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Abstract
Background: Metal component failure in total ankle arthroplasty (TAA) is difficult to treat. Traditionally, conversion to an
arthrodesis has been advocated. Revision TAA surgery has become more common with availability of revision implants and
refinement of bone-conserving primary implants. The goal of this study was to analyze the clinical results and patient-
reported outcomes for patients undergoing revision total ankle arthroplasty.
Methods: We retrospectively reviewed prospectively collected data on 52 patients with a mean age of 63.5 + 9.6 years
who had developed loosening or collapse of major metal components following primary TAA. These patients were com-
pared to a case-matched control group of 52 primary TAAs performed at the host institution with a minimum of 2 years’
follow-up. Cases of isolated polyethylene exchange, infection, or extra-articular realignment procedures were excluded. The
American Orthopaedic Foot & Ankle Society (AOFAS) hindfoot score, Short Form 36 (SF-36), Short Musculoskeletal
Function Assessment (SMFA), and pain scores were prospectively collected. Clinical data was collected through review of
the electronic medical record to identify reasons for clinical failure, where clinical failure was defined as second revision or
conversion to arthrodesis or amputation.
Results: The identified causes of failure of primary TAA were aseptic loosening of both components (42%), talar component
subsidence/loosening (36%), coronal talar subluxation (12%), tibial loosening (8%), and talar malrotation (2%). Thirty-one
patients (59.5%) underwent revision of all components, 20 (38.5%) just the talar and polyethylene components, and one (2%)
the tibial and polyethylene components. The average time to revision was 5.5 years + 5.4 with a follow-up of 3.1 years + 1.5
after revision. Eleven (21.2%) revision arthroplasties required further surgery: 6 required conversion to arthrodesis and 5
required second revision TAA. Pain scores, SF-36 scores, SMFA scores, and AOFAS Hindfoot scores all improved after
revision surgery but never reached the same degree of improvement seen after primary TAA.
Conclusions: Clinical and patient-reported outcomes of revision ankle arthroplasty after metal component failure signif-
icantly improved after surgery, although the recovery time was longer. In this series, 21.2% of revision TAAs required a
second revision TAA or arthrodesis surgery. Various prostheses performed similarly when used for revision surgery.
Revision TAA can offer significant improvements postoperatively.
Level of Evidence: Level III, therapeutic.
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Introduction

The number of total ankle replacements being performed in

the United States is on the rise.8 Studies demonstrating better

joint motion and overall function with equivalent pain relief

have led to an increase in the numbers of total ankle arthro-

plasties (TAAs) being performed each year with a steady

rate of ankle arthrodesis.8,23-25,30 With the numbers of ankle

arthroplasty on the rise, revision total ankle arthroplasty is
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also increasing.6,18,33 What was once considered the gold-

standard salvage procedure for failed TAA, the ankle

arthrodesis leaves patients dissatisfied and with functional

deficits.5,22,24 A systematic review of the Scandinavian Total

Ankle Replacement system demonstrated a 10.7% revision

rate at 64 months.7,9,10,20 The salvage procedures for failed

total ankle replacement include revision with or without

cement, conversion to arthrodesis (including use of struc-

tural graft), cement arthroplasty, and amputation.13,19,26

Literature on outcomes of revision ankle arthroplasty sur-

gery is remarkably sparse and patient reported outcomes

from these revision surgeries is even more rare. A classifi-

cation system for reporting failures in TAA was created to

describe failure types, and the associated numeric classifi-

cation from this system is included for reader reference

(VG-# is used for this identification).31 The goals of this

study were to provide patient-reported outcomes from revi-

sion total ankle replacement and to document intermediate-

term clinical outcomes from an increasingly more common

and necessary procedure.

Materials and Methods

We conducted an Institutional Review Board (IRB) approved,

retrospective chart review of prospectively collected data

reviewing all revision total ankle arthroplasties done between

September 2007 and March 2016 at one institution. Three

high-volume ankle replacement surgeons performed the revi-

sion surgeries. Revision total ankle arthroplasties involving

cyst debridement (VG-8) and bone grafting with polyethylene

exchange/VG-6 and those being done during treatment of

infection (VG-10 and VG-11) were excluded from the cohort.

Those patients with major metal component failure with a

minimum of 2 years of follow-up after revision surgery were

included in the study. In addition, a control group was estab-

lished consisting of 52 consecutive primary TAAs (performed

between July 2013 and June 2015) with a minimum of 2 years

follow-up. These patients were pulled from a prospective data-

base at the host institution. The control group was matched

with the revision TAA group for age as well as implant used.

Fifty-two primary total ankle arthroplasties requiring

revision (52 patients [27 female, 51.9%, and 25 male,

48.1%]) met the inclusion criteria for this study. The mean

age (and standard deviation) of the patients was 63.5 + 9.6

years (range 39-83 years). Twenty-eight of the ankles

(53.8%) had their primary surgery at the revision institution

while 24 ankles (46.2%) represented referrals from outside

institutions. On average, revision total ankle arthroplasty

occurred at 5.5 + 5.4 years (range 0.6-35 years). The mean

duration of follow-up after revision TAA was 3.1 + 1.5

years (range 2.0-10.3 years). There was no difference in

demographics, clinic data, or implants used between the

revision TAA group and the control primary TAA group

(see Table 1 for complete demographic information).

Patients completed outcomes questionnaires preopera-

tively before revision TAA, then at 6 months, and then on

an annual basis postoperatively after both primary and revi-

sion TAA where applicable. Each patient filled out the

American Orthopaedic Foot & Ankle Society (AOFAS)

hindfoot score, pain score of maximum pain level over the

previous week, Short Form 36 (SF-36), and the Short Mus-

culoskeletal Function Assessment (SMFA) questionnaires at

the above intervals.

Each patient had erythrocyte sedimentation rate (ESR)

and C-reactive protein (CRP) blood tests to screen for infec-

tion. If either of these were mildly elevated, a frozen section

of synovial tissue was obtained intraoperatively to look for

white blood cells (WBCs) per high-powered field (HPF).

Patients with suspected infection (ie, elevated WBC per

HPF) were excluded from this study. Patients were evaluated

for revision based on clinical examination as well as implant

appearance on radiographs and advanced imaging.

The Student t test was used to compare findings for pre-

operative and postoperative outcome scores and 1-way anal-

ysis of variance was used for comparisons of more than 2

means. All statistical analysis was performed using SPSS 22

(IBM Corp, Armonk, NY) by a professional with expertise

in statistics.

Results

The average length of follow-up after revision TAA was 3.1

+ 1.5 years (range 2 years to 10.3 years). The Agility pros-

thesis was the most frequently revised (19/52, 36.5%) in this

study, followed by the INBONE I (11/52, 21.1%), STAR (9/

52, 17.3%), Salto Talaris (8/52, 15.4%), Beuchal Pappas (2/

52, 3.8%), and Mayo (2/52, 3.8%) prostheses, respectively.

The most commonly used prostheses in revision situations

were the INBONE I (21/52, 40.4%), INBONE II (Wright

Medical Technologies, Arlington, TN; 19/52, 36.5%), Salto

XT (Integra, Plainsboro, NJ; 6/52, 11.5%), Infinity (Wright

Medical Technologies; 4/52, 7.7%), and STAR (2/52, 3.8%),

respectively (Table 2).

In the revision TAA cohort, the diagnosis at the time of

primary total ankle arthroplasty was post-traumatic in 32

ankles (61.5%), primary osteoarthritis in 9 ankles (17.3%),

Table 1. Demographic Data.

Revision
TAA Group

(n ¼ 52)

Primary TAA
Control Group

(n ¼ 52)

Age, mean + SD, y 63.5 + 9.6 63.0 +12.4
Sex, n (%)

Male
Female

25 (48.1)
27 (51.9)

22 (42.3)
30 (57.7)

BMI, mean + SD 30.4 + 5.4 32.5 + 9.2
Smoking status, n (%)

Never smoker
Former smoker
Current smoker

33 (63.4)
15 (28.8)
4 (7.7)

32 (61.5)
19 (36.5)
1 (1.9)

Diabetes, n (%) 8 (15.4) 5 (9.6)
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inflammatory arthritis in 6 ankles (11.5%), and gouty arthri-

tis in 5 ankles (9.6%). The most common indication for

revision TAA was aseptic loosening of both talus and tibia

(VG-12.3) (22/52, 42.3%) followed by talar subsidence or

loosening (VG-12.2) (19/52, 36.5%), coronal talar subluxa-

tion (6/52, 11.5%), tibial loosening (VG-12.1) (4/52, 7.7%),

and talar malrotation (1/52, 1.9%), respectively (Table 3).

Talar subsidence was diagnosed either on plain lateral radio-

graphs demonstrating progressive distal migration of the

talar component, or through single-photon emission com-

puted tomography (SPECT). Coronal talar subluxation is a

phenomenon related to the “saddle” talar component in the

INBONE I prosthesis. This component does not prevent

subluxation medially or laterally in the coronal plane as

successfully as the “sagittal sulcus” talar component present

in the INBONE II prosthesis. Talar malrotation occurred

intraoperatively during the primary TAA, where the talar

prosthesis was placed in an externally rotated position. In

31 patients (59.6%), all components were revised (tibia,

talus, and polyethylene). Twenty patients (38.5%) had only

the talar and polyethylene components revised, whereas 1

patient (1.9%) had only the tibial and polyethylene compo-

nents revised.

At the time of the most recent follow-up, 41 patients

(78.8%) retained their initial revision implants, 5 patients

(9.6%) went on to require a second revision TAA (VG-

12.3) and 6 patients (11.5%) required conversion to tibiota-

lar arthrodesis (VG-12.4). The average time to second

revision after first revision was 24 + 4.7 months. Of the 5

patients requiring second revision surgery, 2 patients had

wound complications requiring debridement and

polyethylene exchange with additional soft tissue coverage

procedures (VG-9), 2 patients required gutter debridement

with polyethylene exchange (VG-5 and VG-6), and 1 patient

required subtalar arthrodesis with gutter debridement and

polyethylene exchange (VG-3, VG-5, and VG-6). The over-

all failure rate in this cohort was 21.2%. None of the patients

in this cohort had a periprosthetic joint infection around their

revision TAA, and there were no perioperative fractures.

The average improvement in pain score for the control

group after primary TAA in our study was 61.1 (from 70.6 to

9.5). The average improvement in pain score after revision

TAA was 49.7 (from 64.8 to 15.1). This difference was

significant (P ¼ .05). Significant differences were also seen

in the changes between the control group preoperatively to

postoperatively and the revision cohort, with respect to SF-

36 (Mental P¼ .03, Physical P¼ .04), and SMFA (Function

P ¼ .04, Bother P ¼ .05), but not in the AOFAS hindfoot

scores (P ¼ .57) in this study.

The maximum improvement achieved after primary TAA

in the control group was greater than those achieved in the

revision TAA group for all measures except the AOFAS

hindfoot score. The change from preoperative to postopera-

tive scores for both the primary group and the revision group

were significant but the magnitude of improvements seen

after primary TAA were greater than the revision group.

Discussion

Revision total ankle arthroplasty for failed primary TAA

was successful in 41 of the 52 ankles (78.8%) and of the

eleven failures, 5 underwent successful repeat revision and

had their prosthesis in place at the time of conclusion of this

study. Overall, these 46 patients had significant improve-

ment in VAS, SF-36, SMFA, and AOFAS hindfoot scores

when compared to prerevision questionnaires (Table 4).

Though significant improvement was noted in all outcome

Table 2. Clinical Data.

Revision
TAA Group

(n ¼ 52)

Primary TAA
Control Group

(n ¼ 52)

Location of primary arthroplasty, n (%)
Host institution
Outside hospital

28 (53.8)
24 (46.2)

52 (100)
0 (0)

Time to revision, mean + SD, y 5.5 +5.4 n/a
Length of follow-up, mean + SD, y 3.1 +1.5 4.4 +1.1
Primary prosthesis, n (%)

Agility
INBONE I
STAR
Salto Talaris
Beuchal Pappas
Mayo
Infinity
INBONE II

19 (36.5)
11 (21.2)
9 (17.3)
8 (15.4)
2 (3.8)
2 (3.8)
0 (0)
0 (0)

0 (0)
21 (40.4)
2 (3.8)
6 (11.5)
0 (0)
0 (0)
4 (7.7)

19 (36.5)
Revision prosthesis, n (%)

INBONE I
INBONE II
Salto XT
Infinity
STAR

21 (40.4)
19 (36.5)
6 (11.5)
4 (7.7)
2 (3.8)

n/a

Table 3. Indications for Primary and Revision Total Ankle
Arthroplasty.

Revision
TAA Group

(n ¼ 45)

Primary TAA
Control Group

(n ¼ 45)

Indication for primary total ankle
replacement, n (%)
Post-traumatic arthritis 32 (61.5) 29 (55.8)
Osteoarthritis 9 (17.3) 16 (30.8)
Inflammatory arthritis 6 (11.5) 5 (9.6)
Crystalline arthropathy 5 (9.6) 2 (3.8)

Indication for revision total ankle
replacement, n (%)
Aseptic loosening (talus and tibia) 22 (42.3) n/a
Talar subsidence/loosening 19 (36.5)
Coronal talar subluxation 6 (11.5)
Tibial loosening 4 (7.7)
Talar malrotation 1 (1.9)
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measures after revision TAA, the magnitude of improve-

ment did not reach those achieved after primary TAA.

Failure rates and rates of reoperation in this study were

comparable with those following both primary total ankle

replacement and tibiotalar arthrodesis.1,4,12,15-17 The rate of

reoperation or additional surgery after tibiotalar arthrodesis

with block allograft salvage of failed TAA is notable

because of nonunion rates and adjacent joint arthri-

tis.2,3,12,14,29,32 In the current study, the overall failure rate

was 21.2% (11 of 52 ankles) during an average follow-up

period of 3.1 years. Of the 11 patients who failed revision

TAA, 6 were converted to arthrodesis/VG-12.4 and 5 of 6

had talar subsidence listed as the reason for failure of pri-

mary TAA. These 5 patients had revision TAA with the

INBONE prosthesis and all developed some grade of talar

avascular necrosis precluding a second revision TAA. This

phenomenon has been demonstrated in a cadaveric model

while drilling through the subtalar drill hole in the INBONE

prosthesis and cited a 75% (3 of 4 specimens) rate of transec-

tion of the artery of the tarsal canal.27 When the 6 patients who

underwent salvage arthrodesis are excluded from the results,

46 patients (41 with one revision and 5 who required second

revision TAA) had a reoperation rate of 19.8%, most com-

monly for gutter debridement and polyethylene exchange.

The studies detailing results of revision total ankle arthro-

plasty are limited. Reoperation rates range from 15% to 24%
most commonly for gutter debridement. Failure rates in

these previous cohorts are as high as 17%.6,11 There are very

few reports of below knee amputation in the available stud-

ies.6 Both of these previous studies conclude that proper

patient selection improves outcomes and revision TAA can

be done successfully in the right patients.

Custom prostheses were not used in any of the revision

surgeries in this study. They are no longer available for use

in the United States at the time of this study. All patients in

this study underwent revision for either metal component

loosening/subsidence or component malalignment.

The reason for the differences between patient-reported

outcomes after primary and revision TAA is unclear. The

authors speculate that factors including bone loss, raising or

lowering the joint line, and case duration among others could

account for this difference. Our results indicate that revision

arthroplasty should be considered in place of tibiotalar

arthrodesis for failed TAA where possible, due to the com-

parable rates of reoperation and failure for each surgery.

There were limitations in this study. The patient-reported

outcomes measures were collected prospectively but the

study was retrospective. There is a potential selection bias

when indicating a patient with a failed TAA for revision

arthroplasty instead of tibiotalar arthrodesis.21,28 Though

aseptic loosening accounted for most revision TAAs, there

was a total of 6 different indications for revision surgery.

Additionally, the INBONE I and II were far and away the

most frequently used prosthesis during revision, which could

be seen as a limitation. Three other prostheses were also

included in the study to diversify the cohort. Also, the con-

trol group was matched for basic demographics and implants

used but some differences between the groups, including

preoperative diagnosis, could not be controlled. The hetero-

geneity between the control group and the revision TAA

group is another limitation. Another reasonable option for

a control group would be to compare the revision cohort to

all primary total ankle replacements contained in the data-

base. The authors chose a case-matched control group to

minimize differences in implants and follow-up times.

In conclusion, the results for revision total ankle arthro-

plasty performed for metal component failure show promis-

ing trends. Patient-reported outcomes improve significantly

after revision surgery and, though these results are less in

magnitude than those after primary TAA, health-related

quality of life and function benefit greatly from this proce-

dure. The information from this cohort may help surgeons

set accurate expectations for recovery after revision TAA.

With a failure rate of 21.2%, case by case evaluation is

required to determine the best revision surgery for failed

total ankle arthroplasty.
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