibia. Picture
courtesy of DePuy
Orthopaedics, Inc.
(West Chester,
Pennsylvania,

USA).

designs results in transmission of large forces
to the cement prosthesis interface, leading
to early loosening. Revision of these failed
arthroplasties to fusion was made more dif-
ficult by the loss of bone stock resulting from
the primary procedure. The high failure rates
associated with salvaging the failed ankle re-
placement led to the stalling of interest in an-
kle replacements, and the first generation im-
plants were abandoned. In 1985 Bolton-Maggs
stated, “The overall results and the long-term
outlook of ankle arthroplasty is so poor as to
warrant offering only ankle arthrodesis as the
surgical treatment of disabling ankle arthritis”.

With the subsequent development of unce-
mented fixation for hip and knee arthroplasties,
several groups utilised the new surface technol-
ogies associated with uncemented hips to de-
velop uncemented ankle replacement through
the 1980s. By the 1990s there was a resurgence
of interest, with the availability of second-
generation models: the Buechel-Pappas, Scan-
dinavian Total Ankle Replacement (STAR) and
Agility ankle replacements.

The Agility was the first second-generation
replacement to be developed by Frank Alvine in
1984. It is a semi-constrained design consisting
of a cobalt chrome talus and a titanium tibial
component with a fixed polyethylene bearing.
As well as sagittal movements, some axial rota-
tion and medial to lateral translation can occur
as the talus is smaller than the tibial cup-shaped
articulation. The Agility requires fusion of the
tibiofibular syndesmosis (Fig. 1). It is still in use
today, mainly in the USA where up until 2006 it

was the only FDA- (Food and Drug Association)
approved ankle prosthesis.

The Buechel-Pappas was an evolution of
the LCS total knee replacement. It had ceramic-
coated titanium tibial and talar components
and a mobile polyethylene bearing. The poly-
ethylene meniscus was first introduced in 1978
to the knee replacement, and the idea was then
adapted to the ankle. The ultra-high molecular-
weight polyethylene meniscal bearing articulates
with a flat tibial surface and the deep sulcus of
the talar component (Fig. 2). This allows rotation
between the tibial component and the meniscus,
and flexion/extension between the meniscus and
talus. Despite widespread use, it has not been in
production since 2008. Newer implants with a
similar design are, however, available.

The STAR prosthesis was originally devel-
oped by Hakon Kofoed in 1978 as a cemented,
two-component implant. In the 1980s it was
modified to its current cementless, mobile-
bearing design (Figs 3 and 4). It has been widely
used across Europe.

Short- and mid-term results of the second-
generation designs showed improvement on
first-generation models, and enthusiasm for ankle
replacement returned. Better understanding of
the complex biomechanics of hindfoot joints and
the importance of bony and soft-tissue alignment,
along with further design modifications, has re-
sulted in the modern third-generation implants.

CURRENT DESIGN
At present, multiple total ankle replacement sys-
tems are available. Many small variations exist
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Fig. 2 Components of the Buechel
Pappus replacement from anterior
and medial views, showing stemmed
tibial component. Courtesy of Wood

PR, Sutton C, Mishra V, Suneja R."”

between the different designs, but, in general, cur-
rent replacements consist of three components:
tibial, talar and a polyethylene articulation. Some
have the polyethylene secured to the tibial com-
ponent creating a fixed-bearing prosthesis. The
majority are mobile bearing (Table [), theoretically
reducing constraint and hence force transmission
and possible loosening of the prosthesis by allow-
ing rotation. However, there is no consensus in
clinical evidence to support superiority of either
fixed- or mobile-bearing current designs. Mobile-
bearing designs have been widely adopted across
Europe whereas fixed-bearing designs are more
commonly used in the USA as a result of the de-
sign restrictions enforced by the FDA. The mobile-
bearing STAR has recently been approved follow-
ing a non-inferiority study.”

Table 1.

Fixed ankle

replacements

versus mobile bearing

Fixed bearing Mobile bearing

Agility AES*
Eclipse Box
ESKA Buechel Pappas*
IN BONE German Ankle System
SALTO Talaris HINTEGRA
Mobility*
SALTO
STAR
Zenith

*Indicates replacements no longer available

Aside from the major difference of fixed-

versus mobile-bearing ankle replacements,
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there is variability in many other design fea-
tures. Different fixation methods, coatings, in-
strumentation and bony resection strategies
exist. The overall number of ankle replacements
implanted is small and there is not enough
evidence to ascertain which specific design fea-
tures improve performance.

At present all designs use a polyethylene-on
-cobalt chrome bearing except for a Japanese
implant, the TNK, which is ceramic-on-metal.
Some designs (Zenith, Salto) use a stemmed
tibial prosthesis in keeping with the original
Buechel-Pappas design. Insertion of this style
of prosthesis requires intra-operative window-
ing of the anterior tibial cortex to seat the tibial
component. This potentially creates a source of
weakness in the anterior tibia and an entry route
for wear particles. Other tibial fixation methods
include fins, pegs, keels and parallel dowels.
The Hintegra is essentially flat and can be sup-
plemented by screw fixation in the distal tibia.

The amount of talus resected also varies,
with most aiming to simply resurface with
minimal resection of bone stock. The need to
resurface the sides of the talus is controversial,
with some reasoning that the sides of the talus
provide substantial support for the talar com-
ponent and reduce gutter pain; others that the
increased bone resection leads to weakness and
subsidence. Evidence is once again lacking.

INDICATIONS
As with all joint arthroplasty, a successful out-
come is not solely dependent on implant design
but relies also on surgical technique and patient
selection.

The ideal patient for ankle arthroplasty is
typically older, with low functional demands (in
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terms of both work and recreational activities).
The ideal patient should have a normal BMI, little
coronal deformity and be neurovascularly intact,

with good soft tissues and bone stock. Patients
with rheumatoid arthritis and those with degen-
erative change or who have had fusions of ad-
jacent foot joints are also good candidates. The
ideal patient is rare. Many surgeons are develop-
ing techniques to broaden the classic indications.
Indeed, the 2012 UK National Joint Registry data
show that 18% of prostheses were implanted
into ankles with deformity greater than 15°, de-
spite Wood and Deakin showing that those with
greater deformity had a worse outcome.” The
absolute contraindications are active infection,
a neuropathic joint, peripheral vascular disease,
ulceration and neuromuscular disorders with pa-
ralysis or significant weakness around ankle.

Ankle arthroplasty can maintain movement,
but does not tend to restore movement. Tradi-
tionally, ankles that are stiff pre-operatively are
considered less likely to reap the benefits of
preserved motion, although from personal ex-
perience these patients can in fact function well
with replacement.

CURRENT UK PRACTICE

The UK National Joint Registry has included
ankle replacements since April 2010. A total of
2004 total ankle replacements have been re-
corded to date, and 505 primary ankle replace-
ments were recorded for 2013, with eight dif-
ferent prostheses being used. The Mobility was
the most commonly used (35.6%), followed
by Zenith (24.6%) and Hintegra (12.3%). Box,
Salto, STAR, Rebalance and Inbone were also
implanted. Registry data show that there are 165
consultants, performing an average of just three

Fig. 3 Components of the STAR replacement
from anterior and medial views. Courtesy of
Wood PR, Sutton C, Mishra V, Suneja R.”

ankle arthroplasties per annum in the UK.

The annual rate of ankle joint arthroplasty
in the UK is about 1.2 per 100 000 of the popu-
lation, which is similar to the rates in Sweden,
Norway and Denmark (1 per 100 000). In Fin-
land the rate is double, and in New Zealand tri-
ple this rate.™

In comparison with hip and knee arthro-
plasty, substantially fewer ankle replacements
are performed in the NHS in England and Wales.
The 2012 data show that 540 primary ankle ar-
throplasties were performed, in comparison
with 76 448 primary THAs and 84 833 primary
TKAs for the same period. A total of 76% of units
perform fewer than five ankle replacements a
year, with 3% of units doing over 25 procedures
annually. Annual rates of hip and knee arthro-
plasty are 218 and 235, respectively, per ortho-
paedic unit.

WHERE ARE WE NOW? PERFORMANCE
AND RESULTS

Overall, the results of second- and third- gener-
ation ankle replacements have been promising,
with marked improvement in survival in com-
parison with the first-generation designs.™'®
However, the levels of success and survivorship
still lag behind those of established hip and
knee arthroplasties.

The literature on ankle replacements is still
lacking. Long-term results are available with co-
horts of patients from originator centres and the
results from national registry data. Unsurpris-
ingly, there is a tendency for higher survivorship
in reports from the design centres, where the
surgeons are more familiar with the design ra-
tionale of the implant and instrumentation.’>°
The joint registry data are dependent upon



compliance rates but do include a wide range
of surgeons with varying experience and are
more likely to reflect outcomes for the ‘typical’
surgeon. Disturbingly, there is recent evidence
from the New Zealand registry that the number
of reported revisions may reflect only half of the
actual rate.

A systematic review in 2013 collated the evi-
dence for ankle replacements currently availa-
ble on the market.?° The data showed an overall
ten-year survival rate of 73% if registry data are
included and 89% if registry data were exclud-
ed. Complication rates of 8% intra-operatively
and 13.5% post-operatively were seen, with the
most common intra-operative event being a
malleolar fracture. Overall, ankle replacements
in this systematic review were shown to give
good improvement in function and pain scores.
The data highlight the presence of radiologi-
cal lucencies, visible in 22.4% of cases at four
years. These occurred more commonly on the
tibial (21%) than the talar side (1.4%). The AES
ankle replacement, a third-generation mobile-
bearing design based on the Buechel-Pappas
replacement, was withdrawn from the market
in 2008 due to concern about significant osteo-
lysis, mainly around the tibial component.>
Long-term follow-up of radiological lucencies is
required to determine their natural progression,
whether they affect long-term outcomes and
whether early grafting is curative is still to be
determined. CT scanning is more accurate
in the detection of periprosthetic osteolysis,
and may have a role in osteolysis detection
and surveillance.

Evidence synthesis from the same sys-
tematic review suggests that ankle replace-
ments maintain or improve ankle move-
ment by approximately 10° on average.
Despite this preserved motion, progression
of subtalar arthritis occurred in 19% to 59%
of subjects in four studies by seven years.>®
The long-term incidence and morbidity
from progressive arthritis in adjacent foot
joints following ankle replacement is not
currently known and whether arthroplasty
offers better future protection against sur-

TO REPLACE OR FUSE?

The question as to which is better remains unan-
swered. There is a lack of randomised controlled
trials comparing ankle arthroplasty with ankle
fusion at present. The high degree of variability
between the design of individual studies look-
ing at each of the procedures means that current
data are insufficient to draw reliable conclusions.
In 2007, Haddad et al** attempted to perform a
systematic review of the literature and reported
that the long-term outcomes of second-genera-
tion replacements and arthrodesis were compa-
rable. Unfortunately, the review did not include
any studies that directly compared arthroplasty
with arthrodesis; it consisted of ten arthroplasty
studies and 39 arthrodesis studies. Given that
there is likely to be a significant selection bias
in those chosen for each procedure, the conclu-
sions must be viewed with caution. More recent-
ly a prospective non-inferiority study comparing
the STAR prosthesis and ankle fusion has shown
that at 24 months’ follow-up there was better
function and equivalent pain control in those
with arthroplasty, but the complication and re-
operation rate was higher than in the arthrode-
sis group.™ Similarly, the Canadian Orthopaedic
Foot and Ankle Society (COFAS) prospective

study of total ankle replacement (involving Agil-
ity, STAR, Mobility, or Hintegra prostheses) and

ankle arthrodesis with a mean follow-up of 5.5 £
1.2 years has shown the clinical outcome of total
ankle replacement and ankle arthrodesis to be
comparable, but rates of re-operation and major
complications were higher after ankle replace-
ment.> Seven (7%) of the arthrodeses and 48
(17%) of the ankle replacements underwent revi-
sion by final follow-up.

There are currently two RCTs in progress
comparing the two procedures. In the US, an
RCT sponsored by the Seattle Institute for Bio-
medical and Clinical Research has been recruit-
ing since 2012. It is designed to give a 24-month
follow-up, with initial results expected in 2016.
Unfortunately, the arthroplasty arm will be lim-
ited to include only ankle replacements with
FDA approval. A large UK multi-centre ran-
domised controlled trial of total ankle replace-
ment versus ankle arthrodesis (TARVA) is due to
commence shortly. This will provide compari-
son of modern third-generation mobile-bearing
replacements with fusion. This trial is not ex-
pected to report until 2018.

THE ARTHROPLASTY LEARNING CURVE
Ankle arthroplasty is a technically demanding
procedure with a substantial learning curve.
Better outcomes are achieved with increasing
experience, volume and familiarity with the tech-
nique. A review of the results of the first and
last 50 cases of STARs performed by a single
surgeon in a consecutive series showed a
decrease in surgery time and peri-operative
fractures, and improvement in component
orientation amongst the latter cases.>®

The UK National Joint Registry data
show that 505 ankle replacements were
performed by 165 surgeons in the last re-
corded year - a mean of three per surgeon.”
This raises the question as to whether there
should be centralisation with regional ankle
arthroplasty units, as in Sweden where six
units now carry out all ankle replacements
nationally. Rethinking how we provide ar-
throplasty services is topical following the
recent withdrawal of the Mobility replace-
ment from the market by DePuy earlier this

rounding arthritis than arthrodesis is not
established.

Fig. 4 STAR total ankle replacement. A mobile bearing year. A large number of surgeons in the UK

design with parallel dowel fixation in the tibia. and worldwide have now been forced to
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reconsider their choice of implant and face a
new learning curve with a different prosthesis
and unfamiliar instrumentation. If ankle arthro-
plasty units are established it may be more sen-
sible to concentrate on the number of arthritic
ankles treated, as opposed to the number of ar-
throplasties, to avoid pressuring surgeons into
stretching the indications for replacement.

FAILED ARTHROPLASTY
This review would not be complete without con-
sidering the effects of failed arthroplasty proce-
dures. In some cases it is possible to revise the
replacement, however, in others the lack of bone
stock, amongst other factors, dictates that fu-
sion, either of the ankle alone, or in combination
with the subtalar joint, may be the only option.
Although many studies report good rates of un-
ion in arthrodesis following failed arthroplasty,
it must be remembered that salvage surgery is
challenging. The functional outcomes are not
widely reported and their comparison with a pri-
mary arthrodesis is an important metric.
Amputation rates of up to 19% in salvage ar-
throdeses from failed arthroplasties where large
cancellous allografts were required to tackle
bone loss have recently been reported by My-
erson et al®® and act as a reminder of the difficul-
ties faced in the challenge to improve function
for those with end-stage ankle degeneration. An
alternative to massive grafting is to undertake
an arthrodesis with a small amount of shorten-
ing. Revision ankle replacement is sometimes
an option but is not without risk in light of one
study finding a 4% amputation rate with revi-
sion arthroplasty.>

CONCLUSION

Ankle replacement offers much for patients
with debilitating end-stage ankle arthritis, but
there is still a long way to go before the level of
success is equivalent to that of hip and knee ar-
throplasty. Better data collection through multi-
centre randomised studies and the continuing
input into national joint registries will help to
determine the long-term benefits. Improved un-
derstanding of ankle and hindfoot biomechan-
ics will advance implant design further.

Interest in joint preserving surgeries such as
osteotomies is also increasing. Success here may
delay the need for either replacement or fusion.
No single procedure is going to be the panacea;
the key will be developing sound evidence to de-
termine which procedure is best in each individual
case, but there is no doubt some patients achieve
excellent function following ankle replacement.
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