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Abstract
Purpose To compare the obtained deformity correction and clinical/functional outcomes between patients who underwent total
ankle replacement (TAR) with or without a concurrent supramalleolar osteotomy (SMO) to address a varus and/or recurvatum
deformity of the distal tibia.
Methods Data of 23 patients treated with an additional SMO to correct a varus and/or recurvatum deformity of the distal tibia at
the time of TAR were prospectively collected. Twenty-three matched patients who underwent TAR only served as controls.
Results The American Orthopaedic Foot and Ankle Society (AOFAS)-hindfoot scale and pain assessed on a Visual Analogue
Scale (VAS) did not significantly differ between the two groups at the final follow-up (AOFAS-hindfoot scale SMO/TAR
group = 82 ± 10; TAR group = 82 ± 12; VAS pain SMO/TAR group = 1 (range, 0–4); TAR group = 1 (range, 0–5)). Ankle range
of motion (ROM) did not improve in the SMO/TAR group (pre-operative = 27 ± 13 degrees, last follow-up = 30 ± 9 degrees;
P = .294), but did improve in the TAR group (pre-operative = 31 ± 14 degrees, last follow-up = 39 ± 14 degrees; P = .049). Two
patients who underwent SMO/TAR showed non-union of the tibial osteotomy, and two patients who underwent TAR only
suffered from an intra-operative medial malleolar fracture.
Conclusion An additional SMO during TAR in patients with a varus and/or recurvatum deformity of the distal tibia is not
beneficial in most cases and should only be considered in pronounced multiplanar deformities.
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Introduction

In the last two decades, total ankle replacement (TAR) has
become a well-accepted treatment option for end-stage ankle
osteoarthritis [1–7]. Recent studies highlighted the impact of
appropriate balancing of the ankle joint on radiographic and
clinical outcomes following TAR [8–10]. In case of

malalignment of the prosthesis components, periarticular soft
tissue structures can be overused, leading to pain and gait
impairment [8–10]. To avoid inferior outcomes and early fail-
ure after TAR, hindfoot deformities should be properly ad-
dressed during prosthesis implantation [8–12].

The role of an additional supramalleolar osteotomy (SMO)
to realign deformities at the level of the distal tibia during
TAR is poorly understood [12–15]. Although meticulous ad-
dressing of all causes inducing a hindfoot varus has been
shown to be necessary in patients with a severe varus defor-
mity, only a few articles reported on the outcome of
performing a SMO before TAR to realign the hindfoot
[11–15]. To the authors knowledge, there is no data available
investigating the outcome in patients suffering of ankle oste-
oarthritis with a varus and/or recurvatum deformitiy at the
level of the ankle joint who underwent SMO and TAR as a
one-stage procedure. Possible reasons for the restrained enthu-
siasm towards performing both procedures in the same oper-
ative session could be increased peri-operative risks due to the
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higher complexity of the operation, increased soft tissue
stress, longer operation time, and the risk of delayed or non-
union of the osteotomy [14, 15]. In addition, it is unknown
whether a combined approach (SMO/TAR) is more effective
than TAR only to balance the hindfoot. We hypothesized that
patients who underwent SMO/TAR as a one-stage procedure
show a better deformity correction on radiographic assess-
ment, a higher increase on the American Orthopaedic Foot
and Ankle (AFOAS)-hindfoot scale, better pain relief, and a
higher satisfaction score compared with that of patients who
underwent TAR only.

The present study aimed to show the advantages as
well as disadvantages of performing SMO/TAR as a
one-stage procedure. For this, radiographic assessment
and clinical/functional outcome measures (AOFAS-
hindfoot scale, pain level, satisfaction score, ankle range
of motion (ROM)) in patients with a varus and/or a
recurvatum deformity of the distal tibia who underwent
SMO/TAR were compared with patients suffering of a
similar deformity who underwent TAR only.

Materials and methods

Study characteristics and patient demographics

This case-control study was approved by the local ethics com-
mittee and conducted according to the Declaration of Helsinki
and the Guidelines for Good Clinical Practice. All participants
provided informed written consent prior to surgery and par-
ticipation in the study. Only patients with history of an ankle
fracture were considered. Patients with history of a
talonavicular and/or subtalar joint fusion were excluded.
Also, active smokers or patients with diabetes were not con-
sidered. Data of 23 patients (male 12, female 11; mean age
59.9 years, standard deviation (SD) 13.7, range 22.2–72.2)
treated with an additional SMO to correct a varus and/or
recurvatum deformity of the distal tibia at the time of TAR
were prospectively collected. The final cohort included six
patients with a varus deformity and five patients with a
recurvatum deformity. Twelve patients had a combination of
both. The mean follow-up time after surgery was 3.8 (range,
1.8–8.5) years. Twenty-three patients matched using propen-
sity scores estimated by logistic regression (male 16, female 7;
mean age 58.2 years; SD 11.9, range 35.3–78.9) out of a
consecutive cohort of 1023 patients who underwent TAR be-
tween 2002 and 2014 served as controls. The final control
cohort included five patients with a varus deformity and two
patients with a recurvatum deformity. Sixteen patients had a
combination of both. The mean follow-up time after surgery
was 3.1 (range 1.9–6.2) years. Baseline characteristics are
available in Table 1.

Radiographic and clinical assessment

Radiographic analysis was performed on weight-bearing mor-
tise, lateral, and hindfoot views. Coronal and sagittal align-
ment of the distal tibia was assessed using the tibial articular
surface angle (TAS, normal value 89 ± 3 degrees; Fig. 1a) and
lateral distal tibial surface angle (TLS, normal value 83 ± 3
degrees; Fig. 1b) [16]. The hindfoot moment arm (HMA, nor-
mal value 10 ± 0 mm; Fig. 1c) was additionally measured to
assess the calcaneal deviation from the tibial axis [16]. A varus
deformity of the distal tibia was defined as a TAS < 86 de-
grees, and a recurvatum deformity as a TLS < 80 degrees.
Measurements were performed by an orthopaedic surgeon
not involved in patient treatment. Previous studies showed
satisfactory reliability for measurements used in this study
[17–19]. Clinical/functional outcomes were assessed by re-
search associates who were not involved in any clinical duties
and included the AOFAS-hindfoot scale, Visual Analogue
Scale (VAS) for pain (0 points for no pain and 10 points for
maximum pain), and ankle range of motion (ROM) measured
using a goniometer applied along the lateral border of the leg
and foot [20, 21]. In addition, patients were asked about their
satisfaction with the obtained result using a 4-point Likert
scale (very satisfied, somewhat satisfied, neither satisfied nor
dissatisfied, somewhat dissatisfied) according to previously
published protocol used for total joint arthroplasty [22].

Surgical technique and rehabilitation protocol

The osteotomy was performed at the centre of rotation and
angulation (CORA), which was determined on pre-operative
weight-bearing radiographs (mortise and lateral view). In case
of an intra-articular deformity, the osteotomy was performed
slightly above the CORA. Coronal plane correction was
achieved by a medial opening wedge osteotomy, which aimed
for a TAS of 90 degrees. Sagittal plane correction was
achieved by an anterior opening wedge osteotomy, which
aimed for a TLS of 85 degrees. SMO was performed using a
standard technique according to previously published proto-
cols [16, 23]. After graft insertion (Tutoplast®, Tutogen
Medical GmbH, Neunkirchen am Brand, Germany; human
tissue processed with Tutoplast® tissue sterilization process),
one or two angular stable plates (TIBIAXYS™, Integra
LifeSciences, Plainsboro, New Jersey, USA) were used for
fixation (Figs. 2 and 3). An additional fibula osteotomy was
performed if proper opening of the tibial osteotomy was not
possible, or if the fibular length was not appropriate under
fluoroscopic control after fixation of the tibia [16, 23]. TAR
was performed using a standard technique as described in
earlier reports [12]. The HINTEGRA total ankle system
(Integra LifeSciences, Plainsboro, New Jersey, USA) was im-
planted in all patients. During TAR, the lateral and medial
gutters were debrided to allow free positioning of the talus
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within the ankle mortise. Additional surgical steps necessary
to balance the ankle (e.g. calcaneal osteotomy) were per-
formed during the same operation (Table 2).

The post-operative protocol included a short leg splint with
the foot in neutral position for the first two to four post-
operative days. A stabilizing boot (VACOped, OPED AG,
Steinhausen, Switzerland) was used for protection for 8 weeks
permitting touch ground weight-bearing (foot can be placed
on the ground without weight application) in patients treated
with SMO and TAR simultaneously, and full weight-bearing
in patients treated with TAR only. The rehabilitation pro-
gramme (including strengthening and stretching exercises)
was initiated once bone healing at the osteotomy site was

confirmed radiographically (typically after 8 weeks). Post-
operative radiographs were obtained at eight weeks,
three months, one year, and annually thereafter. An additional
computed tomography (CT) scan was only performed if de-
layed union of the osteotomywas suspected at the three month
follow-up visit.

Statistical analysis

Statistical significance level was set as P lower than .05.
Assumption of normality in samples was tested using the
Shapiro-Wilk test. If normality was confirmed, variance ho-
mogeneity was assessed using the Levene’s test (car package

TAS

a b c

TLS

HMA

Fig. 1 Assessment of the coronal, sagittal, and hindfoot alignment. a
Weight-bearing mortise view of the ankle showing how the medial distal
tibial articular surface angle (TAS) was measured. The tibial axis was
drawn by bisecting two pairs of points along the tibial shaft cortex, drawn
eight and 13 cm proximal to the distal tibial articular surface (before total
ankle replacement (TAR))/tibial component (after TAR). b Weight-
bearing lateral view. A line connecting the anterior and posterior margin

of the distal tibia was drawn. Then, the axis of the tibia was drawn by
bisecting two pairs of points along the tibial shaft cortex, drawn eight and
13 cm proximal to the centre of the ankle joint (before TAR)/tibial com-
ponent (after TAR). The lateral distal tibial surface angle (TLS) was
measured. c Weight-bearing hindfoot alignment view showing measure-
ment of the hindfoot moment arm (HMA), which was defined as a hor-
izontal line connecting the lowest point of the calcaneus and the tibial axis

Table 1 Pre-operative variables
SMO/TAR group TAR group p Value

Included in matching Number of patients 23 23 N/A

Age (years) at TAR, mean (SD) 59.9 (13.7) 58.2 (11.9) .410

BMI, mean (SD) 25.7 (4.1) 24.5 (2.8) .237

Calcaneal osteotomy, number (%) 1 (4) 1 (4) 1

TAS, mean (SD) 80.7 (6.2) 80.6 (5.9) .921

TLS, mean (SD) 71.9 (10.4) 75.5 (6.5) .170

Not included in matching HMA (mm) 4.9 (14.7) 6.9 (16.3) .912

AOFAS score, mean (SD) 48 (14) 42 (18) .261

VAS pain, mean (SD) 6.1 (1.6) 6.7 (1.5) .221

ROM (degrees), mean (SD) 27 (13) 31 (14) .278

Number of females (%) 11 (48) 7 (30) .365

TAR, total ankle replacement; SMO, supramalleolar osteotomy; BMI, body mass index; TAS, tibial articular
surface angle; TLS, tibial lateral surface angle; HMA, hindfoot moment arm; AOFAS, American Orthopaedic
Foot and Ankle Society; ROM, range of motion; SD, standard deviation; N/A, not applicable
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in R), and either an independent Student’s t test (given vari-
ance homoscedasticity) or Welch t test (given variance
heteroscedasticity) was applied to assess differences between
continuous variables [24]. If the assumption of normality was
violated, a Kruskal-Wallis test was carried out. Similarity in
continuous variables across strata was tested using analysis of
variance (ANOVA). The results were reported as mean and
standard deviation (SD). Differences between proportions
were tested using Fisher’s exact test. The statistical data anal-
ysis was performed in R (version 3.4.3) using R Studio (ver-
sion 1.1.42) [25].

Results

Radiographic and clinical outcomes

Neither the TAS nor the TLS differed significantly between
the SMO/TAR and the TAR group pre-operatively or at the
last follow-up (Fig. 4a, b). In both groups, the TAS and TLS
improved from pre-operative to the last follow-up (either
P < 0.001; Fig. 4a, b). HMA did not differ significantly be-
tween both groups pre- and post-operatively, and did not sig-
nificantly improve at the last follow-up (Fig. 4c). No signifi-
cant difference was evident pre-operatively and at the last
follow-up between the SMO/TAR and TAR group for the
AOFAS-hindfoot scale (Fig. 5a), and for the VAS for pain
(Fig. 5b). While ROM did not significantly increase in the
SMO/TAR group, it increased in the TAR group (P = .049;
Fig. 5c). In the SMO/TAR group, 19 patients were very sat-
isfied with the obtained results, and three patients were
somewhat satisfied. In the TAR group, 20 patients were very
satisfied, and two patients somewhat satisfied. Overall, two
patients were dissatisfied. One patient underwent revision sur-
gery due to delayed union of the osteotomy (SMO/TAR
group). The other patient reported persistent pain in the area
of the medial malleolus following an intra-articular malleolar

fracture (TAR group). Patient satisfaction did not differ be-
tween the SMO/TAR and TAR group (P = .465).

Complications and revision surgery

Intra-operative fracture of the medial malleolus occurred in
two patients who underwent TAR only (Table 3). Both frac-
tures were fixed intra-operatively and healed within
eight weeks. In total, four patients evidenced delayed wound
healing. No revision surgery was necessary for those patients.
Cyst formation was evident in three patients of the SMO/TAR
group and in five patients of the TAR group. All eight patients
were revised either by bone grafting of the cysts (four pa-
tients), or component exchange (four patients, Table 3).
Arthrofibrosis/impingement occurred more frequently in the
SMO/TAR group. Non-union of the supramalleolar
osteotomy was found in two patients (Fig. 6); healing oc-
curred in both patients after revision and bone grafting.
Hardware removal in the SMO/TAR group was necessary in
13 patients. The reason was local discomfort in all patients.

Discussion

The aim of this study was to show the advantages as well as
disadvantages of performing SMO and TAR simultaneously
in patients with a varus and/or recurvatum deformity of the
distal tibia. Radiographic assessment and functional/clinical
outcomes were compared with patients with a similar pre-
operative deformity who underwent TAR only. The four most
relevant findings are (1) radiographic measures did not differ
significantly at the last follow-up between the two groups; (2)
the ankle ROM did significantly increase in the TAR, but
remained similar in the SMO/TAR group; (3) additional soft
tissue procedures were more frequently performed in patients
who underwent TAR only; and (4) complication and revision
rate was similar between the SMO/TAR and the TAR group.

Fig. 2 Intra-operative situs of
a patient treated with a
supramalleolar osteotomy (SMO)
followed by total ankle replace-
ment (TAR). a An anterior and
medial open wedge osteotomy
was performed and secured with
two angular stable plates. b
Intraoperative situs after the re-
section cuts of the distal tibia and
talus have been performed. c
Insertion of the prosthesis
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Fig. 3 Radiographic assessment
of a patient treated with a
supramalleolar osteotomy (SMO)
followed by total ankle replace-
ment (TAR). a Mortise view be-
fore surgery. b Lateral view be-
fore surgery. c Mortise view
3 months following surgery. d
Lateral view 3 months following
surgery. e Mortise view 6 years
following surgery. f Lateral view
6 years following surgery. The
prosthesis is well-balanced, and
the patient satisfied with the ob-
tained result

Table 2 Additional Surgical
Steps during TAR SMO/TAR Group (N, (%)) TAR Group (N, (%))

Osteotomy medial malleolus 1 (4) 4 (17)

Osteotomy fibula 9 (39) 0 (0)

Osteotomy calcaneus 4 (17) 1 (4)

Osteotomy midfoot 1 (4) 1 (4)

Ligament reconstruction 2 (9) 8 (35)

Peroneal tendon transfer 1 (4) 5 (22)

Achilles tendon lengthening 4 (17) 3 (13)

TAR, total ankle replacement; SMO, supramalleolar osteotomy; N, number
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Controversy still exists regarding the indications for TAR
in patients with a varus and/or recurvatum deformity.
Obviously, the available bone stock of the distal tibia limits
adjustments of the tibial cuts during TAR to compensate for
coronal and/or sagittal plane deformities [12]. Performing a
SMO before TAR aims to transfer the ankle joint under the
weight-bearing axis of the tibia, to normalize the direction of
the force vector of the triceps, and therefore to restore ankle
biomechanics [12, 26]. Restoration of ankle biomechanics
prior to TAR possibly reduces the extent of distal tibial resec-
tion in a varus and/or recurvatum deformity. This is especially
important with regard to the reported 12% rate of metal com-
ponent revision after 4.3 ± 3 years after TAR in the literature
[3]. Revision surgery in TAR likely is even more difficult if
the available bone stock is limited. In addition, high tibial
resection, which is typically necessary during TAR in severe

coronal and/or sagittal plane deformities, may weaken the
medial malleolus, possibly leading to medial malleolar
fracture.

A lower ankle ROM was evident at the last follow-up in
patients treated with SMO/TAR compared with that of pa-
tients treated with TAR only. Extensive soft tissue surgery
above the ankle may result in a greater amount of scarring
of peri-articular structures (e.g. tendons, ligaments).
Furthermore, open wedge osteotomies may additionally
increase the tension on periarticular soft tissue structures,
which can negatively impact on ROM. This may also ex-
plain the higher rate of arthrofibrosis and impingement in
patients treated with SMO/TAR. Consequently, if SMO/
TAR is performed simultaneously, patients should be in-
formed that the ROM likely will not improve post-
operatively.
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Fig. 5 Clinical outcome measures pre-operative (PreOP) and at the last
follow-up (Last FU) of patients who underwent total ankle replacement
(TAR) and patients who underwent a supramalleolar osteotomy (SMO)
followed by TAR. a The American Orthopaedic Foot and Ankle Society
(AOFAS)-hindfoot scale. b Pain measured using the Visual Analogue

Scale (VAS) did not differ significantly between the two groups. c
Range of motion (ROM) at the last follow-up differed significantly be-
tween patients treated with TAR and patients treated with SMO followed
by TAR
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Fig. 4 Radiographic outcome
measures pre-operative (PreOP)
and at the last follow-up (Last FU)
of patients who underwent total
ankle replacement (TAR) and pa-
tients who underwent a
supramalleolar osteotomy (SMO)
followed by TAR. aMedial distal
tibial articular surface angle
(TAS). b Lateral distal tibial sur-
face angle (TLS). c Hindfoot mo-
ment arm (HMA)
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Fig. 6 Radiographic assessment
of a patient treated with a
supramalleolar osteotomy (SMO)
followed by total ankle replace-
ment (TAR) who underwent re-
vision surgery due to non-union
of the tibial osteotomy. a Mortise
view before surgery. b Lateral
view before surgery. c Mortise
view 6 months following surgery.
d Lateral view 6 months follow-
ing surgery shows secondary dis-
location due to non-union of the
osteotomy. eMortise view 2 years
following revision surgery. f
Lateral view 2 years following
revision surgery. The tibial
osteotomy healed and the pros-
thesis is well-balanced

Table 3 Complications and revision surgeries

SMO/TAR group N, (%) TAR group (N, (%)) Odds ratio (95% CI)

Complications Intra-operative malleolar fracture 0 (0) 2 (9) 0.0 (0.0–5.3)

Non-union tibia 2 (9) N/A N/A

Delayed wound healing 2 (9) 2 (9) 1.0 (0.1–15.0)

Cyst formation 3 (13) 5 (22) 0.5 (0.1–3.3)

Arthrofibrosis/impingement 4 (17) 1 (4) 4.5 (0.4–237.9)

Revision surgery Bone grafting of cysts 1 (4) 3 (13) 0.3 (0.0–4.2)

Component exchange
Talar
Talar and tibial

1 (4)
0 (0)

1 (4)
2 (9)

1.0 (0.0–82.0)
0.0 (0.0–5.3)

Revision osteotomy 2 (9) N/A N/A

Hardware removal 13 (57) N/A N/A

TAR, total ankle replacement; SMO, supramalleolar osteotomy; N, number; CI, confidence interval; N/A, not applicable
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The complication and revision rates were comparable in pa-
tients who underwent SMO/TAR and patients treated with TAR
only. Although a combined procedure SMO/TAR does extend
the operation time, there was no increase in complications. It is
important to mention that no deep infection (e.g. infected total
ankle) occurred in either group. Furthermore, no component re-
vision was necessary due to osteonecrosis of the distal tibia. One
may argue that an additional SMO at time of TAR might com-
promise the vascularity of distal tibia and thus provoke avascular
necrosis which, in turn, may result in delayed or missing
osteointegration of tibial component. However, this was not the
case in the present study. Of note, two patients had a non-union
of the tibia osteotomy, a significant complication needing revi-
sion surgery. In contrast, two patients who underwent TAR only
suffered from an intra-operativemalleolar fracture. It is important
tomention that SMO/TAR can also be performed in two separate
operations. However, patients must undergo twice a rehabilita-
tion protocol, possibly lengthening the overall rehabilitation time.
Nevertheless, performing SMO/TAR as a one-stage procedure is
technically demanding and should be reserved for experienced
surgeons to avoid inferior results due to severe complications.

This study has several limitations. First, the number of pa-
tients included is rather small. Nevertheless, according to the
authors’ knowledge, this represents the largest cohort currently
available in the literature using such an approach to balance the
ankle in TAR. Second, multiple additional procedures (e.g.
osteotomy of the medial malleolus, fibula osteotomy) were
necessary for proper correction of the deformity. It is difficult
to discern the degree to which those procedures may confound
the observed results. However, given the heterogeneity of the
concomitant procedures, it would seem less likely that there is a
systematic confounding effect with these procedures. Third, the
AOFAS-hindfoot scale is a non-validated outcome score.
Nevertheless, it is widely used to assess the clinical outcome
following hindfoot surgery [27, 28].

To conclude, most varus and/or recurvatum deformities of
the distal tibia can successfully be corrected through adjusted
tibial cuts during TAR. An additional SMO during TAR may
be only beneficial in case of severe multiplanar (e.g. combined
coronal and sagittal) deformities.
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