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Ankle arthritis is a common condition. It causes a significant socioeconomic burden, and is associated
with significant morbidity. Patients with ankle arthritis are either elderly with significant co-morbidities,
or young adults who have previously suffered with ankle injuries, resulting in post-traumatic arthritis.
There is a wide variation in the management of these patients with ankle arthritis. We therefore present
an overview of the current evidence based management of patients with symptomatic ankle arthritis.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Ankle arthritis causes a substantial socioeconomic burden to
society, with an estimated 29,000 patients being referred to foot
and ankle specialist clinics yearly in the United Kingdom alone.1,2

This, however, is significantly lower than the incidence of hip or
knee arthritis due to a combination of biomechanical and
anatomical factors which protect the ankle joint from developing
primary degenerative arthritis. Biomechanically, the ankle move-
ment involves mainly rolling, whereas the knee moves with a
combination of rolling, gliding and rotating motions. The higher
range of motion of the knee predisposes it to developing primary
osteoarthritis, whereas the ankle remains relatively protected.3

Anatomically, studies suggest that even though the ankle joint
has thinner cartilage compared to that of the hip or knee, the
cartilage is more uniform, stiffer and resistant to indentation. It
does not produce matrix metalloproteinase 8 (MMP8) mRNA, an
enzyme which is expressed by normal knee cartilage and which
causes cartilage degradation. Additionally, ankle cartilage is less
sensitive to the effects of cytokines that have been implicated in the
development of primary osteoarthritis.4 On the other hand, ankle
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fractures and/or chronic instability of the ankle joint, results in
disruption of the ankle cartilage with altered joint biomechanics,
leading to the development of post - traumatic arthritis.

Epidemiological and cadaveric studies suggest that up to 1 in 10
patients over the age of 65, suffer from some degree of ankle
arthritis.3 Despite the relatively high incidence, there is still a wide
variation in the management of such patients, especially with
regards to the surgical procedure offered. We therefore present an
overview of the current evidence e based management of patients
with symptomatic ankle arthritis.

2. Clinical presentation

Patients with ankle arthritis usually present with pain around the
ankle joint that is worse with movements, often causing them to
discontinue sports. In the later stages of the disease, they then
develop nocturnal inflammatory pain, whichmay be associatedwith
symptomsof ankle instability, lockingand stiffness. Patientsgenerally
tend to seek medical help when their symptoms start affecting their
ability to walk or work, especially if they are manual labourers.

History taking is key in such patients, as it not only helps us in
understanding the impact of the symptoms on their quality of life,
but also what the diagnosis is and where the pathology might lie.
For example, patients who present with ankle pain that is worse on
adopting a specific position such as the “ski-pose”, or whilst
ascending stairs may be suffering from anterior bony spurs or
osteophytes [Fig. 1].
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As mentioned above, primary degenerative arthritis in the ankle
joint is less common compared to post-traumatic ankle arthritis. It
is therefore imperative to ascertain whether there is a history of an
ankle injury, recurrent sprains or previous surgical intervention.
Moreover, establishing the level of disability a patient has due to
his/her symptoms by enquiring about their dependency on anal-
gesics, walking aid use and assessing their expectations from sur-
gery are important factors in determining initial management
priorities.

Significant co-morbidities can have an impact on both, the pa-
tient’s symptoms as well as their surgical management. Patients
with haemophilia often present with episodes of recurrent atrau-
matic ankle swelling and warmth, which is generally indicative of
synovial bleeds, whilst patients with rheumatoid arthritis complain
of increased pain and disability with poor response to anti-
inflammatory medication. Lastly, patients with poorly controlled
diabetes may have associated peripheral neuropathy and be at a
higher risk of wound related complications.5 These patients
therefore require a multi-disciplinary approach when it comes to
the management of their ankle arthritis.

The first “corridor e encounter”, when a patient walks from the
waiting room to the examination room, is often what helps in the
diagnosis of ankle arthritis. The rocker phase in a patient’s ankle
during the gait cycle can be disrupted providing a clue to the
diagnosis. Patients may also use walking aids, surgical shoes with
rocker-soles or ankle orthotics to help in mobilisation. Signs of
primary osteoarthritis in the hands, such as Bouchards and
Heberden’s nodes, are less likely to be observed with traumatic or
degenerative arthritis of the ankle. However, patients with in-
flammatory joint disease may have hand deformities in addition to
ankle arthritis.

Clinical examination should include not only an assessment of
ankle and hindfoot motion, but also of the entire lower limb to look
for knee deformities secondary to arthritis or other causes such as
previous tibial fracture mal-union. Proximal mal-alignment
invariably requires correction prior to performing surgery for
ankle arthritis. It is also important to perform a full neurovascular
examination of the lower limb to ensure that patients do not have
undiagnosed peripheral vascular disease or neuropathy, whichmay
have a significant impact on the outcomes of surgery.
Fig. 1. Anteroposterior (AP) and lateral radiographs of an ankle joint indicating severe
ankle arthritis with a large anterior osteophyte (white arrow).
3. Investigations

Weight bearing anklemortise and lateral plain radiographs form
the mainstay of investigation for ankle arthritis. They may
demonstrate signs of osteoarthritis which include joint space nar-
rowing, marginal osteophytes, subchondral cysts and sclerosis
[Fig. 2]. Comparative views of the contralateral normal or less
affected ankle may be helpful in quantifying the reduced joint
space, although this is less commonly used. Magnetic resonance
imaging (MRI) tends to be more useful when a discrete osteo-
chondral lesion is suspected to be the underlying cause of pain
[Fig. 3], or when plain standing radiographs demonstrate mild
ankle arthritis which is not in keeping with the patient’s symptoms.

Another imaging modality that is becoming increasingly popu-
lar is the standing computed tomography (CT). It combines the
benefits of plain radiographs and MRI scanning, and allows
simultaneous, comparative imaging of both ankles. Using this, cli-
nicians can obtain a detailed assessment of the state of the ankle
and subtalar joints, as well as appreciate deformities of the joints in
three dimensions, thereby being able to plan adjunctive proced-
ures, such as a calcaneal osteotomy, which may be required in
addition to surgery on the ankle.

4. Classification

The Takakura classification (Table 1) divides ankle arthritis into
5 categories based on ankle mortise plain radiograph findings. It is
particularly useful when monitoring the progression of arthritis,
but fails to guide surgical management. It also does not account for
the state of the surrounding joints, contractures of the Achilles
tendon or other deformities.6

The Canadian Orthopaedic Foot and Ankle Society (COFAS)
classification system [Table 2] on the other hand divides ankle
arthritis into 4 categories, taking into account clinical and radio-
logical findings of not only the ankle joint, but also of adjacent
joints and Achilles tendon tightness. Therefore, this classification
system tends to be more commonly used in clinical practice, and
has also been shown to have acceptable intra- and interobserver
reliability.7

5. Non e operative management of ankle arthritis

This mainly includes strategies to limit weight bearing forces
through the ankle joint including activity modification, weight
reduction, use of walking aids and discontinuation of impact sports,
instead focusing on non e weight bearing exercises such as
swimming and cycling. Patients may also benefit from ankle braces
or boots, and from shoe outsole modifications to a rocker e sole,
which result in limiting ankle joint motion.8 In addition, a trial of
physiotherapy, analgesics and anti-inflammatory medication
should be offered prior to any surgical intervention.

6. Intra-articular joint injections

The National Institute for Health and Care Excellence (NICE)9

recommends intra-articular corticosteroid injections (methyl-
prednisolone acetate or triamcinolone hexacetonide), as a first line
treatment for patients with moderate to severe ankle arthritis, as
studies have shown a short term benefit (usually weeks) in terms of
pain relief, when compared with placebos [Fig. 4]. This is due to the
anti-inflammatory effect of corticosteroids which is thought to
reduce joint synovitis, and thus have an impact on arthritis related



Fig. 2. Anteroposterior (AP) and lateral radiographs of an ankle joint indicating severe ankle arthritis with reduced joint space (white arrow), anterior osteophytes (yellow arrow)
and sclerosis (red arrow).

Fig. 3. MRI coronal view of an ankle showing an osteochondral defect (red arrow).

Table 1
The Takakura classification of ankle arthritis.

Stage Radiographic findings

I Osteophytes and early sclerosis.
No joint space narrowing.

II Narrowed medial joint space.
No subchondral contact.

IIIa No remaining medial joint space.
IIIb Subchondral bone contact over talar dome.
IV Obliteration of joint space with complete bone contact
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pain.10 Intra-articular corticosteroid injections can also be used as a
differential test in situations where the source of pain is doubtful
because of the presence of coexisting conditions, such as both ankle
and hindfoot arthritis, helping to confirm or refute the diagnosis.
They may also be useful in cases where invasive surgery is con-
traindicated due to a patient’s comorbidities.

Risks associated with intra-articular corticosteroid injections
are small, and include infection, transient increase in pain and local
fat atrophy which may result in a cosmetic defect, and a risk of
cartilage loss following repeated multiple injections, although the
evidence supporting this is controversial.11

Intra-articular hyaluronic acid (HA) injections have also been
used, as HA is thought to help with synovial lubrication, and the
production of it is greatly reduced in arthritic joints. However, NICE
does not recommend it, as the studies demonstrating the benefits
of HA injections when compared with placebos were small, poor
quality studies,12 and trials comparing intra-articular HA injections
with oral anti-inflammatories did not find a statistically significant
difference in symptom relief.13

Patients whose symptoms are refractory to non-operative
treatment options, should be considered for surgical management
of their ankle arthritis.

7. Ankle arthroscopy

The role of arthroscopic ankle debridement [Fig. 5] is limited to
where there is a defined, localised surgical target such as anterior
osteophytes causing anterior impingement, loose bodies or discrete
osteochondral lesions.

A prospective study by van Dijk CN et al.14 demonstrated good
outcomes for arthroscopic ankle debridement of anterior soft tissue
andbone spurs inpatientswithmild ankle osteoarthritis andanterior
impingement, but not for diffuse arthritis. Moreover, arthroscopic
ankle debridement with removal of loose bodies and microfracture



Table 2
The COFAS classification of ankle arthritis.

Type Description

1 Isolated ankle arthritis
2 Ankle arthritis, with intra-articular varus or valgus deformity and/or a tight achilles
3 Ankle arthritis with hindfoot deformity, tibial malunion, midfoot abduction or adduction, supinated midfoot and a plantarflexed 1st ray
4 Types 1e3 plus subtalar, calcaneocuboid or talonavicular arthritis

Fig. 4. Fluoroscopy guided left ankle corticosteroid injection.
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for localized chondral defects has also produced good clinical results
in soccer players with moderate arthritic changes in the ankle.15

Another prospective study by Tol JL et al.16 found that over 75%
of patients with grade I arthritic changes and 53% of patients with
grade II changes were satisfied following arthroscopic ankle
debridement. However, reformation of osteophytes and narrowing
of joint space was seen in a large number of patients (66% and 47%
respectively) at the long term follow up. Conversely, Amendola A
et al.17 have reported improvement with ankle arthroscopy and
debridement in only 2 out of 11 patients with ankle arthritis,
compared with clinical improvement in 80% of patients with
anterior bony impingement alone.
Fig. 5. Photograph showing the standard intra-
The available evidence therefore supports the use of arthro-
scopic ankle joint debridement for patients with anterior bony
impingement with early arthritis, and not for patients with mod-
erate to advanced ankle arthritis.

8. Periarticular osteotomy

The aim of a realignment osteotomy in ankle arthritis is to in-
crease the surface contact across the ankle, and in turn decrease the
load per unit area. It also increases the stability of the ankle, thereby
improving joint biomechanics and alleviating patients’ symptoms.
This procedure potentially may defer the need for a total ankle
arthroplasty or arthrodesis, and is therefore an attractive surgical
option in young, active patients. Moreover, with restoration of
ankle alignment, the longevity of a subsequent ankle arthroplasty is
likely to be improved.

Realignment procedures performed at or above the ankle
include plafond-plasty (an intra-articular opening wedge osteot-
omy of the distal medial tibia), mortise-plasty, and distal tibial
oblique osteotomy (DTOO), where the centre of correction is at the
level of the syndesmosis. More proximal osteotomies such as
supra-malleolar osteotomy [Fig. 7a and b] and high tibial osteotomy
performed for the varus knee can also restore alignment at the
ankle joint. In the selection of the most appropriate osteotomy,
standing long-leg alignment radiographs from the hips to the an-
kles are helpful in judging the origin of the deformity and its effect
on the mechanical axis of the limb.

Corrective osteotomies below the ankle, such as on the calca-
neum for hindfoot varus or valgus, and on themedial column of the
foot for correction of cavovarus or planovalgus deformities, are
often combined with ankle replacement or arthrodesis in order to
achieve a plantigrade, stable foot with optimal walking biome-
chanics. Standing CT scanning can be utilised to analyse
operative set up for an ankle arthroscopy.
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multiplanar deformities and to help anticipate the requirement for
performing adjunctive osteotomies in patients undergoing ankle
replacement or fusion.

A study of 294 patients by Kr€ahenbühl N et al.,19 who underwent
supra-malleolar osteotomy for Takakura grade 1 to 3a ankle
arthritis showed an average improvement in the American Ortho-
paedic Foot and Ankle Society (AOFAS) hindfoot scores from 53.2
pre-operatively to 72.7 postoperatively. At a mean follow-up of 5
years, the overall survival of the native joint was 88%, with only 12%
requiring further surgery in the form of total ankle replacement or
ankle arthrodesis.

Even with advanced ankle arthritis, it seems that there are po-
tential benefits in performing an ankle osteotomy. TermotoT et al.20

demonstrated good outcomes with distal tibial oblique osteotomy
(DTOO) in patients with ankle varus deformity, provided there was
at least 10� of motion remaining in the arthritic joint. Mann HA
et al.21 reported good outcomes in 15 out of 19 patients with lateral
ankle instability andmedial-sided ankle arthritis, whowere treated
with lateral ligament reconstruction and plafond-plasty.

Periarticular osteotomy is therefore a viable option in the young
active patient with ankle arthritis, periarticular deformity and/or
instability. In this patient group, it is preferable to preserve the
ankle joint provided there is good residual ankle movement. In
these cases, it is beneficial to pre-operatively image the ankle using
MRI to thoroughly examine residual cartilage in addition to a
standing CT when the deformity is close to the ankle, or long-leg
alignment radiographs when the deformity is more proximal.

9. Ankle distraction arthroplasty

Distraction arthroplasty [Fig. 8] aims to unload the ankle joint by
allowing articular cartilage to undergo a reparative process. It is
commonly used for the treatment of early ankle arthritis in younger
patients, where there is good residual joint motion. A spanning
external fixator is applied across the ankle joint in either a hinged
or a static mode, aiming to distract the ankle by 5e10 mm.
Adjunctive procedures such as Achilles tendon lengthening,
arthroscopic debridement, and correction of malalignment of the
limb may also be carried out in the same setting as the distraction
arthroplasty.22

In a midterm follow-up study of thirty-six patients who un-
derwent distraction arthroplasty of the ankle with a mean follow
up of 8.3 years, Amendola A et al.23 found that 55% of patients did
not require further surgery, as opposed to 45% who required revi-
sion surgery in the form of either an ankle arthrodesis or a total
ankle arthroplasty. In this study, higher ankle scores at two years
post-operatively, and older age at the time of the distraction
arthroplasty were positive predictors of ankle survival. Marijnissen
ACA et al.24 have shown similar re-operation rates in patients un-
dergoing distraction arthroplasty.

Though distraction arthroplasty may offer young patients
several years of retaining their native ankle joint, a significant
proportion require joint-sacrificing procedures in the mid-term.
Frame-wear can be onerous for young patients, and they often
need intensive counselling about the prolonged use of the
distraction device and the inevitable need for more definitive sur-
gery in the future. Currently, there is no high quality evidence to
make a recommendation for or against its use in ankle
osteoarthritis.

10. Ankle arthrodesis

Arthrodesis is the gold standard surgical treatment option for a
painful, stiff, deformed or unstable ankle in patients with end-stage
arthritis, where loss of motion is unlikely to compromise overall
function.25 The goal of arthrodesis is to eliminate pain, correct the
underlying deformity and obtain a plantigrade, stable foot. When
meticulous surgical technique is employed in appropriately
selected patients, ankle arthrodesis is a reliable procedure to treat
ankle arthritis with union rates ranging from 85 to 100%.26

The desired position for an ankle after arthrodesis is neutral
flexion and extension, 5� of external rotation, 5� of valgus, and a
slight posterior translation of the talus under the tibia. Leg length
discrepancy should be less than 2.5 cm. Suboptimal position
outside of these values can lead to disadvantageous biomechanics.
For example, anterior translation of the talus under the tibia can
lead to a vaulting type gait pattern by reducing the lever arm of the
gastro-soleus complex. A posteriorly translated talus in external
rotation provides the theoretical advantage of improving push off
due to the pronation mechanism occurring normally.27 Fusion of
the ankle in a plantarflexed position must be avoided at all costs as
it will lead to a back-kneeing gait and potential worsening of
symptoms.

10.1. Arthroscopic versus open ankle fusion

Although traditionally, ankle arthrodesis is done through an
open approach, arthroscopic fusion has gained popularity in the
last decade with potential advantages of a shorter hospital stay,
reduced time to fusion and less blood loss. In a multicentric case
series comparing open versus arthroscopic ankle arthrodesis,
Townshend D et al.28 reported shorter hospital stay and significant
improvement in the Ankle Osteoarthritis Scale Score in the
arthroscopic group at 2 years. There was no difference in radio-
graphic alignment, complications and surgical time between the 2
groups. Many authors recommend the arthroscopic technique only
when the deformity is less than 15� due to difficulty in achieving
adequate correction in a severe deformity.29 However Dannawi Z
et al.30 showed high union rates (88%) and low complication rates
with arthroscopic ankle arthrodesis in patients with ankle de-
formities greater than 15�, with good to excellent results using the
Mazur ankle grading system. Schmid T et al.31 also demonstrated
that clinical and radiological outcomes following arthroscopic
ankle arthrodesis are not dependent on the degree of preoperative
ankle deformity.

10.2. Indications and contraindications for ankle arthrodesis

Ankle fusion can be considered for patients with ankle arthritis
of various aetiologies, who have limitation of motion and chronic
pain that is not amenable to non-operative treatment. It is
considered the treatment of choice for young patients with end
stage arthritis, and for those patients who engage in high activity
levels such as manual labourers.32 Contraindications to ankle
arthrodesis include vascular impairment of the limb, poor soft
tissues and untreated infection.

10.3. Ankle arthrodesis and gait

A potentially obvious drawback of an ankle arthrodesis is that it
leads to an altered gait pattern when compared with a normal,
disease free ankle joint. However, when compared with the pre-
operative gait in an arthritic ankle, temporal and spatial data
demonstrate that it results in an increase in step length and ve-
locity, along with a diminished total support time on the unaffected
leg. Pre- and post-operative gait analysis also demonstrates
improvement in other kinematic and kinetic parameters.33

Moreover, several biomechanical factors inherent in the ankle
joint make it particularly suitable for an arthrodesis. During normal
gait, only 10e12� of ankle dorsiflexion and 20� of ankle
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plantarflexion is required, so loss of motion following an arthrod-
esis can be accommodated for, without significant compromise, by
the mobility of the transverse tarsal joint.34 Despite this, a rocker-
sole shoe may be occasionally required.
10.4. Arthroscopic ankle arthrodesis

This is most often performed through anteromedial and ante-
rolateral portals [as shown in Fig. 5]; however, it is perfectly feasible
to prepare the ankle joint through a posterior arthroscopic portal.
Arthroscopic fusion [Figs. 9 and 10] offers shorter inpatient hospital
stays and earlier post-operative rehabilitation, with fusion rates
comparable with that of open arthrodesis.35 Additional advantages
of an arthroscopic technique include potentially reducing compli-
cations associated with wound healing, especially when the soft
tissue has been compromised due to previous trauma or surgery. It
is therefore the preferred technique for patients who are at a high
risk of developing a postoperative infection, secondary to a sys-
temic issue such as Diabetes Mellitus, or because they are on long
term immunosuppressants. Contraindications for an arthroscopic
fusion include a significant, irreducible deformity, significant bone
loss, previous attempts at arthrodesis, or broad-based avascular
necrosis of the talus which requires bone grafting.

Following adequate removal of residual articular cartilage and
decortication to bleeding cancellous bone [Fig. 6], optimal posi-
tioning of the ankle joint is carried out, and fixation secured using
two or three cannulated, partially-threaded 6.5 mm diameter
cancellous screws. Screw direction should ideally be from poster-
omedial in the tibia to distal anterolateral or anteromedial/central
in the talus. The screw directed anterocentrally/medially in the
talus should aim to pull the talar neck up towards the tibia to obtain
a plantigrade position. Screws should be countersunk and threads
should all cross the ankle joint to ensure adequate compression.
Compression occurs predominantly across the medial gutter and it
is therefore not necessary to prepare the lateral gutter, with studies
confirming that non-union of the lateral gutter does not affect the
clinical outcome of fusion.29

Additionally, some adjunctive procedures may be required at
the time of the arthroscopic ankle arthrodesis in order to achieve an
optimal outcome. Traditionally, the degree of coronal plane defor-
mity that can feasibly be corrected with arthroscopic fusion is up to
15�. However, some studies report adequate correction up to 25� of
Fig. 6. Intra-operative image taken during an ankle arthroscopy illustrating bleeding
subchondral bone.
deformity.29 If there is still some minor residual coronal plane
deformity following arthrodesis, it can usually be addressed by
performing a calcaneal osteotomy. Achilles tendon lengthening is
also commonly performed as an adjunct, for correction of ankle
equinus, and to achieve the desired sagittal plane correction before
arthrodesis.29

10.5. Open ankle arthrodesis

Post-traumatic ankle arthritis is frequently associated with
significant deformity, large bone defects, and avascular necrosis of
the talus that is likely to require bone grafting. These situations are
more amenable to treatment with open arthrodesis. Other in-
dications for an open surgical approach include the need to remove
implants from previous fracture fixation surgeries or when con-
verting from a total ankle arthroplasty.

Open arthrodesis can be undertaken through several approaches
including the commonly used anterior approach, which is between
the tendons of extensor hallucis longus and extensor digitorum
longus, or through two mini-incisions using extensions of the
anteromedial and anterolateral arthroscopic portals. The lateral
trans-fibular approach with partial or total sacrifice of the lateral
malleolus is generally performed to accommodate more robust
implants such as lateral plates. A sagittal osteotomy of the distal
fibula canalso beused,withfixationof the lateral part onto the ankle
fusion site, providing a “live” onlay graft. The trans-fibular approach
is particularly useful for correcting severe deformity and when
preparation of the subtalar joint is desired for a tibio-talo-calcaneal
fusion. The excised part of the fibula is an ideal cortico-cancellous
graft to fill any bone defects. The trans-Achilles posterior approach
is also useful for tibio-talo-calcaneal fusion with posterior plate
fixation and is usedwhenanterior soft tissue compromise is evident.

10.6. Complications following ankle arthrodesis

Aside from the general complications of wound infection and
delayed wound healing, the most feared complication of ankle
arthrodesis is non-union. Enhancing patient biological factors pre-
operatively to reduce this risk is therefore essential. This can be
done by identifying and started treatment for undiagnosed type 2
diabetes, particularly in obese patients, using fasting blood glucose
analysis and serum glycosylated haemoglobin, and ensuring com-
plete smoking cessation.36 Soft tissue status, compromised limb
vascularity, osteonecrosis, and stability of fixation, all have a sig-
nificant bearing on union rates.37 Chalayon O et al.38 reported a 9%
non-union rate at 6 months in a study of 440 patients with un-
complicated, primary open ankle arthrodesis. They found that pa-
tients with a previous subtalar arthrodesis were 3 timesmore likely
to have a non-union, probably due to the negative effect of a greater
lever arm on the ankle joint and partial disruption of the blood
supply to the talus following a subtalar fusion. Moreover, patients
with a varus ankle mal-alignment were twice as likely to develop a
non-union, which the authors attributed was due to the stretching
of the nutrient vessel that enters the medial side of the talus.

Paying attention to post-operative analgesic regimes in patients
is also important in an effort to reducing the rates of non-union
following ankle arthrodesis. Patients should be counselled pre-
operatively about the need to avoid Non-Steroidal Anti-Inflamma-
tory Drugs (NSAIDS) which can have a significant deleterious effect
on bone healing.39 Additionally, correction of a Vitamin D defi-
ciency is advocated due to its increased prevalence in patients with
a non-union following ankle fusion.40

The stiffening of the ankle joint undoubtedly imparts additional
weight-bearing stress onto adjacent joints during normal gait,
particularly the subtalar joint. Adjacent joint arthritis is usually



Fig. 7. a and b e AP plain radiographs of an ankle joint pre- and post-operatively following a supramalleolar osteotomy. The patient had a varus ankle joint alignment with medial
ankle joint arthritis (Images reproduced from Takakura Y et al. Low tibial osteotomy for osteoarthritis of the ankle. Results of a new operation in 18 patients. J Bone Joint Surg Br.
1995; 77: 50e54.18).

Fig. 8. A lateral plain radiograph of a left ankle showing an Ilizarov frame assisted
distraction ankle arthroplasty.

V. Adukia et al. / Journal of Clinical Orthopaedics and Trauma 11 (2020) 388e398394
noted in the majority of patients pre-operatively, although patients
may be asymptomatic. Prospective ankle fusion patients therefore
need to be counselled about the presence of adjacent joint arthritis,
and the potential need for future surgical procedures on the
diseased adjacent joints.
11. Total ankle replacement

With an ever improving prosthesis design, instrumentation, and
understanding of surgical techniques, total ankle replacement
[Fig. 11] has been shown to result in successful functional outcomes
and maintenance of limb biomechanics.
11.1. Prosthesis design

Since the inception of ankle replacements in the 1970s, various
systems have been developed. First generation designs were con-
strained and stable, but needed significant bone resection and were
cemented. They failed in significant numbers due to loosening,
subsidence and extensive osteolysis. Second generation implants
were mostly uncemented and less constrained, however they too
had significant failure rates due to increased polyethylene wear.
Modern, third generation implants have a semi-constrained design
and use ultra-high molecular weight polyethylene as a bearing
surface. They are either a two part, fixed-bearing prosthesis, with
the polyethylene component rigidly fixed to the tibial component,
or a three-part, mobile-bearing prosthesis, where the polyethylene
has some mobility underneath the tibia.

Mobile-bearing prostheses are most commonly used in Europe,
while the majority of implants used in the United States of America
(USA) are fixed-bearing cemented designs. The STAR (Scandinavian
Total Ankle Replacement) prosthesis is the only non-fixed-bearing
ankle replacement approved for use by the Food and Drug
Administration (FDA) for non-cemented use in the USA. Currently
there is no consensus as to the superiority of one implant type over
the other. There seems to be little difference in clinical outcomes
between the 2 groups, although talar cyst formation with potential
component subsidence remains a concern with mobile-bearing
designs.41 Moreover, according to the United Kingdom (UK) Na-
tional Joint Registry (NJR),42 only 5% of implants are either fully or
partially-cemented.



Fig. 9. Intra-operative fluoroscopy images showing AP and lateral views of an ankle joint after an arthroscopic arthrodesis.

Fig. 10. AP and plain ankle radiographs of the same patient, taken approximately 6
months after surgery, demonstrating complete bony fusion.
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What is probably more important for modern, third generation
implant survival is the accuracy of implantation and reproducibility
of the operative technique. Increasingly, implant instrumentation is
being refined, often incorporating extramedullary alignment jigs,
along with the use of intra-operative fluoroscopy. Use of pre-
operative CT planning and patient-specific instrumentation has
evolved to further reduce operative time and fluoroscopic exposure
without compromising on implant position.43
11.2. Indications and contraindications

The ideal patient for an ankle replacement is one who is fifty
years of age or older, has a Body Mass Index (BMI) of less than 30,
undertakes low demand physical activity, and who has a manage-
able deformity.44 Pre-existing ipsilateral hindfoot, hip or knee
arthritis, may make total ankle arthroplasty more desirable than
ankle fusion in certain patient groups. Patient contraindications to
total ankle arthroplasty include relative youth, heavy manual
workers, heavy smokers, diabetics (especially thosewith peripheral
neuropathy), vascular insufficiency, severe ankle instability, sig-
nificant bone loss and active local/systemic infection.45
11.3. Deformity evaluation

Weight bearing CT scanning and, where necessary, long-leg
alignment radiographs are commonly used in the pre-operative
planning of ankle arthroplasty. Minor intra-articular deformities
of the ankle can be corrected by judicious soft tissue release and
adequate symmetrical component tensioning across the joint.46

More significant coronal intra-articular deformity (up to 15�),
with asymmetrical bone loss, can be corrected by removing
adequate bone on either side of the joint. However, if major hind-,
mid- or forefoot re-alignment is needed, it may be necessary to
perform this as a separate procedure before the arthroplasty is
carried out. With experience though, simultaneous hindfoot
arthrodesis or corrective osteotomy may also be completed along
with a total ankle replacement in the same sitting.47

Commonly, after trial component implantation, it becomes
necessary to undertake a percutaneous Achilles lengthening to
obtain adequate ankle dorsiflexion. In addition, any residual minor
hindfoot varus or valgus can be addressed with a calcaneal
osteotomy.

If there is a varus deformity of the hindfoot, it is important to
remember that its origin maybe secondary to a plantarflexed first
ray. In such a case, a dorsal closing-wedge osteotomy through the
medial column must be performed in order to protect the ankle
replacement from asymmetrical loading. Often, it is necessary to
perform both hindfoot and forefoot osteotomies to achieve a
plantigrade foot. Rarely is it necessary to address extra-articular
varus or valgus deformity above the ankle joint with a supra-
malleolar osteotomy, plafondplasty and medial or lateral ligament
reconstruction.

It is important to recognise with ankle arthroplasty surgery that
implantation of the ankle replacement is only one step in a critical
sequence. It is crucial to correct the underlying bony deformity and
ligament insufficiency, to obtain a balance of forces across the
ankle.



Fig. 11. AP and lateral plain radiographs demonstrating a fixed-bearing total ankle replacement in situ, along with a simultaneous correction of hindfoot varus using a minimally
invasive calcaneal osteotomy, and a first metatarsal dorsiflexion osteotomy.
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11.4. Outcomes

Ankle replacement is gaining popularity amongst patients due
to the main advantage of retaining ankle motion. In a study of 197
patients, the average one-year postoperative total sagittal-plane
motion of the ankle and foot, recorded with radiographic param-
eters, was 25.9�, with 68% arising from the ankle prosthesis and the
remaining motion arising from the hindfoot.48 Indeed, in compar-
ison to ankle fusion, ankle replacement offers increased average
gait velocity by improving stride length and cadence.49

Studies into implant survival rates have shown acceptable
longevity, including over 70% survivorship of STAR ankle re-
placements at an average of fifteen years.50,51 Hoffman KJ et al.52

reported 97% implant survival at a mean of 5.2 years with the
fixed-bearing Salto-Talaris prosthesis.

In a comparative study of 321 patients (232 ankle replacements
and 89 ankle arthrodesis procedures), with a mean follow up of 5.5
years, ankle arthrodesis patients had a re-operation rate of 7%
compared to 17% in ankle arthroplasty patients. The rate of major
complications was also higher in patients who had undergone
arthroplasty (19%) comparedwith thosewhohadhadan arthrodesis
(7%). However, patients in the ankle arthroplasty group reported
better functional outcomes in termsof pain anddisability scores.53 A
systematic review by Haddad SL et al.54 demonstrated that the in-
termediate outcomes of ankle arthroplasty were similar to those of
ankle arthrodesis, however high level evidence was lacking.
Recently, a retrospective, cross-sectional cohort study, comparing
the clinical outcomes of total ankle replacement, arthroscopic ankle
arthrodesis and open ankle arthrodesis in patients with non-
deformed, isolated, end stage ankle arthritis revealed comparable
clinical outcomes. It also found that although the revision rateswere
similar for all three groups, the total ankle replacement group
required significantly more additional surgical procedures.55
11.5. Complications

Complications reported with ankle arthroplasty include intra-
operative and post-operative fractures, infection, wound healing
problems, aseptic loosening and osteolysis, chronic pain, soft tissue
injury (nerve or tendon), thromboembolism, complex regional pain
syndrome and amputation.56

The incidence of medial malleolar fracture is approximately
9.7%, while that of lateral malleolus fracture is much less common
(1.4%).43 Intra-operative fractures of themedial malleolus should be
secured with screws whilst lateral malleolar fractures require a
separate surgical approach to undertake plate and screw fixation.
This is particularly important to avoid early implant subsidence and
migration.57 Early post-operative fractures (within four months)
are rare on the lateral side and can usually be treated with a boot or
a cast, whereas medial malleolar fractures should most often un-
dergo internal fixation. Late post-operative fractures of either
malleoli are usually stress fractures and need fixation.

Wound healing complications account for 1e14% of all compli-
cations.43 Particular risk factors for this include diabetes mellitus,
rheumatoid arthritis, immunosuppression, obesity, poor tissue
handling and extensive use of self-retaining retractors. The re-
ported rate of superficial infection ranges from 1 to 4%, however
with superficial infection there is always concern about a subse-
quent prosthetic joint infection. The incidence of a deep peri-
prosthetic infection is approximately 0.5%, and this usually
necessitates implant removal with staged revision joint replace-
ment, implantation of permanent antibiotic spacers, arthrodesis or
a trans-tibial amputation.43,58

Regular follow-up and surveillance for the delayed complication
of aseptic loosening is important. Reported incidence ranges from 3
to 19%. Particular risk factors for osteolysis and aseptic loosening
include mal-alignment of the hindfoot, poor prosthesis alignment
and polyethylene component incongruity.43 Management options
commonly include conversion to ankle arthrodesis, although revi-
sion arthroplasty using modular stemmed components is gaining
popularity. Hintermann B et al.59 looked at 117 revision arthro-
plasties that were carried out for a failed total ankle replacement.
They reported an 83% survival rate at the 6 year follow up stage,
where recurrent component loosening was taken as the end-point.

Table 3 summarises the management algorithm for ankle
arthritis.



Table 3
Management algorithm for ankle arthritis.

Stage Age Condition of ankle joint Surgical procedure

I Any age Impingement only Arthroscopic debridement
II Any age Anatomy well preserved Arthroscopic debridement

Malalignment at supra-articular level Supramalleolar osteotomy
Malalignment of heel Calcaneal osteotomy

III Any age Ankle anatomy distorted and not restorable/neurological conditions previous infection/severe osteoporosis Arthrodesis
Age � 55 Normal or restored anatomy with no degenerative disease in adjacent joint Arthrodesis or Total ankle arthroplasty

Normal or restored anatomy with degenerative disease in adjacent joints Total ankle arthroplasty
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12. Conclusion

Early stage ankle arthritis is initially treated with non-
pharmacological methods like weight reduction, activity modifi-
cation and assistive devices. Intra-articular steroids can be
considered when these measures fail. Carefully selected patients
with early arthritis of the ankle joint benefit from surgical in-
terventions such arthroscopic debridement, periarticular osteot-
omy and distraction arthroplasty. Arthroscopic debridement is
especially effective in treating anterior impingement pain, whilst
re-alignment procedures help in cases where there are focal
arthritic changes due to malalignment.

Ankle arthrodesis, open or arthroscopic, remains the gold
standard treatment for advanced arthritis of the ankle. Current
trends in the management of end-stage ankle arthritis are rapidly
evolving. Though open ankle arthrodesis has traditionally been the
surgical option of choice, recent evidence shows that arthroscopic
arthrodesis is a reliable technique with reproducible results in
patients.

Total ankle replacement is an established surgical option in
advanced arthritis, and is gaining in popularity. Complications of
ankle replacement surgery are more significant and frequent than
ankle fusion, but are largelymanageable. Advances in pre-operative
planning software and instrumentation have improved reproduc-
ibility of surgical technique and accessibility. Patient selection is
key, with total ankle replacements currently being offered to older
patients with low physical demand and a smaller degree of defor-
mity. The ongoing ‘TARVA’ trial,60 which is a multi-centre rando-
mised control trial comparing cost effectiveness and clinical
outcomes of total ankle replacement versus arthrodesis in end
stage ankle arthritis, will hopefully provide comprehensive infor-
mation on these two procedures.
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