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Introduction: In the treatment of osteoarthritis of the ankle, controversy persists between advocates of
arthrodesis and of joint replacement.

Hypothesis: Results of total ankle replacement (TAR) are equivalent to those of ankle arthrodesis (AA).
Material and methods: A single-center continuous retrospective series included 50 patients (25 TAR,

ieyk‘:vo:idS:' 25 AA) operated on by a single surgeon. TAR used the standard Salto® mobile-bearing prosthesis, and
rthrodesis arthrodesis used screws or plates. Results were assessed clinically on AOFAS score, visual analog scale

Prosthesis . . . . R . . L.

Ankle (VAS) and satisfaction questionnaire, and radiologically on X-ray and CT. Survivorship in the 2 procedures

Tibiotalar joint was estimated on the Kaplan Meier method.

Cysts Results: At a mean 67 months’ follow-up (range, 40-105 months), mean AOFAS and VAS scores were
significantly better in the AA group (74.1 and 1.9, respectively) than in the TAR group (67 and 3.5, respec-
tively) (p<0.001). In the AA group, 80% of patients were satisfied or very satisfied, compared to 64%
after TAR. Five-year survival without revision for non-union (AA) or implant removal (TAR) was simi-
lar between groups: AA, 96%; TAR, 90% (p=0.72). In contrast, survival with no revision procedures was
significantly better with AA (96%) than TAR (75%) (p=0.03).
Discussion: At5 years, surgical revision rates were significantly greater than after standard Salto® mobile-
bearing TAR than for arthrodesis, notably due to onset of cysts; we therefore decided to abandon this
implant.
Level of evidence: 1V, comparative retrospective study.

© 2018 Published by Elsevier Masson SAS.

1. Introduction

Surgical treatment of ankle osteoarthritis is a subject of con-
troversy between advocates of arthrodesis and joint replacement
[1-3]. Arthrodesis is considered to be the gold standard, but for
some 40 years has been challenged by the growth of ankle replace-
ment (TAR) [1-4]. Many studies have reported efficacy for both in
terms of pain, whereas their respective biomechanics are essential
opposed: abolition versus conservation of joint motion [1-3].

Some authors, such as Coester and Fuchs, reported satisfactory
outcome beyond 20 years postarthrodesis [5,6], whereas there have
been few studies of TAR with more than 10 years’ follow-up [7-10].
A few comparative studies have been published, often with con-
trasting results [11-14]. Over the short term, TAR seems to give
better functional results, as it conserves ankle motion [14], but
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the 5-year revision rate is much higher than in ankle arthrodesis
(AA) (23% vs. 11% for SooHoo [11], and 17% vs. 7% for Daniels [13]),
often due to periprosthetic osteolysis, inducing implant component
loosening [15]. When cysts show progression, they often require
surgical filling or else arthrodesis [15,16].

The present study tested the hypothesis that TAR is equivalent to
AAinterms of clinical results and mean 5-year survival. The analysis
of periprosthetic cysts is compared to recent literature data.

2. Materials and method

A single-center continuous retrospective study included 25
patients treated by AA and 25 treated by TAR (50 patients; 18
female, 32 male; mean age, 61 years) (Table 1), operated on
between May 2007 and February 2013 by a single specialized
foot-and-ankle surgeon with 4 years’ experience in TAR. The two
treatment groups did not significantly differ in terms of BMI or
smoking status.
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Table 1
Demographics and score results. Comparison between arthrodesis and TAR groups.
Ankle arthrodesis group Total ankle replacement group D
Demographics
Number of patients 25 25
Age? 62+94  (52-81) 60+11.9 (27-82) 0.650
Gender (M/F) (%) 17/8 (68/32) 15/10 (60/40) 0.710
Side (R/L) (%) 15/10 (60/40) 14/11 (56/44) 0.345
Hindfoot alignment 0.772
Normal (0-7°) 2 3
Valgus 15 16
Varus 6
Osteoarthritis 0.933
Post-traumatic 18 17
Primary 4 5
Other (infl/neuro/club foot) 3 3
Mean follow-up? 68+11.1 (42-102) 65+10.3 (49-105) 0.433
Clinical results
AOFAS preop (range) 31(10-46) 32(10-47)
Pain 7.5 8.2
Function 15.9 18.1
Alignment 5.5 7.2
AOFAS postop (range) 74(29-88) 67(31-100) p<0.001
Pain 38.2 30.5
Function 27.5 28.2
Alignment 9 9
AOFAS total pre vs post p<0.001 p<0.001
Pain VAS preop 8.7(7-10) 9.1(8-10)
Pain VAS postop 1.9(0-3) 3.5(0-5) p<0.001
VAS pre vs post p<0.001 p<0.001
Satisfaction 0.564
Very satisfied 11(44%) 8(32%)
Satisfied 9(36%) 8(32%)
Dissatisfied 5(20%) 9(36%)
Number of revisions (%) 1/25(4%) 9/25(36%) p<0.001

Infl: inflammatory; neuro: neurologic; preop/pre: preoperative; postop/post: postoperative.

2 Mean =+ standard deviation [range].

2.1. Inclusion criteria

Candidates for both AA and TAR had severe painful osteoarthri-
tis with major functional impact (Table 1). Clinically, complaints
comprised pain and limitation in activities of daily living. Preopera-
tive work-up comprised weight-bearing X-ray views with cerclage
quantifying malalignment, and systematic intrajoint imaging on CT
or MRI arthrography.

Patients with sagittal range of motion<5° in dorsiflexion or
plantar flexion, frontal varus malalignment exceeding 10° on AP
weight-bearing view and/or history of sepsis were managed by
ankle arthrodesis; those with sagittal range of motion > 5° in dorsi-
flexion or plantar flexion, frontal varus malalignment < 10° and no
history of sepsis were managed by TAR.

2.2. Surgical technique

Arthrodesis was performed with open surgery, by cross-
screwing (OmniLarge™, Biotech, France) in 8 cases and anterior
locking plate (Tibiaxys™, Integra LifeSciences, France)in 17 (Fig. 1).
Fibular closing-wedge osteotomy was associated systematically
[17].

TARs were standard Salto” mobile-bearing models (Tornier SA,
Montbonnot, France) (Fig. 2), implanted via an anterior approach.
Bone sectioning used cut-guides under fluoroscopy. Non-weight-
bearing ankle-cast immobilization, for 7 weeks after AA or 4 weeks
after TAR, was followed by 8 weeks’ rehabilitation.

2.3. Assessment

Patients were followed up at 4 or 8 weeks, 4 months and 1 year
then every 2 years. Clinical assessment and intergroup comparison

Fig. 1. Two examples of arthrodesis, by cross-screwing (left) or locking plate (right).

used AOFAS score and a visual analog scale (VAS); a satisfaction
questionnaire was also delivered. Radiographs were taken at each
consultation and a CT scan (non-systematically) at 6 months, to
check fusion (AA group) or onset of cyst (TAR group).

Fusion was defined as asymptomatic fusion of > 50% of the joint
surface.

Cysts were classified following Besse [16], in terms of size and
location, with progression assessed at a 6-month interval.
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Fig. 2. Standard Salto” mobile-bearing implant.

2.4. Statistical analysis

Distribution normality was checked on Shapiro-Wilk test, and
means were compared on Student t test. Intergroup differences for
categoric variables were assessed on Chi? or Fisher test. For each
group, Kaplan-Meier survival curves were drawn, with the event of
interest being:

e non-union in the AA group or implant removal in the TAR group;
e any revision surgery, and compared on log-rank test.
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Analyses used STATA software, version 12.0 (StataCorp, 2011),
with the significance threshold set at p <0.05.

3. Results

Mean follow-up was 67 months (range, 40-105 months), with
no loss to follow-up.

3.1. Clinical assessment and complications

Table 1 presents the clinical results. AOFAS and VAS scores were
significantly better in AA than in TAR.

Fig. 3. Several examples of tibial and talar cysts on CT.



142 N. Mehdi et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 139-144

There were 2 complications in the AA group: 1 non-union
treated by plate and graft, and 1 skin necrosis treated by vacuum-
assisted closure.

In 7 patients in the TAR group (28%), progressive tibial and/or
talar cysts (Fig. 3) required curettage and bone-graft filling.
Systematic specimen pathology found macrophagic cysts with
polyethylene debris inclusion. One case of talar component loos-
ening was treated by arthrodesis, and 1 case of talar component
malpositioning was treated by early revision.

At 67 months’ follow-up, survivorship without revision for non-
union in the AA group or implant removal in the TAR group was
comparable between groups: 96% (95% CI: 74-99) and 90% (95%
Cl: 65-97), respectively (p=0.72) (Fig. 4). In contrast, survivorship
with no surgical revision was significantly better with AA (96%; 95%
CI: 74-99) than TAR (75%; 95% CI: 49-88) (p=0.03) (Fig. 4).

3.2. Radiologic assessment

Cysts occurred in 12 cases in the TAR group (48%), and were
progressive in 7 cases (28%). Two of the 12 patients showed <2 mm
radiolucency, and 10 showed osteolysis. Five of the cysts were tibial
and 5 talar (Table 2).

4. Discussion

In the present series of severe ankle osteoarthritis, AA and TAR
survival rates were comparable and very satisfactory in terms of
revision for non-unionin AA orimplant removalin TAR ata mean 67
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Fig.4. Kaplan-Meier survival curves in AA and TAR groups. A: with revision for non-
union (AA) or implant removal (TAR) as event. B: with surgical revision of any type
as event.

Table 2
Cyst size and location on Besse’s radiologic classification [16].

Size

Total number
Osteolysis (0-2 mm)
Type A (2-5mm)
Type B (5-10 mm)
Type C (10-20mm)
Type D (20-30 mm)
Type E (>30 mm)

O = WU =N =

Location

Tibial aZone 1 (lateral tibia): 2
aZone 2 (medial tibia): 0
aZone 4 (tibial malleolus): 2
bZone 6 (posterior tibia): 1
bZone 7 (anterior tibia): 1

Talar aZone 5 (under talar implant): 5
bZone 8 (posterior, under implant): 3
bZone 9 (anterior, under implant): 4
bZone 10 (talar neck and head): 0

Fibular malleolus aZone 3 (fibular malleolus): 1

2 0n AP view.
b On lateral view.

months: respectively, 96% and 90%. However, TAR was associated
with much more surgical revision overall, mainly due to progressive
periprosthetic cysts, found in 28% of cases and requiring curettage
and filling. Clinical scores likewise favored arthrodesis.

In severe ankle osteoarthritis, TAR series with long-term follow-
up reported variable results, with 66% to 95% implant survival
at 9-10 years [7-10,13]. Arthrodesis, in contrast, ensured last-
ing results, with 97% satisfaction at 22 years [5,6]. Under- and
over-lying joint line deterioration is said to be an argument for
arthroplasty, but was not found in the present series. Moreover,
according to Coester and Fuchs, radiologic osteoarthritis was not
associated with clinical deterioration at more than 20 years’ follow-
up [5,6].

A recent review of the literature found twice as many compli-
cations following TAR as after arthrodesis [2]. TAR failure usually
leads to surgical revision, due to cyst progression, as found in the
present series [18-20]. Plentiful data from many studies point to
onset of periprosthetic cysts after mobile-bearing TAR, but with
highly variable incidence (Table 3) [7-10,18-28]. In 2015, with the
standard Salto® mobile-bearing implant, Roukis found 8 studies
(all poor quality) with a mean 55 months’ follow-up and 48 cases of
TAR revision for 1,209 patients (4%). In 30 cases (62%), however, the
reason for revision was not supplied; total incidence of cyst could
thus not be estimated [29]. The 75% survival rate for this implant in
the present study, at 5.6 years’ follow-up, is to be compared with
that reported by Bonnin (65% at 10 years), but with a higher rate
of >5 mm cysts: 36% versus 15% [7].

The origin of these cysts is poorly understood; the most
frequently discussed co-factors are implant design, surface treat-
ment, “excessive” bearing mobility, and implant malpositioning
[30-32]. Ameta-analysis of periprosthetic cysts in 2430 TARs found
increased incidence in case of malpositioning or models without
tibial stem, with hydroxyapatite coating, or with mobile bearing
[31]. These last 2 factors could account for the high rate of cysts
using the implant assessed here.

The retrospective design and lack of randomization are limita-
tions of the study; moreover, indications differed between AA and
TAR, introducing a selection bias, as stressed by SooHoo [11].



Table 3

Comparison of results of present series and series since 2010 with various mobile-bearing designs. Survivorship reported with 95% confidence intervals. Series with <25
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patients and/or <36 months’ follow-up excluded.

143

Author (date) Implants Mean Survivorship Survivorship Cyst rate and volume Number of patients
(patients) follow-up (any revision) (implant removal and with progressive cysts
(months) arthrodesis or or cysts requiring
replacement) surgical revision
AES
Kohonen et al. (2013)? 130(123) 487 - - 45/130(34%) (>10mm)  ND
Viste et al. (2015) 50(50) 49 76% at 4 years - Tibia: 36% 19 (38%)
62% at 7 years (X-ray>10 mm) vs 69%
(CT)
Talus: 30%
(X-ray>10mm) vs 58%
(CT)
Koivu et al. (2017) 130(123) 96 - 87.7%(80.8-92.8) 91/130(70%) 50(38%)
at 5 years;
78.5%(70.4-85.2)
at 10 years
Di lorio et al. (2017) 50(47) 120 57% (44-74) 68%(55-85) Tibia 35% - Talus 47% 15(30%)
at 10 years at 10 years (>10mm)
MOBILITY
Wood et al. (2010) 100(96) 52 93.6%(84.7-97.4) - 3/47(6%) (<2 mm) 0(0%)
at 4 years 6/47(13%) (>2 mm) 0(0%)
5/47(11%) (> 10 mm) 1(1%)
Choi et al. 35(35) 34 - - 4/35(11%) (>2 mm) ND
(2013)
HINTEGRA
Barg et al. (2013) 722 (684) 75.6 84% - ND 7(1%)
at 10 years
Choi et al. 32(32) 53 - - 4/32(12%) (>2 mm) ND
(2013)
Yoon et al. (2014) 99(90) 40.8 - - 37/99(37%) (>2 mm) 10(10%)
Deleu et al. (2015) 50(50) 45 94% at 45 months 24/50(48%) 0
STAR
Mann et al. (2011) 84(80) 109.2 86% 90%(79.6-95.1) 7/84(8%) (<2 mm) 0(0%)
at 9.1 years at 10 years 9/84(11%) (mechanical 0(0%)
osteolysis®) 6(7%)
10/84(12%) (>2 mm)
Brunner et al. (2013) 77(72) 148.8 - 70.7% at 10 years 12/77(16%) 5(6%)
45.6% at 14 years
Jensen et al. (2014) 42(42) 36 - - 39/42 (93%) ND
Kerkhoff et al. (2016) 134(124) 90 - 78%(63-88) 9/134(7%) (>2 mm) 0(0%)
at 10.3 years 61/134 (46%)° 7(5%)
SALTO mobile
Bonnin et al. (2011) 98(96) 120 65%(50-80) 85%(75-95) 15/98(15%) (> 5 mm) 11(11%)
at 10 years at 10 years
Rodrigues-Pinto et al. 103(103) 39.7 93.3%(85-100) - 1/119(0.8%) ND
(2013) 4220
Present series 25(25) 67 75%(49-88) 90%(65-97) 12/25 (48%) 7(28%)
at 5.6 years at 5.6 years
ND: No data
2 >1 large cyst (>10 mm).
b Defined as osteolysis between lateral part of talar component and lateral malleolus.
¢ Osteolytic lesion” without specified size.
d 2 different follow-up periods: < 50 or > 50 years.
5. Conclusion Funding
In the present series, clinical results were less satisfactory after None.
TAR than after AA; surgical revision rates were significantly higher,
at 36% versus 4%, mainly due to onset and progression of peripros-
thetic cysts. We have therefore decided to abandon the Salto
Contribution

mobile-bearing implant, while continuing our experience with

other models.
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