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KEY POINTS

� The ankle joint has highly congruent bony surfaces allowing for 3 articulations, and it is
part of a biomechanical hindfoot complex.

� Ankle osteoarthritis (OA) is a growing problem; approximately 1% of the world’s adult
population is affected by pain, dysfunction, and impaired mobility.

� Trauma is the primary cause of ankle OA,1,2 often resulting in varus or valgus deformities.
Only 50% of all patients with end-stage ankle OA have normal hindfoot alignment.
ARTHRITIC VALGUS ANKLE
Ankle Alignment

The alignment of the hindfoot can be divided into 3 anatomic aspects: supramalleolar,
tibiotalar (orientation of the line of the tibiotalar joint), and inframalleolar.1–8 The medial
distal tibial angle (MDTA) is used to quantify supramalleolar alignment. In a radio-
graphic study9 it measured 92.4 � 3.1� (range 88–100�) and in a cadaver study it
measured 93.3 � 3.2� (range 88–100�).10 The mortise view should be used for
measurements of the MDTA because it depends on radiographic technique, specifi-
cally the length of the tibia visible in the radiograph.11 In general, reliable assessment
of the inframalleolar alignment is much more difficult. Visual inspection of the hindfoot
and clinical measurements with a goniometer are inaccurate.8,12–14 The mortise view
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should not be used for evaluation of the inframalleolar alignment because in most
cases the heel is hard to identify because of overlap of the midfoot, and the heel
has a false lateral position (20� inner rotation of the foot and ankle). The Saltzman
view is suggested for assessment of inframalleolar alignment.15 In our experience,
the physiologic inframalleolar alignment should be neutral or 1� to 2� of varus7,8,16

and not 5� to 7� of valgus as reported in previous studies.15,17–19

Development of Osteoarthritis in Valgus Ankle

Valgus supramalleolar and/or inframalleolar deformities lead to an increase in pressure
in the lateral part of the tibiotalar joint causing asymmetric lateral joint degeneration:
distal tibial malunions, shortening fibula malunion, medial ankle ligament instability,
hindfoot coalitios, posterior tibial tendon insufficiency, posttraumatic valgus sequelae
of the hindfoot. Therefore, hindfoot malalignment has been identified as one of the
most important risk factors of ankle osteoarthritis (OA) in numerous studies.20–27 Stef-
fensmeier and colleagues28 analyzed the effects of medial and lateral displacement
calcaneal osteotomies on tibiotalar joint contact stresses in cadavera. Lateral
displacements unloaded the medial part of the tibiotalar joint whereas medial calca-
neal displacements had the converse effect.28 Recently, Knupp and colleagues29

investigated changes in joint pressure and force transfer in cadaveric ankles with
a supramalleolar deformity created by supramalleolar osteotomies. In specimens
with an osteotomized fibula, valgus supramalleolar deformities led to a shift in force
and peak pressure in the posterolateral direction.29

Valderrabano and colleagues1 evaluated different causes leading to ankle OA and
compared the important clinical and radiologic variables among the different groups.
The mean radiologic alignment in the coronal plane was 88.0� (range 51–116�): 148
ankles (37%) had normal alignment, 225 ankles (55%) had varus alignment, and 33
ankles (8%) had valgus alignment. This distribution was similar in all 3 groups: patients
with posttraumatic, secondary, and primary OA.1 Similar results were observed by
Chou and colleagues30 with 13% of all patients with primary ankle OA presenting
with planovalgus deformity.
Medial ligamental instability has been shown to be an important risk factor for path-

ogenesis of ankle OA.31,32 Clarke and colleagues33 developed a cadaveric ankle
model and showed that sectioning of the deltoid ligament, regardless of fibular
displacement, created up to 20� decrease in the contact area of the ankle joint.
Harper34 performed an anatomic study to evaluate the functions of the deltoid liga-
ment, and showed that sectioning the superficial deltoid ligament did not result in
increased anterior translation or lateral shift of the talus, whereas sectioning of the
deep deltoid ligament did result in significant lateral shift and anterior translation of
the talus.34 Earll and colleagues35 used 15 normal cadaveric lower extremities and
observed the most significant changes in tibiotalar pressure after sectioning of the
tibiocalcaneal fibers of the superficial deltoid ligament complex.35 Michelson and
colleagues36 demonstrated that disruption of the deep deltoid ligament significantly
increased the internal rotation of the foot.

Morthophological Type of Arthritic Valgus Ankle

Arthritic valgus ankles can be divided into 2 different morphologic types. The first type
includes severe pes planovalgus deformity with insufficiency of the medial ligaments
and advanced posterior tibial tendon insufficiency.37–40 In the second type, osseous
deformities are the primary factors. Osseous deformities and/or defects may result
from malunion after fibular fractures or fractures of distal tibia (especially after intraar-
ticular tibial plafond fractures).6,37,41
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TREATMENT OPTIONS IN THE ARTHRITIC VALGUS ANKLE

Patients with an arthritic valgus ankle should be individually assessed and all concom-
itant pathologic conditions should be considered and addressed if necessary. Exam-
ples include: deltoid ligament insufficiency, dysfunction of the posterior tibial tendon,
contracted heel cord, osseous deformities and/or defects of the distal tibia, shortening
and/or deformity of the fibula, and inframalleolar deformities. Given the wide range of
potential concomitant pathologic conditions, a generic approach in these patients
may result in frequent clinical failure.37

Realignment Surgery for the Arthritic Valgus Ankle

In patients with arthritic valgus ankles, conservative treatment should be attempted
first. Conservative treatment includes nonsteroidal antirheumatic therapy, shoe modi-
fications with special insoles, physiotherapy, and semi-rigid orthoses.42 The decision
to plan realignment surgery should not be postponed too long because the develop-
ment of degenerative changes is continuous and may proceed quickly.
The main indication for realignment surgery is lateral valgus ankle joint OA.21,43

Cartilage of more than half of tibiotalar joint surface should be preserved. This may
be assessed preoperatively by magnetic resonance imaging44 and/or single photon
emission-computed tomography (SPECT).45,46 Furthermore, before realignment
surgery, we recommend ankle arthroscopy or arthrotomy to assess the degree and
localization of cartilage damage and ligamental instability.21 We also recommend eval-
uation of cartilage degeneration according to the Outerbridge classification: grade 0,
no cartilage damage; grade 1, cartilage softening; grade 2, cartilage damage with
stripping of superficial cartilage layers; grade 3, deep cartilage ulceration without
visible subchondral bone; grade 4, visible subchondral bone.47

Realignment surgery should not be performed in21

� patients in poor general health (especially patients who are unable to perform
nonweight bearing exercises during the initial postoperative rehabilitation)

� patients with systemic joint disease
� patients with nonmanageable insufficiency of the deltoid ligament

The surgical realignment technique for arthritic valgus ankle has been described in
detail previously.21 The main surgery includes a medial-closing wedge osteotomy per-
formed in the distal tibial metaphysis (Fig. 1). The aim of the surgery should be a final
2� to 5� varus orientation of the distal tibial joint.21,48–50 In most cases, additional
osseous and ligamental surgical procedures are necessary to achieve a well-
balanced and stable hindfoot with restored physiologic biomechanics. Additional
corrective surgeries should be performed depending on the stage and origin of the
valgus deformity.49 Patients with stage I deformity present with collapse of the lateral
compartment of the tibial plafond and/or lateral malleolar gutter. In patients with stage
I deformity with fibular malunion, a corrective lengthening osteotomy of the fibula
should be performed. In patients with stage II deformity, lateral ankle joint degenera-
tion is observed in combination with significant inframalleolar valgus alignment (heel
valgus). In such cases, a medial sliding osteotomy51,52 should be performed after
correction of the tibiotalar joint deformity by supramalleolar osteotomy. In general,
the heel-ground contact point should be shifted medially until a final position of 0 to
5 mmmedial to the loading axis is achieved (Saltzman view). Stage III valgus deformity
usually develops as a result of progressive flat foot deformity (eg, patients with stage
III53 or IV38,54 dysfunction of the posterior tibial tendon). In these patients, inframalleo-
lar deformity should be addressed by performing lateral calcaneal lengthening



Fig. 1. A 58-year-old woman with progressive valgus malalignment of the hindfoot. (A) An-
teroposterior radiograph shows the medial tilting of the talus with consecutive collapse of
the lateral compartment of the tibiotalar joint. Significant shortening of the fibula is
observed due to nonunion of a fibula stress fracture. (B) Lateral view shows nonunion of
a previous attempt lengthening osteotomy of the calcaneus with a broken screw. (C) Saltz-
man view shows valgus malposition of the heel. (D) First, lengthening of the fibula has been
performed with debridement of the nonunion area and stabilization with a plate. Also
nonunion of the calcaneus osteotomy was debrided and refixed using a plate. Planning
the supramalleolar medial-closing wedge osteotomy using 2 K-wires. (E, F) Physiologic align-
ment of the hindfoot with appropriate talus position within the mortise.
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osteotomy to correct valgus abductus.55 In some patients, additional forefoot correc-
tion surgery (eg, flexion osteotomy of the first metatarsal or medial cuneiform56) should
be performed. Medial soft tissue procedures (posterior tibial tendon augmentation,
reconstruction of medial ligaments) should be performed to achieve postoperative lig-
amental stability. In patients with fixed rigid pes planovalgus deformity, medial column
procedures57,58 or triple arthrodesis59,60 should be performed to restore the physio-
logic medial arch of the foot.

Pitfalls of Realignment Surgery for Arthritic Valgus Ankle

In patients with undercorrected valgus deformity, the degenerative changes of the
lateral part of the tibiotalar joint may progress. Therefore, realignment surgery should
be repeated. Overcorrection after supramalleolar osteotomy is rare.21 In patients with
radiological delay or nonunion, immobilization in a stable walker or cast should be
extended for 3 months postoperatively. We recommend computed tomography or
SPECT scans to assess the status of the union 6 months after the primary surgery.
In patients with symptomatic nonunion, internal fixation with grafting should be
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performed. The restricted range of motion of the realigned ankle should be treated first
with intensive physiotherapy including stretching of triceps surae. In patients with
chronic unmanageable triceps surae contracture, a percutaneous release may be per-
formed. In patients with restriction of range of motion caused by osteophytes, open or
arthroscopic debridement can be performed. In patients with progressive develop-
ment of tibiotalar OA, joint-sacrificing procedures (ankle fusion or total ankle replace-
ment [TAR]) should be discussed.

TAR in Patients with Valgus Deformity

Joint-sacrificing treatments include TAR (Fig. 2) and ankle fusion. They should be per-
formed when joint-preserving procedures (eg, corrective osteotomies and/or ligament
Fig. 2. An 82-year-old man with progressive valgus arthritic ankle and stage IV posterior
tibial tendon dysfunction. The symptoms started 4 years previously and were progressive.
The patient presented with significant impairment of mobility: maximal walking distance
ca 100 m. (A) Anteroposterior radiograph shows a valgus arthritic ankle with subfibular
impingement and lateralization of the heel. (B) Lateral view shows a collapsed tibiotalar
joint line and degenerative changes of the subtalar and talonavicular joints. (C, D) Postop-
erative radiographs show appropriate alignment of prosthesis components. The hindfoot
alignment was restored by modified triple arthrodesis (subtalar and talonavicular arthrod-
esis). (Data from De Wachter J, Knupp M, Hintermann B. Double-hindfoot arthrodesis
through a single medial approach. Techniques in Foot & Ankle Surgery 2007;6:237–42;
and Knupp M, Stufkens SA, Hintermann B. Triple arthrodesis. Foot Ankle Clin 2011;16:61–7.)
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reconstruction) have failed. Ankle fusion may result in pain relief, at least in the short
term,61,62 however, mid-term and long-term problems include impaired mobility, diffi-
culty walking on uneven surfaces, and difficulty running.63–65 Increased load in the
adjacent joints may lead to degenerative changes and painful OA.61,64 Therefore,
ankle fusion is no longer the gold standard therapy in patients with end-stage ankle
OA.66

For TAR, we use the HINTEGRA prosthesis, a nonconstrained 3-component
system.67–70 A standardized surgical technique is used for implantation of the pros-
thesis components (see article by Barg and colleagues in this issue). In patients
with valgus deformity of less than 10�, correction of the tibiotalar joint can be achieved
by modification of bone cut. In patients with valgus deformity of more than 10�, addi-
tional surgeries should be performed depending on the localization and degree of the
valgus deformity (Fig. 3):

� supramalleolar osteotomy (eg, medial-closing wedge osteotomy)21,49,71,72

� lengthening and (if necessary) rotational osteotomy of the distal fibula73,74

� corrective osteotomies of the calcaneus: medial displacement calcaneal os-
toeotomy51,52 or lateral column lengthening osteotomy of the calcaneus49,75–77

� reconstruction and repair of the medial ligaments78,79

� corrective subtalar fusion or triple arthrodesis59,60

In patients with severe hindfoot valgus malalignment due to significant valgus defor-
mity and defects of the tibial plafond, we suggest the following chronologic sequence
of surgical procedures. First, the supramalleolar deformity should be corrected by
supramalleolar osteotomy followed by TAR. In patients with a remaining valgus posi-
tion of the heel, calcaneal osteotomy or subtalar or triple arthrodesis (especially in
patients with degenerative changes of the subtalar joint) should be performed. Liga-
mental instability should then be addressed by reconstruction and repair of the
ligaments.
In patients with severe hindfoot valgus due to pes planovalgus deformity with insuf-

ficiency of the medial ligaments and/or posterior tibial tendon, we first suggest correc-
tive subtalar or triple arthrodesis before implantation of prosthesis components. At the
end of the surgery, ligamental reconstruction and fibula-lengthening osteotomy
should be performed if necessary.
In patients with moderate hindfoot valgus, we implant prosthesis components first

and then address the inframalleolar valgus malalignment by calcaneal osteotomy or
Fig. 3. Treatment strategy used for TAR in patients with preoperative valgus deformity of
the hindfoot depends on the degree of the valgus deformity. AD, arthrodesis; med., medial;
OT, osteotomy.
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corrective subtalar or triple arthrodesis (patients with degenerative changes of the
subtalar joint). In these patients, ligamental reconstruction and fibula-lengthening
osteotomy should also be performed if necessary.

Pitfalls of TAR in Patients with Valgus Deformity

TAR is gaining acceptance among foot and ankle surgeons as an alternative treatment
in patients with end-stage ankle OA. However, this procedure remains technically
demanding and has a steep learning curve.80–82 Correct positioning of the prosthesis
components is one of themost demanding steps,80,83 especially in patientswith preop-
erative valgus or varus deformity. Malposition of the prosthesis components has
biomechanical consequences, as shown in numerous cadaveric studies.84–86

Recently, a clinical study showed that patients with neutrally aligned prosthesis
components had the best clinical outcomes including range of motion and pain relief.87

When the preoperative deformity was not sufficiently addressed, patients developed
medial pain syndrome requiring revision surgery.88 Furthermore, the patients who
underwent TAR with a malaligned hindfoot were more likely to develop edge loading
and are at higher risk for prosthesis failure.14,89–92
LITERATURE REVIEW: TAR EXPERIENCE IN PATIENTS WITH VALGUS DEFORMITY

The first clinical report addressing the feasibility and clinical outcomes of TAR recog-
nized preoperative varus or valgus deformity as a possible source of prosthesis failure.
Newton93,94 performed 50 TAR procedures using the Newton Ankle Implant (a non-
constrained cemented prosthesis including high density polyethylene tibial and Vital-
lium talar components). Valgus or varus deformity of the talus greater than 20� was
noted as an absolute contraindication for TAR.93,94 In a later study,95 Newton stated
that although valgus or varus deformity of up to 15� could be corrected initially, the
coronal deformity usually recurred. All ankles replaced with a talar tilt of more than
20� failed during the follow-up.95 Kirkup96 observed that severe valgus or varus defor-
mity was common in many patients with rheumatoid OA. The author recognized that
these deformities could not be corrected by cutting wedges, therefore, preoperative
coronal deformity greater than 30� was a contraindication for TAR.96 Stauffer and
Segal97 performed 102 TAR procedures using the Mayo Total Ankle, which is a highly
congruent 2-component design including a polyethylene tibial component and cement
fixation. The procedure was not performed in patients with preoperative coronal defor-
mity (varus or valgus) of more than 20�.97

Pyevich and colleagues98 analyzed the mid-term results of 100 consecutive Agility
TAR procedures performed between 1984 and 1993 with a mean follow-up of 5 years.
Preoperative valgus or varus malalignment was corrected using an external fixator.
McIff and colleagues99 and Vienne and Nothdurft100 suggested the intraoperative
correction of varus or valgus deformity using the external fixator with the Agility
TAR. Pyevich and colleagues98 observed that the position of the tibial component
had a significant influence on the outcome. Patients with tibial components placed
in more than 4� valgus had significantly more postoperative pain (P<.05) than the
patients with neutrally aligned prosthesis components.
Saltzman101 reviewed the state of the art in using TAR in 2000. He recognized that

preoperative varus or valgus deformity, which was not sufficiently addressed during
the TAR procedure, may lead to loading that accelerates the rate of polyethylene
wear.101

Greisberg and Hansen102,103 presented their strategies on how to address the asso-
ciated deformities in patients with TAR. In patients with valgus foot due to medial
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collapse, the medial column should be restored, which may also regain the appro-
priate tension of the medial ligaments. The investigators suggest placing the tibial
and talar components in a slightly lateral position. If the valgus malalignment of the
hindfoot persists, a medial sliding osteotomy of the calcaneus should be performed.
In patients with advanced flat foot deformity, a triple arthrodesis in addition to medial
column stabilization may be performed to achieve proper alignment in the long term.
The investigators stated that patients with persistent misalignment of the replaced
ankle may have a higher risk of prosthesis failure.102,103

Conti and Wong90,91 reviewed the possible complications of TAR. Varus or valgus
malpositioning of the prosthesis components was a possible source of TAR failure.
They stated that valgus positioning of the prosthesis component may be better toler-
ated that varus positioning. However, they recommended corrective osteotomy for
supramalleolar deformity of more than 10� and cutting jig adjustment in ankles with
any deformities of the distal tibial articular surface.90,91

Stamatis and Myerson104 described how to avoid specific complications of TAR.
They observed different pathologic conditions in valgus arthritic ankles including con-
tracted lateral ligaments and insufficient medial ligaments, valgus heel, shortening and
deformities of the fibula causing chronic impingement, and/or rupture of the spring
ligament and posterior tibial tendon. The correction of the valgus deformity included
several osseous and ligament procedures.104

Wood and Deakin105 reviewed the results of 200 cementless, mobile-bearing Scan-
dinavian TAR (STAR) procedures performed between 1993 and 2000. Preoperatively,
39 ankles had a significant coronal deformity ofmore than 15� (17 ankleswith varus and
22 ankles with valgus deformity). Seven of these 39 ankles (18%) developed edge
loading, whereas only 2 of the 161 ankles with neutral alignment (1%) had comparable
problems. Of the 9 patients with edge loading 3 had additional surgery to improve
realignment and stability of the hindfoot and 3 ankles ended up in conversion to ankle
fusion. Therefore, the investigators stated that preoperative varus or valgus deformity
of the talus of more than 10� was a relative contraindication for TAR.105 Similar findings
were observed in a later study including the same 200 STAR procedures.106 Wood and
colleagues107 performed a review and addressed the outcomes of currently available
TAR designs. The investigators found that the failure rate was lower in ankles that were
well aligned than in ankles with more than 15� of valgus or varus preoperative
deformity.107

Assal and colleagues108 presented a case report describing fracture of the polyeth-
ylene component in a patient who underwent Agility TAR caused by varus malalign-
ment of the talar component. The investigators stated that uncorrected foot and
hindfoot deformities may induce significant valgus or varus forces resulting in patho-
logic polyethylene wear patterns. Therefore, especially in patients who undergo Agility
TAR, normal alignment is important because the Agility TAR system has little intrinsic
stability.108

Hintermann and Valderrabano69 reviewed the use of TAR in 2003. In earlier clinical
studies, patients with significant preoperative varus or valgus deformities were
excluded from TAR, and ankle fusion was performed. The investigators stated that,
as long the deformities could be corrected before or during the TAR procedure,
they were not a contraindication for TAR.69

Takakura and colleagues109 reviewed 160 TARs performed between 1975 and 2000
using a TNK ceramic prosthesis, which underwent 3 generations of development. The
investigators suggested that TAR should not be used in patients with varus or valgus
deformities of the tibial articular surface exceeding 15�, because of observed loos-
ening and subsidence of the prosthesis in the early postoperative period.109,110
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Greisberg and colleagues111 addressed the importance of hindfoot alignment in
patients undergoing TAR and described how to achieve a well-balanced hindfoot.
Two different reasons for valgus malalignment in the ankle were described: posttrau-
matic arthritic ankle with loss of bone from the lateral plafond and advanced flatfoot
with insufficient medial ligaments. The investigators recommended medial ligament
reconstruction and, if necessary, restoration of the medial column. For valgus ankles,
the bone cuts were not performed too close to the medial malleolus. After implantation
of the final prosthesis components, the position of the hindfoot and the heel were
checked and if the ankle remained in valgus, a medial sliding calcaneal osteotomy
was performed.111

Haskell and Mann92 presented short-term results of 86 patients who underwent
STAR with a mean follow-up of 2 years. Thirty-five of 86 patients had a preoperative
coronal plane deformity of more than 10� (25 patients with varus deformity and
10 patients with valgus deformity). All patients were divided into 4 groups: varus
congruent, valgus congruent, varus incongruent, and valgus incongruent. In ankles
with talar and tibial deformities, talar and tibial alignment improved toward a neutral
weight-bearing axis postoperatively. The alignment remained constant during the
subsequent 2 years. Eight of 34 patients developed progressive edge loading
requiring 4 additional procedures. The patients with preoperative incongruent joints
were 10 times more likely to develop postoperative edge loading.92

Kofoed112 described a special sculpting technique on the talus that allows intrao-
perative correction of varus or valgus ankle deformity of more than 45�. This technique
included cutting 1- to 2-mm slices off the talus facets and the talar dome, followed by
rotation of the entire hindfoot inside the ankle mortise until normal hindfoot alignment
was achieved. The investigators presented a case of a patient with preoperative
valgus deformity of about 50�, with only a slight postoperative valgus alignment of
the hindfoot.112

Doets and colleagues113 performed a prospective single-center study including
19 low contact stress mobile-bearing TARs and 74 Buechel-Pappas TARs. The
8-year survivorship for both prostheses, with revision or conversion to an arthrodesis
for any reason as the end point, was 85% (95% CI 73%–93%). However, the same
survivorship in 17 ankles with a preoperative varus or valgus deformity of more than
10� was significantly lower (P 5 .03) at 48% (95% CI 6%–90%), whereas survivorship
in ankles with a neutral preoperative alignment was 90% (95% CI 82%–98%). In
2 ankles with preexisting valgus deformity, a medial malleolar fracture occurred intra-
operatively with nonunion in the further course. Both ankles also developed a stress
fracture of the lateral malleolus resulting in nonmanageable valgus instability requiring
ankle fusion. Therefore, the investigators defined preoperative valgus or varus defor-
mity of more than 10� as an absolute contraindication for TAR. The investigators sug-
gested that corrective surgery (eg, triple arthrodesis) should be performed before TAR
to restore normal biomechanics and alignment of the hindfoot.113

Henricson and Ågren114 performed 196 second-generation TARs in 186 patients
with a mean follow-up of 4 years: 109 STAR, 62 Buechel-Pappas, and 22 AES (Ankle
Evolutive System; Transystem, France) ankles. All ankles were divided into 3 groups:
(1) normal hindfoot alignment (normal value was set to 5� valgus) n 5 92; (2) varus
alignment (mean 9.6�, range 5–30�) n 5 55; (3) valgus alignment (mean 11�, range
5–30�) n 5 46. The preoperative valgus malalignment was neutralized in 20 ankles,
1 overcorrected in slight varus, and 23 ankles stayed in a valgus position (mean
7.6�, range 5–15�). The overall revision rate was 21%. The revision rate was 31% in
the preoperative varus group and 17% in the valgus and neutral groups, respectively.
Therefore, the investigators stated that additional surgeries should be performed to
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achieve neutral alignment and TAR should be limited only to experienced foot and
ankle surgeons.114

Coetzee89 presented his strategies on how to perform TAR in patients with varus or
valgus deformities. He identified that most valgus deformities are secondary to
chronic posterior tibial tendon dysfunction. A lateral release could be done to get
the talus in the correct position in the mortise. A primary deltoid repair can be per-
formed; however, it is never strong enough. The following corrective procedures
were suggested: posterior tibial tendon repair with augmentation of the flexor digito-
rum longus tendon, gastrocnemius slide, and stabilization of the medial ray. In patients
with severe and rigid valgus deformities, a triple arthrodesis was performed to achieve
long-term stability. The author suggested 15� of varus or valgus ligamentous instability
as the arbitrary cut-off point and 10� as the hard cut-off point for performing ankle
fusion.89

Bluman and Chiodo37 described the anatomy and biomechanics of valgus arthritic
ankles and presented different therapeutic strategies. In patients with preoperative
coronal deformities of more than 15�, there was a higher risk of mechanical failure.
However, in valgus arthritic ankles, all concomitant deformities (proximal and distal
to the tibiotalar joint) should be sufficiently addressed.37

Wood and colleagues14 performed a randomized, prospective, single-center study
including 200 TARs to compare Buechel-Pappas and STAR implants with a minimum
follow-up of 3 years. The 6-year survivorship was comparable (P5 .09) in both groups:
79% (95%CI 63.4%–88.5%) and 95% (95%CI 87.2%–98.1%) in the Buechel-Pappas
and STAR groups, respectively. However, the investigators observed a significantly
higher (P 5 .02) incidence of prosthesis failure in ankles with preoperative varus or
valgus deformity, especially when the deformity was greater than 15�, resulting in
a predicted failure rate at 6 years exceeding 10% for the STAR prosthesis and 25%
for the Buechel-Pappas prosthesis. When the preoperative deformity was 15� or
less, the estimated 6-year survivorship was 86.7% for the Buechel-Pappas group
and 95.5% for the STAR group.14 Wood and colleagues115 also shared their experi-
ence of TAR in patients with rheumatoid ankle OA. Nearly 50% of all patients with
rheumatoid OA requiring either fusion or TAR presented with valgus deformity. In
patients who underwent TAR, the heel should be well aligned under the tibia, which
can be achieved by hindfoot fusion, as a 1-stage procedure, or 6 or 12 weeks before
the ankle replacement.115 In some patients, the valgus deformity had been corrected
without ligamental release, but an alarming gap on the lateral side between the mal-
leolus and prosthesis component was seen.116

Karantana and colleagues117 retrospectively reviewed 45 patients with 52 TARs
using the STAR prosthesis with a minimum follow-up of 5 years. Thirteen ankles
(27%) had a preoperative coronal deformity of more than 10� (range 11–25�); most
of them were in preoperative varus. The investigators believed that the preoperative
hindfoot deformity was not an absolute contraindication for TAR, as long the deformity
was manageable by additional realignment procedures including soft tissue releases,
ligament reconstructions, calcaneal osteotomies, and corrective subtalar fusion.117

Wood and colleagues118 reported short-term clinical and radiological results of
a prospective case series including 100 Mobility TARs with a minimum follow-up of
3 years. There were 15 ankles with a preoperative coronal deformity between 16�

and 20�. A varus or valgus deformity was observed in 33 (in 17 of these it was more
than 10�) and in 29 (in 13 of these it was more than 10�) ankles, respectively. Postop-
eratively, there were 5 cases of edge loading of the mobile insert due to varus or valgus
deformity. Of 5 ankles requiring revision surgery, 4 had significant preoperative
coronal deformity: 3 patients with valgus deformity (11�, 12�, and 15�) and 1 patient
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with varus deformity (19�). Therefore, the investigators do not undertake TAR in
patients with preoperative valgus or varus deformity of more than 20�. In these cases,
the investigators recommend ankle fusion.118

Ellis and DeOrio119 described the surgical technique using the INBONE prosthesis in
detail. The investigators described how to correct slight varus or valgus deformity
intraoperatively using a laminar spreader with teeth; the desired position of the talus
should be 5� of valgus. However, the investigators stated that valgus deformity is
more difficult to correct using this technique.119,120

Skyttä and colleagues121 presented the survivorship analysis of the Finnish Arthro-
plasty Register included 515 TARs performed between 1982 and 2006. Nine different
TAR prostheses were used. Themost common TAR types were AES, STAR, ICLH, and
HINTEGRA prostheses with 298, 217, 32, and 11 cases, respectively. The proportion
of revisions done for instability in primary TAR was 39%. One of the reasons for pros-
thesis failure was preoperative valgus or varus deformity with insufficient ligaments.121

Morgan and colleagues122 presented the outcomes in 38 consecutive patients who
underwent TAR using the AES ankle with a minimum follow-up of 4 years. Twenty-
eight patients had normal hindfoot alignment preoperatively, 10 patients had a valgus
alignment ranging from 7� to 30�, and 7 patients had a varus alignment ranging from 4�

to 23�. Postoperatively, 10 patients presented with edge loading; 5 and 2 of them had
preoperative varus and valgus alignment, respectively.122

Kim and colleagues123 reported the clinical and radiological outcomes of TAR in
association with hindfoot fusion. Three ankles (5%) in the hindfoot fusion group and
10 ankles (3.5%) in the control group had preoperative coronal deformity of more
than 15�. Significant valgus or varus deformity was not associated with a worse func-
tional outcome or higher failure rate.123

Bonasia and colleagues124 presented a review regarding indications for TAR and
their surgical techniques. For small minimal distal tibial deformities less than 10�,
realignment can be achieved by modification of the tibial cut. For more severe defor-
mities, a dome or wedge osteotomy should be performed before TAR.124

Bonnin and colleagues125 retrospectively reviewed 98 TARs performed in 97 ankles
between 1997 and 2000 using the Salto prosthesis. The investigators did not consider
substantial preoperative varus or valgus deformity as a contraindication for TAR.
However, all hindfoot deformities were corrected as a first step with an associated
procedure (eg, triple arthrodesis).125 In some patients with preoperative valgus defor-
mity, a special cemented lateral malleolar component was implanted to normalize load
transfer in this patient cohort.126

Recently, Trincat and colleagues127 presented their results of using TAR in patients
with coronal plane deformities. Of a total of 131 TARs, 21 TARs (16 AES ankles, 4 Salto
ankles, and 1 New-Jersey ankle) were performed in ankles with preoperative coronal
deformities of more than 10�. There were 4 congruent and 2 incongruent valgus ankles.
The following additional 1-stage surgeries were performed to achieve osseous and
ligamental balancing: lateral malleolus lowering (2), Achilles tendon lengthening (4),
reconstruction of medial ligaments (1), and triple arthrodesis (1). For congruent valgus
ankles, surgery resulted in significant improvement in overall alignment from 14.7 �
2.5� to 0� 2.5�. Therewere nocomplications or failures in this subgroup. In preoperative
incongruent valgus ankles, improvement in overall alignment from 19� 5.5� to 2� 4.2�

was observed. Failure occurred in 1 patient who presented with a 23� deformity caused
by a bimalleolar fracture with insufficiency of the medial ligaments and posterior tibial
tendon dysfunction. In conclusion, the short-term results of TAR in patients with preop-
erative coronal deformities of more than 10� are comparable to those observed in
patients with no deformities. However, several associated procedures were necessary
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to address the concomitant instabilities and deformities. Residual defectsmay compro-
mise the longevity of prosthesis components and warrant further correction.127

SUMMARY

A clinically and radiologically well-aligned hindfoot and proper position of prosthesis
components are the keys to long-term prosthesis stability and reliable functional
outcomes in patients who undergo TAR. In patients with preoperative coronal defor-
mities (valgus or varus), alignment and biomechanics should be restored. Our clinic
typically strives to obtain a medial distal tibial angle of 90� and neutral inframalleolar
alignment (as assessed using the Saltzman view). A moderate preoperative valgus
deformity of less than 10� can be corrected intraoperatively by modification of bone
cuts. In other patients, the deformity should be accurately corrected on the supramal-
leolar and/or inframalleolar levels before TAR. In patients with ligamental instability,
reconstruction surgery should be performed to achieve a stable hindfoot.
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