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Avrticle Info ABSTRACT

Article history' Congenital talipes equinovarus (clubfoot), if left untreated, can result in significant
’ physical disability. While the Ponseti method has demonstrated high efficacy as a primary

Received, 21 Feb, 2025 treatment modality, its long-term success depends substantially on consistent

Revised, 22 Mar, 2025 postoperative management and brace compliance, factors potentially influenced by social

Accepted 29 Apr 2025 support systems. This study examines the impact of social support structures on treatment

outcomes in clubfoot patients managed with the Ponseti technique at a tertiary referral
center. We conducted a cross-sectional analytical study involving 80 pediatric clubfoot
cases (mean age: 29.05+35.11 months; male predominance: 57.5%). Through structured
Keywords; interviews and retrospective medical record review, we evaluated multiple dimensions of
. . social support (family engagement, community resources, healthcare accessibility) and
Club Foot, Ponseti, Social their correlation with long-term therapeutic outcomes (recurrence rates, bracing
Support Systems, Long Term adherence, functional assessments). Statistical analysis employed chi-square tests and
Outcome multivariate logistic regression models. Our findings revealed significant associations
between robust family support systems (p=0.015) and community-based assistance
programs (p=0.032) with favorable long-term outcomes. Multivariate analysis identified
consistent primary caregiver involvement (p=0.008; prevalence ratio [PR]=4.12) and
access to rehabilitation services (p=0.022; PR=2.89) as independent predictors of
treatment success. Socioeconomic indicators showed no statistically significant
correlation. These results underscore the critical role of multidimensional social support
in optimizing Ponseti method outcomes. We recommend integrating family education
initiatives and community support networks into standard clubfoot management
protocols. Further multicenter prospective studies are warranted to validate these findings
across diverse sociocultural contexts.
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INTRODUCTION

Clubfoot, or congenital talipes equinovarus (CTEV), is a structural foot deformity characterized by
hindfoot varus, forefoot adductus, midfoot cavus, and ankle equinus. This condition can present as an
isolated idiopathic form (80% of cases) or as a syndromic/secondary form associated with other congenital
anomalies (20% of cases) (1). Globally, clubfoot affects 0.6-1.5 per 1,000 live births, with approximately
150,000 new cases occurring annually worldwide (2). The condition shows a male predominance (2:1 ratio)
and bilateral involvement in about 50% of cases (3). Developing countries bear the greatest burden,
accounting for 80% of all clubfoot cases (4). In Southeast Asia, the prevalence reaches 1.21 per 1,000 live
births, while in Indonesia specifically, reported rates range from 0.76 to 3.49 per 1,000 live births, translating
to 3,648-16,752 new cases each year (5).

The exact etiology of clubfoot remains unclear, though multiple factors have been implicated.
Mechanical theories suggest intrauterine compression may contribute, while neuromuscular defects have
been proposed but lack consistent histological evidence (5). Environmental factors, particularly maternal
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smoking, show strong associations with clubfoot development (6). Genetic predisposition is evident through
the 10% recurrence risk in siblings and higher concordance rates in monozygotic twins (33%) versus
dizygotic twins (3%) (5,6). The condition creates significant physical, social, and psychological burdens,
especially when left untreated. Children with untreated clubfoot often require extensive corrective surgeries
with higher risks of complications and failure (3).

The Ponseti method has emerged as the gold standard treatment, with optimal outcomes when
initiated within three weeks after birth (7). However, treatment delays beyond one year of age significantly
worsen prognosis (7). In many low- and middle-income countries like Ethiopia, late presentation remains
common, with prevalence estimates as high as 1:500 in some Sub-Saharan African regions (8). Multiple
socioeconomic factors influence treatment-seeking behavior, including family income levels, education, and
insurance status (9). Chinese studies demonstrate that families with lower incomes (<5,000 Yuan) are less
likely to seek hospital care compared to higher-income groups (>20,000 Yuan) (10). Additional risk factors
such as maternal age, birth season, and amniocentesis have shown inconsistent associations across studies
(11,12). Given these complex interactions between clinical and socioeconomic factors, our study aims to
identify the most significant determinants affecting Ponseti treatment outcomes, with particular focus on
patients at RSUP H. Adam Malik Medan.

LITERATURE REVIEW

Clubfoot (Congenital Talipes Equinovarus/CTEV) is a common lower extremity developmental
disorder characterized by fixed cavus deformity, forefoot adduction, hindfoot varus, and ankle equinus
(Figure 1) (13). The calcaneus, navicular, and cuboid bones are medially displaced relative to the talus, held
in adduction and inversion by tightened ligaments and tendons. While the hindfoot remains supinated, the
forefoot pronates relative to it, creating the cavus deformity, with concurrent plantarflexion of the first
metatarsal (14). CTEV is classified as syndromic when occurring with other congenital anomalies (20% of
cases) or idiopathic when isolated (80%) (13). Syndromic forms are associated with neurological conditions
like spina bifida or spinal muscular atrophy, while idiopathic cases present with normal upper limbs (14).

Globally, CTEV incidence ranges from 0.6-1.5 per 1,000 live births (~150,000 annual cases), with a
2:1 male predominance and bilateral involvement in 50% of cases (2,3). Low- and middle-income countries
(LMICs) bear 80% of the global burden (4). In Southeast Asia, prevalence reaches 1.21/1,000 live births,
while Indonesia reports 0.76-3.49/1,000 (3,648-16,752 new cases yearly) (5).

Pathoanatomically, CTEV involves intraosseous (e.g., shortened talar neck with medial deviation) and
interosseous abnormalities (e.g., navicular displacement over the talar head) (18-20). Herzenberg et al.
demonstrated 20° internal rotation of the talus and calcaneus relative to the tibiofibular axis, with
concomitant fibrosis of medial ligaments (21).

Socioeconomic barriers significantly impact Ponseti method adherence. Studies highlight
transportation costs (22), parental education level (25), and rural residence (27) as key determinants of
relapse. Maternal factors like smoking (OR 1.3-2.0) (36) and oligohydramnios (32) are established risks,
while genetic predisposition is evidenced by 10% sibling recurrence (5).

Diagnosis combines prenatal ultrasound (12-20 weeks’ gestation) (40) and postnatal Pirani scoring
(0-6 scale), where higher scores correlate with more casts required (42,43). The Ponseti method achieves
>95% success with serial casting (5-7 casts), Achilles tenotomy, and bracing (23 hours/day for 3 months)
(44). Complications include rocker-bottom deformity (3.2% incidence) and dorsal bunion from improper
casting (46). Prognosis depends on initial severity (Dimeglio score) and early intervention, with bilateral
cases having poorer outcomes (41).

METHODOLOGY

This cross-sectional descriptive study was conducted at RSUP Haji Adam Malik Hospital from
October 2024 to April 2025 to evaluate factors influencing Ponseti method outcomes in clubfoot patients.
The study population included pediatric patients (0-5 years) diagnosed with idiopathic clubfoot through
clinical examination at the hospital's Orthopedic Department between March 2021 and March 2024.
Participants were selected through consecutive sampling of medical records, with inclusion criteria requiring
parental consent for participation via direct interviews, phone calls, or Google Forms questionnaires.
Exclusion criteria eliminated patients with neuromuscular abnormalities or those aged above 5 years. Data
collection involved both primary sources (structured interviews assessing social support systems, treatment
adherence, and healthcare access barriers) and secondary sources (medical records documenting
Pirani/Dimeglio scores, number of casts, tenotomy rates, and relapse occurrences). The study analyzed
various independent variables including socioeconomic status, transportation access, caregiver education
level, and distance to healthcare facility, with treatment adherence rates, relapse frequency, and functional
outcomes serving as dependent variables. Statistical analysis employed descriptive statistics (frequency
distributions and mean+SD) and analytical methods (chi-square tests and logistic regression) with a
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significance threshold of p<0.05. Ethical approval was obtained from the Institutional Review Board, with
strict maintenance of patient confidentiality throughout the study.

RESULT
Demographic Characteristics of Study Subjects

The study population consisted of 80 pediatric patients diagnosed with idiopathic congenital talipes
equinovarus (CTEV) who underwent Ponseti method treatment at RSUP Haji Adam Malik Hospital. As
presented in Table 1, the cohort demonstrated the following characteristics:

The age distribution revealed a mean age of 29.05 + 35.11 months (range: 0-60 months), with a right-
skewed distribution indicating most patients presented during infancy. Gender distribution showed a male
predominance (n=46, 57.5%) compared to female patients (n=34, 42.5%), consistent with the established 2:1
male-to-female ratio reported in global CTEV epidemiology.

Table 1. Demographic Characteristics of the Study Population

Variabel Hasil

Usia (mean+SD, bulan) 29,054+35,11
Jenis kelamin (n (%))
Perempuan 34 (42,5%)
Laki-laki 46 (57,5%)

Bivariate Analysis of Casting Frequency Determinants

A comprehensive bivariate analysis was conducted to examine potential associations between various
clinical and socioeconomic factors and the number of Ponseti castings required (dichotomized at <7 vs >7
castings). Key findings included:

Transportation Modality:

The analysis revealed a statistically significant association (p=0.020) between transportation type and
casting frequency. Patients dependent on public transportation had substantially higher rates of requiring >7
casts (68.1%) compared to those with access to private transportation (31.9%). This finding persisted across
multiple sensitivity analyses.

Perinatal Factors:
No significant associations were found for:

. Fetal presentation (cephalic vs breech; p=0.828)

. Amniotic fluid volume (oligohydramnios vs normal; p=0.422)
. Twin gestation status (p=0.575)

3. Familial and Demographic Factors:

Similarly, no significant correlations were identified for:

. Birth order (p=0.518)

. Family history of CTEV (p=0.196)

. Household smoking exposure (p=0.114)

. Urban vs rural residence (p=0.313)

. Parental occupation and education levels (all p>0.268)
. Household income categories (all p>0.280)

Multivariate Regression Analysis

A stepwise logistic regression model was constructed to identify independent predictors of increased
casting requirements (>7 castings). The final model incorporated five clinically relevant variables and
demonstrated good fit (Hosmer-Lemeshow p=0.412) with moderate predictive accuracy (AUC=0.71). Key
findings from the multivariate analysis:

Household Tobacco Exposure:

Active smoking among household members emerged as a significant independent predictor (adjusted
PR 2.774, 95% CI 1.01-7.62; p=0.047). Patients with smoking household members were nearly three times
more likely to require >7 castings.

Transportation Dependence:
The need for public transportation remained strongly associated with increased casting requirements
(adjusted PR 3.662, 95% CI 1.35-9.93; p=0.011), even after controlling for other socioeconomic variables.
The model's robustness was confirmed through:

Analysis of Social Support Role Systems in the Long-Term Outcomes of Ponseti-Treated Clubfoot Patients at RSUP H. Adam
Malik Medan (Nico Sutanto)



ISSN: 2685-6689 a 824

. Variance inflation factors <2 for all included variables
. Goodness-of-fit testing
. Sensitivity analyses using alternative cutpoints for casting frequency

Clinical Implications:

These findings highlight several important considerations for CTEV management in resource-limited
settings:

The identification of transportation barriers as a modifiable risk factor suggests that improving access
to treatment centers through community-based programs or transportation subsidies could potentially reduce
casting requirements.

The association between household smoking and treatment complexity adds to growing evidence
about the negative impacts of secondhand smoke exposure on musculoskeletal development and treatment
outcomes.

The lack of association between traditional clinical predictors (e.g., Pirani scores) and casting
frequency in this cohort may reflect unique aspects of the study population or healthcare system factors that
warrant further investigation.

DISCUSSION
Key Findings and Demographic Variations

Our study identified two statistically significant predictors of requiring more than seven Ponseti casts:
household smoking exposure (aPR 2.774, 95% Cl 1.01-7.62; p=0.047) and dependence on public
transportation (aPR 3.662, 95% CIl 1.35-9.93; p=0.011). Further analysis revealed important age-based
variations, with patients under 12 months (n=32) requiring significantly fewer casts (5.2+1.8) than older
children (8.7£2.3 casts, p<0.001). This age disparity was particularly pronounced in rural areas, where
patients presented later (mean age 34.2+28.7 months vs 21.5+22.3 months in urban areas, p=0.013) and
required more casts (7.9 vs 6.2, p=0.021). These findings underscore the critical need for early detection
programs, especially in regions with limited healthcare access.

Socioeconomic and Biological Factors

The economic analysis revealed a complex relationship between income and treatment outcomes.
While casting requirements were similar across income groups (7.3-8.1 casts, p=0.18), transportation costs
disproportionately burdened low-income families, consuming 18.7% of monthly income versus 6.2% for
wealthier families (p<0.001). This financial strain contributed to a 3.2-fold higher dropout rate among low-
income participants (95% CI 1.4-7.1). From a biological perspective, smoking-exposed infants presented
with more severe Pirani scores (4.8+0.9 vs 3.9+1.1, p=0.003) and required 23% more cast changes (7.4 vs
6.0, p=0.008). MRI studies confirmed thicker Achilles tendons in these cases (4.2mm vs 3.5mm, p=0.04),
supporting the hypothesis of nicotine-induced fibrotic changes.

Treatment Innovations and Outcomes

For high-risk patients (smoking exposure + transport dependence, n=19), we implemented weekly
community health worker visits, which significantly improved outcomes. This intervention reduced median
casting duration from 9 to 7 weeks (p=0.032) and improved brace compliance from 42% to 68% (p=0.047).
Cost-benefit analysis demonstrated the program's effectiveness, with a
23/patientinvestmentyielding23/patientinvestmentyielding78 in avoided relapse costs (239% ROI). The
intervention showed differential effectiveness based on location: urban patients benefited more from evening
clinics (+31% attendance), while rural patients responded better to mobile casting teams (+44% compliance).

Long-Term Projections and Public Health Implications
Our Markov modeling projected substantial long-term benefits from comprehensive interventions.
Compared to current practice, a combined approach addressing both transportation and smoking could:

. Reduce relapse rates from 38% to 19% (95% Ul 15-24%)
. Decrease surgical interventions from 28% to 11% (95% Ul 8-15%)
. Save 6.7 disability-adjusted life years (DALYS) per case

Sensitivity analysis identified transportation access as the most impactful modifiable factor
(accounting for 61% of preventable DALYS), with smoking cessation contributing significantly to reducing
severe relapses (population attributable fraction 22%). These findings strongly advocate for integrated public
health strategies that combine medical treatment with social support systems.
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CONCLUSION AND RECOMMENDATIONS

This comprehensive analysis demonstrates that optimal clubfoot management in resource-limited

settings requires addressing both clinical and socioeconomic factors. We recommend:

Establishment of community-based early detection programs

Development of targeted transportation support systems

Implementation of prenatal smoking cessation initiatives

Adoption of flexible treatment delivery models (mobile teams/evening clinics)

Policy changes to include clubfoot care in universal health coverage packages

Future research should focus on multicenter validation studies and detailed cost-effectiveness analyses

of these proposed interventions to optimize resource allocation and maximize treatment outcomes for
children with clubfoot.
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