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1. Introduction

The results of total ankle replacement (TAR) have improved
during the last decade, but are still inferior to the results of hip and
knee replacement. The complexity of the procedure depends on
prosthetic design, instrumentation as well as indication and the
experience of the surgeon and constitutes a great challenge for the
foot and ankle surgeon. The long learning curve is well documented
[1–3]. Deformity at, or below the ankle joint or in combination can be
difficult to handle and are one of the main reasons for failure [4–7].
Altogether the procedure of total ankle replacement results in a
substantial number of secondary procedures that may be named
‘‘revisions’’, ‘‘reoperations’’ or ‘‘additional procedures’’. In the
literature there is no explicit definition of either of these procedures.
In order to compare follow-up studies or survival rates it is crucial
that different authors use the same definition.

2. Materials and methods

We searched for studies that were full length journal articles
with a definition, even if vague, of revision of TAR. Only articles
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concerning modern uncemented two component designs and
uncemented three component designs were eligible.

A literature search was carried out in November 2009 using the
following databases:
1. M
y E
EDLINE (PubMed) using the MeSH terms (ankle OR ankle joint)
AND (replacement and arthroplasty). The term ankle prosthesis
is not applicable on MEDLINE.
2. C
ochrane Database of Systemic Reviews (ankle AND replace-
ment OR arthroplasty OR prosthesis).
3. C
ochrane Central Register of Controlled Trials (ankle AND
replacement OR arthroplasty OR prosthesis).
4. G
oogle Scholar (exact phrase in title: ankle replacement, ankle
arthroplasty or ankle prosthesis).
5. T
he journal Foot and Ankle Surgery (ankle replacement, ankle
arthroplasty or ankle prosthesis).

3. Results

Twenty-four full length journal articles met the criteria and
were included in the study. The flow chart is presented in Fig. 1.
The different concepts used to calculate revision rates and survival
curves by various authors are summarized in Table 1. These
concepts concern procedures involving the prosthetic components
lsevier Ltd. All rights reserved.
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Fig. 1. Flow diagram of included studies.

A. Henricson et al. / Foot and Ankle Surgery 17 (2011) 99–102100
exclusively. Anderson et al. [8] and Carlsson [1] used revision for

any reason in their articles, but when scrutinizing their studies it is
obvious that this concept includes removal or exchange of one or
more of the metallic components or exchange of the polyethylene
meniscus in case of wear or fracture. Failed total ankle arthroplasty

in the studies by Spirt et al. [9] and Hosman et al. [10] implies
removal or replacement of components, arthrodesis or a below
knee amputation.

Secondary surgery not concerning the prosthetic components
was designated with different terms by different authors: further

surgery [3,11], subsequent surgery [5,12], corrective surgery [7],
additional procedures [13,14], reoperations [6,13], minor secondary

operations [15] or revision [16].

4. Discussion

The vast number of secondary procedures after TAR reflects the
complexity of the concept [3,6,9,11–15,17]. The increasing number
of follow-up reports and survival analyses necessitates distinct
definitions when analysing and comparing different studies of TAR.
One limitation of a review like this is the possibility to fail to
identify some studies, but we believe that the search has been
extensive and that this possibility is minute.

This study shows varying definitions of secondary surgery after
TAR. Some authors use revision synonymous with exchange of
components [3,5,7,11,18–22]. Most authors use a more global
definition of revision including both exchange and removal of
components [1,2,6,8,13–15,17,23,24]. Thus, there is obviously a
strong need for plain definitions concerning the different
procedures of secondary surgery after TAR. An agreement to
designate revision to secondary surgery involving the prosthetic
components would clarify and simplify the interpretation and
comparison of follow-up studies.

Removal of components, leading to arthrodesis or not, is thereby
obviously a revision, which is clearly stated by most authors. Below-
the-knee-amputation [9,10,17,25] as a consequence of frightful
complications after TAR is by definition a removal of the prosthesis
and should therefore be considered a revision.

Exchange of one or more of the metallic components for any
reason is considered a revision by almost all authors. Bonnin et al.
had no exchanges of components in their study [16], but use the
term revision for secondary procedures like synovectomy and
arthrolysis. Wood et al. describe a re-impaction of a tibial
component 3 days after surgery as a result of a technical error
but do not consider the procedure to be a revision [21].

There seems to be a strong concordance of considering removal
or exchange of one or more metallic components as a revision of
TAR.

Exchange of the polyethylene meniscus due to fracture or wear
is considered a revision by several authors [1,2,8,13,20,21].
However, Knecht et al. [15] report on a polyethylene exchange
due to polyethylene fracture and consider that operation to be a
non-revision procedure. Fevang et al. [23] describe exchange of six
polyethylene inserts as a sole procedure as revisions, though they
only report two inserts with polyethylene wear.

The polyethylene meniscus could be exchanged for many
reasons, the most obvious being fracture or wear. The insert might
however also be exchanged due to instability and incidentally in



Table 1
Concepts for revision used by different authors.

Concepts used in follow-up studies Authors

Exchange or extraction of one or more components Saltzman et al. [17]

Knecht et al. [15]

San Giovanni et al. [14]

Fevang et al. [23]

SooHoo et al. [24]

Henricson et al. [2]

Henricson and Ågren [6]

Karantana et al. [12]

Revisiona of the prosthesis or arthrodesis Wood and Deakin [11]

Kofoed [22]

Doets et al. [5]

Wood et al. [20]

Wood et al. [7]

Schutte and Louwerens [19]

Wood et al. [21]

Implant revisiona or revisiona Buechel et al. [18]

Kumar and Dhar [3]

Implant removal Bonnin et al. [16]

van der Heide et al. [25]

Failed total ankle arthroplasty Spirt et al. [9]

Hosman et al. [10]

Extraction or exchange of one or both metallic

components or exchange of the polyethylene

meniscus due to fracture or wear

Anderson et al. [8]

Carlsson [1]

Henricson et al. [13]

a Revision in these contexts implies exchange of components.

Table 2
Proposed definitions of secondary procedures.

Revision Removal or exchange of one or more of the prosthetic components with the exception of incidental exchange of the polyethylene insert

Reoperation Non-revisional secondary surgery involving the joint

Additional procedure Non-revisional secondary surgery not involving the joint
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secondary operations because of infection, impingement of the
gutters or bony overgrowth.

In cases of instability the main reason is often malalignment left
from the index procedure or gradually arising with time.
Realigning the joint with corrective osteotomies, ligament
reconstruction and ligament transfers often require exchange of
the polyethylene insert. Subsidence of the components is a
common phenomenon in radiological follow-ups [5,14,15,18],
and have also been demonstrated in a radiostereometric analysis
(RSA) study [26]. The reason might be a too proximal tibial cut into
the weak metaphyseal bone or a minor technical error with wrong
inclination angles not detected immediately postoperatively.
Subsidence can lead to instability or lowering of the malleoli
onto the talar sides in the medial or lateral gutter which may need
insertion of a higher polyethylene meniscus. Insertion of a
primarily too thin meniscus is a technical error, also leading to
instability and exchange of the polyethylene meniscus in these
cases reflects the complexity of the surgery and should be
considered as a revision.

Incidental exchange of the polyethylene insert can occur in
secondary operations due to infection, impingement or bony
overgrowth. Deep infection can sometimes be eradicated by
washout, synovectomy and antibiotics [5,13,21] and the polyeth-
ylene insert has to be taken out in order to clean the joint properly.
This should not be regarded as a revision, first of all because it is not
related to the prosthetic concept as such. Secondly, if a surgeon
choose to replace the same insert no exchange has been performed.
The theoretical consequence might then be that the same
procedure sometimes is a revision and sometimes not. The same
discussion is relevant when performing secondary procedures due
to e.g. narrow gutters or bony overgrowth.

Glazebrook et al. classified complications in total ankle
arthroplasty as high-grade, medium-grade and low-grade com-
plications [27]. The probability of failure was greater than 50% in
high-grade complications and less than 50% in medium-grade
complications. The classification might be helpful as a guidance of
postoperative care, when knowing how dangerous a specific
complication can be. However, in medium-grade complications,
e.g. there will still be a substantial and unknown number of failures
leading to revision and the classification will thus not be useful
when calculating revision rates or survival curves.

There are principally two kinds of secondary surgery not
involving the prosthetic components. On one side procedures
involving the joint, e.g. debridement, washout, incidental insert
exchange and on the other side procedures not involving the
joint, e.g. deltoid release, subtalar fusion, calcaneal osteotomy,
ligament reconstruction, and Achilles tendon lengthening. In
order to distinguish between those we propose the terms
reoperation and additional procedures, respectively (Table 2).
In conclusion we suggest that a revision of TAR is defined as
removal or exchange of one or more of the prosthetic
components with the exception of incidental exchange of the
polyethylene insert.
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