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The Bologna–Oxford (BOX) total ankle replacement (TAR) was developed with the aim of 
achieving satisfactory pain-free movement of the ankle. To date, only one single multicentre 
study has reported its clinical results. The aim of this study was to conduct an independent 
review of its mid-term results.

We retrospectively reviewed a total of 60 prospectively followed patients in whom 
62 BOX TARs had been implanted between 2004 and 2008. We used the American 
Orthopedic Foot and Ankle Society (AOFAS) score to assess the clinical results. 
Standardised radiographs taken at the time of final follow-up were analysed by two 
observers. The overall survival was 91.9% at a mean follow-up of 42.5 months (24 to 71). The 
mean AOFAS score had improved from 35.1 points (SD 16.6; 4 to 73) pre-operatively to 
78.0 (SD 10.7; 57 to 100) at final follow-up (p < 0.01). Tibial radiolucencies < 2 mm in width 
were seen around 16 TARs. Talar radiolucencies < 2 mm were seen around four TARs. A total 
of 47 patients (78.3%) were very satisfied or satisfied with the outcome. Five patients 
required revision for functional limitation or continuing pain.

Total ankle replacement (TAR) gives good
results in patients with end-stage osteoarthritis
of the ankle, although the post-operative range
of movement is not expected to improve.1 The
Bologna–Oxford (BOX) TAR (Finsbury Ortho-
paedics Ltd, Leatherhead, United Kingdom),
which has non-anatomical shaping of the tibial
and talar components and an interposed fully
conforming meniscal bearing, has recently been
developed to treat this condition. It aims to
maintain normal collateral ligament function,
thereby keeping the articular surfaces in contact
throughout the entire range of movement.2,3

Giannini et al2 recently reported the results
of a prospective multicentre study of the first
51 BOX TARs, implanted between 2003 and
2006, with a mean follow-up of 30 months.
This showed a three-year cumulative survival
rate of 97% and a mean American Orthopedic
Foot and Ankle Society (AOFAS) score4 of
76.9 points.2 The aim of our study was to ana-
lyse the survival of this arthroplasty from a
large single-centre series and to report the mid-
term results and complication rates.

Patients and Methods
The study had ethical approval and informed
consent was obtained from each patient. 

We retrospectively reviewed 60 consecutive
patients (62 ankles) who had undergone BOX
TAR between December 2004 and September

2008. There were 31 women and 29 men with
a mean age of 57.3 years (26 to 76) whose
ankle pain had not been controlled by conserv-
ative measures. The indications for surgery
were post-traumatic osteoarthritis in
55 ankles, rheumatoid arthritis in five (includ-
ing both bilateral patients), primary osteoar-
thritis in one and chondrocalcinosis in one.
Patients with a history of infection in the ankle,
uncontrolled diabetes with neuropathy, severe
instability of the ankle, angular deformity
(> 10°), vascular insufficiency, obesity (body
mass index > 30 kg/m2), significant bone loss
or avascular necrosis were excluded. Moderate
varus and valgus deformity (< 10°) was not
considered to be a contraindication, but any
hindfoot deformity was corrected at the time
of ankle replacement. Each procedure was per-
formed by the senior surgeon (FM). Bilateral
replacement was carried out in two patients.

Weight-bearing anteroposterior (AP) and
lateral radiographs of the ankle joint were
obtained post-operatively and at final follow-
up. These were assessed by two observers (AB,
ES) for the presence of aseptic loosening,
which was defined as the presence of a radiolu-
cency > 2 mm in width, cavitation at the mar-
gin of a component or migration of a
component.5 The alignment of the components
was assessed using the method described by
Wood and Deakin,6 both post-operatively and
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at final follow-up. For the assessment of aseptic loosening,
three angular measurements were considered: the angle
between the anatomical axis of the tibia and the articular sur-
face of the tibial implant on the AP radiograph (‘a’); the angle
between the anatomical axis of the tibia and the articular sur-
face of the tibial component on the lateral radiograph (‘b’);
and the angle formed by the talar component and the talar
axis (‘c’). The tibial component was considered to be loose if
there was a change in position of > 2° between the flat base of
the component and the long axis of the tibia (i.e. angles ‘a’
and ‘b’).7 Loosening of the talar component was defined as a
change in position of > 3° relative to the long axis of the talus,
assessed on the lateral radiograph (angle ‘c’).7

The patient’s clinical condition was assessed pre-opera-
tively and at final follow-up using the AOFAS ankle and
hindfoot score and a visual analogue scale (VAS) for pain
(0 for least pain and 10 for worst).4 Patients were also
asked whether they were very satisfied, satisfied or not sat-
isfied with the result. The range of movement was assessed
clinically by one of the investigators (AB) using a goniome-
ter. Of the 60 patients who completed the minimum 24-
month follow-up period, 40 agreed to have additional radi-
ographs taken in maximal active plantar flexion, neutral
and maximal dorsiflexion to assess the range of movement
of the replaced ankle. The angle of the tibiotalar joint was
measured between a line drawn along the superior keel of
the tibial component and a line drawn along the undersur-
face of the talar keel in each of the three positions.
Surgical technique. All surgical procedures were performed
through an anterolateral approach according to the manu-
facturer’s guidelines. A 10 cm to 15 cm skin incision was
made,2 and after incising the capsule, all osteophytes were
removed. A guide, which consists of a talar cutting block
mounted on a tibial alignment jig, was used to remove
2 mm to 3 mm of the dome of the talus while the foot was
held in neutral. The tibial cut is dependent on the tension in
the ligaments of the ankle and was performed perpendicu-
lar to the long axis of the tibia. Ligament tensioning was
performed with the foot in a neutral position of dorsiflex-
ion. A tibial cutting block was attached to the jig with a
ratchet mechanism. This mechanism, which permits the
space between the talus and the tibia to be increased via a
metal spacer, was activated with a screwdriver inserted into
a metallic cylinder. The correct tensioning was achieved
when a mild-to-moderate manual resistance was obtained.

Correct tensioning of the ligaments allows sufficient resec-
tion of bone to accommodate the combined thickness of the
tibial and talar components as well as the thinnest possible
meniscal bearing. If the position of the tibial cut is thought to
be too distal and does not allow sufficient bone to be removed,
the ratchet is repositioned and a thicker tensioner inserted to
increase the depth of the tibial cut while maintaining the cor-
rect tension in the ligaments. Around 4 mm to 5 mm of distal
tibia should be removed to provide adequate support for the
tibial component. Reducing the amount of bone resection
makes any subsequent salvage procedure easier.

The surfaces of the tibial mortise are prepared with a
slotted guide. Bone from the neck of the talus is removed in
order to determine the appropriate anteroposterior and
mediolateral positions of the talar component. The appro-
priate talar component is then impacted. The tibial implant
is inserted next using a profile spacer to avoid contact
between the two highly polished metal components. A trial
meniscal bearing is inserted in order to check that it is in
contact with the two metal components throughout the full
range of movement. All the components are uncemented.

In this series ‘Z’ lengthening of the Achilles tendon was
carried out in nine patients to increase dorsiflexion to at least
10°. Other additional surgical procedures included: subtalar
arthrodesis for post-traumatic osteoarthritis in three, lateral
ligament reconstruction with a tendon graft harvested par-
tially from extensor communis digitorum for chronic ankle
instability in one, subtalar and talonavicular arthrodesis in a
patient with rheumatoid arthritis in one, calcaneal Z-osteot-
omy for hindfoot varus in one, and realignment procedures
for supramalleolar deformity (distal tibial osteotomy) in
two. Patients were immobilised in a non-weight-bearing
plaster cast for two weeks; the duration of casting was
extended depending on concomitant procedures performed.
After removal of the cast the patients started gentle weight-
bearing supervised by a physiotherapist.
Statistical analysis. Kaplan-Meier survival analysis was per-
formed to evaluate the survival of the implant. The endpoints
were taken as revision of any component for any reason, or
ankle arthrodesis8,9; 95% confidence intervals (CI) were cal-
culated. Statistical differences in the pre-operative and follow-
up outcome scores (AOFAS score and VAS for pain) were
determined using Student’s t-test or a non-parametric Wil-
coxon’s test after checking for normal distribution of the sam-
ples with a Kolmogorov-Smirnoff Z test. Any correlation
between peri-prosthetic radiolucency and AOFAS score was
determined using Spearman’s correlation coefficient (ρ). The
significance level was set at p < 0.05. Analyses were performed
using SPSS 13.0 for Windows (SPSS Inc., Chicago, Illinois).

Results
Follow-up was a minimum of 24 months for the surviving
implants and a mean of 42.5 months (24 to 71). No patient
was lost to follow-up.

The overall survival rate for the series was 91.9% (Figs 1
and 2; Table I). Of a total of 62 TARs, five in five patients
had been removed or converted to an arthrodesis (Table II).
Two of these were removed for pain, and at operation they
were found to be stable. The indications for revision in the
other three were infection, collapse of the talar component
and talar cavitation, respectively. The patient with talar
cavitation underwent revision at 5.25 years post-opera-
tively; the cyst was filled with cement (Fig. 3) and the
patient was asymptomatic twelve months later with an
AOFAS score of 98.

Two ankles continued to be painful and stiff for no
apparent reason, despite a satisfactory radiological
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appearance, and the clinical result was deemed fair. Arthro-
desis was carried out in both cases. One patient developed
a deep chronic infection that was treated nine months post-
operatively by removal of the implant and implantation of
a temporary antibiotic-impregnated cement spacer. After
six weeks of intravenous antibiotics and six weeks of oral
antibiotics, an ankle arthrodesis was performed.

The mean AOFAS score improved from 35.1 points
(SD 16.6; 4 to 73) pre-operatively to 78.0 (SD 10.7; 57 to
100) at the final follow-up (p < 0.01). The mean VAS
decreased from 6.8 (SD 0.9; 5 to 9) pre-operatively to 2.0
(SD 1.5; 0 to 7) at the final follow-up (p < 0.01).

The mean dorsiflexion increased significantly from 4.0°
(SD 4.8; 0° to 20°) pre-operatively to 8.4° (SD 4.8; 0° to 20°)
at final follow-up (p < 0.01). Mean plantar flexion
improved from 13.9° (SD 7.6; 0° to 30°) pre-operatively to
17.1° (SD 8.3; 0° to 30°) at final follow-up (p = 0.011). The
mean tibiotalar angle was 4.3° (SD 2.7; 0° to 11°) in dorsi-
flexion and 13.3° (SD 7.1; 2° to 24°) in plantar flexion.
Immediately post-operatively, the mean angle ‘a’ was 89.0°
(SD 2.4; 85° to 96°), the mean angle ‘b’ was 89.1° (SD 2.3;
82° to 95°) and the mean angle ‘c’ was 23.6° (SD 6.4; 6° to
38°). None of these angles showed significant changes at
final follow-up (angle ‘a’, p = 0.092; angle ‘b’, p = 0.094;
angle ‘c’, p = 0.52).

There were two intra-operative fractures of the medial
malleolus, which were fixed with a screw. In one case the
surgeon had misjudged the appropriate position of the talar
component and repositioning was undertaken ten days
later. One patient had delayed superficial wound healing
that resolved without surgical intervention.

Further associated surgery was needed in six of the
57 surviving TARs as shown in Table III. Aseptic loosening
occurred in two patients involving respectively the tibial
component and both components. Neither had significant

symptoms, and further surgery was not required. Tibial
radiolucencies < 2 mm were seen in 16 TARs and radiolu-
cencies < 2 mm around the talar component were detected
in four implants. The AOFAS score did not reflect the pres-
ence of tibial or talar radiolucency (ρ = -0.21 and -0.16,
respectively; p = 0.08 and 0.19, respectively).

At the final follow-up 22 patients (36.7%) were very sat-
isfied with the procedure, 25 (41.7%) were satisfied and
13 patients (21.6%) were not satisfied. The two bilateral
patients described their procedures as one.

Discussion
The goal of TAR is the relief of pain and restoration of
function. A recent multicentre clinical trial of the BOX
TAR showed a three-year survival rate of 97.2%.2
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Fig. 1

Kaplan–Meier survival curve with revision as outcome measure.

Fig. 2b

Anteroposterior (a) and lateral (b) weight-bearing radio-
graphs at a follow-up of one year showing a female
patient aged 52 years at operation treated with a Bolo-
gna-Oxford prosthesis for osteoarthritis.

Fig. 2a
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However, no radiological results were presented. In our
study the overall survival rate was 91.9%, which is consist-
ent with other third-generation implants.1,10-12 In a recent
meta-analysis, a 77% survival rate at ten years was
reported.13 A similar analysis showed a 9.8% failure rate at
a mean follow-up of 5.2 years, with a survival rate varying
from 67% at six years to 95.4% at 12 years.1

National registries should be consulted when the survival
of a new implant is being assessed. The Swedish registry
reports a 62% survival rate of the TAR at ten years with
fusion or revision as the endpoint.14 The New Zealand reg-
istry reports a five-year survival rate of 86% and the Finn-
ish registry a seven-year survival rate of 78%.15,16 Despite

the fact that our survival rate was similar to those reported
in the literature, it was still low compared with that
reported by Giannini et al.2

In our study, there was a discrepancy between the range
of movement measured clinically and radiologically. The
range of movement measured clinically is the combined
range of movement of the joints of the midfoot and hind-
foot. This is inevitably greater than the true range of move-
ment of the ankle, and many authors advise that this
distinction should be clearly stated.17 Radiological meas-
urement is more reliable and objective than clinical assess-
ment, but the range of movement of the ankle may still be
underestimated. The range of movement achieved by our

Table I. Life table of the Bologna–Oxford total ankle replacement

Months since 
operation 

Number at 
start

Number 
revised Withdrawn Number at risk Survival rate (%)

95% Confi-
dence interval

0 to 12 62 1 0 62 98.3 90.1 to 99.9
12 to 24 61 2 1 60.5 95.1 85.6 to 98.7
24 to 36 58 0 17 49.5 95.1 85.6 to 98.7
36 to 48 41 1 17 32.5 93.5 83.5 to 97.9
48 to 60 23 0 14 16 93.5 83.5 to 97.9
60 to 72 9 1 8 5 91.9 81.4 to 96.9

Table II. Details of the five ankles requiring revision (AOFAS, American Orthopedic Foot and Ankle Society)

Patient/gender/age 
at operation (yrs) Pre-operative diagnosis

Concomitant 
procedures at surgery

Reason for
failure Revision procedure

Time to failure 
(months)

AOFAS before
revision

1 / F / 56 Primary osteoarthritis None Cavitation of 
talus

Meniscal substitution 
and filling of cavity

63 98

2 / F / 58 Post-traumatic osteoarthritis None Pain Arthrodesis 13 65
3 / M / 59 Post-traumatic osteoarthritis None Infection Arthrodesis 9 63
4 / M / 47 Post-traumatic osteoarthritis None Collapse of talar 

component
Arthrodesis 37 74

5 / F / 60 Post-traumatic osteoarthritis None Pain Arthrodesis 15 65

Fig. 3a

Radiographs of a female patient aged 56 years at operation a) at 63 months post-operatively showing cavitation of the talus with no
evidence of mechanical failure, and b) after filling the cavity with cement and exchanging the talar and meniscal components.

Fig. 3b
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patients cannot be considered optimal, and we conclude
that it is not dramatically increased after BOX ankle
replacement.

Previous biomechanical studies have suggested that posi-
tioning of the components affects ankle movement after
TAR.18 In our series some implants were positioned angled
slightly downward in respect to the long tibial axis. How-
ever, the mean angle ‘b’ was 89°, which we consider to be
satisfactory. The tibial jig was positioned parallel to the
anterior crest of the tibia, so as to be parallel to the long tib-
ial axis. The alignment of the jig was judged by the surgeon,
thereby possibly leading to errors in performing the bone
cuts. Further studies will be needed to correlate tibial and
talar alignment to the post-operative range of movement. 

The BOX TAR was designed to keep the ankle ligaments
out to length and the components in contact throughout the
range of movement. In a previous paper, Affattato et al19

evaluated the rate of wear of the BOX TAR in a standard
wear simulator that reproduced load–movement cycles dur-
ing the stance phase of walking. They found that reproduc-
ing physiological joint movement and maintaining complete
congruence of the articulating surfaces can minimise wear of
the meniscal component. Movement of the replaced ankle is
related not only to the design of the implant but also to the
pre-operative condition of the surrounding tissues, including
the ankle capsule, tendons and ligaments.

Most of our patients had good relief of pain and a good
functional outcome at the final follow-up, which was
reflected in improved AOFAS and VAS pain scores. The
improvement seen in the AOFAS scores is comparable to
those reported by Giannini et al2 and to other series of
third-generation implants.1 However, in our study, 22% of
patients were not satisfied with the procedure. Despite
maintaining the pre-operative range of movement, patients
expect more. A mean of 8.4° of dorsiflexion was present at
final follow-up. Intra-operative lengthening of the Achilles
tendon was undertaken in ten patients to achieve a mini-
mum dorsiflexion of 10°. Although systematic lengthening
could increase the mean dorsiflexion, its associated mor-
bidity should be taken into account. A previous study
reported the long-term results of tendon lengthening sur-
gery.20 The authors noted an overall complication rate of
27%, which included deep vein thrombosis, superficial
wound infection, disorders of the sural nerve and problems

with the scar.20 One patient developed a cavity in the talus
that measured > 5 mm; this required a second procedure.
The overall incidence of large bone cysts has been reported
to be 3.5% at 46 months for the STAR TAR and 21% at
31 months for the AES.5,6,18 The cause of these large cysts
seems to be related to the stimulation of inflammatory
mediators by the accumulation of wear particles (polyeth-
ylene, titanium or hydroxyapatite).19,21 We did not see any
volumetric wear debris during revision surgery.

Talar cysts after TAR have been previously discussed,22

and an asymptomatic cyst in a patient with a well-function-
ing ankle poses a number of clinical problems. Although
bone grafting and exchange of the meniscal bearing may be
appropriate, particular attention should be paid at opera-
tion to an assessment of the amount of host bone contact
and the quality of the cortical rims. In this patient we noted
that the cortices were thinned. Consequently, bone grafting
could not guarantee stability of the talar component.

Loosening of the components can be indicated by the
presence of radiolucent lines and it is important to differen-
tiate such radiolucencies from those resulting from surgery.
Radiolucent lines < 2 mm in width are often seen around
part of the surface of ankle prostheses and can be explained
by inadequate contact between the bone and the implant.
Our rate of radiolucencies < 2 mm of 25% is similar to oth-
ers that have been reported in the literature.1,23 These did
not progress and the patients remained asymptomatic. A
recent meta-analysis reported the incidence of radiolucent
lines to range between 4% and 86% for different implants.1

However, no direct radiological comparison can be made,
as most implants obscure the bone immediately beneath the
talar component. Furthermore, the difference in methods
used and in the definition of significant radiolucency
reduces the validity of such a comparison. We considered
that the tibial component was loose if a 2° change was
detected radiologically at final follow-up, and the talar
component to be loose if there was a 3° change. This could
not be accounted for by any settling. However, in order to
compare the rate of aseptic loosening with previous studies,
we selected the values reported by other authors.5-7 The
change seen in the alignment of the components can be
explained by inter-observer variability. However, none of
the angles showed any statistically significant change at
final follow-up.

Table III. Details of the six ankles that required additional intervention (AOFAS, American Orthopedic Foot and Ankle Society)

Patient 
number

Gender and age at 
time of surgery Pre-operative diagnosis Additional intervention

AOFAS at the 
last follow-up

Time at additional surgery 
after implantation (months)

1 M 66 Post-traumatic osteoarthritis Arthroscopic debridement 65 18
2 M 55 Post-traumatic osteoarthritis Open surgical debridement 79 6
3 M 55 Post-traumatic osteoarthritis Subtalar arthrodesis 92 22
4 F 63 Post-traumatic osteoarthritis Arthroscopic debridement 64 12
5 M 71 Post-traumatic osteoarthritis Subtalar arthrodesis 82 12
6 M 72 Post-traumatic osteoarthritis Calcaneal and 5th metatarsal 

osteotomy
76 26
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Further surgery, without revision of the components, was
required for 10% of the patients. This was a lower figure
than the 22% reported by Hosman et al15 and 19% by
Karantana, Hobson and Dhar.24 We believe that additional
procedures can be reduced by addressing coexisting pathol-
ogy, such as moderate hindfoot deformity or osteoarthritis
of the adjacent joints, at the time of replacement. Hindfoot
fusion can be performed at the same time as TAR.25

We believe the strengths of this study to be its large sam-
ple size, the absence of loss to follow-up, and the consist-
ency of surgical technique, peri-operative and post-
operative care. However, its limitations should also be
noted. The results are those of a single surgeon and include
his earliest experience of the BOX TAR. The importance of
the learning curve has been emphasised by the Swedish reg-
istry, which reports a survival rate of 70% at five years for
the first 30 implants and 86% at five years for subsequent
patients.14 Two of the revisions (one for infection and one
because the talar component was undersized) were in the
first 30 implants, and should be considered failures related
to the learning curve. Furthermore, although revision of
any of the components is the most objective and commonly
cited endpoint for the study of joint replacement, it has
been criticised for having a low sensitivity for the detection
of clinically significant failure.26 Our study confirms the
findings of a previous report that the BOX TAR has an
acceptable mid-term survival rate.2 Patients were found to
have a good functional outcome, although additional surgi-
cal procedures were sometimes needed. The stability of the
components seems satisfactory; few patients had signs of
aseptic loosening. We do not believe that the design of the
components is the main factor responsible for the survival
rate. One TAR failed because of talar collapse due to pre-
existing osteonecrosis: this condition should be an absolute
contraindication. The survival rate achieved without this
case is in line with those of other third-generation implants.

Supplementary material
Two photographs showing the method of ligament
tensioning are available with the electronic version of

this article on our website www.jbjs.boneandjoint.org.uk

The authors would like to thank Dr D. Dotari for his help in preparing this man-
uscript.
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