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Abstract
Introduction: There have been many treatmental procedures for Congenital Type Equinovarus, Ponseti's method is the one that has been widely 
used all over the world. The method of removing the cancellous bone has also given positive results.
Materials and methods: Data were analyzed on 316 patients (448 feet) from July 1990 to December 2022. Clinical and classification for all patients 
according to Diméglio. Operated patients were devided into two group: Ponseti group, selective soft tissue release; and Hung group, selective soft 
tissue release combined with cuboid decancelation. Surgical result were classified according to McKay’s system. Follow updat according to Mckay 
score.  
Results: There were 102 females (32.3%) and 214 males (67.7%) in this study. There were 192 patients (268 feet) in Ponseti group, 127 patients (180 
feet) in Hung group. Bilateral involvement was found in 89 patients (28.2%), only the left foot affected in 65 patients (20.5%), and only the right in 
162 patients (51.3%). According to the classification of Diméglio Grade II was seen in 32.4%, Grade III in 53,1%, and Grade IV in 14.5%. Latest 
result : Excellent 169 (37.7%), Good 208 (45.4%), Fair (60 (13.4%). Poor 11 (2.5%). Accepted result Ponseti / Hung methods :     214 (79 + 135)  / 
167  (91+ 76), the two groups were similar (Pvaluate = 0.174801). Complications: Injury of cuboid cartilagenous capsule 0.9% (4/448); Navicular 
necrosis 0.7%% (3/448); Dorsal subluxation of navicular 0.7% (3/448); Skin necrosis after plaster of Paris casts 0.9% (4/448).
Conclusion: Clubfoot is a difficult orthopedic problem, especially in severe refractory cases. According to the Ponseti method, early postnatal 
treatment is beneficial. Removal of cancellous bone during foot correction facilitates external rotation of the foot without affecting the calcaneal 
joint. This may be helpful in minimizing or preventing complications of clubfoot.
Keywords: Congenital Type Equinovarus; Anatomy of the foot; Navicular Ossification; Posteromedial Release; Cuneiform Osteotomy.

Introduction Idiopathic congenital clubfoot (clubfoot) is a common complex 
malformation, occurring in approximately one or two newborns per 1000 
[1]. The entire population of New Zealand is 4 million. Of these, 750,000 
were reported to be Polynesian in the 2001 census. With an estimated 
prevalence of clubfoot of 6.8 per 1000 in the Polynesian population [2], 
compared with one per 1000 in the Caucasian European population, New 
Zealand paediatric orthopaedic surgeons treat a large number of children 
with clubfoot. Clubfoot occurs in approximately one in 1000 newborns 
[3]. The condition is less common in Chinese populations and more 
common in Māori populations [3]. Males are affected twice as often as 
females [4]. There are many health care providers who provide treatment 
and are often available in developing countries with limited resources. 
Congenital clubfoot (talipes equinovarus) is a genetic foot deformity of 
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unknown cause. It is more common in males than females and can be 
unilateral or bilateral. It is often associated with other conditions such 
as myelodysplasia, ankylosis, and congenital hip dysplasia. Pathological 
changes seen in clubfoot include bony deformities, especially of the 
talus (short neck, medial displacement of the neck, abnormal articular 
surface of the head), and soft tissue contractures (muscles, tendon 
sheaths, joint capsules, ligaments, skin) [5]. Externally, the clubfoot is 
smaller than a normal foot. There is dorsiflexion, heel varus, and internal 
rotation, with adduction, supination, and dorsiflexion of the midfoot. 
The calf is atrophied and smaller in circumference than the opposite 
calf. Leg lengths are usually equal. In essence, the deformity is best 
defined as a subrotational dislocation of the talo-hyoid complex, with 
the talus in plantar flexion and the talo-hyoid (subtalar) complex in 
rotation and eversion [4]. There is controversy as to whether soft tissue 
or bony changes are the primary cause of the disorder, although both 
nonsurgical and surgical treatments address the soft tissue component of 
the deformity with the expectation that at least some bony abnormalities 
will be corrected. Clubfoot is a congenital anomaly that causes one 
or both feet to rotate inward and downward [4, 6]. The affected foot, 
calf, and lower leg may be smaller than the other foot [4]. In about half 
of affected individuals, both feet are affected [5]. Most cases are not 
associated with other problems [4]. If left untreated, the person will 
walk on both feet, causing problems with walking [3]. The exact cause 
is often unclear [4]. Some cases are associated with distal synostosis 
or spinal cord herniation. [3]. If one identical twin is affected, there is 
a 33% chance that the other will also be affected [5]. Diagnosis can 
be made at birth or prenatally during an ultrasound scan. [3]. Initial 
treatment is usually the Ponseti method. [4]. This involves moving the 
foot into a better position, then applying a cast, repeated weekly [4]. 
Once the inward curvature has improved, the Achilles tendon is usually 
removed and a brace is worn until the child is four years old [4]. Initially, 
the brace is worn almost continuously and then only at night. In about 
20% of cases, further surgery is required [4]. 

The aim of this study was to evaluate several CTEV surgical techniques 
and compare the Ponsti and Hung methods in children under 24 months 
of age.

Material and Methods
     A retrospective study was conducted to evaluate the results of surgical 

techniques performed from May 2010 to August 2022 on CTEV 448 
feet , (416 patients, bilateral feet 32)  at the Department of Orthopedics, 
National Children's Hospital.  The surgeries were performed by a single 
surgeon (Author).

The study was approved by the Ethics Review Committee of our 
Institute and was conducted in accordance with the principles of the 
Declaration of Helsinki.

1.	 Anatomy of the Foot

Foot Bones

Each human foot has 26 bones, divided into three groups – the tarsus, 
metatarsals, and phalanges. These bones form the structure of the foot 
and allow for all foot movements such as flexing the toes and ankle, 
walking, and running. The foot can be divided into three regions: the 
dorsum, the midfoot, and the arch.

Names of the Bones in the Foot With Basic Anatomy

Tarsal Bone

The tarsals are an unusual group of seven bones that make up the back 
of the foot and the midfoot. They are arranged in two rows, proximal 
and distal. The bones in the proximal row make up the back of the foot, 
while the bones in the distal row make up the midfoot.

Hindfoot

1. Tarsals

2. Heel

The tarsals connect the foot to the rest of the leg and torso through 
articulations with the tibia and fibula, two long bones in the lower leg.

Midfoot

1. Scaphoid

2. Cuboid

3. Medial cuneiform

4. Intermediate cuneiform

5. Lateral cuneiform

Some people may be born with an extra scaphoid bone (accessory 
scaphoid) in addition to the normal scaphoid bone, on the inside of the 
foot. This is a normal anatomical variation found in about 2.5% of the 
US population.

Metatarsals

These are a group of five long bones located towards the front of the 
foot, below the toes. They form the forefoot, along with the phalanges.

They get shorter as we move from the big toe (hallux) to the little toe, 
and are numbered in that order.

Each of these bones has a head, body, and base. Their proximal bases 
articulate with the carpal bones, while their distal ends articulate with 
the phalanges.

Phalanges

Also known as the toe bones, these are the 14 long bones in the toes 
on each foot. As mentioned above, they form the forefoot with the 
metatarsals.

The second through fifth toes have three phalanges, while the big toe 
has only two. These bones are called the proximal phalanges (closest 
to the ankle), middle phalanges, and distal phalanges (furthest from 
the ankle) based on their position in the toes. The big toe has only the 
proximal and distal phalanges.

Being long bones, they are also anatomically divided into a head, body, 
and base.

There are two small, spherical sesamoid bones at the base of the big 
toe, near the joint between the first metatarsal and the proximal phalanx 
of the big toe. These bones serve as attachment points for many tendons 
and assist in the movement of the big toe (Fig 1).

Figure 1: Foot Bones Diagram.

https://www.theskeletalsystem.net/wp-content/uploads/2022/10/Foot-Bones-Labeled-Diagram.jpg
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Ossification of bones of the Foot

The bones of the tarsus. Each bone ossifies from a single center, except 
the calcaneus, which has a bony epiphysis on its posterior surface. The 
centers appear as follows: in the calcaneus, in the sixth month of fetal 
life; in the talus, in about the seventh month; in the cuboid, in the ninth 
month; in the lateral cuneiform, in the first year; in the medial cuneiform, 
in the third year; in the medial cuneiform and scaphoid, in the fourth 
year. The bony epiphysis on the posterior surface of the calcaneus begins 
to ossify between the sixth and tenth years; and fuses with the rest of the 
bone shortly after puberty. The posterior tubercle of the talus sometimes 
ossifies from an independent center; and may remain connected to the 
rest of the bone by cartilage. It is then called the otrigonum (Fig. 2).

Figure  2:  Ossification of bones of the Foot.

Each metatarsal bone ossifies from two centers: a primary center for 
the shaft, and a secondary center, or epiphysis, for the base or proximal 
end of the first metatarsal, and for the head or distal end of each of the 
other metatarsal bones. Ossification begins in the middle of the shaft, 
around the eighth or ninth week of gestation. The epiphysis for the base 
of the first metatarsal appears around the third year; the epiphyses for the 
heads of the other metatarsal bones appear around the third and fourth 
years; all fuse with the shaft between the seventeenth and twentieth 
years. The epiphysis usually appears at the tubercle of the fifth (Holland) 
metatarsal.

Primary ossification centers present at birth

Can be seen on X-rays from birth:

• calcaneus: 6 months in utero

• talus: 7 months in utero

• cuboid: 9 months in utero

• metatarsal: 9 weeks in utero

• phalanges: 3-10 months (from proximal to distal)

Primary ossification centers develop after birth

Can be seen on X-rays from:

• lateral cuneiform: 1st year

• medial cuneiform: 3rd year

• intermediate cuneiform and scaphoid: 4th year

Secondary ossification centers

By age 3, the secondary ossification centers of the scaphoid, metatarsal, 
and phalanges of the right hand are fully present. The last secondary 
ossification center to develop is the calcaneus, which appears at age 5.

Each phalanx is ossified from two centers: the primary center for the 
shaft and the epiphyseal center for the base. The main centers for the 
distal phalanx appear around the eighth week of gestation: the center for 
the proximal phalanx appears between the twelfth and sixteenth weeks, 
and the center for the middle phalanx appears after the sixteenth week 
(the center for the fifth phalanx usually does not appear until after birth). 
The epiphyseal centers appear between the third and sixth years and fuse 
with the shaft around the seventeenth or eighteenth year.

The metatarsal bones are each ossified from two centers : a primary 
center for the shaft, and a secondary or epiphyseal center for the base 
or proximal end of the first, and for the head or distal end of each of 
the other four. Ossification begins in the middle of the shaft about the 
eighth or ninth week of fetal life. The epiphysis for the base of the first 
metatarsal appears about the third year ; those for the heads of the other 
metatarsals between the third and fourth years ; all unite with the shafts 
between the seventeenth. and twentieth years. An epiphysis is frequently 
present on the tubercle of the base of the fifth metatarsal bone (Holland).

Navicular bone

The scaphoid bone in humans is one of the tarsal bones, located in the 
foot. Its name comes from the shape of the human bone resembling a 
small boat, due to the strongly concave proximal articular surface. The 
term scaphoid or scaphoid of the hand was formerly used to refer to the 
scaphoid bone,[7] one of the carpal bones.

The scaphoid bone in humans is located on the medial aspect of the 
foot, and articulates with the talus proximally, with the three cuneiform 
bones distally, and with the cuboid laterally.

It is the last metatarsal bone to begin ossification, usually not until the 
end of the third year in girls and the beginning of the fourth year in boys, 
although there are reports of differences between the bones.

The tibialis posterior is the only muscle that attaches to the scaphoid 
bone. The main part of the muscle attaches to the tubercle of the scaphoid 
bone. The accessory scaphoid bone may be present in 2–14% of the 
general population.

The horse has a sesamoid bone called the scaphoid, located in the 
hoof, on the palmar surface of the coffin joint between the second and 
third phalanges (coffin bones). The horse's scaphoid is supported by the 
distal sesamoid impar ligament and two lateral sesamoid ligaments. The 
scaphoid bursa lies between the flexor surface of the scaphoid and the 
deep digital flexor tendon, which runs between the bursa and the distal 
phalanx. The central tarsal bone in the horse's ankle is homologous and 
similar to the scaphoid bone in the human foot, and thus the horse's 
scaphoid is a different structure from the bone of the same name in 
humans.[8]
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The scaphoid region is an important structure involved in lameness, 
especially in the forefoot, and is associated with a significant 
pathological process known as scaphoid disease or scaphoid syndrome. 
Recently, much of the original literature on scaphoid disease has been 
questioned, particularly the importance of radiographic changes as the 
sole diagnostic criterion.[10] Scaphoid syndrome may be responsible 
for up to one-third of all lameness in horses, but radiographic changes 
in the scaphoid do not always provide a definitive diagnosis. Newer 
imaging techniques have shown that soft tissue damage in this region 
can be a significant cause of lameness, and that many causes can lead to 
visible lameness.

Calcification

Endochondral calcification is a process of bone remodeling in which 
new bone is formed by osteoblasts, bone-synthesizing cells. It is an 
important process in bone development and involves the conversion of 
cartilage into bone. The site where this ossification begins is called the 
ossification center.

The ossification center of the scaphoid bone appears in the third year of 
life. In 5% of the population, an accessory scaphoid bone also appears. 
This anatomical variation originates from another ossification center, 
located near the tuberosity of the scaphoid bone. There are three types 
of accessory scaphoid bone: type I, type II, and type III:

•	 Type I is a 2-3 mm sized sesamoid bone, also referred to as os tibiale 
externum and is located at the level of the inferior calcaneonavicular 
ligament within the tibialis posterior tendon.

•	 Type II  is an accessory bone, also referred to as  prehallux, 
connected to the navicular by a fibrocartilage or hyaline cartilage 
(synchondrosis).

Type III is a fused variant of type II, also known as the cornuate navicular, 
and is joined to the navicular bone by a bony ridge. On the rare occasion, 
the navicular bone can be bipartite, in two parts, due to its development 
from two ossification centres, which can lead to premature degeneration. 
Another accessory bone that may be present is an  os talonaviculare 
dorsale, located within the dorsal aspect of the  talocalcaneonavicular 
joint.

Muscles, Ligaments, and Tendons

Figure 3: The tendons of foot

Many muscles, ligaments, and tendons attach to the foot, allowing for 
all major and minor movements (Fig 3). The most important attachment 
points are listed below.

Muscles

• Peroneal

• Anterior tibialis

• Posterior tibialis

• Extensors

• Flexors

Tendons and ligaments (Figs 4, 5)

Figure 4: The Ligaments of Foot

•	 Achilles tendon

•	 Plantar fascia 

•	 Plantar calcaneonavicular ligament

•	 Calcaneocuboid ligament

                     A                                                B

Figures 5  A-B:   The tendons and Ligaments of the foot 

Artery of foot 

Figure 6. Arterial supply to the foots.

Arterial Supply to the Foot

The arteries supplying the foot originate from three main sources: the 
peroneal artery, the posterior tibial artery, and the anterior tibial artery 
(Fig 6).

Dorsal artery

• There are three dorsal arteries that arise from branches of the plantar 
artery and run in three lateral fissures, giving rise to proximal and distal 
perforating arteries that communicate with the dorsal arteries of the 

https://www.kenhub.com/en/library/anatomy/talocalcaneonavicular-joint
https://www.kenhub.com/en/library/anatomy/talocalcaneonavicular-joint
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plantar arch.

• Second and third dorsal arteries – As they run toward the phalanges 
of the toes, each artery splits into two posterior digital arteries to form 
a total of four posterior digital arteries supplying the second, third, and 
fourth toes.

• Fourth dorsal artery. Plantar artery – Splits into three dorsal arteries 
supplying the fourth and fifth toes.

Plantarsal foot

The posterior tibial artery supplies the plantar surface of the foot. As 
the posterior tibial artery curves around the medial malleolus through the 
tarsal tunnel, it gives rise to three separate arterial branches (the medial 
calcaneal artery, the medial plantar artery, and the lateral plantar artery).

Nerve of foot

Figure  7 . Neve of foot

The main innervation of the foot is provided by:

• Tibial nerve

• Deep peroneal nerve

• Superficial peroneal nerve

• Calf nerve

• Saphenous nerve

Tibial nerve

The tibial nerve passes medially through the tarsal tunnel, posteriorly 
toward the medial malleolus (Fig 7). It lies laterally toward the posterior 
tibial artery in the tunnel and also gives off medial calcaneal branches, 
innervating the heel while also penetrating the flexor retinaculum. The 
tibial nerve branches from the posterior tibial artery, between the medial 
malleolus and the heel, to form:

• A large medial plantar nerve.

• A smaller lateral plantar nerve

2.	 Aetiology 

Figure 8. Fetus has abnormal position

About 80% of cases of clubfoot are idiopathic (Fig 8). The 
remaining 20% ​​are associated with other disorders, most commonly 
spina bifida, cerebral palsy, and ankylosis. The prevalence of clubfoot 
varies globally, with an estimated prevalence of 0.39/1000 live 
births in Chinese, 1–2/1000 in Caucasians, and as high as 7–8/1000 
in Polynesians. The reported birth prevalence ranges from 0.51 to 
2.03/1000 live births in low- and middle-income countries (LMICs).

Etiology of clubfoot

About 80% of cases of clubfoot are idiopathic (Fig 12). The 
remaining 20% ​​are associated with other disorders, most commonly 
spina bifida, cerebral palsy, and ankylosis. The incidence of clubfoot 
varies globally, with an estimated prevalence of 0.39/1000 live 
births in China, 1–2/1000 in Caucasians, and as high as 7–8/1000 in 
Polynesians. Reported prevalence ranges from 0.51 to 2.03/1000 live 
births in low- and middle-income countries (LMICs).

Causes of clubfoot

Clubfoot is classified into two main types: congenital and acquired. 
The acquired form is not a congenital anomaly. It can be caused 
by underlying conditions. These include vascular causes such as 
Volkmann's ischemic palsy and neurologic conditions including 
poliomyelitis, meningitis, and sciatica. Congenital clubfoot can be 
divided into idiopathic and non-idiopathic depending on the cause. 
Idiopathic clubfoot is predominantly an isolated congenital anomaly. 
Causes of idiopathic clubfoot include teratogenic malformations, 
generalized syndromes (e.g., diastrophic syndromes), and neurologic 
conditions with known malformations (e.g., spina bifida). Idiopathic 
clubfoot is often associated with other malformations that do not 
respond well to conservative or surgical treatment [7]. Several 
hypotheses have been proposed to explain the cause of idiopathic 
clubfoot in normal infants. One of these hypotheses is the mechanical 
hypothesis proposed by Hippocrates, which suggests that clubfoot 
may be caused by increased intrauterine pressure during pregnancy 
[8]. This hypothesis is controversial because clubfoot is not associated 
with most cases of intrauterine overload, such as twins, large infants, 
or polyhydramnios [7]. Maternal smoking during pregnancy may be 
a cause of increased risk of clubfoot [9]. Another possible cause is the 
presence of an abnormal muscle, discovered during surgery to bring 
the deep fascia of the foot into position opposite the medial aspect 
of the calcaneus [10]. Zimny ​​et al. found an abnormal contracture 
of the plantar fascia with fibrous contractures similar to those in 
Dupuytren's disease [11].

There are several findings that support a genetic factor in the 
etiology of clubfoot. These observations include an increased 
incidence in cases with a family history. This history is found in 
approximately 25% of sporadic cases of clubfoot. Furthermore, the 
incidence of clubfoot in monozygotic twins is approximately 33% 
compared to only 3% in dizygotic twins. It is thought that there are 
multiple apoptosis genes involved in the cell death cascade and thus 
lead to the development of clubfoot deformities [12].

Another study suggested that idiopathic clubfoot is due to a germ 
cell disorder that causes the foot to stop developing at 5 weeks of 
gestation. At this stage, known as the physiological clubfoot stage, 
the bones of the foot resemble the shape and position of a clubfoot 
[13]. Similarly, Victoria-Diaz and Victoria-Diaz suggested that the 
development of the human foot goes through three stages in utero 
[14]. In the first stage (15 mm embryonic length), the foot appears in 
the same line as the lower leg. In the second "embryonic" stage (30 
mm embryonic length), the lateral aspect of the foot is longer than 

https://www.physio-pedia.com/File:Club_foot_causes.JPG
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the medial aspect, giving the foot a clubfoot position. By the third 
"fetal" stage (50 mm), the medial aspect of the leg and foot develop 
to adjust to the normal position in the newborn. Clubfoot is one 
of the most common congenital malformations, with an estimated 
incidence of one in 1000 live births [15]. In 20% of cases, clubfoot is 
associated with distal arthrogryposis, congenital muscular dystrophy, 
myelomeningocele, amniotic chain, or other genetic syndromes 
such as chromosome 18 or 22q11 deletion syndrome, while in the 
remaining cases the anomaly is isolated and the exact cause remains 
unknown [16]. However, recent studies are beginning to elucidate 
the importance of early limb developmental pathways in the etiology 
of clubfoot.

Several theories have been proposed for the pathogenesis of clubfoot, 
including intrauterine inactivity, neurofibromatosis, vascularity, 
and connective tissue abnormalities, based on specific anatomic 
abnormalities [16]. Vascular abnormalities, most commonly anterior 
tibial artery hypoplasia, are present in more than 80% of patients 
with clubfoot, although the genetic basis for this abnormality remains 
unclear (Fig 9). Unilateral clubfoot has also been observed to be 
associated with a smaller calf circumference than the unaffected limb, 
resulting in a difference in muscle mass between the two groups of 
patients with unilateral clubfoot. Despite the difference in muscle mass, 
electrophysiological studies of muscle and nerve are typically normal 
in clubfoot; and histological evaluations of muscle biopsies from the 
lower limb in clubfoot often reveal nonspecific abnormalities. Small 
differences in leg length can be seen in patients with clubfoot, suggesting 
an effect on bone growth [18]. These common anatomical abnormalities 
suggest that clubfoot may be etiologically heterogeneous or that there 
may be a single primary cause responsible for all the effects on bone 
and soft tissue.

Figure 9. Anterior tibial artery anomalies in CTEV

3.	 Pathogenesis 

Clubfoot is a complex malformation of the entire foot and lower 
leg, involving many different anatomical structures. The identity of 
the primary affected tissue has been the subject of much research and 
speculation. The following hypotheses have been proposed:

- Neuromuscular defects: The hypothesis that intrauterine pressure on 
the peroneal nerve causes clubfoot is now considered obsolete. On 
the other hand, abnormal sensory and/or motor potentials have been 
observed in nearly half of clubfoot patients [19].

- Arterial abnormalities: Angiographic studies in children with clubfoot 
have shown hypoplasia of the anterior tibial or dorsalis pedis arteries 
[20] or absence of the posterior tibial artery in the majority of cases [21], 

although it is unclear whether this is a primary or secondary problem. - 
Shortening of the collateral ligaments between the fibula and the talus 
or calcaneus: These ligaments prevent the forward movement of the 
fibula relative to the talus during dorsiflexion, resulting in increased 
foot inversion.

- Medial deviation of the talar neck: Medial deviation of the talar neck 
is the primary deformity, all other deformities are secondary [22]. This 
theory is now widely accepted.

- Shortening of the medial ligament: A study of 16 fetuses showed that 
fibromas in the region of the medial ligament of the ankle (deltoid 
ligament) were the first change in the newly developing clubfoot [23].

Pathological anatomy 

The following anatomical changes are observed in clubfoot:

- Talus: The primary deformity in clubfoot involves medial displacement 
of the anterior portion of the talus (talar neck) and plantar displacement. 
The angle between the talar trochlea and the talar neck is greater in 
infants than in adults, and even greater in clubfeet (Figs. 10, 11). The 
talar neck is also shortened and lacks a typical shoulder. The anterior 
articular surface is rotated medially. The entire talus is smaller than 
normal and ossification is delayed.

- Calcaneus: The calcaneus deformity is much less pronounced than that 
of the talus. The calcaneus is slightly displaced medially and the talus 
ulnae are slightly underdeveloped.

- Metatarsals and forefoot: They are slightly underdeveloped, i.e., 
shortened but of normal width.

Figure 10: 3-D reconstruction of a CT scan of a clubfoot (9-year old 
boy). Note the deviation of the talus and the subluxation of the navicular 
bone.

- Tibia: As we know from ultrasound studies [24], the tibia has a slight 
internal rotation, averaging about 10°. However, this slight internal 
rotation of the tibia is obscured by the posterior displacement of 
the fibula, creating the impression that the lower leg is externally 
rotated. Patients with clubfoot do not have a higher incidence of tibial 
malrotation than those with normal feet [24].

- Ankle joint: Subluxation of the talus and the elevated position of the 
calcaneus cause the talus to be pushed anteriorly away from the ankle 
joint. One-third of the talus articular surface is dislocated in clubfoot. 
Whether internal rotation occurs simultaneously is a matter of debate.

- Subtalar joint: The calcaneus is internally rotated and inclined 
ventrally-caudally to the talus, i.e., there is no normal upward slope in 
the dorsoventral direction.
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Figure  11  A-C: Configuration of the talus in clubfoot . A. Configuration 
in the normal foot. B. Medial deviation of the talar neck in clubfoot. C. 
Medial deviation of the talar neck and additional subluxation of the 
navicular in a medial direction in clubfoot.

- Talo-scaphoid joint: The scaphoid is displaced medially and lies in the 
same plane as the talus. In marked clubfoot, the lateral aspect of the 
anterior talar surface does not articulate with the scaphoid. 

- Soft tissue changes: The soft tissue on the anteromedial and 
posterolateral surfaces of the talus is shortened. All types of tissues 
(skin, ligaments, tendons, muscles, blood vessels, nerves) are shortened 
to the same extent. Histological studies of these tissues have revealed 
certain changes in patients with clubfoot, but not in the fetus, suggesting 
that these ultrastructural changes are secondary. The structures most 
affected by shortening are the caneal-fibular and posterior talo-fibular 
ligaments, the talo-scaphoid joint capsule, the caneal-vicular ligament, 
the posterior tibialis tendon, and the peroneal ligament at the junction of 
the flexor hallucis longus and flexor hallucis longus tendons. Another 
notable finding is atrophy of the calf muscles.

Material and Methods
A retrospective study was conducted to evaluate the results of surgical 

techniques performed from May 2010 to August 2022 on 416 patients 
with (Bilateral foot 32)  448 CTEV, Department of Orthopedics, National 
Children's Hospital. 

The study was approved by the Ethics Review Committee of our 
Institute and was conducted in accordance with the principles of the 
Declaration of Helsinki.

Diagnosis 

Prenatal Diagnosis

Clubfoot deformity can be detected during prenatal ultrasound. 
Clubfoot can be detected as early as 13 weeks of gestation by transvaginal 
ultrasound and as early as 16 weeks of gestation by transabdominal 
ultrasound. Visualization of clubfoot deformity by prenatal ultrasound 
requires careful evaluation to assess for additional findings suggestive 
of syndromic or neurogenic clubfoot. Patients with syndromic or 
neurogenic clubfoot and, less commonly, isolated clubfoot have a higher 
rate of genetic abnormalities, which can be screened for by fetal genetic 
testing. For example, fetal akinesia with associated abnormalities may 
be detected on ultrasound, leading to more thorough genetic testing. 
If syndromic clubfoot is detected, consideration should be given to 
referring the fetus for MRI to reliably evaluate the associated findings.
[25]

Typically, prenatal clubfoot is diagnosed at a routine ultrasound 
appointment at 20 weeks of gestation, unless the pregnancy is being 
closely monitored for other reasons. At this point, parents can ask their 
pediatrician for information or treatment advice. There is no prenatal 
treatment for clubfoot; however, appropriate prenatal counseling 
is important. It may be helpful for parents to be referred by their 
pediatrician or obstetrician to a clinician experienced in the Ponseti 
technique. Parents may find information available on the Internet to 
be accurate and reliable, but they may also encounter misleading and 
inaccurate information. Pediatric orthopedic surgeons are often willing 

to meet with parents prenatally to review imaging studies, assess severity, 
and describe treatment options. Ideally, patients should be treated by a 
clinician trained in and experienced in the Ponseti technique. In areas 
where there is no pediatric orthopedic surgeon and no orthopedic 
surgeon experienced in the treatment of clubfoot, the patient should seek 
medical attention.

Prenatal diagnosis is not always possible, even with high-quality 
ultrasound, especially if the deformity is mild or moderate. Conversely, 
a mild isolated foot deformity detected during prenatal care may 
not be a true clubfoot at birth; it may be a positional deformity that 
resolves spontaneously, as the false-positive rate of idiopathic clubfoot 
on prenatal ultrasound is estimated to be approximately 19%.[26] It is 
important to note that the severity of clubfoot cannot be determined by 
ultrasound. Severity can only be determined by clinical examination of 
the foot.

Evaluation of the Newborn

Evaluation of a newborn with clubfoot includes a complete physical 
examination to determine overall health and development, rule out 
neurological syndromes and conditions (e.g., spina bifida, arthrogryposis, 
limb dysmorphic deformities), and a focused examination of the foot 
and limbs. Examination of the range of motion and stability of all 
joints, including the hips, is important, as is examination of the length 
and symmetry of the lower extremities. The severity of clubfoot in a 
newborn is determined more by the flexibility of the foot than by its 
shape. Clubfoot deformities in newborns that can be easily corrected 
to an exaggerated posture are considered positional deformities rather 
than true clubfoot. These deformities resolve with minimal or no 
treatment. Unless there is a limb defect such as hemifibula, hemifibula, 
or congenital short femur, no X-rays are needed.

Several syndromes are known to be associated with clubfoot, including 
classic clubfoot, multiple pterygium syndrome, distal clubfoot, amniotic 
band syndrome, and Freeman-Sheldon syndrome.[27] Geneticists can 
help evaluate patients with suspected clubfoot. Neurologic causes 
include myelomeningocele, meningocele, ligamentous syndromes, 
diastematomyelia, and sacral aplasia. Careful examination of the spine 
is required to detect sometimes subtle findings related to the ligaments, 
such as sacral dimples or hairy patches.

Infants with isolated idiopathic clubfoot may have a completely normal 
physical examination except for the affected foot and leg. The deformity 
has four main components, abbreviated as CAVE: high midfoot arch 
(cavus), forefoot curvature (adductus), heel curvature (varus), and 
hindfoot curvature (equinus) (Figure 16). The deformity is quite rigid 
(not easily corrected by gentle manipulation), and the foot and calf may 
be slightly smaller than the opposite normal side. Untreated or recurrent 
clubfoot causes the child to walk on one side or instep. Older children 
and adults with untreated clubfoot cannot wear regular footwear and are 
limited in their sports and work activities.

Clinoical

Figure 12: The 4 key features of a clubfoot deformity: cavus, adductus, 
varus, and equinus.
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Clinical diagnosis is easily made at birth (Fig 12). The hindfoot is in 
the equinus and varus position, the forefoot is adducted and pronated 
relative to the hindfoot. The deviation of the forefoot is often incorrectly 
described as pronation, but this applies only to the lower leg and not the 
hindfoot. The protruding head of the anterior talus is palpable on the 
lateral view. The skin is usually very thin at this point and the normal 
skin fold is lost, although a very small fold can be created in this thin 
skin by everting the foot outward. The shortened Achilles tendon can be 
palpated as a stringy cord (Fig 13. The heel is small and raised. The lateral 
malleolus is displaced posteriorly. Calf atrophy can even be evident at 
birth in unilateral clubfoot and its extent is also the best prognostic 
criterion. The greater the calf atrophy, the greater the expected resistance 
to treatment. It is important to classify the foot at birth, otherwise it will 
be impossible to assess the outcome later (Fig 14).

Figures 13:  Clubfeet in the neonate : Top from the ventral side, bottom 
from the dorsal side. Note especially the pronounced adduction and 
supination of the feet.

Figures 14:  A-C: A deep transverse crease across the mid foot - 
atypical feature of congenital talipes equinovarus. ; B. Demonstration 
of medial and posterior crease for Pirani score. There is also a fleshy 
appearance to the heel pad for the empty heel pad score - this should 
be determined clinically through palpation; C. Demonstration of 
curved lateral border and rigid equinus deformity.

Figures  15: A-B. A. Position of the bones of the foot: ain the normal foot, 
bin clubfoot (in each case top DP view, bottomlateral view). B. Lighter 
areaTarsal bones that are still purely cartilagi-nous at birth: navicular, 
cuneiform bones. In the normal foot, the angle formed by the talus and 
calcaneus on the DP and lateral views ranges from 30–50°, while these 
two bones are more or less parallel in both planes in clubfoot. Instead of 
sloping upwardly in a dorsal to ventral direction, the calcaneus is aligned 
hori-zontally or even shows a downward slope. The forefoot is adducted, 
the navicular dislocated medially to a lesser or greater extent.

Revealing the deformity, which may affect one or both feet. Foot 
examination reveals four components of the deformity (Figure 15).

• First, there is a higher arch on the medial side of the foot. This 
deformity may occur without other manifestations of clubfoot. When 
considered alone, this aspect of the deformity is called arch deformity.

• Second, the forefoot is bent inward or turned inward (toward the 
big toe). This deformity may occur without other manifestations of 
clubfoot. When considered alone, this aspect of the deformity is called 
adduction deformity.

• Third, the heel is rotated inward. This is the natural movement of the 
heel and subtalar joint, commonly referred to as inversion. In clubfoot, 
the inward rotation (inversion) of the heel is fixed (cannot be passively 
corrected) and is called varus.

• Fourth, and finally, the ankle points downward. This is a natural 
movement of the ankle, called plantar flexion. In the case of clubfoot, 
this position is fixed (cannot be adjusted) and is called clubfoot 
deformity.

Roentgenography

Radiographic Examination 

Preoperative, 3-month postoperative, 6-month postoperative, 
12-month postoperative, and final follow-up radiographs were obtained. 
Anteroposterior and lateral radiographs of the affected foot, as well 
as the contralateral normal foot (if available), were obtained with the 
patient standing (Fig 16). The anteroposterior talar tunnel angle, the 
angle between the calcaneus and the fifth metatarsal, and the angle 
between the long axis of the talus and the first metatarsal were measured 
on the anteroposterior radiographs. The lateral talar tunnel angle was 
measured on the lateral radiographs.

Figures 16: AP and lateral x-rays of a clubfoot in a 5-month old boy. A. 
Talus and calcaneus are largely parallel, the calcaneus slopes down-ward 
in a dorsal to ventral direction, B. forefoot is also in a downward sloping 
oblique position.

Clinical and radiographic

Since conventional radiography cannot provide reliable information 
for all children, the decision on the type of surgery must be based on 
clinical findings.

Tuncay et al. [28] do not consider clinical examination to be the primary 
criterion for deciding on the type of surgery, and clinical examination 
alone is not sufficient to determine the type of surgical intervention 
required in the treatment of idiopathic clubfoot; this decision must be 
supported by imaging parameters. We prioritize clinical examination and 
imaging records in relation to the type of surgical intervention required 
in the treatment of idiopathic clubfoot, prognosis, and follow-up.

4 Different Types of Imaging Tests for Foot Pathology

Orthopedists have a number of tools in their arsenal to help determine 
exactly what is going on in a person's foot and ankle. These imaging 
tests provide a much clearer picture of the inner workings of the foot, 



Citation: Nguyen Ngoc Hung. “Therapeutic Congenital Type Equinovarus in Children: An Overview ”. Scholastic Orthopaedics 1.2 (2025): 01-24.

Therapeutic Congenital Type Equinovarus in Children: An Overview

9

Author By:
Nguyen Ngoc Hung.

and different tests can show different structures in the area. In today’s 
article, we’ll take a closer look at four different types of imaging tests 
that are commonly used to help diagnose foot and ankle problems, and 
we’ll explain what conditions they typically help detect. If you have foot 
or ankle pain and the cause is unclear, your orthopedist may recommend 
one of these four imaging tests: 

1. X-rays - X-rays are the most common and accessible diagnostic 
imaging technique, and are particularly useful in identifying bone 
problems. X-rays use electromagnetic waves to create images that show 
the bone, its density, and any fractures or deposits that have formed in 
the area. This is the least detailed of the four techniques we'll look at, but 
it's also the cheapest and most easily available in clinics, and may be all 
a patient needs if they have problems like a fracture or bunion. X-rays 
are also useful after surgery to make sure the bone is healing as expected 
or to make sure the hardware hasn't moved.

2. CT Scan - CT scan stands for computed tomography, and it's a more 
advanced form of X-ray. With this technique, X-rays are combined with 
computer technology to create more detailed cross-sectional images of 
your foot. This allows your doctor to look at the problem in multiple 
planes to understand the true nature of the problem. Your doctor can see 
the size, shape, and location of problems inside your foot, which can 
help diagnose conditions like arthritis, fractures, infections, tumors, and 
other deformities.

3. MRI - MRI is a more detailed imaging technique that does not use 
radiation like an X-ray or CT scan. Instead, it uses a large magnet and 
radio waves to create a three-dimensional image of the foot. It also helps 
highlight both bones and soft tissues like tendons or ligaments, helping 
to diagnose a variety of conditions. Not only can it identify problems 
like arthritis, fractures, infections, and tumors, but it can also pinpoint 
tears or damage to tendons, ligaments, and cartilage. MRI takes longer 
than the other two techniques, and because it uses a large magnet, it may 
not be suitable for people with implants or cardiovascular devices. 

4. Ultrasound - You may be familiar with ultrasound technology if 
you have ever given birth, but this technique is also useful in detecting 
certain conditions in the foot and ankle. Ultrasound uses targeted sound 
waves that are then reflected back to a recording device to create an 
image. This is a safe, non-invasive, and painless diagnostic procedure 
that is very effective in identifying conditions such as tarsal tunnel 
syndrome, tendinitis, plantar fasciitis, bursitis, Morton's neuroma, or 
injuries to tendons, ligaments, and cartilage.

So the next time you go to the doctor's office for a foot or ankle injury, 
don't be surprised if they use one of these imaging techniques to make 
an accurate diagnosis. We have all of these technologies, so if you really 
want to understand what's going on in your feet.

Classification 

- Congenital clubfoot,

- Clubfoot posture,

- Congenital adduction,

- Neuromuscular clubfoot,

- Clubfoot in systemic diseases (e.g., ankylosis).

Currently, there are two ways to classify the severity of congenital 
clubfoot. One was proposed by Dimeglio et al. [29] in 1995 (Table 1). 
This classification includes four grades:

- Grade I: benign, also known as "soft" clubfoot, easily corrected 
without significant resistance, similar to clubfoot posture),

- Grade II: moderate clubfoot (correctable with some resistance),

- Grade III: severe clubfoot (correctable only with strong resistance),

- Grade IV: very severe clubfoot (uncorrectable, as in ankylosis).

Table 1: The system of Dimeglio et al [29] for the classification of 
Congenital Tipes Equinovarus.

Figure  17: Clasification 0f Clubfoot accordingto Demeglio.

Another popular classification is that proposed by Pirani (Fig 23). This 
classification is particularly suitable for monitoring the progression of 
clubfoot and can provide an indication of when the Achilles tendon is 
lengthening. Although a study comparing four classification systems 
found the Dimeglio system to be the most reliable [29], the Pirani 
classification is often used in conjunction with the Ponseti treatment 
method [29]. This classification is particularly suitable for monitoring 
the progression of clubfoot. Achilles tendon extension is indicated if the 
midfoot score is less than 1. Clinical assessment and classification of 
all patients were performed according to Diméglio et al. (Fig 17) [29]. 
The Diméglio et al. system was derived from a detailed scoring system 
based on the measurement of four parameters (Fig 18): 1) equinus 
posture in the sagittal plane; 2) medial deviation in the frontal plane; 3) 
‘rotation’ around the talus of the anterior calcaneus; and 4) adduction of 
the forefoot to the hindfoot in the horizontal plane. The scale includes 
four additional points for the presence of a medial crease, a posterior 
crease, an arch, and poor calf muscle tone. With a maximum score of 
20 points, the deformity can be classified as benign, moderate, severe, 
or very severe.

Other classifications

Treatment should be determined by classification based on the various 
elements of the deformity, and it should predict the prognosis of the 
deformity at any stage and be used to compare treatment outcomes. 
There are four classifications, each with specific problems: (1) the 
Ponseti and Smoley system [30], (2) the Harrold and Walker system, 
(3) the Catterall system, and (4) the Diméglio et al. [29] system (Figure 
19). The system of Diméglio et al (Table 2) [29] appeared to be the most 
reliable among the consultants, so our patients were classified according 
to Diméglio (Fig 19).



Citation: Nguyen Ngoc Hung. “Therapeutic Congenital Type Equinovarus in Children: An Overview ”. Scholastic Orthopaedics 1.2 (2025): 01-24.

Therapeutic Congenital Type Equinovarus in Children: An Overview
Author By:

Nguyen Ngoc Hung.

10

Figures 19: Classification of clubfoot according to Pirani.The 
classification is comprised of a midfoot score (curvature of the outer 
edge of the foot, medial fold and lateral part of the talar head) and a 
rearfoot score (dorsal fold, palpability of the calcaneal tuberosity and 
rigidity of the equinus deformity). Each parameter is rated as follows: 0= 
normal; 0.5= slightly abnormal and 1= abnormal.

Table 2. The system of Diméglio et al [29] for the classification of 
congenital talipes equinovarus

Classification 
Grade Type Score Reducibility 

I Benigin < 5 < 90%, soft – soft, 
resolving 

II Moderate 5 to < 10 > 50%, reducible, 
partly resistant 

III Severe 10 to < 15 < 50%, resistant, 
partly reducible 

IV Very 
severe 15 to < 20 < 10%, resistant 

Figure 18: Classification of clubfoot according to Dimeglio :A score 
of 1–4 is allocated for each parameter, and the total number of points 
indi-cates the severity.

Diagnostic imaging for congenital clubfoot

Clinically Relevant Anatomy & Clinical Presentation

The foot consists of 26 bones. The bones most commonly involved 
in this congenital deformity are the talus, calcaneus, and scaphoid. 
The basic deformity of clubfoot can be best understood by dividing 
it into four components, with the initials forming the word CAVE. 
These components are: Cavus, Adductus, Varus, and Equinus. Cavus 
and Adductus deformities occur in the midfoot, while Varus and 
Equinus deformities occur in the posterior portion of the foot (Figs 
20-23).

• The midfoot cavus is the first component of clubfoot deformity. 
The arch is higher than normal because the first metatarsal bone is 
plantarflexed relative to the calcaneus and posterior portion of the 
foot.[36].

Figure  20:  Cavus  in the midfoot is the first part of the deformity of 
clubfoot.

•	 Adductus  is movement towards the midline. Adductus is the 
second part of the clubfoot deformity. The forefoot is adducted 
towards the midline. This is the second part of the deformity of 
clubfoot. The navicular moves medially and starts to dislocate 
off the talus. The calcaneum also rotates medially under the talus 
as part of the adductus deformity [36].

Figure 21: Adductus is movement towards the midline.

•	 Varus  means movement towards the midline. Varus of the 
hindfoot is the third part of the deformity of clubfoot. The heel is 
in varus in relation to the tibia [36].

Figure 22: Varus means movement towards the midline.

https://www.physio-pedia.com/File:Clubfoot-cavus.png
https://www.physio-pedia.com/File:Clubfoot-adductus.png
https://www.physio-pedia.com/File:Clubfoot-varus.png
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•	 Equinus means an increase in the plantarflexion of the foot. The 
entire foot points downwards in relation to the tibia. Equinus of 
the hindfoot is therefore the fourth part of the clubfoot deformity 
[36].

Figure 23:  Equinus means an increase in the plantarflexion of the foot.

This deformity involves plantar flexion/flexion of the ankle 
combined with adduction and eversion of the subtalar, mid- and 
anterior-metatarsal joints [36]. Clubfoot can be described as a 
“congenital dislocation of the talo-calcaneo-scaphoid (BC) joint”. 
The scaphoid moves medially over the talus in clubfoot while the 
calcaneus rotates under the talus in clubfoot.

The foot is held adducted and everted by ligaments and muscles. 
The muscles involved are the triceps, tibialis posterior, flexor hallucis 
longus, and flexor hallucis longus. In addition, there is an imbalance 
between the inverted plantar flexor and inverted dorsiflexor muscles. 
The calf and peroneal muscles are often underdeveloped. Weak 
peroneal muscles cause the foot to evert. The ligaments on the 
posterior and medial sides of the ankle are thick and taut [37].

Treatment CTEV

Conservative treatment

The history of conservative treatment dates back to Hippocrates in 400 
BC. Conservative measures can be divided into two periods before and 
after the Ponseti period. The importance of the Ponseti technique does 
not mean the exclusion of other treatments, including surgery, depending 
on the condition of each case [38].

There are many conservative treatments; however, the International 
Clubfoot Study Group, established in 2003, has approved only three of 
them as standard conservative methods for the treatment of clubfoot: the 
Kite, Ponseti, and Bensahel techniques [38].

Historical background

Orthopedic treatment of clubfoot was described very precisely by 
Hippocrates (370 BC) long ago. He also described bandaging and 
orthopedic shoes.

Subsequent stages in the history of clubfoot treatment [39]

1574: Francisco Arceo: Describes and illustrates a metal splint for 
clubfoot treatment.

1652: Wilhelm Fabricius Hildanus: Adjustable orthopedic brace.

1780: Jean-André Venel: Establishes the first orthopedic institute in 
Orbe (Switzerland), treating clubfoot with his "sabot de Venel", the 
prototype of all current orthopedic methods.

1784: The first surgeon to perform an open Achilles tendonectomy, 
described by Moritz Gerhard Thilenius.

1972: Ponseti describes his modern concept of conservative clubfoot 
treatment [40].

1982: Crawford introduces the Cincinnati incision method [41].

1987: Grill and Franke described the use of the Ilizarov device for 
severe neglected clubfoot [42].

Treatmental Methods 

Treatment is usually a combination of the Ponseti or French methods. 
The Ponseti method involves casting combined with manipulation, 
Achilles tenotomy, and splinting. The Ponseti method has been shown 
to be effective in treating this problem in children under two years of 
age. The French method involves repositioning and bandaging the foot, 
which is often effective but requires more effort from the caregiver. 
Another technique called the Kite appears to be less effective. In about 
20% of cases, further surgery is required.

Ponseti method

Using the Ponseti method, the foot deformity is corrected in stages. 
These stages are as follows: manipulation of the foot into a better 
position, then immobilization with a long leg splint, then removal of the 
splint after a week, and then re-manipulation of the foot. Foot position 
is usually improved after 4-6 splints. The number of splints varies from 
person to person to meet the specific needs of each individual.

• Initial splinting focuses on aligning the forefoot to the hindfoot as 
Ponseti describes the forefoot tilting relative to the hindfoot. Rotating 
the forefoot and elevating the first metatarsal will improve this 
alignment.

• Subsequent splints are applied after extension, focusing on abduction 
of the forefoot with lateral pressure at the talus, to bring the scaphoid 
bone laterally and improve talofibular joint alignment. In contrast to 
the Kite splint method, it is important to avoid compression of the 
calcaneocuboid joint. With each cast, the abduction increases and this 
allows the hindfoot to move from medial to lateral adduction. It is 
important to keep the ankle in plantar flexion until the forefoot and 
hindfoot are corrected.

• The final stage of casting is to correct the plantar flexion. After 
complete forefoot abduction with natural hindfoot correction, attempts 
should be made to elevate the ankle and dorsiflex the foot. For most 
children, the plantar flexion will not be fully corrected with a cast and 
a procedure is performed to facilitate this final aspect of correction 
of the deformity. This procedure is a percutaneous Achilles tenotomy 
or tenotomy. Ponseti recommends this procedure be performed in 
the office under local anesthesia. For safety reasons, many centers 
perform this procedure under sedation or close monitoring. During 
this procedure, an anesthetic is applied, the skin is cleansed and a 
small scalpel is used to cut the Achilles tendon. With a small scalpel, 
there is minimal bleeding and no sutures are needed. A light bandage 
and a final cast are applied to the clubfoot with the foot in its full 
correct position. This cast is usually left in place for 3 weeks [43].

After the cast is applied, maintenance begins with the use of a full-time 
(23 hours per day) brace, also known as a foot abduction brace (FAB), 
on both legs, regardless of whether the TEV is unilateral or bilateral, 
usually full-time for 3 months. After 3 months, the brace is tapered 
off and is used primarily for naps and at night. This part-time brace is 
recommended until the child is 4 years old.

This method was developed based on extensive research into foot 
anatomy. It involves continuous manipulation and casting, followed by 
a three-week cast. It is widely used as the method of choice in many 
centers around the world; However, most cases treated develop scoliosis 
and require tenotomy. Tenotomy is usually indicated when the hindfoot 
fails to dorsiflex 15 degrees after correction [43].

Relapses are common after Ponseti treatment. Such relapses require 
the child to wear a leg abduction brace for three months. After that, the 
child should wear the leg abduction brace only at night until the age of 
four to prevent recurrence. The deformity can be corrected by applying 

https://www.physio-pedia.com/File:Clubfoot-equinus.png
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counter-pressure to the head of the talus while casting, while keeping the 
foot abducted and externally rotated. The Ponseti method has a failure 
rate of 3–5%; this requires surgical intervention [44].

Ponseti casting technique

The Ponseti cast is the gold standard treatment for clubfoot in the UK. 
The cast is applied with a single layer of padding under a layer of quick-
setting plaster of Paris. The cast is applied from above the knee to the 
exposed toes and is changed every 4–7 days. (Fig 24) Each cast gradually 
corrects the foot deformity. The first cast elevates the first metatarsal and 
corrects the arch deformity. Subsequent casts simultaneously correct the 
varus and adduct the hindfoot. This is achieved by abducting the forefoot 
while maintaining pressure on the lateral aspect of the talus head. The 
hindfoot itself is never corrected, but is corrected by incorporating 
movements of the tarsus. After the varus and hindfoot are corrected, 
there is often residual dorsiflexion of the hindfoot, which can only be 
effectively treated by Achilles tenotomy. Complications of casting are 
rare, but include pressure ulcers and cast slippage. Parents are taught 
how to recognise a slippage of the cast and how to remove it if this 
occurs. Referrals or support should be sought if the child has pressure 
sores or has had multiple falls, has had more than six or seven casts 
applied, or has a delayed Pirani score.

Ponseti Method Phases of Treatment

Corrective 
Phase

During the corrective phase the position of 
the foot is gradually corrected using a series 
of manipulations and plaster of Paris casts, 
then finally a small outpatient procedure 
is performed to cut the Achilles tendon 
(tenotomy). The corrective phase usually 
takes 4–8 weeks and the baby is seen weekly 
for the treatment.

Maintenance 
Phase

Once the corrective phase has achieved a 
good position for the foot, the treatment 
is not over as the foot will tend to return 
to its deformed position, so the aim of the 
maintenance phase involves keeping the 
corrected position for the next 4–5 years. 
This is achieved by putting the child’s feet 
into a brace for:

•	 23 hours a day for the first 12 weeks
•	 Then at night-time until 4–5 years 

old

Figures 24: Clubfoot Treatment over 4-6 weeks.

The Ponseti method involves sequential reduction and casting of the 
foot over several weeks (Figs 40), followed by percutaneous Achilles 
tenotomy to correct the remaining contracture in more than 90% of 
cases (2). The order of correction is important and typically involves 
correction of the arch, adduction, and varus deformities first, followed by 
correction of the foot deformity (Figure 5). Initiating Ponseti treatment 

in patients between 28 days and 3 months of age has been associated 
with lower recurrence rates and better clinical outcomes.

Kite’s Technique

This method was introduced in the United States by Dr. Kite in the 
1930s. It assumes gradual correction of each major deformity rather 
than simultaneous correction. It relies on a series of reductions and 
castings. In order to begin the next step, the previous step must be 
completely corrected. This technique begins with correction of medial 
ankle adduction, internal rotation, and heel varus; and finally flexion. 
The adjustment session lasted approximately five minutes, followed by 
immobilization of the lower limb [45]. Immobilization was performed 
by applying a cast to the level below the knee and changing weekly. At 
the end of the procedure, the foot was placed in a Denis Browne rod. 
The success rate of this method in various studies has ranged from as 
low as 19% to as high as 90% [46]. This method is no longer performed 
due to the long-term treatment, with casting for more than two years and 
unsatisfactory results in more than 50% of cases [47].

Bensahel ‘French’ technique

This method was proposed in France in the 1970s; and introduced in the 
English literature in the 1980s. It involves daily physiotherapy sessions 
for infants with clubfoot for thirty minutes for two months. Then, 
stimulation of the muscles of the foot, especially the peroneal muscle, 
to maintain the passive extension achieved by physiotherapy; and then 
bandaging to hold the foot in the new position. This daily management 
is reduced to three sessions per week until the child is six months old. 
Bandaging of the foot is then continued until the child begins to walk. 
The foot is then supported with a splint at night for a further two to 
three years. About half of the cases improve completely; and the others 
require only simple surgical intervention through posterior release. 
Disadvantages of this method include long-term management over 
many years, requiring close contact with the child and parents. Richards 
et al. compared the treatment outcomes of the nonsurgical techniques 
of the Ponseti method and the French method. They concluded that the 
Ponseti method provided slightly better results; and added that poor 
results were similar in both methods, accounting for approximately 
16% of cases in each method. However, He et al. analyzed the clinical 
outcomes of various conservative treatments for clubfoot in a total of 
1435 cases. They recommended the Ponseti method as the first choice 
for treating these cases. They added that it provided better results 
than other conservative techniques; and reduced the number of cases 
requiring surgical intervention.

French method

The French method of treating clubfoot is a conservative treatment for 
infants, requiring daily physical therapy for the first two months. The 
goal of this treatment is to avoid future surgery, but success rates vary 
and surgery after amputation may still be necessary. Treatment involves 
daily manipulation of the foot along with stretching of the foot, followed 
by taping to maintain the range of motion achieved at the end of each 
session. The French method differs from the Ponseti method in that the 
taping technique allows for partial movement of the foot. Another focus 
is on strengthening the peroneal muscles, which is thought to contribute 
to long-term correction. After two months, physical therapy sessions 
may be reduced to three times a week instead of daily until the child is 
six months old. Parents will need to continue home exercises and night 
splinting even after the program has achieved full foot correction to 
maintain correction. The Ponseti method is often preferred [48]

Achilles tenotomy

Up to 95% of clubfoot cases require Achilles tenotomy (division of the 
Achilles tendon) (Scher et al., 2004). This is a standard feature of the 
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Ponseti method. Achilles tenotomy is performed when the foot is ready 
or when the midfoot flexion is 0.5 or less. It is usually performed after 
three to six casts. The procedure can be performed percutaneously under 
local anesthesia in most infants under 6 months of age. The procedure is 
performed or supervised by a suitably trained surgeon in a quiet, clean 
environment. Using sterile technique, the Achilles tendon is cut with a 
small blade. The procedure takes only a few seconds to perform and the 
leg is placed in a cast for 3 weeks after surgery. Complication rates are 
low (Fig 25).

A minor procedure to release a tight Achilles tendon, often performed 
in conjunction with the Ponseti method

Figure  25: Illustrtion Tendon Tenotomy 

A minor procedure to release a strained Achilles tendon, often 
performed in conjunction with the Ponseti procedure.

The most common complication is bleeding, due to severing of the 
lateral peroneal artery. The bleeding should be monitored until complete 
hemostasis is achieved.

Incision of CTEV 

The indication for extensive soft tissue release for clubfoot is 
decreasing as experienced orthopedic surgeons expand the indications 
for the use of the Ponseti procedure. Surgical correction of clubfoot 
should be reserved for the rare patient whose clubfoot cannot be 
adequately corrected by more conservative measures and for cases of 
recurrent clubfoot in which, despite casting, some deformity remains to 
be treated (Fig 26). In all cases, surgical correction of residual clubfoot 
should be performed according to the principle of “less is more”.

French method. Another non-surgical approach to treating clubfoot 
involves stretching, mobilization, and taping. The French method, also 
known as physical therapy or occupational therapy, is usually performed 
by a trained and experienced physical therapist.

Figures 26: Transverse circumferential (Cincinnati) incision. A, Medial 
view. B, Posterior view. C, Lateral view. (Modified from Crawford AH, 
Marxen JL, Osterfeld DL: The Cincinnati incision: a comprehensive 
approach for surgical procedures of the foot and ankle in childhood. 

Like the Ponseti method, the French method begins immediately after 
birth and requires family involvement. Each day, the baby’s foot is 
stretched and massaged, then bandaged to maintain the range of motion 
achieved through massage. After the bandage is applied, a plastic splint 
is placed over the bandage to maintain the improved range of motion.

This method requires about three visits to a physical therapist each 
week. Since it is a daily treatment regimen, the therapist will instruct 
parents on how to do it properly at home. Babies who need clubfoot 
surgery are usually treated between the ages of 6 months and a year. 
Unlike the gradual casting method, the doctor will correct everything in 
one surgery. They may lengthen the tendons or take other steps to rotate 
and shape the foot into a more normal position (Figs 27).

After surgery, your baby will need a cast to keep the foot at the correct 
angle. Your child will then need braces or specialized shoes for about a 
year to keep the foot from returning to its original position.

The three most common surgical incisions for refractory clubfoot 
release are the posteromedial Turco incision, the posterolateral Carroll 
incision, and the Cincinnati incision (Figure 27). The Turco incision 
allows for medial and posterior access; the Carroll incision allows for 
more medial and posterolateral access; and the Cincinnati incision allows 
for more medial, posterior, and lateral access to release soft tissue.

Figure 27: A. Turco incision. B. Carroll incision (medial incision is 
shown). See text for lateral incision location. C. Cincinnati incision.

Clubfoot release

• Perform clubfoot release with the patient prone or supine, using a 
pneumatic tourniquet.

• Make a full Cincinnati skin incision, extending from the scaphoid 
tubercle below the medial malleolus, slightly posterior to the calcaneus, 
and extending obliquely around the calcaneocuboid joint laterally. A 
portion of the incision may be used for less extensive releases.

• Hold the scalpel at a 90° angle to the skin and make a sharp incision 
through the subcutaneous tissue with minimal retraction. Be careful to 
cut through the Achilles tendon, which lies deep to the subcutaneous 
tissue of the posterior wound.

• Use fine scissors to cut the remainder.

• Identify and move the neurovascular bundle in the posterior wound 
both proximally and distally (to the point where the nerve branches 
into the calcaneal ramus and the medial and lateral plantar nerves); 
Traverse the Achilles tendon with a Silastic tape.

• Posterolaterally, identify the sural nerve, which runs with the lesser 
saphenous vein; mobilize and protect these structures with Silastic 
tape.
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Posterior release

Perform the posterior release portion of the procedure first [45].
• Protect the neurovascular bundle and sural nerve, and lengthen the 
Achilles tendon in a Z-shape, making a distal transverse incision in 
the medial half of the tendon (the lateral half remains attached to the 
calcaneus). Mark each end with an absorbable suture (Fig. 28C).
• Immediately posterior and lateral to the neurovascular bundle is the 
FHL tendon; incise the tendon sheath, identify and protect the tendon 
in the next step with Silastic tape, as it is susceptible to inadvertent 
rupture.
• Dissect the entire posterior capsule of the tibiotalar and subtalar 
joints, and identify the joint line; the subtalar joint will be left intact.
• The above description may be sufficient to correct the deformity; in 
this case, the posterior tibialis tendon usually needs to be lengthened 
in the Z-axis, as well as the anterior tibialis and posterior tibialis (FHL) 
and anterior tibialis (FDL) tendons.
• If you are satisfied with the adjustment achieved after releasing it 
posteriorly, rotate the forefoot to the adjusted position and insert the 
pin from the posterior (talar) to the anterior, passing the pin out through 
the instep; flex the head to prevent movement (Fig 28H).
• Suture the wound as described below.

Postoperative Care

The cast is usually changed 6 weeks after surgery, when the pin is 
removed. A second cast is placed after 6 weeks. If the child is able to 
walk, a long-leg cast with 90° flexion is recommended for the first 6–8 
weeks to control the rotation of the ankle and prevent ambulation, but a 
short-leg cast with a heel may be used for the final 6 weeks to allow the 
child to walk. Some surgeons use orthotics for the first 12–24 months 
after release of clubfoot, but we generally find them unnecessary. An 
exception may be made if the clubfoot is mild and only posterior release 
is required; in these cases, maintaining alignment with an ankle-foot 
orthosis (AFO) while the postural muscles develop seems to reduce the 
midfoot deformity.

Figures 28:  A: The Cincinnati incision used for standard clubfoot 
release. B: Isolation of the neurovascular bundle and posterior tibial 
tendon. The flexor digitorum longus (in its sheath) is visible medially. 
C: Preferred Z-plasty technique for the Achilles tendon. D: Incision of 
the fibulocalcaneal ligament and peroneal tendon sheaths. E: External 
rotation of the os calcis during dorsiflexion. F: The interosseous ligament, 
seen from the posterior incision. G: Release of the plantar fascia in the 
presence of cavus. H: Use of two pins to fix the talonavicular joint and 
subtalar joint. See text for details. 

Hung NN. 2012 presented “Extensive Soft Tissue Release for 
Congenital Clubfoot in Children Under 24 Months of Age” at the 
SICOT and SIROT meetings in Hong Kong; and Decancellous Cuboid 
Combined with Selective Soft Tissue Release [50]. The first incision, 
a percutaneous Achilles tenotomy with the foot held by the assistant, 
is located approximately 1.5 cm posterior to the calcaneus, 0.5–1.0 
cm posterior to the incision, and 1 cm proximal to the heel. Note the 
anatomy (Figure 29). The neurovascular bundle lies anteromedially 
on the Achilles tendon. The Achilles tendon (light blue) lies within the 
tendon sheath (gray). The initial incision causes a small vertical incision. 
Care must be taken not to accidentally create a large skin incision. The 
tendon sheath (gray) is not divided and is preserved. Typically, after 
tenotomy, the dorsiflexion increases by 15 to 20 degrees. If the foot 
has <5° of dorsiflexion with the knee straight, perform a posterior tibial 
bursectomy (Fig 30).

Figure 29:  Conflict at the Calcaneo-Cuboid Join.

In severe clubfoot, the posterior edge of the calcaneus may come into 
direct contact with the posterior edge of the tibia, obscuring the talus. In 
addition, the posterior and superior calcanei are separated by 2 cm. For 
ease of visualization, the fibrofatty tissue and the joint capsule on the 
posterior aspect of the joint are excised with a scalpel. The tibiofibular 
joint can be identified by palpation and visualization with the foot 
flexed and extended. The calcaneus is excised to avoid conflict at the 
calcaneocuboid joint (Figure 31).

The second incision, a skin incision made on the medial aspect of the 
foot, is 5 cm long and begins just anterior to the medial cuneiform and 
runs posteriorly along the posterior tibialis tendon, below the medial 
malleolus. 1) The posterior tibialis tendon is exposed in its entire length 
from the medial malleolus to its attachment to the scaphoid. The tendon 
must be separated from this tissue and the tissue removed to expose the 
talofibular joint. The tendon is then lengthened by a Z-plasty, taking care 
to increase the length significantly. 2) The talofibular joint capsule is 
divided into superior, middle, and inferior surfaces so that the scaphoid 
bone can move freely laterally over the talus. 3) The scaphoid wedge 
is cut, and 4) The tibiofibular ligament, part of the Delta ligament, is 
identified and severed (the superior Delta ligament) when the heel is in a 
varus position of more than 20°. Flexor digitorum longus is lengthened 
(Fig 31).

Figure 30: Illustration  Hung Procedure decalcelous Cuboid for CTEV.
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Figures 31 A-C. A. Incision 4 cm,starts just in front of the middle distal 
five and four metatarsus to beneath the lateral mal-leolus, B. to create a 
small lid of lozenge on dorsal surface of cuboid with two diameter 5 and 
8 mm, C. Performing decancelous cuboid gently by small curette , (d) 
Pronator rotation of the forefoot at this midfoot allows correction of the 
supination and abduction 20° ; closure of the lozenge was achieved and 
held with Kirschner wire 1.5 mm passing through the five metatarsal, 
cubiod, and calcaneum.

Selective Soft Tissue Release [50] 

The first incision, Percutaneous Achilles tenotomy with the assistant 
holding the foot in maximum dorsiflexion, select a site about 1.5 cm 
above the calcaneus for the tenotomy with incision 0.5 - 1.0 cm posterior 
and superior heel 1 cm. Keep in mind the anatomy. The neurovascular 
bundle is anteromedial to the heel cord. The heelcord tendon (light 
blue) lies within the tendon sheath (grey). The initial entry causes a 
small longitudinal incision. Care must be taken to be gentle so as not to 
accidentally make a large skin incision. The tendon sheath (grey) is not 
divided and left intact. An additional 15 to 20 degrees of dorsiflexion 
is typically gained after the tenotomy. If the feet having <5° of ankle 
dorsiflexion with knee straight, performing the posterior tibiotalar 
capsulotomy. 

In a severe clubfoot, the posterior edge of the calcaneus may be in 
direct contact with the posterior border of the tibia, obscuring the talus. 
Addtional insion posterior and superior heel 2 cm. To facilitate this 
exposure, the fibrofatty tissue and capsule over the posterior aspect 
of the joint are sharply excised with a knife. The tibiotalar joint can 
be identified by palpation and inspection while the foot is flexed and 
extended. 

The second incision, the skin incision was made on the medial aspect 
of the foot 5 cm in accordance with the shape of its longitudinal and 
starts just in front of the medial cuneiform bone and runs backwards 
along the line of the tendon of tibialis posterior, beneath the medial 
malleolus. 1) The tendon of tibialis posterior is exposed throughout its 
length from medial malleolus to its insertion into the navicular bone. The 
tendon must be dissected free of this slab of tissue and the tissue mass 
excised to expose the talonavicular joint. The tendon is then lengthened 
by Z-plasty, taking care to allow for a substantial increase in length. 2) 
The capsule of the talonavicular joint is divided on its superior, medial 
and inferior surfaces to allow free lateral movement of the navicular 
on the talus. 3) Naviculo-medial cuneiform capsulotomy, and 4) Define 
tibiocancaneal ligament, part of Deltoid ligament and it was transected 
(Superior deltoid ligament) when varus position of heel more than 20° 
[Figs 32].

Figures 31: A-C.  A. To create a small lid of lozenge on dorsal surface of 
cuboid; B. Remove decancelous cuboid by small curette; C.  Derotational 
pronation and abductional foot.

Correction with external ring fixators

The ring fixation system was developed by Ilizarov in the 1950s in 
Russia for the treatment of fractures and limb lengthening. However, the 
West only learned about it in the late 1970s. It was soon realized that the 
ring fixation system is suitable not only for stabilizing or lengthening 
bones but also for lengthening soft tissues, thereby correcting deformities.

The semicircular ring system is very versatile and can be used for 
many purposes. We started many years ago and have treated about 50 
cases so far. Other authors have also reported on the use of this system 
for this purpose. The treatment principle is illustrated in (Figs 33).

Figures 33: A-B. Principle of the closing cuboid and opening wedge 
cuneiform osteotomy. A. The bone wedge removed from the cuboid 
is B inserted into the medial cuneiform. If the foot is very rigid, the 
cuneiform bone may need to be opened up with the aid of 2 Kirschner 
wires or even an external fixator. This is the most effective operation for 
correcting adduction of the forefoot since the correction takes place very 
close to the site of the deformity. The operation can be performed from 
the age of 6 at the earliest (depending on the bone maturation in each 
case).

Figure 34: Correction of clubfoot deformity with the Ilizarov appara-
tus :Two rings are attached to the lower leg. Half rings are fixed to the 
calcaneus and forefoot.

The simplest technical procedure is to correct the plantar fascia 
component. The hindfoot is fixed with a half ring fixed with two 
Kirschner wires, another half ring is attached to the forefoot, and 
two rings are attached to the lower leg. The deformity is corrected by 
dorsiflexion and abdominal compression (Fig 34). As with standard 
bone lengthening, the threaded rod is lengthened or shortened by 1 
mm per day. The threaded rod is anchored to the lateral aspect of the 
forefoot half ring, pulling the foot into pronation. A tension rod can be Figures  32:  A-C. Lengthening tendon . A. Flexor hallucis longus; C. 

Flexor digitorium longus; B. Posterior tibia, Flexor digitorium longus, 
Flexor hallucis longus.
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inserted between the forefoot and hindfoot half rings to correct forefoot 
adduction. However, since this rod produces a translational movement, 
whereas rotational movement is actually required to correct adduction, 
we use a different method for severe deformities: Two rings are inserted 
into the distal lower leg, one inside the other to form an inner and outer 
ring. A threaded rod is used to rotate the outer ring relative to the inner 
ring. The outer ring is connected to the forefoot half and the inner ring 
is connected to the hindfoot half. Rotating the outer ring helps to correct 
the forefoot adduction by rotating the movement.

Figures 35: A-C Correction of adduction and supination of the foot with 
the Ilizarov apparatus :An Ilizarov apparatus was fitted to an 8-year old 
girl with a severe clubfoot deformity (with a ring constriction syndrome 
(A)-. Since the deformity was so pronounced, the translation principle 
shown in Fig. 3.382 was not used. Rather, a double-ring that produces 
derotation of the forefoot was fitted (B)-. After 3 months, a plantigrade 
foot position is achieved with substantial correction of the deformity (C).

Ring fixation is very effective in correcting foot deformities (Figure 
34), and even severely contracted abnormal positions can be normalized, 
although great patience is required. The procedure is also often painful 
and is associated with many complications, especially recurrent 
infections at the wire contacts. Wire retraction or flexor contractures 
sometimes occur. Treatment usually lasts 2-3 months, and patients 
benefit from a very effective and often permanent correction. We have 
seen cases of recurrence, especially in foot deformities associated with 
ankylosis. Therefore, in severe contracture deformities, combining 
soft tissue correction with ring fixation and osteotomy at the point of 
greatest contracture may be worthwhile. We usually perform osteotomy 
at the first metatarsal or medial cuneiform. Flexor contractures can 
be corrected with physical therapy. After removal of the ring fixation, 
the posture should be stabilized for a long time with a walking brace 
(plastic). Recently, we have started using the Taylor Space Frame to 
perform these corrections [Figs 35] . This device allows more precise 
corrections with better control of the rotation axis.

Follow-up method

We classified the clinical results based on clinical assessment of foot 
shape and range of motion (ROM) at the upper and lower ankles. In 
unilateral clubfoot, the difference in calf circumference and foot length 
was also measured.

To evaluate the treatment results, the McKay score [38] was used. 
This score shows a good balance between pain, foot shape and function 
(Table 3). The results, minus 180 points, were classified according to 
McKay as follows: 175–180 points: excellent; 160–174 points: good; 
125–159 points: average; 90–124 points: poor; and below 90 points: 
failure.

Table 3: Overall Rating System for Judging Corrected Clubfoot 
According to McKay [38].

The data were analyzed with Epi Info 6.04 public domain statistical 
software for epidemiology, developed by the Centers for Disease 
Control and Prevention (CDC) in Atlanta, Georgia, USA (http://wwwn.
cdc.gov/epiinfo/html/ prevVersion.htm). We performed the v2 test for 
percentages

and Student’s t-test for the comparison of means. p-Values B0.05 were 
regarded as being statistically significant. All readings were provided as 
average values together with the appropriate standard deviation.

Result
We performed surgery on 448 feet with CTEV , divided into two 

groups and according to each group's technique: Ponseti Group (268 
feet) and Hung Group (180 feet).

There were 102 females (32.3%) and 214 males (67.7%) in this study. 
There were 192 patients (268 feet) in Ponseti group, 127 patients (180 
feet) in Hung group. Bilateral involvement was found in 89 patients 

http://wwwn.cdc.gov/epiinfo/html/
http://wwwn.cdc.gov/epiinfo/html/
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(28.2%), only the left foot affected in 65 patients (20.5%), and only the 
right in 162 patients (51.3%). According to the classification of Diméglio 
Grade II was seen in 32.4%, Grade III in 53,1%, and Grade IV in 14.5%.

There were 67 feet (49 patients) operated before age 6 months, 100 
feet (72 patients) operated between 6 months to 12 months, 187 feet 
(135 patients) operated between 12 months to 18 months, and 94 feet (63 
pa-tients) operated between 18 months to 24 months. The average age at 
time of surgery was 12.6 months. 

The followup average, 15 years 7 months (range, 11 years 8 months to 
20 years 3 months) in group 1; The followup average, 6 years 4 months 
(range, 5 years 6 months to 11 years 2 months) in group 2 

Those patients were separated two groups: 1) Ponseti Group [from July 
1990 to December 1999 in 192 patients (268 feet)] who were operated 
according to selective soft tis-sue release; 2) Hung Group [from January 
2000 to December 2020 in 127 patients (180 feet)] who were operated 
ac-cording to selective soft tissue release and cuboid decancellation 
involved.

Clinical Results 
- Rotation of entire foot in horizontal plane improvement to normal foot 
in 240 (89.6%) feet of 171 patients, re-maining 28 feet of 21 patients 
with > 5°- ≤ 10° in 19 feet and > 10° - ≤ 20° in 9 feet in the group 1. 
Rotation of entire foot in horizontal plane improvement to normal foot 
in 170 (94.4%) feet of 119 patients, remaining 10 feet of 8 patiens 
with > 5°- ≤ 10° in 8 feet of 6 patients and > 10° - ≤ 20° in 2 feet of 2 
patient in group 2. 

- Varus in frontal plane improvement to normal foot in 213 (79.5%) 
feet of 152 patients, remaining 55 feet of 40 patients with > 5°- ≤ 10° 
in 38 feet of 29 patients and > 10° - ≤ 20° in 17 feet of 11 patients in 
Ponsti group. Varus in frontal plane improvement to normal foot in 
153 (85.0%) feet of 107 patients, remaining 27 feet of 20 patients with 
> 5°- ≤ 10° in 21 feet of 16 patients and > 10° - ≤ 20° in 6 feet of 4 
patients in group 2. 

   - In the Ponseti group, two hundred and one feet (75.0%) of 144 
patients had residual forefoot adduction of 10° to 20° treated by 
overnight splints and insoles; and 8 feet (3.0%) of 5 patients also had 
residual forefoot adduction of 20° to 25° treated by additional surgery. 
In the group 2, 19 feet (10.6%) of 14 patients also had residual forefoot 
adduction of 10° to 20° treated by overnight splints and insoles. 

   - Equinus in sagittal plane improvement to normal foot in 258 
(96.3%) feet of 184 patients, remaining 10 feet of 8 patients with > 
5°- ≤ 10° in 6 feet of 5 patients , > 10° - ≤ 20° in 4 feet of 3 patients in 
Ponseti group. Equinus in sagit-tal plane improvement to normal foot 
in 176 (97.8%) feet of 124 patients, remaining 4 feet of 3 patients with 
> 5°- ≤ 10° in 1 feet of 1 patient , > 10° - ≤ 20° in 3 feet of 2 patients 
in Hung group. 

In the lower ankle, there were 171 feet of 123 patients could be pronated 
at least to the zero position, and 97 feet of 69 patients beyond the zero 
position in Ponseti group; there were 109 feet of 73 patients could be 
pronated at least to the zero position, and 71 feet of 54 patients be-yond 
the zero position in Hung group. In the upper ankle, there were 223 feet 
of 159 patients had active dorsiflexion beyond the zero position, and 45 
feet of 33 patients reached only the zero position in Ponseti group; there 
were 168 feet of 119 patients had active dorsiflexion beyond the zero 
position, and 12 feet of 8 patients reached only the zero position in Hung 
group. Comparing the 190 unilateral treatments with the contralateral 
side, the mean difference in calf circumference was 2.2 cm (range, 1.0 - 
3.4 cm) and in foot length was 0.9 cm (range, 0 - 1.4 cm). 

There were 61 feet of 44 patients were followed up to skeletal maturity: 
Excellent result in 12 feet (19.7%) of 8 patients, good result in 21 feet 
(34.4%) of 14 patients, fair result in 22 (36.1%) feet of 18 patients, and 
6 feet (9.8%) of 4 patients. 

Radiographic Results 

   - The mean talocalcaneal angle index improved from 26.8° pre-
operatively to 70.6° at the last followup in Ponseti goup from 26.5° 
pre-operatively to 73.8° at the last followup in Hung goup. 

   - Compared with the normal feet, the clubfeet had de-creased 
anteroposterior and lateral talocalcaneal angles, indicating residual 
heel varus. On lateral projection, Talocalcaneal angle improved from 
8.9° (6.5° - 15.1°) pre-operatively to 38.4° (33.7° - 44.9°) at the last 
followup in Ponseti goup ; from 7.8° (6.6° - 14.3°) pre-operatively 
to 40.7° (34.1° - 43.5°) at the last followup in Hung goup. On AP 
projection, Talocalcaneal angle improved from 13.9° (12.8° - 25.2°) 
pre-operatively to 32.2° (27.3° - 39.6°) at the last followup in Ponseti 
goup; from 14.1° (13.1° - 25.6°) preoperatively to 33.1° (31.7° - 40.5°) 
at the last fol-lowup in Hung goup. 

- The anteroposterior talus first metatarsal angle and the calcaneusi 
fth metatarsal angle in the clubfeet re-flected residual forefoot 
adduction. The mean talo first metatarsal angle improved from 24.5° 
(22.1° - 42.7°) to 21.5° (19.6° - 28.7°) at the last followup in Ponseti 
group; from 25.1° (20.9° - 39.5°) to 14.5° (11.2° - 20.4°) at the last 
followup in Hung group with decancelous cuboid. 

- The meam calcaneus-fifth metatarsal angle improved from 23.7° 
(18.4° - 39.6°) to 9.5° (7.5° - 14.4°) at the last followup in Ponseti 
group; from 24.9° (19.3°- 42.3°) to 4.2° (3.1° - 5.2°) at the last 
followup in Hung group. 

- Talonavicular subluxation was present in each case in which the 
talo-first metatarsal angle on the AP view was greater than 15° and 
combined with a talocalcaneal angle of less than 15° are helpful [19]. 
Preoperatively, 92 of 268 feet (34.3%) in the Ponseti group,  and 69 
of 180 feet (38.3%) in the Hung group  were presented Talonavicular 
subluxation. Last follow up, this deformities remaining 52 of 268 feet 
(19.4%) in the Ponsti group, and 7 of 180 feet (3.9%) in the group 2 
were presented Talonavicular subluxation. 

- The mean length of the medial column increased from 3.1 cm 
preoperatively to 4.2 cm at final follow-up. The mean cuboid or lateral 
column length was 2.6 cm preoperatively and at final follow-up. These 
length changes led to an increase in the ratio of medial-to-lateral 
column length from a mean value of 1.2 preoperatively to a mean 
value of 1.6 at final follow-up, an increase of 33%. 

- Radiographic evidence revealed a rare incidence of bone and 
joint deformities at followup. Distinct osteopo-rosis of the foot or 
degenerative changes of the tarsal and midtarsal joints were not 
evident. The degenerative changes of talonavicular, naviculo - medial 
cuneiform, calcaneocuboid, and cubo-fifth metatarsal joints were not 
evident. 

Excellent and good with club feet in patient younger 12 months were 
69 (67%) feet in the all Ponseti groups. Excellent and good with club 
feet in patient younger 12 months were 57 (89.1%) feet in the group 2. 
Excellent and good with club feet in patient older 12 months were 141 
(85.5%) feet in the Ponseti group. Excellent and good with club feet in 
patient older 12 months were 110 (94.8%) feet in the Hung group. 

Overall, Age at time operation both two groups, Excellent or Good 
results results in Hung group  and Ponseti group was similar. 
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Overall late result, Excellent in 169 (37.7%), Good in 208 (46.4%), 
Fair 60 (13.4%), and Poor in 11 (2.5%). (Table 4) 

We see surgical error: Injury of cuboid cartilagenious capsule in 1 
foot, patient without free pain foot, final follow up is fair. Slide down 
of Kirchner wire in 1 foot postoperative 8 weeks, Kirschner wire was 
removed and place new plaster cast with abductor position 20°, final 
follow up is fair. 

Other Complication 

Intoeing gait of 5 feet (1,1%) of 5 patients; Pseudoaneurysm of 2 
feet (0.5%) of 2 patients; Avascular necrosis of talus 3 feet (0.7%) of 2 
patients (Fig  37); Dorsal subluxation of navicular 0.7% (3/448 cases) 
(Fig 38); Skin necrosis after plaster of Paris casts 0.9% (4/448 cases) 
(Fig 39)

Method Excellent  (%)         Good             
(%)

Fair                
(%)

Poor                   
(%)

Failure              
(%)

Ponseti [40]        
n=268 feet

79                     
(29.5%)

135              
(50.4%)

49               
(18.3%)

5            
(1.8%) 0

Hung NN [50] 
n=180 feet 91         (50.6%) 76                    

(42.2%)
11          
(6.1%)

2                         
(1.1%) 0

n= 448 feet 170           (37.7%) 211                  
(46.4%) 

60                
(13.4%)  

7                       
(2.5%) 0

Table 4. Latest results with  Ponseti and Hung methods  for CTEV according to McKay score [38].

Latest result : Excellent 169 (37.7%), Good 208 (45.4%), Fair (60 (13.4%). Poor 11 (2.5%). Accepted result Ponseti / Hung methods :     214 (79 
+ 135)  / 167  (91+ 76) . The acceptable (Excellent + Good) postoperative outcomes of the two groups were similar (Pvaluate = 0.174801)

Imagures of Patient CTEV have Post-operative Achilles tenotomy [Fig 36] 

Figures 36: Percutaneous Achilles tenotomy and after operative 4 years and 6 months. A. On Operative Table; B. ; C Biopsy at 
Achilles tendon was correted.

Illustrations Complications

Some Postoperative Complications CTEV  (Figs 36 – 39)

1.	 Injury of cuboid cartilagen- ious capsule 0.9% (4/448 cases) (Fig 37) 

   

Figure 37:  A-B. A.  Postoperatively, injury of cuboid cartilagen- ious capsule on 3 months; 
 B: postoperative 5 years, degen- erative cubocalcaneal joints.
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2.	 Navicular necrosis 0.7%% (3/448 cases) (Fig 38)

Figure 39.  Dorsal subluxation of navicular

  4. Skin necrosis after plaster of Paris casts 0.9% (4/448 cases) 
(Fig 40)

Figure  40. Skin necrosis 

   In imaging 41 , Patient  was Postoperative 6 years and 6 moths 
according to Ponseti procedure.

Figures  38: Post-Operative  Navicular Necrosis.

Figures 41  A-D:   A&B PreOperative roentgenography; C&D 
Pre&PostOperatice  Clinical

Figures 42: Operative Decancelous cuboid of CTEV.  A. Previous 
Operative linical; B&C Postoperative Roentgenography 4 weeks; D. 
Postoperative Clinical 4 months; F. Postoperative Clinical 5 year and 8 
moths.

Discussion
How is clubfoot treated in a child?

Treatment will depend on your child’s symptoms, age, and overall 
health. It will also depend on the severity of the condition.

The goal of treatment is to straighten the foot so that your child can 
grow and develop more normally. If left untreated, your child will have 
difficulty walking. Treatment options include:

Nonsurgical treatments. These are usually tried first, regardless of the 
severity of the deformity. The most common treatment in the United 
States is the Ponseti method. This method uses gentle stretching and 
casting to gradually correct the clubfoot. This process usually takes 
about 2 to 3 months. Other treatments include bandaging, physical 
therapy, and bracing.

Bracing. Because clubfoot can recur, your child will need to wear a 
brace for several years to prevent a relapse. Initially, your child will 
wear the brace 23 hours a day for up to 3 months. Your child will then 
wear a brace at night for 2 to 4 years.

Surgery. Your child may need surgery if other treatments for clubfoot 
are not effective. The specific surgery will depend on the type and 
severity of the deformity. Your child may need a surgical metal plate, 
pins, or a cast to hold the foot in place until it heals.

Most babies with clubfoot do not need surgery. Those who do need 
surgery may need more than one surgery because the deformity may 
recur as they grow and develop.

If nonsurgical treatments are unsuccessful or do not completely correct 
the deformity, surgery is sometimes needed. Surgery was more common 
before the Ponseti Method became widely accepted. The extent of 
surgery depends on the severity of the deformity. Typically, surgery is 
performed between 9 and 12 months of age and the goal is to correct all 
components of the clubfoot deformity at the time of surgery.

For feet with the typical deformity components (bowlegs, forefoot 
adduction, hindfoot varus, and ankle dorsiflexion), the typical procedure 
is a Posteromedial Release (PMR) surgery. This surgery is performed 
through an incision across the medial aspect of the foot and ankle, 
extending posteriorly, and sometimes laterally, around the foot. The 

In imaging 42 . Patient was Postoperative  Decancellous cuboid of 
CTEV on 5 years and 8 months [50]
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plantar fascia, some tendons, and joint capsules/ligaments often need to 
be released (cut) or lengthened during this procedure. Typically, the key 
structures are exposed and then released sequentially until the foot can 
be brought into proper plantar position. Specifically, it is important to 
bring the ankle to a neutral position, the heel to a neutral position, and the 
midfoot in line with the hindfoot (the scaphoid bone aligns with the talus 
and the cuboid bone aligns with the calcaneus). Once these joints can be 
aligned, thin metal wires are typically placed across the joints to hold 
them in the corrected position. These wires are temporary and are left in 
place through the skin to be removed after 3–4 weeks. Once the joints 
are aligned, the tendons (usually the Achilles tendon, tibialis posterior, 
and flexor hallucis longus) are repaired to the appropriate length. The 
incision (or incisions) are closed with absorbable sutures. The foot is 
then casted in the corrected position for 6–8 weeks. Typically, after 
3–4 weeks, the cast is changed under anesthesia to remove the pins and 
create a mold for a custom AFO. The new cast remains in place until the 
AFO is available. When the cast is removed, an AFO is worn to prevent 
the foot from returning to its original position [51].

For feet that have had a partial deformity corrected nonsurgically, 
surgery may be less complex and involve only the posterior portion of 
the foot and ankle. This may be referred to as posterior release. This is 
performed through a smaller incision and may release only the posterior 
capsule of the ankle and subtalar joint, while lengthening the Achilles 
tendon.

Surgery leaves residual scar tissue and often causes more stiffness 
and weakness than nonsurgical approaches. As the foot grows, there is 
a potential for asymmetric growth, which can lead to recurrence of the 
deformity, affecting the forefoot, midfoot, or posterior portion of the 
foot. Many patients respond well, but some require additional orthotics 
or surgery. Long-term studies of adults with clubfoot after surgery, 
especially those who have required multiple surgeries, suggest that their 
long-term outcomes may not be favorable, according to Dobbs et al.[3]. 
Some patients may require additional surgeries as they age, although 
there is some controversy about the effectiveness of these surgeries, 
given the prevalence of scar tissue from previous surgeries.

Treatmental Methods CTEV.

Role of Surgical Clubfoot Correction today 

The use of surgery for primary clubfoot correction should now be 
limited to an “elective” approach [39], in which structures are released 
only when necessary to achieve correction as an adjunct to more 
conservative treatment. The majority of idiopathic clubfoot cases should 
be treated with casting and percutaneous Achilles tenotomy alone. For 
refractory idiopathic clubfoot cases, as well as some syndromic and 
neuropathic clubfoot cases, more extensive soft tissue release may 
be required if casting and splinting are inadequate. This can often be 
limited to posterior release surgery because the medial structures that are 
tightly confined even in severe clubfoot usually respond to continuous 
casting [40]. Another indication for surgical correction of clubfoot is 
for recurrent clubfoot deformities that do not respond to casting alone. 
Many recurrent deformities, both in clubfeet initially treated with 
casting and in clubfeet initially treated with extensive soft tissue release 
surgery, can be treated with casting alone or casting followed by limited 
“selective” procedures. The definitive role of surgery in the treatment 
of clubfoot is reserved for feet that have been initially treated with 
extensive soft tissue release surgery and that still have deformity due to 
undercorrection, overcorrection, or residual muscle imbalance.

Until the Ponseti technique was recognized as the superior treatment 
for clubfoot, many initial treatments with good results were favored for 
a time, but then fell out of favor when long-term results showed high 

rates of recurrence of deformity, stiffness, and pain. The first recorded 
treatment for clubfoot was that of Hippocrates, who recommended 
“manipulation of the deformed foot and bandaging in the corrected 
position.” Other nonsurgical treatments, including casting, special shoes, 
splints, and even “wrench” corrections, were subsequently proposed. 
Immediate results were sometimes satisfactory; however, over time, the 
deformity almost always recurred.

Hiram Kite became an enthusiastic advocate of nonsurgical treatment 
for clubfoot in the first half of the 20th century. Although initial success 
was reported to be 90%, the technique was long-lasting, the results were 
not reproducible, and the deformity frequently recurred. Because of 
dissatisfaction with Kite’s casting method, surgical release of resistant 
clubfoot, which significantly corrected the deformity in a short period 
of time, became popular in the last quarter of the 20th century. These 
extensive surgeries were performed when the child was between 4 and 
18 months of age. Short- and medium-term results were good. However, 
as the child grew older, scarring from the last surgery led to reduced 
mobility; The foot becomes painful, stiff, and arthritic; and activity 
and function become limited as the child moves into adolescence and 
adulthood. In 1948, Ignacio Ponseti at the University of Iowa developed 
a treatment method that used new casting techniques and minimal 
surgery. The Ponseti method was clearly explained, easy to understand, 
and reproducible. One of the distinguishing features of the method was 
the prolonged splinting phase, which reduced but did not eliminate 
recurrence. During the last quarter of the 20th century, while most 
centers were widely using surgical release of refractory clubfoot, Ponseti 
continued to refine his method. The Ponseti method was based on a clear 
understanding of the pathogenesis of clubfoot and how it affects foot 
mechanics. Over the years, improvements in the Ponseti technique and 
splinting have reduced the rate of recurrence, and it has now become 
the standard of care for clubfoot. It should be noted that, although this 
report focuses on isolated idiopathic congenital clubfoot, syndromic 
and neurogenic clubfoot can also be treated with the Ponseti method, 
although the treatment time is longer and the recurrence rate is higher.

A second nonsurgical method of treating clubfoot was developed in 
France and popularized and refined by Alain Dimeglio. This method, 
known as the French functional method, also emphasizes gradual 
correction in infants, with daily physical therapy by an experienced 
physical therapist and elastic bandages between treatment sessions. 
This method also includes a long period of splinting at night and limited 
surgery for recurrences. The correction time with this method is several 
months; treatment is performed daily and is more labor intensive for 
both the family and the physician. Although this method is used by a 
small number of people in Europe, unlike the Ponseti method, the long-
term results of this technique are not yet known.

Age at Operation 

Many orthopedic surgeons agree that severe clubfoot requires surgery 
and prefer early surgical treatment when the patient is 3 to 6 months 
old. Clubfoot surgery in infants and surgery in the first 3 months of life 
has been associated with disappointing results due to excessive scar 
tissue formation. We did not perform surgery on patients classified 
as Diméglio Grade I and whose ages at the time of surgery were 4–6 
months in 50 patients (15.7%), 6–12 months in 71 patients (22.3%), 
12–18 months in 135 patients (42.3%), and 18–24 months in 63 patients 
(19.7%). Notably, six of the ten failures occurred in children operated on 
when they were less than one year old. The best results were in children 
operated on between one and two years of age [41]. In general, patients 
who undergo surgery before 6 months of age have a higher failure rate. 
This is because the smaller foot may be more deformed and the anatomy 
is difficult to assess at the time of surgery. Some foot deformities may 
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improve as the child grows, especially when weight bearing begins. It is 
easier to assess the degree of correction needed when the child can stand 
on his or her own feet. Another problem with early surgery is that it may 
result in excessive lengthening of the Achilles tendon and weakening of 
the plantar flexors [42]. Our most recent follow-up results are similar to 
those of these authors.

Regardless of the form of treatment, the hindfoot will be smaller and 
less flexible, and the calf will be atrophied relative to the normal limb.

Initial treatment for congenital clubfoot is non-surgical and, if possible, 
should begin on the first day of life. The ongoing management of clubfoot 
and maintenance of cast treatment is a skill that all orthopedic surgeons 
treating children should develop. It is essential to correct the midfoot 
adduction and hindfoot varus in the cast before any attempt is made 
to correct the curvature. We are concerned that excessive dorsiflexion 
may cause tarsal damage, and we typically remove the cast when the 
dorsiflexion correction is no longer possible.

When casting fails, surgery is indicated to release the foot. The need 
for surgery and the exact timing of surgery depend on the severity of the 
clubfoot. We typically decide to treat surgically when the child is 3-4 
months old. However, surgery can be performed to complete the post-
operative cast around the time the child begins to bear weight on the 
foot. Some surgeons prefer to perform surgery at a much younger age, 
but there is also literature supporting deferring surgery to 1 year of age 
or later if the surgeon feels technically competent to operate on an older 
foot. In children with this syndrome, deferring surgery to 1 year of age 
or later is often desirable or necessary.

Stress dorsiflexion radiographs of incompletely corrected clubfoot 
show inadequate dorsiflexion or parallel calcaneal and talar axes. 
Anteroposterior (AP) views show medial deviation of the first metatarsal 
axis relative to the talar axis, a function of subluxation of the talo-
scaphoid joint (the ossification center of the scaphoid does not appear for 
several years and its location must be inferred); the talus and calcaneus 
axes also become parallel due to loss of external rotation of the subtalar 
joint. Most of the angles described for assessing clubfoot are based on 
radiographs of older children and date from an era when nonsurgical 
treatment involved prolonged casting. We have not found radiographs to 
be useful in determining which children should have early surgery; the 
decision is more easily made on a clinical basis.

The goal of surgical treatment is to release soft tissue restrictions in 
the correct position of the talus. The exact surgical procedure can be 
tailored to the residual deformity of the foot after casting is completed. 
Release surgery typically involves posterior structures (Achilles tendon, 
posterior tibial tendon, calcaneofibular ligament, posterior ankle, 
subtalar capsule, and occasionally flexor hallucis longus). If there is still 
significant midfoot deformity (medial talofibular subluxation), release 
the medial talofibular joint and the tendon sheaths of the posterior tibialis, 
flexor hallucis longus (FDL), and flexor hallucis longus (FHL). Some 
clubfeet with significant medial calcaneocuboid dislocation require 
capsular release. The medial subtalar joint capsule can be partially or 
completely released to correct hindfoot varus. These releases allow the 
talus to be dorsiflexed to a neutral position, the scaphoid to be abducted 
and rotated to the true axis of the talus, and the calcaneus to be taken 
out of varus and rotated laterally under the talus to correct the subtalar 
joint. Reduction is maintained by nailing in a cast until the soft tissues 
heal. Although surgeons have been aware for many years that prolapse 
releases

The Ponseti Method

Careful and complete application of the Ponseti method will yield 
optimal results. The method consists of three phases of treatment: 

reduction and casting, tenotomy, and splinting.[43] The first phase 
involves weekly reduction and casting of the knee by an individual 
trained in the technique. This phase typically lasts for 5 to 8 castings. It 
is not necessary to begin treatment in the neonatal care unit. Treatment 
can begin at any time during the neonatal period, ideally within the first 
1 to 3 weeks. In the second phase, after all elements of the deformity 
except the squatting position have been corrected, percutaneous Achilles 
tenotomy is performed under local anesthesia by a surgeon in the office, 
eliminating the risk of general anesthesia during surgery and concerns 
about neurotoxicity of anesthetics in the newborn. Some surgeons prefer 
to perform the tenodesis in the operating room under general anesthesia, 
especially in older children. The final cast is placed immediately after 
the tenodesis and worn for 3 weeks. Tenodesis is required in 90% of 
infants with clubfoot. No more extensive debridement is required.

The third and most important stage is the splinting stage, which 
begins immediately after the tendon cast is removed. The splint is a foot 
orthosis consisting of 2 shoes or braces connected by a bar, holding the 
feet shoulder-width apart. During the first 3 months, the splint is worn 
23 hours a day, removed only for dressing and bathing. After the first 3 
months, the splint is worn only at night and naptime, with the goal of 
wearing the splint for 12 to 14 hours, until the child is 4 to 5 years old.

The principle of the splint is to keep the corrected foot in abduction and 
dorsiflexion to prevent relapse. A well-designed brace will be easy to put 
on and take off, will not allow the foot to slip or fall out, and will have 
a good supportive shoe (brace). For bilateral clubfoot, the shoe (brace) 
is rotated outward 60° to 70° on the bar. If the deformity is unilateral, 
the shoe (brace) on the affected side should be rotated outward 60° to 
70° and the unaffected side 30° to 40°. The bar should be approximately 
midway between the child's shoulders and should be placed so that the 
ankle is at a dorsiflexion angle of 10° to 15°. Improvements in brace 
design using soft shoes or braces that can be easily removed from 
the bar rather than rigid shoes that are firmly attached to the bar have 
made brace wearing much easier for patients and families. Parental 
compliance during the bracing phase of treatment has been shown to be 
the most important factor in preventing recurrence of the deformity and 
in the ultimate success of the Ponseti method.[44] It is not easy to keep a 
child in a brace all night, every night, for 4 years; therefore, the ability of 
the pediatrician and orthopedic surgeon to motivate and support parents 
to complete the brace program is as important as the initial correction 
of the deformity. The pediatrician's knowledge of the standard Ponseti 
protocol and encouragement of family compliance and completion of the 
bracing phase are critical to successful treatment. The rate of recurrence 
of clubfoot after Ponseti treatment with traditional foot orthoses ranges 
from 8% to 56%.[45] Recurrence occurs in only 6% of families who 
comply with the bracing phase but in 80% of families who do not 
complete the bracing phase. Compliance with braces is multifactorial 
and has not been shown to be related to education, culture, or family 
income. Compliance can be improved through culturally sensitive 
education, positive communication, and raising family awareness of 
the importance of braces [46].. Physician-family communication is 
important for families to understand the treatment process and to adhere 
to braces. Both the treating pediatrician and the pediatric orthopedic 
surgeon should address barriers to compliance and empower families to 
achieve success. Many treatment centers now have a clinic coordinator 
who will educate families on proper brace wearing, make follow-up 
phone calls, assist with financial hardships associated with braces, and 
provide support throughout the treatment process.

Achilles Tenotomy

In our study, the rate of Achilles tenotomy was 78.15%. The need for 
Achilles tenotomy in children with idiopathic clubfoot was found to 
be higher with higher initial Pirani scores [5]. David [47] found that 
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the rate of needing Achilles tenotomy increased more than fourfold for 
each unit increase in Pirani score. However, the need for tenotomy was 
not associated with negative outcomes. In several studies, clubfoot was 
found to be more common in male infants than in female infants. The 
tendon re-established continuity between the proximal plantar fascia 
just three weeks after surgery, with the ability to transmit force to the 
heel. [48] conducted a study on the Ponseti technique and compared 
two groups of residents: one group that had been properly trained in 
Ponseti casting and tenotomy and the other group that had not received 
formal training. When comparing the outcomes of clubfoot managed 
by these two groups, he observed a significantly higher frequency of 
tenotomy (p = 0.03) in the formally trained group (73.3% vs. 51.5%). 
He summarized that the increased frequency of tenotomy was a result 
of the trained group's increased confidence in performing the procedure 
after training. Sharma et al. [49] determined that higher initial Pirani 
scores correlated with higher numbers of casts and the potential need for 
tenotomy; therefore, parents of affected children should be informed that 
the treatment will be prolonged and include a minor surgical procedure. 
We would persuade surgeons who are reluctant to perform tenotomy, do 
not want to perform it, or mistakenly believe that the equinus score of 
the CTEV has been corrected when it has not, by accurately calculating 
the frequency of tenotomy in our population. Furthermore, avoidance 
of Achilles tenotomy should not be due to fear of complications arising 
from the procedure or lack of anesthesia. Limitations of the study 
include the small sample size and the descriptive nature of the study.

Decancelous Cuboid for CTEV

Hung NN. 2012 presented “Extensive soft tissue release for congenital 
clubfoot in children under 24 months of age”; and Decancellous Cuboid 
combined with selective soft tissue release [50].. The cuboid is exposed 
extraperiosteally to the dorsal surface of the foot. The exposure is 
completed by carefully identifying the cuboid calcaneocuboid joint and 
the fifth metatarsal joint by dorsiflexion and plantarflexion (without 
opening the joint capsule). A small diamond-shaped flap is created on 
the dorsal surface of the cuboid with two diameters of 5 and 8 mm (see 
Figure 46). The rectangular cuboid is gently scraped with a small curette, 
Then, internal rotation and abduction of the foot by 20°, this midfoot 
forefoot internal rotation allowed correction of the internal rotation; A 
rhombic closure was performed and fixed with a 1.5 mm Kirschner wire 
through the fifth metatarsal, cuboid, and calcaneus (Fig. 47).

The removal of the cuboid helped to avoid conflict between the cuboid 
and the calcaneus after CTEV. We did not observe any calcaneo-cuboid 
arthrosis.

Talar-scaphoid subluxation

Talar-scaphoid subluxation is more important but is often not 
recognized in young children because ossification of the scaphoid 
does not begin before the age of 2 years. Since the results of this 
standardized limited release method were satisfactory in most patients 
in the present study, complete periglenoid release in patients under 1 
year of age is only necessary if a partial scaphoid dislocation persists 
after conservative treatment. In our patients, scaphoid bursectomy of the 
superior, middle, and inferior surfaces allowed free lateral movement 
of the scaphoid over the talus, and after internal rotation and foot 
adduction, effective lateral movement of the scaphoid and improvement 
of partial scaphoid dislocation and Macnicol's opinion that the scaphoid 
joint can be fully reduced by forefoot adduction. Therefore, Simons's 
finding [34] that scaphoid-talar subluxation occurs in all cases in which 
the initial scaphoid-talar angle on AP imaging is greater than 15° and 
associated with a scaphoid-talar angle of less than 15° is useful. We 
defined scaphoid-talar subluxation according to Simson's opinion with 

92/268 feet (34.3%) in group 1 and 69/180 feet (38.3%) in group 2 
showing preoperative scaphoid-talar subluxation. At final follow-up, 
the deformity remained at 43/268 feet (16.1%) in the Ponseti group and 
15/180 feet (8.3%) in the Hung group, manifesting as talus-scaphoid 
subluxation.

Treatment of talus-scaphoid subluxation

The tarsal bones, especially the scaphoid, will develop abnormally in 
patients with clubfoot deformities, and long-term studies have shown 
marked deformity and scaphoid degeneration in adulthood. In CTEV, 
the scaphoid is medially subluxated, ossified abnormally, with persistent 
deformity and scaphoid degeneration. These abnormalities confirm the 
importance of the scaphoid in the pathological features and outcomes of 
CTEV. These studies also raise the question of whether the growth of the 
scaphoid, especially in cases of CTEV requiring surgical intervention, 
is related to outcomes. Since CTEV surgery is not a risk-free procedure, 
prognostic indicators would be useful. We are not aware of any published 
studies that have evaluated the possible prognostic significance of 
scaphoid ossification prior to surgical intervention.

Given the abnormalities in CTEV and the vulnerability to delayed 
ossification, we hypothesized that the presence of a scaphoid ossification 
center before surgery would serve as a positive prognostic indicator for 
surgical treatment of CTEV. Therefore, this case–control study aimed 
to evaluate the presence of a scaphoid ossification center in CTEV 
and assess its value in predicting the outcome of surgical treatment of 
clubfoot.

Although CTEV is a very common problem in pediatric orthopedic 
clinics and has been extensively studied, the exact etiology and 
pathophysiology of CTEV remain unclear. Proposed causes include 
genetic abnormalities, intrauterine environmental factors, and cartilage 
defects, among others.

A hallmark of CTEV is marked deformity of multiple tarsal bones, 
including the scaphoid. The scaphoid is the primary site of deformity 
and does not ossify until age 3 in girls and 4 to 5 in boys. Furthermore, 
Miyagi et al. [52] have shown that ossification of the scaphoid is 
significantly delayed in males with CVTE. This delayed ossification 
may predispose the scaphoid to compression injury, as it would 
be subjected to repetitive, abnormal compressive forces that could 
occlude the vessels of the soft ossification center, leading to abnormal 
vascularization as seen in Kohler disease. If this is true, the presence 
of a scaphoid ossification center before surgery may have prognostic 
significance, as a delay in its appearance may suggest a higher risk of 
abnormal vascularization and poor outcome. Krauspe et al. [53] showed 
in long-term follow-up that marked scaphoid deformities, including 
osteoarthritis, persisted many years after surgical intervention for CTEV. 
Although the role of the scaphoid in the pathophysiology of CTEV is not 
fully understood, it is reasonable to question its developmental status in 
relation to prognosis.

Conclusion
Clubfoot is a difficult orthopedic problem, especially in severe 

refractory cases. These cases are often associated with other congenital 
anomalies. Careful evaluation of cases to exclude association with other 
anomalies is essential to determine the direction of treatment. According 
to the Ponseti method, early postnatal treatment is beneficial. Removal 
of cancellous bone during foot correction facilitates external rotation 
of the foot without affecting the calcaneal joint. Future studies are also 
recommended, especially to find a genetic link in the cause. This may be 
helpful in minimizing or preventing complications of clubfoot.
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