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Abstract

Congenital talipes equinovarus, also known as clubfoot, is a relatively common skeletal deformity characterized
by an excessively turned-in foot and a high medial longitudinal arch.

Three different forms of this disorder have been identified: positional or postural, idiopathic, and teratogenic or
syndromic. The etiopathogenesis of this anomaly is not clearly known. Two genes, PITX-1 and RBM-10, have
recently been reported to play direct or indirect roles in the pathogenesis of clubfoot. Clinical diagnosis is at a
glance; X-ray analysis is initially unnecessary but should be used after treatment to follow the outcome.

Various surgical or nonsurgical methods of treatment have been applied to treat this disorder, including the Kite,
Cincinnati, Bensahel/Dimeglio, and Turco techniques. Actually the Ponseti method has been considered the gold
standard technique for treatment of this disorder.

We treated 132 children affected by clubfoot using the Ponseti method, with good/excellent results in 94% of the
treated feet. Our experience confirms the effectiveness of the Ponseti method in the treatment of clubfoot.
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Introduction
Congenital talipes equinovarus (CTEV), also known as congenital

clubfoot, is one of the most common congenital skeletal deformities
and involves malalignment of the calcaneo-talar-navicular complex.
CTEV is characterized by irreducible equinus, varus of the hindfoot,
adduction of the forefoot, cavus, and an “empty” heel pad with
associated calf muscle atrophy. To describe this anomaly, the acronym
CAVE is used to indicate the main components of this condition,
cavus-adductus-varus-equinus, that underlie the anatomic condition
of plantar flexion (cavus) of the first ray. Most commonly, clubfoot
presents as an isolated anomaly (idiopathic CTEV) but can also be
associated with different disorders and malformative syndromes, such
as distal arthrogryposis, myotonic dystrophy, chromosomal defects,
sacral agenesis, spinal muscular atrophy, spina bifida,
myelomeningocele and skeletal lower limb abnormalities [1,2].

From an etiological point of view, three different forms of CTEV
have been recognized: positional or postural, idiopathic, and
teratogenic or syndromic. The positional clubfoot is a molding
abnormality due to the abnormal position that the foot held in the
uterus;it is flexible at the physical examination and usually heals
spontaneously. In the idiopathic form, the deformity is linked to non-
specific single muscle-skeletal involvement while the child is otherwise
normal, presenting a primary and local dysplasia of the affected tissue.
In the teratogenic or syndromic category the clinical features are
linked to an underlying complex disorder, the anomaly is much more
rigid and more difficult to treat.

This anomaly causes severe emotional problems in the parents of
affected children; therefore, finding a correct and rapid treatment is
relevant. There are various surgical and non-surgical methods to treat
CTEV, but the results reported in the literature [3-8] suggest that the
Ponseti method has become the gold standard of care for treatment of
CTEV. We have applied this technique to treat CTEV for many years.
The aim of this study is to report our experience regarding the Ponseti
treatment regimen.

Material and Methods
From June 2005 to September 2014, 132 patients (207 idiopathic

clubfeet) were enrolled at the Orthopaedic Clinic of Catania University
and followed prospectively up to December 2014: 91 patients were
male and the anomaly was bilateral in 65 cases (49.2%).

General examination was performed to rule out the possible
complex syndromic malformations sometimes associated with CTEV;
particular attention was dedicated toward excluding underlying
neuromuscular disorders.

All the patients were treated with the Ponseti Method, according to
this sequence: corrective manipulations, serial casting, tenotomy and
bracing.

The mean age at onset of treatment was 107 days (range 4-210 days)
and the mean severity of the clubfoot deformity, assessed by the Pirani
Severity score [9], was 5.56 points (range 4.3-6 points). Clinical
evaluation of the deformity was performed using the functional
Ponseti Scoring System [3].
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Results
Mean follow-up was 69 months. The total numbers of Ponseti casts

before tenotomy, details of the tenotomy, and compliance with the
CTEV brace were recorded. On average, 6.6 (range 4-13) casts were
necessary before performing the tenotomy. Tenotomy was carried out
by a single surgeon (V.P.) in a total of 155 feet (74.9%), always
performed in an operating room, with the patient under general
anesthesia, by a percutaneous approach. Achilles tenotomy was
performed after the foot had been abducted to at least 60° and when
there were less than 10° of dorsiflexion. The mean post-operative
Pirani score was 0.35, showing good/excellent results in 194 (93.7%)
feet (Figures 1A-1D). Only 5 patients (3.8%), 8 clubfeet (3.9%),
relapsed. Poor compliance with the Denis Browne splint was thought
to be the main cause of failure (Table 1).

Figure 1: These figures show the different phases of the CTEV
treatment applying the Ponseti Method. 1A. Congenital talipes
equinovarus, Pirani’s score 5.5; 1B. Ponseti’s cast treatment; 1C:
Achilles tenotomy; 1D: Denis-Browne splint.

Discussion
CTEV is the most common abnormality of the musculoskeletal

system. The incidence of CTEV is between 1 and 2 per 1000 live births
within the Caucasian population, but there are significant racial
variations; CTEV is more common in the Polynesian population and
less common in the Chinese [1,2,10]. The incidence of CTEV in Sicily
was previously reported by Pavone et al. [11]: among the 801,324
newborns recorded in Sicily between January1991 and December
2004, the prevalence of clubfoot was 1.03 per 1000 births, in accord
with the most recent data from the literature [3].

Different genetic, developmental, and environmental factors
predispose the etiopathogenesis of congenital clubfoot [11-15]. Family

studies demonstrated a higher prevalence among first-degree relatives
and a concordance of 33% among monozygotic twins, which decreased
to 3% for dizygotic twins. Genetic susceptibility can also explain the
double incidence of CTEV among males in comparison to females
[13]. A five-generation family with members affected by asymmetrical
right-sided predominant idiopathic CTEV with autosomal dominant
inheritance with incomplete penetrance was reported by Gurnett et al.
[15]. In the same family, other members showed other limb
malformations, including patellar hypoplasia, oblique talus, tibia
hemimelia, and preaxial polydactyly. In this family, a single missense
mutation in PITX-1, a bicoid-related homeodomain transcription
factor involved in limb formation, played a relevant role in the
pathogenesis of these limb abnormalities [15]. The genes involved in
congenital joint contractures characterize specific syndromes,
including distal arthrogryposis. Moreover, anomalies in chromosomal
deletions and duplications have been thought to be responsible for
CTEV [14]. RNA binding motif protein 10 (RBM-10) mutations were
related to TARP syndrome, in which the patient shows talipes
equinovarus in association with an atrial septal defect and Robin
sequence [14].

Patients 132

Feet 207

Males 91 (68.9%)

Bilaterality 65 (49.2%)

Initial Pirani’s score 5.56 (4.3-6)

Mean follow-up 69 months

Mean age at start of treatment 107 (4-210) days

Mean number of casts 6.6 (4-13)

Tenotomy (feet) 155 (74.9%)

Good/Excellent outcomes (feet) 194 (93.7%)

Relapses (feet) 8 (3.9%)

Table 1: Summary of case series treated with the Ponseti Method.

Recently, an important role in the etiopathogenesis of CTEV was
related to mal development of the anterior tibial artery and its
derivative with the dorsal pedis artery, presumably leading to muscular
and arterial hypoplasia. On the other hand, the presence of muscular
atrophy in some patients with CTEV is well-known and recognizable
before starting treatment [12].

The diagnosis is clinical even if prenatal detection may be important
to differentiate the idiopathic and syndromic forms of CTEV.
Diagnostic evaluation is typically represented by clinical pictures with
hindfoot varus and equinus and forefoot cavus and adductus. The
degree of flexibility is variable and almost all the patients show signs of
calf atrophy.

The most widely-used classification of CTEV is based on six clinical
signs, three for the midfoot (curvature of the lateral border, severity of
the medial crease, and medial talar head cover) and three for the
hindfoot (rigidity of equinus, severity of posterior crease, and
emptiness of the heel). Attributing one point for severe, 0.5 for
moderate, and 0 for no deformity, the Pirani score ranges from 0 to 6,
where 6 indicates the highest severity of malformation [9].
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Radiographic evaluation is not necessary and most experts prefer to
use radiological assessment after the treatment to follow the outcome.
In this case, anteroposterior and lateral view radiograms are
recommended [7].

For the treatment of congenital clubfoot, various techniques have
been proposed that are more or less invasive (Figure 2). The previous
bloodless approach was often unsatisfactory and many surgeons
preferred to proceed with an open approach that became popular in
the 1980s.

Figure 2: Treatment options for congenital talipes equinovarus.

In 1932, Kite [16], in opposition to the methods used at that time,
published a gentler manipulation method aimed at correcting each
component of the deformity separately, not simultaneously: adduction
correction consisted of foot abduction with the fulcrum in the midfoot
and support in the calcaneocuboid joint, while varus correction was
performed with hindfoot eversion with wedges or plaster cast changes.
The subsequent manipulations aimed to force the abduction and
pronation of the forefoot. After adduction and inversion correction,
the forefoot and hindfoot equinus deformities were corrected with
progressive dorsiflexion [16,17]. However, Kite’s method, manipulation
techniques, and different plaster cast techniques resulted in
complications such as incomplete correction of the deformities, with
complications consisting of feet with residual cavus, “rocker-bottom”
feet, lateral torsion of the ankle, flattening and deformation of the
upper side of the talar body, navicular subluxation, ligament and
capsular rigidity, and others. Because of the poor results performed
with the technique reported by Kite, some orthopedists resumed
surgical treatment when there was resistance to correction by the
conservative technique [17].

The emphasis on non-operative management stimulated interest in
French method [18], which requires daily manipulations of the
newborn’s clubfeet by a skilled physiotherapist and temporary
immobilization with elastic and non-elastic adhesive taping. Most of
the improvement occurs during the first three months of treatment. If
successful, the program continues and is performed daily by the
parents until the child is walking. A study of patients with moderate-
severe clubfeet treated with the French Method showed poor results in
20.4% of the cases. Surgery was not required in 42% of the feet, 9% had
a tenotomy of the Achilles tendon, 29% needed a posterior release, and
20% needed a comprehensive posteromedial release [19].

Concerning surgical techniques, the first approach was proposed by
Codivilla, which consists of Z-lengthening of the Achilles tendon,

postero-medial soft tissue release, and, sometimes, anterior tibial
muscle surgery. After surgery, a cast was immediately performed and
kept for a month [20]. Pazzaglia et al. studied 30 patients with
congenital clubfoot who were treated surgically by a slightly modified
Codivilla technique; the patients showed a good final outcome in 41%
of the cases, fair in 29%, and unsatisfactory in 30% after a mean ten
years of follow-up [20].

Another widely-used procedure was promoted by Turco [21], who
reported the first complete one-stage posteromedial release with the
correction of the calcaneus deformity beneath the talus and complete
subtalar release (lateral, posterior, and medial), including the release of
the calcaneofibular ligaments [21]. Each foot underwent the same
operation, regardless of the severity. Most of the orthopedic specialists
that favored the surgical approach agreed that the surgery frequently
caused foot complications [22]. The unsatisfactory results were, for the
most part, a consequence of overcorrection. Dobbs et al. [23] published
the long-term results after a minimum follow-up of 25 years in patients
who undergone a Turco-style release: 87% had more than one
operation, the second usually at the age of adolescence. In a study by
Laaveg, using Ponseti scores and the Turco procedure, the results were
unsatisfactory with 0% excellent, 33% good, 20% fair, and 47% poor
outcomes, showing significantly reduced scores in physical
functioning, general health, vitality, social functioning, and physical
components [3].

Beginning in 1983, a Cincinnati incision was used to perform the
comprehensive release and obtain correction of the foot deformity in
all three planes [24,25]. It consists of incision at the medial aspect of
the foot, performing a z-lengthening of the Achilles tendon, and is
associated with capsulotomies of the posterior tibiotalar and posterior
tibiocalcaneal joints; the posterior tibial tendon could be z-lengthened,
incising the dorsal talonavicular ligament, plantar calcaneonavicular
ligament, and Henry’s knot. The Cincinnati technique allowed a wide
approach of the foot and ankle, making it easier to see and liberate the
soft tissue of interest [25].

More recently, the treatment of congenital clubfoot has changed.
The spread of the technique described by Ponseti [26] has been
remarkable, both in the developed and developing worlds, as shown in
several studies [3-8,27]. The Ponseti method consists of corrective
manipulation of the deformity to address the various components of
the deformity, from cavus to equinus: cast applications, renewed
weekly for the first 5-10 weeks; percutaneous Achilles tenotomy; and
the application of a Denis Browne splint, dressed day and night for the
first three months, then for 14/16 hours per day up to 3 or 4 years of
age in order to maintain the foot in abduction and dorsiflexion.

Incorrect casting technique, improper tenotomy, under-corrected
deformity, ill-fitting splints and the poor compliance of the patients’
parents sometimes due to a poor socio-economic situation may
interfere with successful outcomes and are the most common problems
[28-31].

We have proved the effectiveness of the Ponseti method in the
treatment of children with CTEV and confirm the validity of this kind
of treatment, having obtained good/excellent results in 94% of the
treated feet. With this technique, it has been possible to prevent open
joint surgery and allow correction of the deformity.

In conclusion, many different treatment options are available. The
techniques that use an open, invasive approach seem to lead to a rigid,
weak, and painful foot due to significant issues related to scarring and
contractures.
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The Ponseti method currently appears to be the gold standard [32]
in the treatment of clubfoot, leading to a straight, painless, plantigrade,
flexible, normal-looking foot, which allows the child to live a regular
daily life, participating in common sport or recreation activities.
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