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ARTICLEINFO ABSTRACT

Keywords: Congenital Talipes Congenital Talipes Equinovarus (CTEV), also
Equinovarus, Causes, known as clubfoot, is a common congenital
Treatments, Long Term orthopedic disorder characterized by a downward
Outcomes

and inward rotation of the foot. Causes are divided
into idiopathic which usually occurs alone without
other disorders and non-idiopathic, which are
associated with genetic syndromes, chromosomal
abnormalities, or neuromuscular disorders.
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with the globally recognized Ponseti method being
the primary option, involving staged manipulation
and cast placement, and, if necessary, Achilles
tenotomy and bracing to maintain the correction. In
cases with severe deformity or when non-operative
measures are unsuccessful, surgical procedures
such as tendon transfers or soft tissue releases may
be considered. Long-term results of Ponseti
therapy are generally excellent, both functionally
and aesthetically, although ankle stiffness or
radiological changes may persist. Although
recurrence, especially in non-idiopathic cases, is
not uncommon, most children can maintain
adequate leg function without extensive surgery,
especially with adherence to braces.
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INTRODUCTION

Congenital talipes equinovarus (CTEV), more commonly known as
clubfoot, is a congenital deformity characterized by an inward, downward-
turning position of the foot. This condition results in a characteristic foot
orientation, often described as resembling a handstand, with adduction (pointing
toward the midline of the body), supination (outward rotation), and varus
(inward-angled heel). This deformity is present at birth and typically involves an
inversion of the entire foot, an elevated heel, and an adducted forefoot. This
abnormal position is caused by structural abnormalities of the bones, tendons,
and ligaments of the foot and ankle, including a shortened Achilles tendon and
medial soft-tissue contractures that restrict normal movement. Affected feet
typically appear smaller than normal and may be accompanied by a cavus
deformity (high arch).

Clubfoot (CTEV) involves musculoskeletal abnormalities distal to the knee,
affecting the foot, ankle, hindfoot, and midfoot. These abnormalities involve not
only bony malposition but also significant soft-tissue contractures of the tendons
and ligaments, resulting in an abnormally fixed foot position. The talus is
abnormally shaped and positioned, while the calcaneus, navicular, and cuboid
bones are rotated medially relative to the talus. This combination of bony
deformity and soft-tissue tension results in an inward and downward twisting of
the foot. Clubfoot can be idiopathic (isolated) or syndromic if accompanied by
other congenital abnormalities. This condition occurs in approximately 1 to 2 per
1,000 live births and affects both feet in nearly half of cases. Early orthopedic
treatment, such as the Ponseti method, which involves gradual cast placement
and the use of braces, is crucial to correct the deformity and prevent long-term
disability.

Evaluation of mid- and long-term functional outcomes in congenital talipes
equinovarus (CTEV) is crucial given the complex impact this condition has on
foot structure and gait mechanics. CTEV, more commonly known as clubfoot,
affects biomechanical components of the gait pattern, including the heel strike,
mid-stance, swing, and toe-off phases, often leading to gait abnormalities,
particularly in unilateral cases where imbalance is present. The severity of CTEV
is associated with potential gait impairment and functional limitations, with
more severe deformities typically requiring additional surgical intervention
beyond initial treatment such as the Ponseti method. Recurrence rates and the
need for further surgical correction are of major concern, particularly in bilateral
and severe cases. Beyond physical aspects, psychosocial effects are also
noteworthy, including reports of learning and attention deficits in some children
with bilateral CTEV. Therefore, comprehensive long-term monitoring is essential
to address both orthopedic outcomes and child development.

Despite this, patient and parent satisfaction with treatment outcomes is
generally high, with studies showing satisfaction rates exceeding 85%,
particularly when intervention is early and appropriate. Parental education
about the condition plays a crucial role in treatment adherence, particularly
regarding post-correction brace use. However, counseling regarding prognosis
and potential complications remains crucial to provide realistic expectations and
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prepare families for potential medium- and long-term effects, including gait
abnormalities and relapse. Effective counseling also supports informed decision-
making and psychosocial adjustment, contributing to overall treatment success.
Developing standardized outcome measures, both through patient reports and
clinical assessments with a minimum of five years of follow-up, aims to improve
the consistency and quality of CTEV management and research, ultimately
improving long-term functional outcomes and quality of life for affected
children.

LITERATURE REVIEW

Congenital talipes equinovarus (CTEV), also known as clubfoot, is a
relatively common congenital musculoskeletal disorder characterized by foot
deformities including cavus, adductus, varus, and equinus positions.
Epidemiologically, CTEV occurs in approximately 1 to 2 per 1,000 live births
worldwide, with variations depending on geographic and ethnic populations.
For example, the incidence ranges from approximately 0.3 per 1,000 in China to
6-7 per 1,000 in Polynesian populations, with an estimated global prevalence of
approximately 1.18 per 1,000 births. This disorder is more common in males, with
a male-to-female ratio of approximately 2:1 to 2.5:1. CTEV can occur unilaterally
or bilaterally, with both feet involved in approximately half of cases. Most cases
(approximately 80-95%) are idiopathic, while the remainder are associated with
other syndromes or disorders. Risk factors include a genetic predisposition,
supported by family history and twin studies, as well as environmental factors
such as maternal smoking and low birth weight. This deformity can often be
detected antenatally through ultrasound, even as early as the second trimester,
although a definitive diagnosis is usually made after birth, within the first few
weeks to months of life.

Demographically, CTEV is found worldwide, with a higher incidence in
low- and middle-income countries, particularly in Southeast Asia and Africa,
where rates can reach or exceed 1.5 per 1,000 live births. Studies indicate that
males are affected approximately twice as often as females; this difference is
sometimes explained by the Carter effect theory, which states that females
require a higher genetic load to manifest the disorder, but can pass predisposing
genes to their offspring. The deformity can affect one foot (unilateral) or both feet
(bilateral), with the right foot being more frequently affected in unilateral cases.
Diagnosis is often made antenatally through routine ultrasound screening, which
can identify the characteristic foot position, but definitive assessment and
diagnosis generally occur after birth, usually within the first year of life. Early
diagnosis is crucial for timely intervention to prevent long-term disability. These
epidemiological data also confirm that the etiology of CTEV is multifactorial,
involving complex patterns of genetic inheritance and environmental influences,
and emphasize the importance of demographic studies in health service planning
and resource allocation for effective treatment strategies.
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METHODOLOGY

A literature review methodology was utilized in this study. The review
explored the following aspects of CTEV: definition, epidemiology, etiology
and predisposing factors, pathological anatomy, pathogenesis, clinical
manifestations, diagnostic approaches, and management strategies. Electronic
searches were conducted in bibliographic databases, including PubMed,
ProQuest, ScienceDirect, and Google Scholar, employing the following search
terms: "Congenital Talipes Equinovarus", "Incidence and prevalence of
Congenital Talipes Equinovarus", "Etiology of Congenital Talipes Equinovarus",
"Clinical Manifestation of Congenital Talipes Equinovarus", "Diagnose of
Congenital Talipes Equinovarus", "Management and Treatment of Congenital
Talipes Equinovarus", and "Pathophysiology of Congenital Talipes
Equinovarus." Abstracts of potentially relevant articles were subsequently
screened, and conclusions were synthesized based on the themes presented in
the selected articles. Both Indonesian and English language publications were
considered.

RESEARCH RESULT AND DISCUSSION
Etiology

Chen et al. presented a comprehensive summary of the risk factors
associated with the etiology of Congenital Talipes Equinovarus (CTE), more
commonly known as clubfoot. Through a meta-analysis and systematic review
of 42 studies, this research successfully identified several significant risk factors
that increase the likelihood of clubfoot in children. Family history showed the
strongest association, with an Odds Ratio (OR) of 7.80, indicating a significant
genetic predisposition. In addition, smoking habits in both mothers (OR = 1.65)
and fathers (OR = 1.72) were both associated with an increased risk of clubfoot.
Maternal obesity, as measured by a body mass index (BMI) greater than 30, was
also noted to increase the chance of this disorder (OR = 1.46). Amniocentesis
procedures undergone by the mother during pregnancy were associated with an
increased risk (OR = 2.08) when compared with other procedures. The risk also
increased in mothers exposed to Selective Serotonin Reuptake Inhibitors (SSRIs),
particularly paroxetine (OR = 4.26) and sertraline (OR = 1.9), as well as SSRI use
in general (OR =1.78).

Other factors that are no less important are male gender in infants who have
a higher risk (OR = 1.68), and Australian Aboriginal race which is also classified
as a higher risk (OR = 2.35) compared to Caucasian individuals. Several other
factors such as single maternal status (OR = 1.17), gestational diabetes (OR =
1.40), nulliparity (OR = 1.32), breech position of the baby during pregnancy (OR
= 1.65), twin or more pregnancies (OR = 1.59), and the occurrence of
oligohydramnios (OR = 1.51) also increase the chance of clubfoot. However, the
results of this study also showed that high parity (para 3, gravidas 2, 3, or more
than 4) and Asian or African descent were actually associated with a statistically
significant decrease in the risk of clubfoot. Overall, the etiology of clubfoot is seen
as the result of a multifactorial interaction, involving a complex role between
genetic and environmental factors. Based on the findings of this study, the most
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clinically relevant risk factors include family history, parental smoking, maternal
obesity, amniocentesis procedures, and exposure to certain SSRIs.

Herceg et al. addressed the etiology of idiopathic congenital talipes
equinovarus (clubfoot) by examining possible underlying neuromuscular causes
of the condition. The study involved the analysis of muscle biopsies from 95 feet
from 68 patients, with particular attention to the gastrocnemius, abductor
hallucis, flexor digitorum longus, flexor hallucis, and tibialis posterior muscles.
A total of 431 muscle specimens were analyzed, with 95 undergoing
histochemical and electron microscopic examination. The results showed that the
majority of muscle specimens (86.3%) showed no neuromuscular pathology,
characterized by a normal muscle fiber type ratio and the absence of type I fiber
clustering, a common indicator of neuromuscular disorders. Only a small
proportion of specimens (0.9%) showed a predominance of type I fibers, and
12.8% showed muscle fiber atrophy. Based on these findings, the researchers
concluded that primary neuromuscular abnormalities are not a significant factor
in the etiology of idiopathic talipes equinovarus. Therefore, although clubfoot is
a common condition and its causes are not fully understood, its origins do not
appear to be related to neuromuscular pathology in the muscles involved.

Pathogenesis

The pathogenesis of Congenital Talipes Equinovarus (CTEV), better known
as clubfoot, is a complex congenital disorder characterized by a downward-
turned foot position. This abnormality is present at birth and occurs in
approximately 1 in every 700 to 1,000 live births worldwide. The pathogenesis of
CTEV is not fully understood, but it is generally believed to involve multifactorial
factors, namely a combination of genetic and environmental factors that disrupt
the normal development of the fetal foot.

From a genetic perspective, there is strong evidence to suggest a hereditary
component to CTEV. Research, including twin studies, has shown a significantly
higher degree of concordance in monozygotic twins compared to dizygotic
twins, indicating a genetic predisposition. Family history is a significant risk
factor, with up to 54% of cases in some populations having a family member with
CTEV. The inheritance pattern of this disorder does not follow the classic
Mendelian pattern, and is thought to involve a complex interaction of several
genes. Genes suspected of playing a role include those related to limb formation,
such as PITX1, HOXA, HOXD, TBX4, and RBM10, as well as genes related to
muscle contraction. This disorder is believed to arise from disruptions in the
developmental processes that regulate the formation of bones, joints, connective
tissue, muscles, and the nervous system in the lower limbs.110.11

Environmental factors also play a significant role in the pathogenesis of
CTEV. Several factors have been linked to an increased risk, including maternal
smoking during pregnancy. Other possible contributing factors include limited
intrauterine space, infections, exposure to certain medications, and placental
abnormalities. The mechanical or positional hypothesis, which suggests that
restricted fetal movement due to intrauterine pressure causes this abnormality,
remains controversial and has not been conclusively supported, particularly
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since CTEV can be detected as early as the second trimester, before uterine
pressure becomes significant.

Pathophysiologically, CTEV involves abnormal shortening and stiffness of
the muscles, tendons, and ligaments in the medial and posterior portions of the
foot. This results in characteristic deformities: hindfoot varus (inward-turning of
the heel), forefoot adductus (inward-turning of the front of the foot), cavus (high
medial arch), and equinus (plantar flexion of the ankle). These changes result
from abnormal musculoskeletal development and possible disruption of the
processes of apoptosis and remodeling during fetal development. As a result, the
foot becomes stiff and fixed in an abnormal position, which, if left untreated, can
lead to serious limitations in mobility and function.
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Figure 1. Etiological factors in Congenital Talipes Equinovarus (CTEV)
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Figure 2. Model of the integration of Wnt and BMP signaling pathways by
Axinl
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(A) In the absence of Wnt stimulation, p-catenin is degraded by the
destruction complex. Smad5 is also degraded by the Axinl-mediated destruction
complex. (B) In the presence of Wnt ligands or the absence of Axinl, degradation
of B-catenin and pSmad5 is inhibited, resulting in activation of (-catenin and
BMP/pSmad5 signaling. Captions: BMP (bone morphogenetic protein), APC
(adenomatous polyposis coli), GSK-3 (glycogen synthase kinase-3), DVL
(disheveled), p-TrCP (beta-transducin repeats-containing protein), TCF
(transcription factor)
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Figure 3. Morphogenic signaling pathways that activate Hox genes along with
molecular interactions and cellular dynamics of CTEV in intrinsic apoptosis

SYNS type phenotype

(A) SMAD1/5/8 phosphorylated via the canonical BMP pathway forms a
stable complex with pB-catenin and LEF1 in the posterior HOX gene promoter
region, and regulates their expression with the help of Cdx family members.
Mutations in this pathway can cause congenital disorders such as Congenital
Talipes Equinovarus (CTEV). (B) Induction of the pro-apoptotic BCL2 family
leads to MOMP, which triggers cell death. MOMP releases pro-apoptotic
proteins such as CYCS and SMAC into the cytosol, where CYCS forms the
apoptosome with APAF1, dATP, and pro-CASP9, which then activates CASP9.
CASP9 then activates the executioner caspases CASP3 and CASP7, with the
support of SMAC inhibiting apoptosis inhibitory proteins of the IAP family.
Description: BMP (bone morphogenetic protein), HOX (homeobox), CTEV
(congenital talipes equinovarus), MOMP (mitochondrial outer membrane
permeabilization), LEF1 (lymphoid enhancer binding factor 1), BCL2 (B cell
lymphoma 2), CYCS (cytochrome ¢, somatic), SMAC (second mitochondria-
derived activator of caspase), APAF1 (apoptotic protease-activating factor 1),
dATP (deoxyadenosine triphosphate), CASP3/7/9 (caspase 3/7/9), pro-CASP9
(pro-caspase 9), XIAP (X-linked inhibitor of apoptosis).
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Figure 4. Schematic showing the structure of muscle at various levels of
organization

(A) Thick and thin filaments are arranged in a symmetrical lattice. Each
thick filament is surrounded by 6 thin filaments. (B) Muscle anatomy. (C) Thin
filaments consist of actin, nebulin, tropomyosin, and the troponin complex
(troponin I, T, and C). (D) Troponin complex.

Diagnosis

Diagnosis of Congenital Talipes Equinovarus (CTEV), better known as
clubfoot, is a congenital disorder characterized by the position of the foot that
turns inward at the ankle, causing the foot to be bent in an abnormal position.
This disorder can affect one or both feet, with the characteristic foot being fixed
in a combination of deformities such as cavus (high arch), adductus (inward
rotation), varus (inward tilt of the heel), and equinus (downward pointing of the
foot). The incidence of CTEV varies globally, generally ranging from 0.5 to 3.5
cases per 1000 live births, with a higher prevalence in males.

Diagnosis of CTEV can be made both prenatally and postnatally. Prenatal
diagnosis is increasingly performed through routine ultrasound examinations,
usually performed around 20 weeks of gestation. Ultrasonography can detect
characteristic foot deformities, allowing for early identification and counseling of
parents. However, assessing the severity of this abnormality during fetal
development is often difficult, and some cases detected antenatally are mild and
do not require treatment after birth. Studies have shown that although there are
no false-positive cases with ultrasound diagnosis, a significant number of
diagnosed feet do not require treatment, reflecting the variation in clinical
severity.

Postnatal diagnosis is primarily clinical and relatively straightforward. The
affected foot appears turned inward and pointed downward, with limited range
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of motion due to abnormalities in soft tissues such as tendons, ligaments, and
muscles. The Achilles tendon is typically shorter and tighter, leading to an
equinus deformity. A physical examination will reveal the foot fixed in a "hand"
position with a combination of adduction, supination, and varus. A medical
history should also be reviewed, including any family history of clubfoot or
neuromuscular disorders, as well as maternal factors such as smoking, alcohol
consumption, or diabetes, which may contribute to this condition.

The etiology of CTEV is multifactorial and not fully understood. Several
hypotheses have been proposed, including mechanical factors such as fetal
position in the uterus or uterine space restriction, vascular abnormalities
affecting blood supply to the developing legs, neurological dysfunction, and
genetic predisposition. Genetic factors are found in 24-50% of cases, depending
on the population studied, suggesting a significant hereditary component.
Environmental influences and developmental abnormalities in connective tissue,
muscle, and bone also contribute to the pathogenesis. However, no single cause
can explain all cases, and it is likely that this disorder arises from an interaction
between genetic and environmental factors.

Figure 5. Front and rear views of idiopathic congenital Congenital Talipes
Equinovarus (CTEV)
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Figure 6. CTEV Weight
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Figure 7. Pirani score for CTEV
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Note: This scale consists of 6 items, where each item has a score of 0 to 1
(0 if normal, 0.5 if there is mild-moderate deformity, 1 if there is severe
malformation); the higher the score, the more severe the deformity.
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Management

Macnicop et al. reviewed the management of congenital talipes
equinovarus (CTEV), or clubfoot, in Scotland from 1993 to 1997. This audit
revealed significant variation in the conservative and surgical approaches
employed across healthcare facilities. In this study, all children diagnosed with
CTEV underwent conservative management as an initial step. The most
commonly used method involved adhesive strapping, which was applied for an
average duration of 17 weeks. The use of adhesive strapping as initial therapy
appears suboptimal, given the high rate of subsequent surgical need, at 69% in
boys and 76% in girls.

Furthermore, Plaster of Paris (POP) casts are often used after strapping,
with an average duration of 24.1 weeks. This method is also not without its
problems, with a significant percentage of children ultimately requiring surgery,
at 42% in boys and 63% in girls. Meanwhile, the use of Denis Browne splints and
custom shoes, especially after strapping therapy, showed the longest duration of
conservative treatment, averaging 57.1 weeks. Interestingly, this method
correlated with the lowest rate of need for surgery, at only 14% for boys and 33%
for girls. These findings indicate that long-term conservative therapy with Denis
Browne splints and custom shoes can effectively reduce the need for further
surgical intervention.

Although all patients underwent conservative therapy initially, more than
half (563.3%) ultimately required further surgical intervention. The most common
surgical procedures were posterior or posteromedial releases. In some cases,
reoperation was necessary to correct residual deformities, including the need for
repeat releases. Other sporadic procedures included isolated Achilles tendon
lengthening. Additionally, a small number of children received llizarov frames
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as a primary intervention after one year of conservative treatment. It is
noteworthy that no bony procedures were recorded during this audit.

One of the key challenges identified in this audit is the absence of a widely
applied standardized approach to the management of CTEV. The audit also
emphasized that the paucity of comparative studies means that neither the most
effective treatment method nor the optimal duration of conservative therapy can
be definitively established. Management variations often depend more on the
geographic location of services and local clinical practices than on standardized
considerations of deformity severity. Therefore, the authors of this document
highlight the urgency of developing a universally accepted classification of CTEV
and the importance of conducting long-term, multicenter, prospective studies to
determine the most effective management strategies for CTEV.

Output

Viaris de le Segno et al. reviewed the results of prenatal diagnosis of
clubfoot in depth. This retrospective study, conducted at a tertiary care center in
France, aimed to evaluate the incidence of chromosomal abnormalities,
associated findings, and pregnancy outcomes in clubfoot cases identified by
prenatal ultrasound. The authors emphasized the importance of prenatal
diagnosis in parental counseling and postnatal care planning. The study
differentiated clubfoot into “complex” cases, defined as clubfoot accompanied by
other structural abnormalities, and “isolated” cases, defined as clubfoot without
additional structural abnormalities. This distinction suggests that the presence of
additional defects likely influences the patient's clinical outcome. This study
seeks to broaden the understanding of the prognosis of clubfoot following
prenatal diagnosis, thus providing the basis for multidisciplinary management
and appropriate education for patients and their families.

Mishima et al. reviewed the outcomes of idiopathic clubfoot management,
focusing primarily on the recurrence of stiffness following treatment with the
Ponseti method. This study sought to identify early radiographic risk factors that
could be used to predict the likelihood of recurrence. Recurrence of stiffness in
clubfoot patients is a significant negative outcome, as it often requires more
extensive surgical intervention, such as soft tissue release, than is typically
performed with initial Ponseti treatment. This study aims to improve the long-
term outcomes of clubfoot therapy by enabling clinicians to identify feet at risk
of stiffness recurrence earlier. This allows for more timely and appropriate
intervention, potentially minimizing the need for extensive soft tissue release
surgery.

Zhao et al. provide an in-depth review of the outcomes of clubfoot
management, focusing on the risk of recurrence after treatment using the Ponseti
method. In this study, the authors highlight that recurrence remains a significant
challenge in some clubfoot cases that have undergone Ponseti correction. This
study specifically examines various factors that can be used to predict the
likelihood of recurrence. Several key aspects are highlighted in the discussion,
including the initial Pirani score, which reflects the severity of the deformity at
the time of diagnosis and is considered an important predictor of the risk of
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recurrence. Furthermore, the number of dressings required during the correction
process is considered an indicator of the course of treatment and its relationship
to the likelihood of deformity recurrence is also evaluated. Post-correction
bracing compliance is also a concern, as this factor has been shown to play a
significant role in preventing clubfoot recurrence; this paper implicitly
underscores the importance of continued brace use for long-term success. This
study also introduced a new parameter, the Ratio of Correction Improvement
(RCI), calculated by dividing the initial Pirani score by the number of dressings
used, to assess its validity and predictive value in determining the risk of
recurrence. Overall, the primary objective of Zhao et al.'s study was to identify
and validate prognostic factors that can be used to predict the likelihood of
recurrence, thereby influencing the optimization of long-term outcomes of
clubfoot treatment using the Ponseti method.

Schelven et al. discussed the management of idiopathic clubfoot, focusing
on the recurrence of the deformity after initial correction using the Ponseti
method. This study explained that the recurrence rate after Ponseti treatment
varies widely, ranging from 26 % to 48%. This study systematically identified and
assessed clinically relevant prognostic factors in predicting recurrence. The
authors emphasized that a thorough understanding of these prognostic factors is
crucial for predicting treatment outcomes and guiding appropriate management
strategies. This study also provides a comprehensive overview of these
prognostic factors, which is expected to assist clinicians in managing patients
more effectively and reducing the likelihood of recurrence after Ponseti therapy.
One important aspect analyzed was non-compliance with brace use,
demonstrating the crucial role of compliance in the overall success of the Ponseti
method.

CONCLUSIONS AND RECOMMENDATIONS

Congenital Talipes Equinovarus (CTEV), or clubfoot, is a congenital
orthopedic disorder in which the baby's foot is turned inward, making it difficult
to walk. Its etiology can be multifactorial —involving genetic factors, the
environment during fetal development, and neuromuscular disorders—and is
divided into idiopathic cases and those associated with specific disorders or
syndromes. Current treatment strategies largely prioritize non-operative
methods, with the Ponseti method being the global standard of care due to its
effectiveness in correcting the deformity through serial repositioning and cast
application, followed by a maintenance phase with a brace to prevent recurrence.
This method has proven highly effective in idiopathic cases, with a satisfaction
rate of 88-90%. However, post-correction lower limb stiffness may still be present,
especially in non-idiopathic cases or those with genetic syndromes, which tend
to have a higher recurrence rate and require long-term monitoring and often
multidisciplinary management. Surgery itself is only indicated in certain cases
that do not respond to conservative methods, but long-term outcomes are often
associated with complications such as stiffness and pain. Thanks to early
management and advances in non-operative techniques, the prognosis for CTEV

4449



Rizki, Basar

is now improving, with functional outcomes approaching normal with careful
monitoring and treatment protocols.

ADVANCED RESEARCH

Future advanced research on Congenital Talipes Equinovarus (CTEV)
should focus on integrating genomics, biomechanics, and artificial
intelligence to improve both diagnosis and treatment outcomes. Emerging
genetic studies suggest the involvement of multiple candidate genes such as
PITX1, HOX clusters, and TBX4, yet their exact functional mechanisms remain
poorly defined, requiring large-scale genome-wide association studies and
molecular pathway analyses. In parallel, the development of three-
dimensional gait analysis and computational foot modeling can provide
objective insights into long-term functional outcomes, surpassing the
limitations of conventional clinical scoring systems like the Pirani scale.
Furthermore, machine learning algorithms have the potential to predict
recurrence risk by combining clinical data, radiological parameters, and
treatment adherence patterns, enabling personalized interventions.
Collaborative multicenter longitudinal studies, incorporating patient-
reported outcomes and quality-of-life measures, are essential to establish
standardized global benchmarks for CTEV management. Ultimately,
translational research that bridges molecular biology, advanced imaging, and
predictive analytics will pave the way for precision medicine in the
management of clubfoot.
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