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Abstract
The objective of the study was to evaluate minimally invasive methods in treatment of congenital clubfoot. Congenital talipes 
equinovarus (CTEV), or clubfoot, is the most common congenital foot deformity, occurring in 1 to 2 in 1000 live births. CTEV 
etiology is not yet completely clear. Essentially, the deformity is the result of an intrauterine dislocation of the joints between the 
talus, calcaneus, navicular and cuboid bone and it includes four components: cavus, adductus, varus and equinus (CAVE). The 
diagnosis is made by a clinical examination and foot radiography. The treatment is based on the repositioning of the dislocated 
joints. There are different treatment modalities available, from conservative to exclusively surgical CTEV treatment. The Ponseti 
method is a primarily conservative treatment method using corrective long-leg casts, sometimes associated with minimal surgi-
cal intervention - Achilles tenotomy, followed by the use of an abduction brace. If needed, less invasive surgery (“a la carte”) 
might be used to correct uncorrected components of CTEV. Based on the reports published from 2010 to 2020, as retrieved 
from databases (PubMed, Medline, Scopus), pertaining mostly to conservative treatment methods and primarily to the Ponseti 
method and based on the comparison between the Ponseti method and surgical methods of treatment, as well as other conserva-
tive methods of treatment, it can be concluded that the Ponseti method is the method of choice for the treatment of congenital 
CTEV in children today. Conclusion − The Ponseti treatment method, if used on time, fulfills all requirements that are expected 
from a contemporary medical procedure: simplicity in performance, minimally invasive, wide availability, cost effectiveness and 
successful treatment results.
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Introduction 

Talipes equinovarus (TEV), or clubfoot, is the most 
common congenital foot deformity, occurring in 1 
to 2 in 1000 live births. In terms of gender distri-
bution, the male-to-female ratio is 2.5:1 (1). Fam-
ily history of the deformity is present in 24.4% 
of cases, and the deformity is bilateral in 50% of 
the patients (2, 3). The deformity occurs due to an 
intrauterine dislocation of the joints between the 
talus, calcaneus, navicular and cuboid bone, with 
the concave surfaces of the joints formed by the 
navicular, cuboid and heel bone rotating, i.e. luxat-
ing around the head of the talus inward and down-

ward. The deformity itself is complex and involves 
at least four components: equinus (forefoot points 
downward), varus (heel is turned inward), adduc-
tus (forefoot is turned inward) and cavus (caved 
foot, or high arch) (4) (Fig. 1).

In addition, the lower leg is always hypotrophic 
and rotated inward and all structures of the foot 
are altered: bones, muscles, tendons, ligaments, 
joint capsules, blood vessels, nerves and skin. Treat-
ment is based on the repositioning of the dislocated 
joints, following previous stretching or resection of 
the shortened structures. There are different treat-
ment modalities available, from conservative to 
exclusively surgical CTEV treatment. Treatment 
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objective is to provide satisfactory correction in 
the long-term, with full, asymptomatic function of 
the foot and its acceptable appearance. The Ponseti 
method is a prominent contemporary method of 
CTEV treatment, which is a primarily conservative 
treatment method using corrective long-leg casting, 
sometimes with a minimal surgical intervention - 
Achilles tenotomy, followed by application of an 
abduction orthosis (brace) (4, 5).

Aim of this review is to evaluate minimally inva-
sive methods of surgery in treatment of congenital 
clubfoot in last ten years, especially after Ponseti 
method as the most common used method of treat-
ment.

Talipes Equinovarus Etiology

Since clubfoot is frequently associated with neuro-
muscular diseases, one of the theories on its etiol-
ogy is that it is a neuromuscular disorder. On the 
other hand, CTEV frequently presents as an isolat-
ed bone-muscular disorder in an otherwise healthy 
infant. The most prominent theory on CTEV 
etiology is that it is a disorder in the intrauterine 
lower leg and foot development, in the period from 
week six to week eight of gestation. In the last two 
decades, several other theories on CTEV etiology 
have emerged, such as: vascular deficiency, i.e. hy-
poplasia of the anterior tibial artery or absence of 
the dorsalis pedis artery, abnormal muscle inser-
tion, environmental factors, increased maternal 
homocysteine levels, abnormal medial ligament 
myofibroblastic tissue etc. (6, 7, 8, 9). With the ex-
pansion of human genetics, new theories on TEV 

etiology emerged (10, 11). However, to this date, 
exact CTEV etiology remains unknown.

Pathological Anatomy of the Clubfoot 

Knowledge of anatomic clubfoot pathology plays 
an important role in therapeutic principles. Dis-
placement of the navicular, cuboid and heel bone 
around the head of the talus, as well as contrac-
ture of soft tissues (ligaments, joint capsules and 
tendons) form the basis of the clinical picture of 
foot equinovarus. In mid-20th century, Ponseti de-
scribed CTEV and its components in detail, pro-
viding recommendations for its treatment (12). 
The dominant pathological anatomic feature is a 
deformity of the talus, consisting of an internal, 
plantar deviation of the anterior segment with a 
short talus neck orientated towards the midline, 
and a small talus body dislocated from the ankle. 
The angle between the neck and the body of the 
talus is altered: instead of the normal angle of 150-
160 degrees, it is barely 90 degrees (4). This means 
that the joint surface of the head of the talus and 
the talus body are so close, as if the neck of the talus 
were almost inexistent. The navicular is displaced 
medially and plantarly, with a frequent false joint 
with medial malleolus. The medial displacement of 
the navicular exposes the cartilage of the head of 
the talus on the lateral aspect. The cuboid is also 
displaced medially, compared to the anterior part 
of the talus. Since the calcaneus is also medially ro-
tated, all this leads to midfoot varus and adductus. 
The lower leg is usually hypotrophic and the entire 
talus rotated inward in the transversal plane (4, 5). 

Talipes Equinovarus Diagnosis

Routine diagnostics of congenital clubfoot is based 
on patient history, i.e. the information that the 
deformity was present at birth and, in some cases, 
positive family history, on clinical examination and 
foot radiography. The clinical picture is specific: the 
foot is lumpy, pointing in the plantar direction; the 
heel is small, raised and rotated under the talus in 
an inverted position. There is a deep skin fold on 

Fig. 1. Bilateral Talipes Equinovarus.
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the inside of the ankle. The midfoot and forefoot 
are adducted, inverted and rotated inward (4, 5, 
12). On the outside of the 
foot, the skin is stretched and 
the head of the talus can be 
palpated underneath it. Pas-
sive correction is not com-
pletely possible and it reveals 
a tight, shortened tendon of 
the m. triceps surae. The ten-
dons of m. tibialis posterior, 
m. flexor digitorum longus 
and m. flexor hallucis longus 
are also shortened, as are the 
plantar fascia and capsule, as 
well as the ligament struc-
tures in the midfoot and the 
hindfoot. Lower leg muscle 
hypotrophy is always present 
and both the lower leg mus-
cles and the foot are short-
ened (8, 9).

Clubfoot grading (clas-
sification) is based on as-
sessing the severity of each 
of its components and is an 
important predictive factor 
of treatment outcome. The 
Dimeglio classification sys-
tem (Fig. 2) is generally used 
and is applicable until the 
age of 2 (13, 14).

In differential diagnosis, 
positional talipes equinovar-
us, arising in utero, as well as 
different forms of acquired 
equinovarus, should be con-
sidered. In clinical terms, 
postural CTEV resembles 
the congenital CTEV; how-
ever, the foot is of normal 
size, there is no lower leg hy-
potrophy and manual cor-
rection is highly successful. 
Radiographic findings are 

normal. The prognosis is good. Clubfoot can be 
associated with multiple generalized development 

Fig. 2. Classification of clubfoot according to Dimeglio. A. Assessment of clubfoot by 
severity. Each major component of clubfoot (equinus, heel varus, medial rotation of the 
calcaneo-pedal “block,” and forefoot adductus) is graded clinically from 4 to 1 (most 
severe to most mild). Additional points are added for deep posterior and medial creases, 
cavus, and poor muscle function. B. Classification of clubfoot. The total score is strati-
fied into four groups of severity (benign to very severe, grades I to IV). From Herring 
JA et al. Tachdijans pediatric orthopaedics, 5th ed. p. 921.Elsevier Saunders, 2014.
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syndromes and conditions, of which spinal dysra-
phism and congenital arthrogryposis are the most 
common. For this reason, each child presenting 
with CTEV should be carefully examined, not just 
in terms of other limb joints but overall, as a form 
of screening for potential congenital anomalies.

Foot Radiography

Radiography in diagnosis of CTEV is not essen-
tial.The purpose of radiography is to define the 
anatomic relations and the degree of subluxation of 
the talus-calcaneus-navicular joints. The most com-
monly used projections are antero-posterior (AP) 
and lateral view projections, with the foot placed 
in the maximally corrected position (5). On the AP 
view, the talocalcaneal angle is formed by the os-
sification centres of the talus and the calcaneus. In 
a healthy foot, the base of the talus aligns with the 
first, while the axis of the calcaneus aligns with the 
fifth metatarsal bone, closing a 20 to 40-degree an-
gle; in CTEV, as the heel inverts, the talocalcaneal 
angle closes and approaches zero. In a lateral view, 
in normal foot it ranges from 35 to 50 degrees, and 
in CTEV it is decreased. Echosonography is oc-
casionally used to precisely define the anatomy; it 
is useful for diagnosis already in utero, from week 
16 (15). In addition, computerized tomography, 
arthrography and NMR of the foot can also occa-
sionally be used. 

Clubfoot Treatment 

The treatment is based on repositioning of the dis-
located joints, after stretching or resection of the 
shortened structures (muscles, tendons, ligaments). 
It is important to stress that treatment should begin 
as early as possible, optimally in the first three weeks 
after birth, while the deformity is relatively correct-
able. The mother’s estrogen makes the soft structures 
of the foot easier to correct, until it is cleared from 
the infant’s body. The purpose of treatment is to 
achieve a foot that is pain-free, mobile, looks as close 
to normal as possible and requires no special foot-
wear. There are different treatment modalities avail-

able, from conservative to exclusively surgical CTEV 
treatment. The contemporary trend in the treatment 
of congenital CTEV is conservative treatment, or 
minimally invasive surgical procedure (16, 17).

Bensahel (18) advocated a non-surgical CTEV 
treatment method based on physical medicine 
procedures that stretch the shortened connective 
structures, after which the foot is placed in a device 
and then fitted with a brace. The treatment begins 
in the child’s second week. Treatment procedures 
comprise 30-minute physical therapy sessions, after 
which the foot is placed in a device that passively 
stretches the shortened structures for 8 hours per 
day. Subsequently, a so-called “splint” is fitted to 
the foot, to keep it in the maximally corrected posi-
tion until the next treatment session on the follow-
ing day (19). What makes this method difficult to 
implement is non-compliance: in a study of 216 
affected feet, Dimeglio et al. found that as many 
as 32% of the patients failed to complete the treat-
ment course using this method, because the par-
ents found it difficult to comply with the treatment 
(20). Johnson and Richards designed a non-surgi-
cal treatment method for CTEV at the beginning 
of the 21st century, which was named the “French 
technique” (21, 22, 23). The method is based on 
correcting the deformity using adhesive tape, which 
achieves the necessary correction; subsequently, the 
correction is maintained using short-leg casts and, 
if necessary, minimal surgical interventions (23, 
24). Alvarez et al. provided an interesting approach 
to treating the congenital TEV: they injected botox 
(Botulinum toxin type A) into the shortened muscles 
- the gastrocnemius, soleus and tibialis posterior - 
achieving satisfactory results in the period immedi-
ately after the intervention. This method was then 
used by Johnson and Richard as an addition to the 
French treatment method, initially injecting botox 
into the shortened muscle structures which were 
then corrected using adhesive tape and short-leg 
casts (25, 26, 27).    

In mid 1940-ies, Ignacio Ponseti began the de-
velopment of one of the non-surgical equinovarus 
treatment methods that has been perfected over the 
years and is now widely used. The Ponseti treat-
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ment method encompasses successive use of long-
leg casts in different positions (Fig. 3) to correct 
the different components of TEV: cavus, adduc-
tus, varus and equinus (CAVE) over a period of 
6 weeks, with casts being replaced weekly, with or 
without achillotenotomy (28, 29, 30). Just prior to 
casting, ligaments and other soft structures are pas-
sively stretched for 1 to 3 minutes (5, 29). 

Treatment begins with the correction of cavus, 
which is achieved by supination of the forefoot and 
maintaining that position for casting. Cavus is usu-
ally completely corrected with the first cast. (29, 
30, 31) After the cavus is corrected, adductus and 
varus are corrected simultaneously. Before casting, 
the defect is manually corrected for up to 3 minutes 
by abducting the foot at the level of the tarsus and 
metatarsus. This correction is performed at three 
points, while maintaining the previously achieved 
cavus correction. When applying this manoeuvre, 
the objective is to achieve a normal anatomic cor-
relation between the foot joints, primarily the ta-
lonavicular and calcaneocuboid joints. Adductus 
and metatarsus varus are corrected while the foot 
is in equinus position, to achieve the physiologi-
cal anatomic position between the talus and the 
calcaneus, where the calcaneus will spontaneously 
fit into place under the talus during the manipula-
tion. It takes three to four weeks of successive cor-
rections, with immobilization by casting, to correct 
foot adductus and varus. With each change of the 
cast, foot supination is gradually decreased with the 
purpose to correct the inversion of the tarsal bones 
and to achieve foot abduction (31, 32, 33).

The remaining foot equinus is the last compo-
nent of the equinovarus to be corrected. The cor-
rection begins with the foot in valgus and abduc-
tion of about 70 degrees, to prevent a relapse of the 
previously corrected deformity. The foot is gradu-
ally dorsiflexed towards the shin and fixed in the 
achieved position with a cast. During dorsiflexion, 
pressure is applied to the entire foot. Equinus can 
be corrected with the progressive correction and 
replacement of casts at each stage. (31, 32, 33) In 
those equinovarus cases where equinus cannot be 
corrected by manipulation and casting, Achilles te-

notomy is performed (17, 34). It is safe to do a 
tenotomy up to one year of age, in local or general 
anaesthesia. Many authors perform achilles tenoto-
my under general anaesthesia, especially in patients 
older than three months of age, to facilitate casting 
and complete correction of the deformity (17, 34, 
35). Following Achilles tenotomy, a cast is worn for 
three to four weeks.

Once the last cast is removed, 3-4 weeks after 
Achilles tenotomy, a brace comprised of a metal bar 
(static or dynamic) with attached leather lace-up 
boots, is used. For unilateral CTEV cases, the brace 
is positioned so that the feet are placed shoulder-
width apart on the metal bar, with the affected foot 
abducted to about 60-70 degrees and the healthy 
foot positioned at about 30-40 degrees (34, 35). 
Dorsiflexion is at about 10 degrees. In the first 3 
months, the brace is worn 24 hours per day, i.e. 
day and night. After this period, the child wears the 
brace all night and 2-4 hours during the day, i.e. 14 
to 16 hours per day (sleep time), until 3-4 years of 
age (34, 35, 36).

Wearing the brace is an essential part of the 
treatment procedure, necessary to maintain the re-
sults of the casting and minimal surgical interven-
tions (36, 37). Various types of brace are used: the 
most common Dennis-Brown, Dalas-Ponseti and 
Steenback foot abduction orthosis are used (38).

Many current studies report extremely good 
success rates of the Ponseti method in the treat-
ment of CTEV (39). Some authors report up to 
100% success rate (40). However, to maintain the 
achieved correction, it is of critical importance that 
the child wears the abduction brace , at least at the 
age of four (41).

Despite the efforts to treat CTEV conservative-
ly, sometimes this proves impossible and one of the 
surgical methods of treatment must be employed. 
When it comes to surgical foot treatment, it must 
be stressed that each foot is different, and that the 
clinical examination is the corner stone of any sur-
gical plan. This means that only the component(s) 
of CTEV that cannot be resolved conservatively 
should be treated surgically. The most common 
surgical procedure is transfer of tibialis anterior to 
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lateral cuneiform or cuboid bone (after age of two), 
which is essentialy part of Ponseti method (35). 
Also, quite common is an equinus reccurence or 
relapse, even after Achilles tenotomy. According 
to Siapkara et al. only division of  fibrous the pos-
terolateral knot after Achilles re-tenotomy, which 
includes the tissues deep to the peroneal tendons, 
allowed correction of the talus so the capsule of the 
ankle joint or sectioning of the posterior talofibular 
ligamenthas to be done to correct equinus (42).

Most surgeons believe that the optimal age for a 
surgical intervention is between age 3 to 6 months, 
due to the great potential for foot remodelling (35, 

39, 41). The principle of surgical clubfoot treat-
ment relies on dissecting or lengthening the soft 
tissue structures in the foot that are shortened, on 
anatomic repositioning and fixation of the foot in 
its correct, anatomic position using osteosynthet-
ic materials. There are many surgical techniques 
aimed at resolving CTEV, and the selection of the 
appropriate one will depend on the degree of defor-
mity, age of the child and experience of the surgeon 
(Table 1) (41, 43). 

It is the current thinking that brace wearing is 
critical to maintain the correction achieved by ma-
nipulation and casting. To minimize relapse, it is 

Fig. 3. Ponseti Casts. A=Cavus Correction Cast; B, C=Matatarsus and Aductus Correction Cast; D, E=Equinus Correc-
tion Cast.
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Table 1. Surgical Technics Used in Club Foot Tretment

Patient age Treatment procedure Treatment method

6 months to 2 years

1 Soft tissue release

2 In case the plantar arch increases, plantar aponeurosis should be resected

3 If the adductus is not corrected, naviculocuneiform joint and cuneiform-metatarsal joint 
capsulotomy should be performed

2 to 4 years 4 If the forefoot has not been corrected after steps 1, 2 and 3, calcaneocuboid joint cartilage 
should be excised

4 to 8 years

5 If forefoot adductus has not been corrected after steps 1, 2, 3 and 4, one of the following 
procedures should be performed:

5 A Fusion of the calcaneocuboid joint (Dilwyn-Evans procedure)

5 B Excision of the distal end of the calcaneus (Lichtblau procedure) 

5 C Decancellation of the cuboid

5 D First cuneiform bone osteotomy

5 E Tarsometatarsal osteotomy

5 F Metatarsal osteotomy for children over the age of 5

6 In case of a weak peroneus and a strong m. tibialis anterior, m. tibialis anterior tendon 
transposition should be performed additionally

7 In case of an uncorrected heel varus, heel bone osteotomy (Dwyer) should be performed 
additionally

8 to 10 years
8 Midtarsal osteotomy for persistent cavus

9 Distraction osteogenesis (Ilizarov)

Over 10 years of age 10 Triple arthrodesis

essential to identify the high-risk patients, and the 
preventive measure is implied. It was recently dem-
onstrated that brace noncompliance was the main 
factor relating to the relapse (38). Walking cast or 
lower leg orthosis (LLO) are widely used to prevent 
relapses of CTEV (44). The most common used is 
Berger’s lower leg orthosis. The principals of walk-
ing cast and LLO are similar: fixation of subtalar 
joint in valgus position by encasing the calcane-
opedal unit, which is then everted in the subtalar 
joint and locking after applying heel cap. It results 
in hindfoot valgus about 10-15 degrees (45). Also, 
we externally rotated the foot (approximately in 
20 degrees) against the knee joint line 40 degrees 
(45). Rotational stability of the orthosis in relation 
to knee axis is crutial to correct the foot. The knee 
motion are not limited and children are able to kick 
and walk. Also, very importatnt key point is that 
CTEV has to be followed up to maturity.

Conclusion 

Surgeons have contested for years to determine the 
method of choice for the treatment of congenital 
CTEV. In the last decade, the heated debate has 
subsided with the expansion of the Ponseti’s meth-
od of non-surgical treatment. Minimally surgical 
techniques should only be used if the conservative 
treatment fails. The Ponseti treatment method, if 
used in time, provides all that contemporary medi-
cine requires a treatment procedure to provide: 
simplicity in performance, minimal invasiveness, 
wide availability, cost effectiveness and successful 
treatment results.

Conflict of Interest: The authors declare that they have no 
conflict of interest.
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