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Aims
The purpose of this study was to compare the clinical and radiographic outcomes of total 
ankle arthroplasty (TAA) in patients with pre-operatively moderate and severe arthritic varus 
ankles to those achieved for patients with neutral ankles.

Patients and Methods
A total of 105 patients (105 ankles), matched for age, gender, body mass index, and follow-
up duration, were divided into three groups by pre-operative coronal plane tibiotalar angle; 
neutral (< 5°), moderate (5° to 15°) and severe (> 15°) varus deformity. American Orthopaedic 
Foot and Ankle Society (AOFAS) ankle-hindfoot score, a visual analogue scale (VAS), and 
Short Form (SF)-36 score were used to compare the clinical outcomes after a mean follow-
up period of 51 months (24 to 147).

Results
The post-operative AOFAS, VAS scores, range of movement and complication rates did not 
significantly differ among three groups. However, there was less improvement in the SF-36 
score of the severe varus group (p = 0.008). The mean post-operative tibiotalar alignment 
was 2.6° (0.1° to 8.9°), 3.1° (0.1° to 6.5°) and 4.6° (1.0° to 10.6°) in the neutral, moderate and 
severe groups respectively. Although the severe varus group showed less corrected 
alignment than the neutral group, the mean tibiotalar angles of the three groups were 
within neutral alignment.

Conclusion
TAA for moderate and severe varus arthritic deformity showed similar satisfactory clinical 
and radiographic outcomes as those obtained by patients in the neutral group when post-
operative neutral alignment was achieved.

Cite this article: Bone Joint J 2017;99-B:1335–42.

Satisfactory outcomes after total ankle arthro-
plasty (TAA) for osteoarthritis (OA) have been
reported.1-5 Although lower survival rates, and
higher complication and re-operation rates
after TAA have also been reported compared
with hip and knee arthroplasty.6,7 Poor out-
come after TAA has been associated with a his-
tory of neuroarthropathy, poor soft tissues,
severe angular deformities, osteoporosis, oste-
onecrosis, long-term therapy with immuno-
suppressive drugs, and significant joint laxity.8

Pre-operative coronal plane deformity of the
ankle joint should be corrected as residual post-
operative deformity may result in instability, pro-
gressive shearing force, edge loading or subluxa-
tion of the bearing, resulting in poor long-term
results.9,10 It has been suggested that pre-
operative varus or valgus malalignment of
> 15° is a relative contraindication to TAA and
> 20° an absolute contraindication.5,11 Varus

deformity, if between 10° and 15°, may result in
early failure.4,10 However, other reports have
shown that a varus deformity of > 10° can result in
a satisfactory outcome when combined with ade-
quate ancillary procedures such as a deltoid liga-
ment release or lateral ligament reconstruction.6,12

A review of 43 TAAs with moderate to
severe coronal plane deformity (10° to 25°),
revealed correction of the coronal plane
deformity could be achieved with soft-tissue
balancing procedures.13 In a prospective obser-
vational study, a satisfactory clinical outcome
of TAA in 103 ankles was reported in both
patients with significant (> 15° varus or valgus)
malalignment and neutral alignment (< 5°
varus or valgus).14 Most studies have focused
on comparing the outcomes of varus deformity
and those with neutral alignment but the sig-
nificance of a severe varus deformity has not
been fully determined.5,15
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Our hypothesis is that a satisfactory clinical and radio-
graphic outcome of TAA can be obtained regardless of the
severity of the pre-operative varus deformity when post-
operative alignment is restored to neutral. The purpose of
this study is to compare the clinical and radiographic
outcomes of TAA for end-stage ankle OA with moderate
(5° to 15°) and severe (> 15°) varus deformity with that of
neutrally aligned ankles (< 5° varus).

Patients and Methods
Patients. This study was approved by the institutional
review board, and informed consent was obtained from all
patients. The study was performed according to the World
Medical Association Declaration of Helsinki.16

Between February 2005 and June 2013, 189 consecutive
TAA procedures were performed on 179 patients with
symptomatic ankle OA using a cementless, three-compo-
nent HINTEGRA prosthesis (Newdeal SA, Lyon, France).
Inclusion criteria for this study were duration of symptoms
of more than six months, no local neurovascular insuffi-
ciency, adequate bone stock and a stable ankle. A total of
54 patients (62 ankles) were excluded because of valgus
coronal alignment, rheumatoid arthritis, avascular necrosis
of the talus, Charcot arthropathy, haemophilic arthropa-
thy, or follow-up of < 24 months.

The remaining 125 patients (127 ankles) were divided
into three groups by the pre-operative coronal plane tibio-
talar angle; neutral alignment (< 5° varus), moderate varus
deformity (5° to 15°), and severe varus deformity (> 15°).
Each group was matched for age, gender, body mass index
(BMI), and follow-up duration. In all 20 unmatched
patients (22 ankles) were excluded and the remaining 105
patients (105 ankles) were included in this study. In each
group 35 patients had characteristics similar to those
obtained from the pre-operative demographic data, but sig-
nificant differences in pre-operative diagnoses were
detected among the three groups (Table I).
Surgical technique. Patients underwent surgery by a single
surgeon (K-BL) under general anaesthesia in the supine
position with a pneumatic thigh tourniquet. The operations
were performed through a 10 cm to 12 cm anterior

longitudinal incision, between the tendons of tibialis ante-
rior and extensor hallucis longus. A standard technique17

was used to prepare the tibial and talar surfaces with addi-
tional soft-tissue procedures as required, so that after inser-
tion of the TAA implants, satisfactory alignment, stability,
and joint movement were confirmed and component posi-
tion was checked by a C-arm image intensifier (GE Health-
care, Chicago, Illinois). The wound was closed over a
suction drain and covered with a compressive dressing.

Post-operatively, a well-padded short leg splint was used
for two weeks to maintain the foot in a neutral position
during the wound healing process and the patient remained
non-weight-bearing. After two weeks, the patient was
allowed to bear weight as tolerated in an ankle-foot ortho-
sis and after four weeks, a foot and ankle rehabilitation
programme was started. Full weight-bearing was permitted
eight weeks post-operatively. The duration of immobilisa-
tion was determined according to the additional proce-
dures, such as the Modified Bröstrom procedure or a
calcaneal osteotomy. All patients were followed at one,
three, six, and 12 months post-operatively and annually
thereafter.
Radiographic assessment. The 105 patients were divided
into three groups based on pre-operative coronal plane
alignment: neutral (< 5° varus or valgus), moderate (5° to
15° of varus), and severe (> 15° varus). The alignment angle
was determined from the angle formed between the ana-
tomical axis of the tibia and a line perpendicular to the
talus or talar component (Fig. 1). Standardised weight-
bearing anteroposterior (AP) and lateral radiographs of the
ankle were obtained pre-operatively and immediately post-
operatively (Fig. 2). Follow-up radiographs were taken at
one, three, six, and 12 months post-operatively and annu-
ally thereafter. All radiographic values were measured accu-
rately using the standard tools in a picture archiving and
communication system (Maroview version 5.4; Marotech
Inc., Quebec, Canada) by two reviewers (S-DJ, G-WL) who
were not involved in either the surgery or clinical assess-
ment. On the AP radiograph, moderate varus alignment is
defined as tibiotalar angle > 5° but < 15°, while valgus
alignment is defined as a negative value. The difference

Table I. Patient demographics

Neutral Moderate varus Severe varus p-value*

Ankles (n) 35 35 35
Gender (M/F) 25/10 25/10 22/13 0.506
Age at surgery†(yrs) 62.7 (48 to 77) 60.1 (45 to 72) 64.1 (47 to 75) 0.595
Body mass index† (kg/m2) 24.9 (19.8 to 29.0) 25.2 (20.0 to 28.7) 26.0 (19.5 to 29.2) 0.282
Diagnosis
Primary osteoarthritis 26 18 6
Post-traumatic osteoarthritis 9 17 29
Trauma 9 8 13
Instability 0 9 16
Follow-up duration†(mths) 56.2 (24 to 141.9) 46.0 (24 to 114.4) 50.2 (24 to 147.2) 0.384

*analysis of variance 
†values are given as mean with the range in parentheses
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between these values determined the magnitude of the cor-
onal plane malalignment. A pre-operative varus or valgus
deformity of > 15° was defined as a severe deformity.13

Clinical assessment. Clinical assessment of the pre-opera-
tive and final post-operative results included the American
Orthopaedic Foot and Ankle Society (AOFAS) ankle-hind-
foot score,18 a visual analogue scale (VAS) for pain (0 =
best, 10 = worst), the physical component summary (PCS)
and mental component summary (MCS) subscales of the
Short Form (SF)-36 Standard Version 2.0 Health Survey
score,19,20 and range of movement (ROM) measured
using a goniometer along the lateral border of the leg and
foot. Clinical outcomes were evaluated by two reviewers

(H-AL, S-HW) who were not directly involved in the surgical
procedure and radiographic assessment. Any peri-operative
complications or additional procedures were also noted.
Statistical analysis. To minimise selection bias, we per-
formed a propensity score matching by a logistic reression
with age at procedure, gender, BMI, and follow-up dura-
tion based on the severe group (35 ankles). To determine
the significance of the intergroup differences, the independ-
ent statistical methods including 1×3 inter-subject analysis
of variance (ANOVA) with Tukey’s Honestly Significant
Differences post hoc test were performed to identify any
significant differences among AOFAS scores, VAS scores,
SF-36 scores, ROM, and tibiotalar alignment due to the

Fig. 1

Radiographs showing the anatomical axis of the tibia (A), which coincides with the
mechanical axis of the normal tibia, is defined as a line connecting the centre of the cortex
of the tibia at 5 cm and 10 cm proximal to the tibial plafond. The angle (α) between the ana-
tomical axis of the tibia and the line drawn perpendicular to the talar dome (B) on the pre-
operative weight-bearing anteroposterior view of the ankle was defined as the pre-operative
coronal plane alignment of the ankle joint. Angular position of the implants is also measured
on the weight-bearing anteroposterior view. The angle (β) between the anatomical axis of the
tibia (A) and the line drawn perpendicular to the talar component (B) was defined as the post-
operative coronal plane alignment angle of the ankle joint.

Fig. 2

A patient with a post-traumatic ankle osteoarthritis with incongruent severe varus deformity (tibiotalar angle 17° varus). Pre-
operative, one, three, and five years (left to right) post-operative standing anteroposterior radiographs were made.
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non-parametric data distribution. For all of the statistical
analyses, a p-value < 0.05 was considered significant.
Parameters are presented as means with the range in paren-
theses. All components of the statistical analysis were
reviewed independently by a professional medical statisti-
cian consultant (M-HS). Analyses were performed using
SPSS v.18.0 (SPSS Inc,. Chicago, Illinois).

Results
Radiographic outcomes. As shown in Table II, the mean
tibiotalar angle of each group was 2.6° (0.1° to 8.9°), 3.1°
(0.1° to 6.5°), and 4.6° (1.0° to 10.6°) at final follow-up
with a statistically significant intergroup difference
(p = 0.031, one-way ANOVA). Tibiotalar angle measured
at the final follow-up showed that the degree of coronal
alignment of the severe varus group retained statistically
greater varus than that of the neutral group. Despite the
fact that angular deformity of the severe varus group was

less completely corrected, the mean final coronal alignment
of each group was within neutral range without a statisti-
cally meaningful difference in the occurrence rate of major
complications or revision rate.
Clinical outcomes. As shown in Table III, AOFAS, VAS, SF-
36 MCS score and ROM all improved at final follow-up
across the three groups. On intergroup comparison, there
was no significant difference in clinical outcomes other
than SF-36 PCS score among three groups at final follow-
up (p = 0.008, one-way ANOVA) (Fig. 3).
Additional procedures. Some patients required additional
procedures performed at the time of TAA to achieve ankle
congruity and stability. Seven from the neutral group
(20.0%), 20 from the moderate varus group (57.1%), and
21 from the severe varus group (60.0%) underwent addi-
tional procedures (Table IV).
Complications. There was a total of 15 complications in the
neutral group, 12 in the moderate group, and 19 in the severe

Table II. Radiographic outcomes of total ankle arthroplasty by pre-operative coronal plane alignment (means with range and standard
deviation, SD)

Tibiotalar angle(°) Neutral (n = 35) Moderate varus (n = 35) Severe varus (n = 35) p-value*

Pre-operative 0.5 (-3.5 to 4.4) (SD 2.8) 9.4 (5.1 to 13.4) (SD 2.9) 20.0 (15.1 to 32.2) (SD 4.7) 0.002
Final follow-up 2.6 (0.1 to 8.9) (SD 2.3) 3.1 (0.1 to 6.5) (SD 2.2) 4.6 (1.0 to 10.6) (SD 2.9) 0.031
Comparison with neutral group† - 0.4 (SD 0.6) (p = 0.570) 1.9 (SD 0.7) (p = 0.024) -

*analysis of variance 
†values are given as mean and standard deviation with the p-value in parentheses (Tukey’s Honestly Significant Differences post hoc 
test)

Table III. Clinical outcomes of total ankle arthroplasty by pre-operative coronal plane alignment

Neutral (n = 35) Moderate varus (n = 35) Severe varus (n = 35) p-value*

ROM; dorsiflexion† (°)
Pre-operative 9.50 (0 to 20) 8.7 (0 to 20) 10.2 (0 to 20) 0.559
Final 10.3 (0 to 20) 9.5 (0 to 20) 9.4 (0 to 20) 0.772
Improvement 0.6 (-10 to 20) 0.8 (-10 to 10) -0.8 (-15 to 10) 0.668
ROM; plantar flexion† (°)
Pre-operative 23.4 (0 to 40) 24.7 (0 to 50) 22.9 (0 to 20) 0.792
Final 26.5 (10 to 40) 26.6 (5 to 40) 23.2 (0 to 40) 0.247
Improvement 3.1 (-20 to 30) 1.9 (-20 to 25) 0.3 (-15 to 25) 0.608
AOFAS score†

Pre-operative 49.1 (26 to 67) 56.3 (23 to 79) 51.6 (19 to 78) 0.162
Final 93.0 (63 to 100) 91.8 (62 to 100) 92.2 (65 to 100) 0.880
Improvement 44.1 (9 to 74) 35.2 (11 to 66) 39.0 (5 to 71) 0.834
VAS†

Pre-operative 6.8 (5 to 10) 6.4 (4 to 10) 6.7 (4 to 9) 0.163
Final 1.0 (0 to 5) 1.1 (0 to 5) 1.2 (0 to 6) 0.880
Improvement 5.9 (4 to 10) 5.2 (0 to 8) 5.5 (1 to 8) 0.625
SF-36 PCS score†

Pre-operative 44.3 (23 to 60) 50.8 (21 to 71) 46.6 (17 to 70) 0.147
Final 83.7 (57 to 90) 83.0 (59 to 90) 77.9 (53 to 85) 0.008
Improvement 39.0 (8 to 67) 33.7 (-7 to 69) 31.9 (6 to 66) 0.202
SF-36 MCS score†

Pre-operative 36.7 (19 to 49) 42.0 (17 to 59) 38.6 (14 to 58) 0.189
Final 69.1 (47 to 75) 68.5 (49 to 75) 67.0 (44 to 71) 0.405
Improvement 32.5 (7 to 56) 26.5 (-6 to 58) 28.3 (5 to 55) 0.216

*analysis of variance
†values are given as mean with the range in parentheses ROM, range of movement; AOFAS, Americal Orthopaedic Foot 
and Ankle Society; VAS, visual analogue scale; SF, Short Form; MCS, mental component score; PCS, physical component 
score
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group. Complications were divided into major complica-
tions (aseptic loosening and deep infection) and minor com-
plications (minor wound problem, fractures, heterotopic
ossifications, and nerve/tendon injuries) (Table V).21 Revi-
sion procedures consist of four exchanges of one or more
prosthetic components (due to aseptic loosening, infection,
or displacement of the polyethylene bearing). Major com-
plications in the neutral group included one aseptic loosen-
ing and one deep infection. Both patients underwent
revision arthroplasty. In the moderate group, one patient

underwent revision surgery for displacement of the poly-
ethylene bearing. One patient in the severe group under-
went revision because of the aseptic loosening of both
components and in addition, there were two ankles with
residual varus deformity seen at follow-up. As there was no
evidence of either osteolysis or component loosening, the
ankles were kept under observation and not revised. We
could not see any obvious association between the
severity of pre-operative deformity and the risk of a major
complication.
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Fig. 3

Bar graphs showing the mean pre-operative and final follow-up clinical values by pre-operative coronal plane alignment group. The error bars
indicate standard deviation (AOFAS, American Orthopaedic Foot and Ankle Society; VAS, visual analogue scale; SF-36 PCS, Short Form-36 physical
component summary score; SF-36 MCS, Short Form-36 mental component summary score) (*significant difference between final neutral and severe
varus group, and final moderate and severe varus group (p = 0.008, one-way analysis of variance).
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Discussion
We believe our study is important as it reports the outcomes
in TAA patients with neutral, moderate or severe varus
deformity in three matched patient groups. The most impor-
tant finding of this study was similar clinical outcomes
between the three groups. Across the three groups, satisfac-
tory alignment and stable ankles could be achieved with sim-
ilar clinical and radiological outcomes even if additional
intra-operative procedures were required to achieve this.

The treatment of end-stage OA of the ankle with coronal
plane deformity has been widely reported. The current litera-
ture suggests that a tibiotalar angular deformity >10° is one of
the major factors that results in a poor surgical outcome9,22

and some authors have suggested that severe coronal plane
deformity is a contraindication for TAA. A report of 93 TAAs
by Doets et al9 showed 90% survivorship at eight years in
neutrally aligned ankles versus 48% in ankles with deformity
>10° and suggested that a pre-operative varus or valgus
deformity >10° was an absolute contraindication to ankle
arthroplasty. Wood and Deakin5 suggested that a talar tilt
> 15° was a relative contraindication for TAAs in a report of
200 TAAs. Hintermann, in their study of 134 TAAs,23 and
Clare and Sanders24 reported that pre-operative varus
deformity > 20° was an absolute contraindication to TAA.
Although a pre-operative varus malalignment increases the

technical difficulty, as implants, techniques, and surgical
experience improve, the indications for TAA with varus OA
of the ankle is expanding. In 17 of our 35 TAAs in our
severe varus group the deformity exceeded 20°, the most
severe being 32.2°. This was previously considered an abso-
lute contraindication.11 Among these 17, three minor com-
plications (two posterior tibial nerve neuromas with tarsal
tunnel syndrome, one residual varus deformity with partial
ankylosis) were detected. Our results show that TAA can be
performed in ankles with severe varus deformity, providing
particular care is taken to address causes of the varus
malalignment with adequate additional procedures per-
formed as required.

It is important to achieve a correct post-operative align-
ment of the TAA to prevent edge loading of the implant.25-27

When operating on a varus ankle, medial soft-tissue release
is required with lateral ligament plication to obtain the
correct soft-tissue balance.28 In addition, osteophyte
debridement and cavus deformity correction may also be
required to correct a coronal malalignment ≥ 10°.12 Any
instability or residual deformity should be managed and
requires additional early procedures to gain proper correc-
tion.29 We found that to obtain a stable ankle joint, more
soft-tissue balancing procedures were necessary in the mod-
erate and severe groups compared with the neutral group.

Table IV. Additional surgical procedures of total ankle arthroplasty by pre-operative coronal plane alignment

Neutral (n = 35), n (%) Moderate varus (n = 35), n (%) Severe varus (n = 35), n (%) p-value*

Percutaneous Achilles tendon lengthening 4 (11.4) 9 (25.7) 8 (22.9) 0.292
Medial deltoid ligament release 2 (5.7) 7 (20.0) 14 (40.0) 0.001
Modified Bröstrom procedure 1 (2.9) 7 (20.0) 9 (25.7) 0.025
Calcaneal osteotomy (Dwyer) 0 (0) 1 (2.9) 1 (2.9) 0.608
Supramalleolar osteotomy 0 (0) 0 (0) 1 (2.9) 0.371
Syndesmotic fusion 0 (0) 1 (2.9) 0 (0) 0.371
Total (ankles) 7 (20.0) 20 (57.1) 21 (60.0) 0.001

*analysis of variance

Table V. Complications associated with total ankle arthroplasty by coronal plane alignment

Neutral (n = 35) Moderate varus (n = 35) Severe varus (n = 35) Total (n = 105) p-value*

Osteolysis 4 2 5 11 0.498
+ Aseptic loosening 1 (1 revision) 0 1 (Revision) 2 0.608
+ Component subsidence 0 1 0 1 0.371
Polyethylene dislodgement 0 1 (1 polyethylene change) 0 1 0.371
Deep infection 1 (1 revision) 0 0 1 0.371
Wound problem 0 2 2 4 0.360
Lateral malleolar fracture 0 0 1 1 0.371
Heterotopic ossification 6 3 3 12 0.436
Ankle ankylosis 0 1 1 2 0.608
Post-operative varus deformity 1 1 2 4 0.776
Tarsal tunnel syndrome 0 1 2 3 0.364
Posterior tibial nerve injury 0 0 2 2 0.133
Peroneal nerve injury 2 0 0 2 0.133
Major complications† 2 2 1 5 0.815
Minor complications† 13 10 18 41 0.144
Total (ankles), n (%) 15 (42.9) 12 (34.2) 19 (54.3) 46 (43.8) 0.244

*analysis of variance
†the major complications (aseptic loosening and deep infection) and minor complications (minor wound problem, fractures, heterotopic ossifica-
tions, and nerve/tendon injuries) are listed above21
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In the moderate group, 57.1% of ankles required
additional procedures and in the severe group it was 60.0%
of ankles compared with 20.0% in the neutral group. There
was no obvious association between the number of addi-
tional procedures and radiographic and patient-reported
outcomes for cases of varus > 15°.

In other studies of TAA, the mean AOFAS scores
improved from 23.7 to 80.9 points in 36 ankles with a
varus deformity ≥ 10° at a mean follow-up of 36.7
months,12 and 43.7 to 83.4 points in 24 ankles with a tibi-
otalar angle ≥ 20° at 25.1 months of follow-up.30 Our
results were comparable with those of pre-operative tibio-
talar alignment < 10° and 20°. According to this study, the
moderate and severe varus groups showed good and similar
outcomes in terms of AOFAS score, VAS, and ROM com-
pared with the neutral group. Although the post-operative
SF-36 score was relatively lower in the severe varus group
than in the neutral and moderate groups, overall satisfac-
tion and daily life functioning were similar at final follow-
up. As long as appropriate additional procedures are
applied simultaneously, the presence of accompanying
deformities or intra-articular problems did not significantly
affect the results.

In terms of radiographic outcomes, the mean post-opera-
tive tibiotalar angle of the neutral and severe varus groups
were 2.6° and 4.6°, respectively, with statistically less cor-
rected coronal alignment in the latter. However, post-opera-
tive angular differences were not correlated with clinical
outcomes.

In the present study, the severe deformity group had a
54% complication rate which is higher than in the other
two groups. The major complication rates were similar
across the three groups and the higher overall complication
rate in the severe varus group seems to be related to minor
complications (18 of 19 ankles). However, care should be
taken for severely deformed ankles because of the anatomic
alterations. In a previous paper31 we reported an overall
prevalence of nerve injuries after TAA of 15.3% (23/150
patients), with the posterior tibial nerve most commonly
affected. Anatomical change after TAA for ankles with cor-
onal plane deformity > 10° can lead to tarsal tunnel syn-
drome due to strain of the posterior tibial nerve.32

Considering the vulnerability to iatrogenic injury due to its
anatomical location, proper soft-tissue release and familiar-
ity with surgical technique is required to avoid posterior
tibial nerve injury.33

This study had some limitations. Follow-up in the severe
group was for a mean of 50.2 months (24 to 147.2) and
that may not be long enough to exclude late complications
associated with TAA in this group, particularly those ankles
with residual post-operative coronal plane deformity. Com-
parative studies between excessive coronal deformities with
longer follow-up durations are needed to evaluate TAA effi-
cacy and survival rates. We used AOFAS score for our clin-
ical outcome assessment but it is not sensitive enough to
compare clinical difference such as sports activity levels.

However, because of its wide use in the literature, we
believe that the AOFAS score is still valuable.

Although initial TAA results were disappointing, recent
reports have shown good short-term results, especially
when adjunctive procedures are combined, not only to
achieve a neutral alignment but also to restore lateral liga-
mentous stability.34 The success of joint arthroplasty
depends on many factors, including patient selection, pros-
thetic design, soft-tissue balancing, implant position and
severity of joint deformity.35-38 Among predisposing fac-
tors, ankles with varus malignment >15° can be appropri-
ate candidates for TAA. The results of this study suggest
similar clinical and radiographic outcomes of TAA for
ankle OA among neutral alignment, moderate and severe
varus groups. Although different radiographic outcomes
were seen in the severe varus group, this did not affect the
clinical results of TAA. To establish neutral alignment on
the coronal plane, more additional procedures were
required in the moderate and severe varus groups than in
the neutral group. With proper implant positioning and lig-
ament balancing, satisfactory outcomes can be achieved.

Where varus malalignment is identified radiologically,
the magnitude of the deformity does not affect the clinical
and radiographic outcomes providing post-operative neu-
tral implant alignment is achieved. Thus, TAA can be rec-
ommended as an effective and reliable treatment method
for end-stage ankle OA regardless of severity of varus
deformity.

Take home message:
- TAA can be helpful in treating OA of the ankle regardless of

severity of varus deformity, providing proper implant posi-

tioning and ligament balancing are achieved.
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