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A B S T R A C T

Background: A new design of 3-part ankle replacement was developed to achieve compatibility with the
natural ligaments by allowing certain fibers to remain isometric during passive motion.
Methods: We evaluate 75 ankle prostheses implanted from July 2003 to December 2008, at a mean
follow-up 6.5 �1.1 years (range 5–9 years). The mean age at surgery was 62 � 13 years (range 29–82).
Results: The mean AOFAS scores achieved at pre-op and at last follow-up were respectively 37 � 5 (23–45)
and 78 � 8 (64–98). (p < 0.001). Clinical range of motion of the ankle measured by goniometer pre op was
1� � 2 of dorsiflexion and 12� � 4� of plantarflexion; at last follow-up range of motion increased to 6� � 5�

in dorsiflexion (p < 0.01) and 18� � 7� in plantarflexion (p < 0.05).
Radiographs showed no loosening and little signs of radiolucency. Two revisions necessitated component
removal, neither for implant loosening. The overall survival rate was 97.3%.
Conclusions: Function and Range-of-motion showed significant improvements. These results demon-
strate that ligaments-compatible shaped talar and tibial components, with a fully conforming interposed
meniscal bearing, can provide satisfactory survival rates and clinical outcomes in the middle term.
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1. Introduction

In the early to mid 1970’s, total ankle arthroplasty (TAA) was
introduced [1,2] as a possible alternative to arthrodesis for the
treatment of severe erosions of the articular surfaces of the human
ankle joint but long-term results of the pioneering designs have
been disappointing [3–5]. More modern designs have produced
better results, contributing to a renewed interest in TAA over the
past decade [6–17], but TAA is still not as successful as total hip and
total knee arthroplasty. Recent publications from the Swedish [18],
Norwegian [19] and New Zealand [20] registries revealed a steady
annual revision rate of 2–3% while a similar population study from
California showed a 4.6% annual revision rate [21]. Most recent
review papers [22–26] encourage arthroplasty against arthrodesis,
but pointing out that the clinical results of current designs are not
fully satisfactory. Poor understanding of the functions of the
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structures guiding ankle motion in the natural joint, i.e. ligaments
as well as articular surfaces, and poor restoration of these functions
in the prosthetic joint might be responsible for the limited range of
post-operative joint mobility [9].

A new design of TAA has been recently developed in which the
shape of the articular surfaces in the sagittal plane allows a natural
interaction with the retained ankle ligaments [27–29]. A feature of
the surface/ligament interaction which the new design attempts to
reproduce is to allow fibres within the calcaneofibular (CaFi) and
tibiocalcaneal (TiCa, i.e. the central superficial fibres of the deltoid
ligament complex) ligaments to remain isometric over the range of
passive motion while all other ligament fibres are tight only at the
limits of plantar or dorsi-flexion [30–34].

Previous designs of TAA focused exclusively on the geometry
of the prosthetic components in relation to the morphological
features of the intact articular surface of the talus [1,12,35,36].
Current three-part prostheses [6,14,15,17,37–40] use a more or
less natural-like convex surface for the talar component and a
non-anatomical flat surface for the tibial component. This
combination of anatomical and non-anatomical surfaces cannot
be compatible with the retained ligaments [27,28]. In the BOX
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(Fig. 1) (Box Ankle, Finsbury Orthopaedics Limited, Leatheread,
UK) prosthesis the tibial arch is deduced from the imposed talar
arch thus resulting in isometry of the ligaments. The aim of our
study was to analyse the survival rate and clinical outcomes of
this ligaments-compatible ankle replacement BOX, performed by
a single surgeon (S.G.), at a minimum follow-up of 5 years. The
hypothesis was that the outcomes of the present study were not
substantially different from what reported in the current
literature.

2. Materials and methods

2.1. Study design

All the total ankle prostheses implanted between July 2003 and
December 2008 at the Rizzoli Orthopaedic Institute (Bologna,
Italy), by a single senior surgeon (S.G.) were enrolled in the present
study.

The indications for the operation were (1) patients with
primary or post-traumatic osteoarthritis with relatively low
functional demand (light work, no strenuous activities, no sport);
(2) patients with severe ankle rheumatoid arthritis but not severe
osteoporosis of the ankle; and (3) patients suitable for arthrodesis
but rejecting it.

The general contraindications for the procedure were (1) varus
or valgus deformity greater than 15�, severe bony erosion, severe
talus subluxation; (2) substantial osteoporosis or osteonecrosis
particularly affecting the talus; (3) previous or current infections of
the foot; (4) vascular disease or severe neurologic disorders; and
(5) previous arthrodesis of the ipsilateral hip or knee or severe
deformities of these joints.

The BOX Ankle (Finsbury Orthopaedics Limited, Leatherhead,
UK) is a three-part implant with metal components fixed to the
proximal talus and the distal tibia and an interposed ultrahigh-
molecular-weight polyethylene meniscal bearing. Descriptions of
the design rationale and of the prosthesis have been published
elsewhere [29]
Fig.1. The three components of the Box ankle prosthesis, in the neutral position, i.e.
aligned in all three anatomical planes: tibial component (above), meniscal
component (in between), talar component (below).
2.2. Surgical technique

At surgery, spinal or peripheral nerve block anesthesia was
administered. The patient was positioned supine on the operating
table with a tourniquet applied around the upper third of the thigh.
A standard antero–medial approach was used, or an antero–lateral
approach in case of previous scar. After capsuoltomy and
osteophytes removal, talar and tibial bone cuts were performed
with dedicated instrumentations. After tests with trial compo-
nents, the final talar and tibial components were implanted and
the most appropriate meniscal bearing was inserted between
them. Percutaneous Achilles tendon lengthening was performed
when necessary to achieve at least 10� dorsiflexion after
component implantation.

Post-operative treatment consisted of a plaster cast without
weight bearing for two weeks, followed by active and passive
movements and partial weight bearing using a boot. Complete
weight bearing with a boot started after 1 month and free weight
bearing after 2 months. Rehabilitation protocol consists of
achieving complete mobility and proprioception at the replaced
ankle also by cycling and swimming and rehabilitation to walking.

2.3. Patients evaluation

Clinical evaluation was performed using the American
Orthopaedic Foot and Ankle Society (AOFAS) score, collected
prospectively at the pre-operative status and at the final follow-up
of minimum 5 years. The range of dorsiflexion and plantar flexion
was measured with a goniometer and recorded by a single
investigator.

Radiographic evaluation was performed with standard weight-
bearing antero–posterior and lateral views. Prosthesis components
alignment over time and progressive radiolucency were analyzed
by the senior author. The alignment of the tibial component was
evaluated in both projections, while the alignment of the talar
component was deduced from the lateral projection. Radiolucency
the were examined at five areas under the talar component and in
five over the tibial component, both in the lateral and frontal view.

Perioperative or post-operative complications, and also revi-
sion operations requiring complete removal of components were
recorded along the considered follow-up period, in order to
evaluate the prosthesis survivorship.

All the patients signed informed consent before underwent the
indexed procedure. The study was conducted in accordance with
the Declaration of Helsinki (1964).

2.4. Statistical analysis

Statistical analysis was performed using MedCalc (MedCalc
software, Acacialaan 22, Ostend, Belgium). All the continuous
parametric variables were expressed as mean � standard deviation
and range, while the categorical variables were expressed as
number and percentage. Differences in the outcome scores at the
last follow-up with respect to the pre-op were determined using
paired sample Student’s t-test. A survival analysis by the method of
Kaplan–Meier was performed, taking as endpoint the revision of
any component for any reason, or ankle arthrodesis, considering
95% confidence intervals (CI). A p value < 0.05 was considered
statistically significant.

3. Results

During the considered period, 76 prostheses were implanted in
74 patients. One patient died due to non-device related causes,
therefore 73 patients (75 prostheses) were available at the final
follow-up of mean 6.5 �1.1 years (range 5–9). The mean age at



Table 1
Pre-operative diagnosis of the patients included in the study.

Diagnosis Number %

Post-traumatic OA 60 80
Primary OA 7 10
RA 4 5
Miscellaneous 4 5

OA, osteoarthritis; RA, reumathoid arthritis.

Table 2
Concomitant procedures performed during prosthesis implantation.

Procedure Number %

Percutaneous Achilles lengthening 53 70
First metatarsal osteotomy 5 7
Syndesmosis fixation 1 1
Lateral ligament reconstruction 3 4
Calcaneal osteotomy 2 3
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surgery of the patients was 62.5 �13.2 years (range 29.7–82.5). The
pre-operative diagnosis was mainly post-traumatic osteoarthritis
(Table 1). A total of 64 concomitant procedures, mostly percuta-
neous Achilles tendon lengthening, were performed (Table 2).
Intra-operative complications were reported in 2 cases (3%): one
lateral and one medial malleolar fractures that were treated with
K-wires.

The clinical evaluation with the AOFAS scores showed a
significant improvement from a mean pre-operative value of
37.4 � 5.5 (range 23–45) to a mean value of 78.9 � 8.5 (range
64–98) at final follow-up (p < 0.001). Clinical range of motion of
the ankle measured by goniometer improved from 1.3� � 2.5�

(range �5� to 5�) of dorsiflexion and 12.4� � 4.5� (range 5�–23�) of
plantarflexion at pre-operative status, to 6.8� � 5� (range �5� to
15�) of dorsiflexion and 18.9� � 7� (range 8�–36�) of plantarflexion
at final follow-up (p < 0.01 for dorsiflexion and p < 0.05 for
plantarflexion).

Radiographic evaluation showed no components loosening
(Fig. 2) and radiolucencies were observed in only 12 patients (16%)
but all <2mm.

Post-operative complications were reported in 6 cases (8%):
3 patients (4%) experienced problems with wound healing, that
however resolved without the need for re-operation; differently,
3 other patients (4%) that complained of severe pain on the medial
Fig. 2. X-Rays at 7 years follow-up following total ankle replacem
side, proved to be associated with arthrofibrosis and osteophytes at
the medial tibio-talar articulation, were treated successfully by
reoperations for tissue and bone removal (in one of these three, a
osteotomy of the calcaneus was also associated).

Component removal was necessary in two cases (3%). In one
patient, the medial impingement due to ankle varus deformity was
treated with successful tibial-calcaneal arthrodesis with a retro-
grade locking nail at 36 months. The other case of component
removal was due to an infected periprosthetic fracture following a
high velocity trauma at 2 years follow-up. According to the
survivorship analysis with the Kaplan–Meier curve using prosthe-
sis removal as hard end-point, the survival rate at 6.5 �1.1 years
(range 5–9) of follow-up was 97.3% (Fig. 3).

4. Discussion

The disappointing results reported in the literature about the
use of ankle prostheses have prompted many surgeons to abandon
the use of this type of implant and to prefer the ankle fusion.
However a recent systematic review and meta-analysis about
58 papers demonstrates a survivorship of 89% at ten years in 7942
TAAs, with an annual failure rate of 1.2% (95% CI 0.7–1.6). Moreover,
the mean American Orthopaedic Foot and Ankle Society score
increased from 40 pre-operatively to 80 at a mean follow-up of
8.2 years, and the mean total range of movement improved from
23� to 34� [41]. The results refer to series of patients with a rather
wide indication and the use of prosthetic designs that do not
completely restore the joint physiology and biomechanics of the
ankle and lower limb [7,8,20,42,43]. The review of the literature
and our experience suggest that indications for this type of
operation are limited to patients with ankle osteoarthritis, also
post-traumatic over 50 years of age, or under 50 if functional
requirements are low, patients with rheumatoid arthritis or other
inflammatory arthritis with reduced functional compensation due
to the involvement of other joints, patients with osteonecrosis or
patients with arthritis with less than 20� flexion-extension in other
foot joints, and patients that refuse arthrodesis. These main
indications suggest that for the success of total ankle arthroplasty
the patient’s level of activity must be moderate and therefore the
mechanical stress on the prosthesis must also be low. For these
reasons, it is important to assess and correct any deformities in the
hip or knee beforehand, as they may be a cause of overloading.
Other relative contraindications to this type of surgery are varus or
valgus deviation of the hindfoot and instability due to capsulo-
ent with BOX implant Ap view (a). X-Rays Lateral view (b).



Fig. 3. Kaplan–Meier survival analysis curve.
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ligamentous imbalance. These contraindications can be overcome
by treatment before or during the total ankle arthroplasty
procedure. The National Joint Register for England and Wales
[42] of 2013 reports that additional related procedures were
performed in 36% of TAA. Achilles tendon lengthening was
performed in 11% of procedures, subtalar joint fusion in 6%, and
bone graft was used in 15% of procedures. Absolute contra-
indications are marked osteoporosis, especially in the talus,
because it may cause subsidence in the talar component, severe
neurological disorders, severe vascular disorders, and infective
processes in progress.

The main objectives of total ankle arthroplasty are to resolve the
pain, achieve joint range of movement in terms of joint excursion
and kinetics and kinematics, and restore the original stability of the
joint. Besides these main objectives, there is the desire to have a
prosthesis that will survive as long as those of the hip and knee.
The present survival rate at 6.5 years (97.3%) compares very well
with multi-center 5-year rates published by the Swedish [18]
(531 cases, survival 78%), Norwegian [19] (257, 89%) and New
Zealand [20] (202, 86%) registries and with the data of a recent
systematic review and meta-analysis [41]. In addition, previous
papers including the same author in prospective multicenter
studies showed similar survival rate and AOFAS score at a shorter
follow-up [44,45]. A recent paper about 62 BOX-TAAs at a mean
follow-up of 42.5 months (24–71) reports AOFAS score improve-
ment from 35.1 points (SD 16.6; range 4–73) pre-operatively to
78.0 (SD 10.7; range 57–100) at final follow-up (p < 0.01) [46]. The
clinical results of this new device have also demonstrated safety
and efficacy. We are aware that a recent literature stated that
AOFAS score may be inappropriate and this represents a limitation
of our study [47]. On the other hand, most of the International case
series form national registry used this score imposing us to adopt it
in the evaluation of our patients.

In addition, type and number of complications, range of motion,
and X-ray analyses are encouraging. The only observation
consistent with the previous literature is the degree of remaining
pain after TAA, which is among the major causes of revision
[18–20,42,43] and often caused by synovitis or soft-tissue
impingement at the ankle [48] but can be accounted for by many
factors and can be caused at several different joint levels. The
extensive meta-analysis by Stengel et al. [49] provides a
convenient basis for comparison of the clinical results. The overall
AOFAS score improvement in the present trial patient population is
similar to that of the meta-analysis. However, the most encourag-
ing figure is the absence of device-related revisions at short term,
which compares very well with the typical long list of failures [50].
It has been reported [37] that revisions can occur at 2, 5, 8, 9, 10, 11,
12, and 21 months even in a series of 122 patients with 1–3 year
follow-up. A study [51] reports a 8.2% revision rate in a population
of 49 TAA at a mean follow-up time of 28 months (12–67). A most
recent study [52] reports 8% revisions in a population of 200 TAA at
a mean follow-up time of 54 (36 to 85) months. Range of motion
and AOFAS here reported compare well also with Haddad et al.
[53]. In this series, a concomitant Achilles Tendon lengthening was
performed in 70% of patients, since most of them presented post-
traumatic OA with impaired pre-operative ROM and Achilles
Tendon shortening. Consequently, this procedure was required to
obtain the minimal improvement of dorsiflexion. Despite this, even
if the final ROM of almost 26� does not appear a brilliant result
compared to physiologic movement, it does not substantially
differed from the 23.4� of true tibiotalar motion and the 31.3� of
ankle and midfoot motion measured radiographically by other
authors [54]. Finally, the very little signs of radiolucency reinforce
further the claim of a robust overall implant.

This study presents several limitations; first of all, since no
fluoroscopic or radiographic evaluation of joint motion after TAA
was performed, no insight could be obtained on the real ankle
movement. However, we limited our measurement to clinical
evaluation in order to avoid patient’s exposure to further
radiations; manual ROM measurement of the ankle have been in
fact demonstrated reliable and with good intra-class correlation
[55,56]. Finally, it should be acknowledged that this paper
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evaluates a single-surgeon case series, and for these reason the
results could be better compared to registries and lower volume
non-expert surgeons, regardless of surgical technique or prosthesis
design.

In conclusion, a new TAA designed to restore physiological
function at the replaced ankle joint, showed encouraging clinical
and radiographic results at 6.5 years follow-up; however longer
follow-ups is required to confirm the good outcomes.
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