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Hallux valgus, ankle osteoarthrosis and adult acquired
flatfoot deformity: a review of three common foot
and ankle pathologies and their treatments
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B The pathogenesis of hallux valgus deformity is multifac-
torial. Conservative treatment can alleviate pain but is
unable to correct the deformity. Surgical treatment must
be adapted to the type and severity of the deformity. Suc-
cess of surgical treatment ranges from 80% to 95%, and
complication rates range from 10% to 30%.

B Ankle osteoarthrosis most commonly occurs as a conse-
quence of trauma. Ankle arthrodesis and total ankle replace-
ment are the most common surgical treatments of end stage
ankle osteoarthrosis. Both types of surgery result in similar
clinical improvement at midterm; however, gait analysis has
demonstrated the superiority of total ankle replacement over
arthrodesis. More recently, conservative surgery (extraar-
ticular alignment osteotomies) around the ankle has gained
popularity in treating early- to mid-stage ankle osteoarthrosis.

B Adult acquired flatfoot deformity is a consequence of pos-
terior tibial tendon dysfunction in 80% of cases. Classifi-
cation is based upon the function of the tibialis posterior
tendon, the reducibility of the deformity, and the condition
of the ankle joint. Conservative treatment includes orthot-
ics and eccentric muscle training. Functional surgery is
indicated for treatment in the early stages. In case of fixed
deformity, corrective and stabilising surgery is performed.
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Hallux valgus

Hallux valgus deformity is the most common reason to visit
a foot and ankle surgeon in Europe. The deformity occurs
more commonly in females than males (8:1). Although a

familiar predisposition has been identified, the aetiology
and pathogenesis of hallux valgus still remain unclear and
are thought to be multifactorial. The usually accepted radio-
logical definition of hallux valgus on weight-bearing radio-
graphs includes increased intermetatarsal (IM > 10°) and
metatarso-phalangeal (MTP > 10°) angles. However, the
analysis of hallux valgus deformity is much more subtle than
a simple radiographic angular evaluation. Clinically, it
should include the mobility of the first MTP joint, its reduci-
bility, the extent of intra-articular pain, the presence of trans-
fer metatarsalgia and the presence of associated deformities
including clawtoes, dislocation of the lesser MTP joints, flat-
foot, etc. Radiological attention should be focussed on the
congruence or incongruence of the first MTP joint, orienta-
tion of the distal metatarsal articular angle (DMAA), degen-
erative changes of the joint, indirect manifestations of the
insufficiency of the first ray, typically including hypertrophy
of the second metatarsal, fatigue fracture of the second met-
atarsal, osteoarthrosis of the second tarso-metatarsal joint
(TMT2) and dislocation of the lesser MTP joints (Fig. 1). This
careful analysis is mandatory for the choice of the most effi-
cient treatment. Conservative treatment includes the adap-
tation of footwear and the design and fitting of insoles. It
can bring pain alleviation but no conservative treatment has
the faculty to correct the deformity.

Surgical treatment includes the combination of bony and
soft tissue procedures. Approaches can be open, minimally
invasive or percutaneous. Percutaneous approaches to the
hallux are becoming increasingly popular and constant
improvements are reported.’? Nevertheless, to date, no
strong evidence exists regarding their superiority over open
techniques.>* In most cases, and in our experience, success
rather depends upon the correct evaluation of the pathology
and upon the mastering of a given technique by the sur-
geon. Without entering into details, mild to moderate
deformities (i.e. IM angle < 18° to 20°, with absence of
degenerative changes, absence of significant indirect signs of
insufficiency of the first ray) can be managed by a distal first
metatarsal osteotomy (e.g. chevron or scarf osteotomy),
associated or not with a proximal phalanx medial closing-
wedge osteotomy (Akin) and a distal soft tissue procedure
(Fig. 2). Severe deformities require a proximal first metatarsal
osteotomy or a TMTT1 fusion (Lapidus) associated with a dis-
tal soft tissue procedure (Fig. 3). In some cases (rheumatoid
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Fig. 1 Indirect signs of first ray insufficiency include: a) osteoarthritis of the second tarso-metatarsal joint, and b) fatigue fracture of
the second metatarsal. Other indirect signs are hypertrophy of the second metatarsal and dislocation of the lesser MTP joints.

Fig. 2 Mild to moderate deformities can be managed by a distal
first metatarsal osteotomy and a distal soft tissue procedure.

arthritis, osteo-arthritic MTP1, elderly patient, etc.), a MTP1
fusion may be the best choice. The juvenile hallux valgus,
which includes a congruent first MTP and a pathological
DMAA (Fig. 4), requires not only the correction of the IM
angle but also correction of the DMAA in order to prevent
recurrence. Overall results following hallux valgus surgery
are good or excellent in 80% to 90% of cases. The complica-
tion rate is in the range of 10% to 30% and includes recur-
rence, overcorrection, residual pain, nonunion and chronic
regional pain syndrome (CRPS).>¢

Ankle osteoarthrosis

Ankle osteoarthrosis most commonly occurs as a conse-
quence of trauma.” The prevalence of ankle osteoarthritis
is difficult to determine, nevertheless it is known that the

oL

Fig. 3 Severe deformities require a proximal first metatarsal
osteotomy or a TMT1 fusion (Lapidus as shown here) associated
with a distal soft tissue reefing procedure.

prevalence of symptomatic ankle osteoarthritis is nine
times less frequent than that of the knee and the hip.
Ankle osteoarthrosis is associated with pain and gait alter-
ation.”® Conservative treatment includes medication and
orthotics. Ankle arthrodesis and total ankle arthroplasty
(TAA) are the most commonly used surgical treatments
and have been shown to be associated with equivalent
mid-term clinical results.%'° Recently, conservative sur-
gery around the ankle, including corrective osteotomies
and soft tissues balancing, has gained popularity in treat-
ing early- to mid-stage ankle osteoarthritis."

Ankle arthrodesis (AA) was described by Albertin 1879,
and for almost a century it was considered the gold stand-
ard for surgical treatment of end-stage ankle osteoar-
thritis. Relative contraindications include advanced
osteoarthritis of the neighbouring joints, rheumatoid
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Fig. 4 On these AP views of a juvenile hallux valgus we can appreciate on both a) and c) the congruent joint and the pathologic
distal metatarsal articular angle. The correction has been performed by b) a de-rotating chevron osteotomy in the mild case and by
d) a modified Lapidus procedure plus a de-rotating chevron osteotomy in the more severe case.

b)

Fig. 5 Many fixation techniques exist for ankle arthrodesis:
a) AP and lateral views of an arthrodesis of the left ankle with
external fixation using the Charnley frame; b) AP and lateral
views of an arthrodesis of the right ankle with crossed screws
internal fixation.
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arthritis, arteriopathy and poor soft tissues conditions. In
the first two cases a TAA should be discussed and in the
two latter cases a pluri-disciplinary approach involving
vascular and plastic surgeons is required.

Several techniques have been described, including
closed, open and arthroscopic procedures. Open proce-
dures can be performed through lateral, anterior or poste-
rior approaches. Having the choice between these different
approaches is useful in cases involving fragile soft tissue
conditions. Many fixation techniques also exist, including
casting alone, external fixation and internal fixation with
screws, plates and/or staples (Fig. 5). Positioning of the
fused ankle is very important and should include a slight
valgus of the hind foot (5° to 10°), a slight external rotation
(10°), and a neutral position in the sagittal plane. Respect-
ing these positions allows the hind foot complex to optimise
compensatory motion, resulting in a more physiological
gait pattern.”812 Ankle arthrodesis has been demonstrated
to result in significant pain alleviation and good functional
results.?10.13.14|n recent years there has been a trend towards
arthroscopic ankle arthrodesis because it has been shown to
result in shorter hospital stay, lower initial complication rate
and better early outcome.' Performing arthroscopic ankle
arthrodesis in cases of severe deformity, however, may be
challenging, or impossible. Major drawbacks associated
with ankle arthrodesis, as described in the literature over the
last 40 years, are the 10% to 60% rate of occurrence of oste-
oarthritis in the neighbouring joints in the long-term,’¢ a
nonunion rate of 10% to 20%, which has now dropped to
5% to 10% thanks to modern fixation techniques, and an
historical infection rate of 3% to 25%, which is much closer
to 2% to 5% today.
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Total ankle arthroplasty (TAA) was first performed in
the early 1970s and consisted of the implantation in some
cases of an inverted femoral hip prosthesis into the tibia
and a cemented acetabular cup into the calcaneus. After a
difficult start due to a high complication rate, mostly asso-
ciated with inadequate implant designs and fixation, ankle
arthroplasty has strongly evolved during the past 20 years
and is now challenging ankle arthrodesis as an alternative
treatment for end-stage ankle osteoarthritis.’” Careful
patient selection is more important for the success of TAA
than the technical features. Indications for TAA include
end-stage osteoarthrosis, rheumatoid arthritis, low to
moderate functional demand, sufficient bone quality,
healthy soft tissue envelope and well-aligned ankle and
hind foot. Relative contraindications are high functional
demand, diabetes, previous septic ankle arthritis and
being overweight. Absolute contraindications include
active or recent septic ankle arthritis, talar or distal tibial
necrosis, unstable soft tissue envelope, neuroarthropathy
and morbid arteriopathy. Today, the concept which
includes anatomical design, minimal bone resection, non-
cemented fixation, three components and semi-con-
strained mechanics is generally accepted regarding
implant design (Fig. 6). The advantages of fixed-bearing
versus mobile-bearing implants are not yet established.
However, since the US market is the largest and since
there is no FDA approval for mobile bearing ankle pros-
theses yet in the USA, there is a natural trend towards the
use of fixed-bearing implants. Furthermore, even if not
definitively proven, fixed-bearing implants are thought to
reduce peri-prosthetic cyst formation and, thus, to possi-
bly increase implant survival rates. Pre-operative assess-
ment requires careful clinical examination of the foot and
ankle as well as of the lower limbs, weight-bearing radio-
graphs of the ankle and CT scans. Implantation planning
can be performed on radiographs or on a CT scan using
two-dimensional drawing templates or computer-assisted
three-dimensional (3D) reconstruction. An anterior
approach is usually performed, i.e. between the extensor
hallucis longus and the tibialis anterior tendons. Few pros-
theses are designed to be implanted through a lateral,
trans-malleolar approach. Post-operative care usually
includes the application of a below-knee walking cast for
six weeks associated with immediate weight bearing as
tolerated, followed by a physiotherapy programme to
optimise ankle motion, strength and proprioception. In
terms of function and pain alleviation, mid-term results
after TAA are equivalent to those following ankle arthro-
desis.?10.14 |n terms of biomechanics, neither the arthrode-
sis nor the TAA is able to restore normal gait. Nevertheless,
TAA is associated with a more physiological gait pattern
than arthrodesis.®'® The main drawbacks associated with
TAA include, at first, and based upon several national reg-
isters, the low implant survival rate when compared with
prosthetic replacement of other weight-bearing joints. In
fact, the average survival rate is 80% at ten years, and up

Fig. 6 AP and lateral views of a three-component, semi-
constrained, cementless, mobile-bearing ankle prosthesis of the
left ankle.

to 90% in the best cases. Additionally, the revision rate is
particularly high: 10% to 20% at five years and 20% to
40% at ten years.’?20 Most frequent complications include
primary or secondary malleolar fractures (0% to 10%),
loosening (5% to 20%) and infections (2% to 4%). Peri-
prosthetic cyst formation (Fig. 7) has been recognised as a
major problem in recent years; they are encountered in up
to 60% of cases?! and their origin is still not clearly estab-
lished although polyethylene and metallic particles seem
to play a leading role. Based upon the low survival rate
and the shortcomings of TAA, optimising implant design
and also exploring the concept of revision implants have
now become important fields of research.

Shortcomings regarding mid- and long-term results
after either ankle arthrodesis or TAA have led to the
search for alternative surgical solutions. Conservative
surgery around the ankle belongs to these potential
solutions. Techniques for supramalleolar corrective
osteotomies had already been described almost 40 years
ago.?2 In the early 2000s, a small series demonstrated
their efficiency, especially in the case of varus osteoar-
thritis of the ankle.?3.24 Today, conservative surgery has
evolved towards a more refined approach including
assessment of the type of deformity, the stage of ankle
osteoarthritis, the main location of the deformity, and
the combination of osseous and soft tissue procedures
for morphologic and functional correction.’” To date,
only a few clinical reports are available but their results
appear to be promising and, above all, they stimulate
research in this field.

Adult acquired flatfoot deformity

Adult acquired flatfoot deformity (AAFD) is a 3D deformity
including valgus of the hind foot, flattening of the longitu-
dinal arch and abduction of the forefoot (Fig. 8) and, in
most cases, the talo-navicular joint is the apex of the
deformity and the key joint for its correction. Conditions
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b)

Fig. 7 Peri-prosthetic cyst formation has become a major
concern in total ankle arthroplasty (TAA). They cannot always
be recognised on a) conventional radiographs and require b) a
CT scan to be quantified.

like rheumatoid arthritis (RA), trauma or neurological dis-
orders may result in an acquired flatfoot deformity. The
most frequent cause of AAFD, however, is the posterior
tibial tendon dysfunction in 80% of cases. The pathology
ranges from a flexible flatfoot with painful but functional
posterior tibial tendon to a rigid deformity including oste-
oarthritis of the ankle. The most commonly-used classifi-
cation of AAFD was established by Johnson and Strom in
198925 and completed by Myerson in 1996:26 It is based
on the severity of the deformity, its reducibility and the
articular alterations. The pathology is not limited to the
posterior tibial tendon but also includes ligamentous
structures, especially the deltoid spring ligaments, and
the joints of the hind foot complex and the ankle joint.
Symptoms associated with AAFD include pain and swell-
ing along the posterior tibial tendon, pain at the lateral

62

Fig. 8 Acquired adult flatfoot deformity is a 3D deformity
including valgus of the hind foot, flattening of the longitudinal
arch (planus) and abduction of the forefoot.

o

Fig. 9 The single heel rise test is an important aspect in the
assessment of adult acquired flatfoot deformity. In this patient,
presenting with a flexible flatfoot deformity of the left foot, the
absence of correction of the hind foot into varus during single heel
rise is pathognomonic for a tibialis posterior tendon dysfunction.

aspect of the hind foot (sinus Tarsi, fibulo-calcaneal
impingement) and at the ankle in the late stages. Clinical
signs include swelling and tenderness along the tibialis
posterior tendon in the early stages, then increased valgus
of the hind foot, flattening of the longitudinal arch and
abduction of the forefoot. Assessment of the function of
the tibialis posterior tendon (single heel rise test) (Fig. 9),
of the reducibility of the hind foot and of the midfoot
deformities, and of the length of the gastrocnemii (Silfver-
skiold test) are the most important aspects of the func-
tional clinical examination. Radiographic examination
usually includes anteroposterior (AP)/lateral weight-bear-
ing radiographs of the foot and AP weight-bearing radio-
graphs of the ankle.
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a)

Fig. 10 Functional surgery for flexible flatfoot deformity usually includes soft tissues and bony procedures. a) The harvest of the
flexor digitorum longus tendon (FDL) at the node of Henry and its transfer into the navicular as replacement of the diseased posterior
tibial tendon. b) Medial displacement calcaneal osteotomy realigns the hind foot and neutralises the valgus traction of the triceps

surae; it protects the transferred FDL.

Fig. 11 Radiographic appearance of a stage Il flexible acquired
flatfoot deformity a) before and b) after functional surgical
correction including lengthening of the gastrocnemii, medial
displacement osteotomy of the calcaneus and flexor digitorum
longus transfer to the distal stump of the tibialis posterior
tendon.

In the early stages (stages | and Il), conservative treat-
ment should be attempted since specific eccentric pro-
grammes associated with the prescription of orthoses have
been shown to result in symptomatic and functional
improvements,?” however without changes in tendon
morphology or neovascularisation. In the later stages
(stages Il and 1V), where the deformity is already fixed,
conservative treatment will have poor corrective capabil-
ity. However, in cases of inoperability of the patient, cus-
tom-made shoes and orthoses can bring pain alleviation
and functional improvement. Depending upon the suc-
cess or otherwise of the conservative treatment, surgery
can be performed at all stages. In stage |, a tibialis posterior
tendon synovectomy can bring pain alleviation. In stage Il,
functional surgery will usually be indicated and includes a
soft tissue procedure (i.e. replacement of the diseased

posterior tibial tendon by a flexor tendon, flexor hallucis
longus or flexor digitorum longus, frequently associated
with gastrocnemius lengthening and, in some cases, with
the spring ligament reconstruction) and a protective bony
procedure (i.e. medial displacement osteotomy of the
greater tuberosity of the calcaneus or lengthening of the
lateral column) (Figs 10 and 11). The above-mentioned
procedures are the most frequently described techniques
in the literature. For neither the soft tissues nor the bony
procedures has one technique been proven to be superior
to the other. Furthermore, even if gastrocemius lengthen-
ing is performed in the majority of cases, its absolute
necessity has not been established. In stage lll, stabilising
surgery includes double or triple corrective arthrodesis of
the hind foot. In stage IV, an additional procedure often
has to be performed at the ankle (i.e. TAA or arthrodesis).
Results of functional surgery go along with pain alleviation
and functional improvement. Mid-term biomechanical
evaluation has even demonstrated normalisation of gait in
some cases. Corrective stabilising surgery also reduces
pain and improves function but without full normalisation
of gait.?® The overall complication rate after flatfoot sur-
gery is in the range of 10% to 30%.%°
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