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Abstract

Background: Clubfoot is a common congenital deformity that responds well
to early treatment. However, delayed presentation remains a major challenge in
low-resource settings. This study aimed to estimate the proportion of delayed
presentation of clubfoot and identify associated barriers in the North and Far North
regions of Cameroon.

Methods: We conducted a retrospective cross-sectional study using medical
records of children aged 0-17 years diagnosed with clubfoot between January
2014 and August 2025, complemented by community and health worker surveys.
Delayed presentation was defined as first presentation after 12 months of age.
Descriptive statistics were used to summarize demographic, clinical, and health
system characteristics.

Results: A total of 76 children were included. Late presentation was high, affecting
68.1 % (32/47) of cases in the North and approximately 58.6 % (17/29) in the Far
North. Most children are presented between 1 and 3 years of age, often with severe
deformities (79%) and high Pirani scores (81% scoring 6). The majority (81%,
38/47) had no prior treatment before presentation in the North region. The Ponseti
method was the main treatment (83%, 52/63), but splint provision was low (24%,
15/63), and follow-up documentation was poor, with 92% missing data on splint
compliance. Appointment adherence varied by region, with higher adherence in the
Far North (75%) compared to the North (13%), though correction rates remained
modest.

Key barriers included low caregiver awareness (75%), lack of information on
services (70%), high cost of care (62%), long distance to facilities (46% living >10
km), and cultural preferences for traditional treatment. Health system gaps included
absence of screening programs (60%) and limited trained personnel (33%).

Conclusion: Delayed presentation of clubfoot is common and driven by multiple
interacting factors. Improving outcomes requires coordinated interventions focused
on community awareness, access to care, health worker capacity, and adherence to
treatment protocols.

Keywords: Clubfoot; Delayed presentation; Awareness; Health system barriers;
Early detection; Cameroon.

Introduction

Congenital talipes equinovarus (clubfoot) is among the most common serious
musculoskeletal birth defects worldwide, with a global incidence estimated at
approximately 1-2 per 1,000 live births, corresponding to 150,000-200,000 new
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cases annually. The majority (about 80%) of affected children
are born in low- and middle-income countries (LMICs) [1, 2].
Clubfoot occurs more often in males and may affect both feet
in 30-50% of cases [3].

The deformity includes hindfoot equinus, hindfoot varus,
midfoot cavus, and forefoot adduction [4, 5]. Without timely
treatment, the deformity persists into adulthood and may
cause progressive disability, pain, abnormal gait, difficulty
walking, reduced quality of life, and secondary skin and
soft tissue complications [6-8]. Its causes are multifactorial,
involving both genetic and environmental factors, including
early amniocentesis and oligohydramnios during pregnancy
[7-9].

Early diagnosis and treatment, particularly using the
Ponseti method, can achieve excellent correction and prevent
long-term disability [10]. However, many children in LMICs,
including Cameroon, present late for care, often after the best
period for non-surgical correction [11]. Late presentation
increases the risk of complex treatment, residual deformity,
lifelong disability, stigma, and exclusion from school and
community life [12].

In Cameroon, clubfoot prevalence is estimated at 1.11
per 1,000 live births, or about 1,000 new cases annually [13].
However, these estimates are largely extrapolated and may
not reflect the burden in underserved areas. The North and
Far North regions face poverty, geographic isolation, limited
health infrastructure, and poor access to specialist services,
all of which may delay diagnosis and treatment [14, 15].

This lack of evidence represents a major knowledge
gap. Existing studies have mainly focused on urban referral
centers in southern and western Cameroon, where Ponseti
treatment outcomes have been documented but referral
bias may underestimate the national burden [13]. This gap
limits planning, resource allocation, advocacy, and the
design of locally appropriate interventions. Therefore, this
study is needed to determine the occurence and profile of
late-presenting clubfoot in northern Cameroon and to guide
strategies for early detection, timely referral, and improved
long-term outcomes.

Methodology

We conducted a retrospective cross-sectional study to
estimate the occurence of delayed presentation of clubfoot and
describe associated factors in the North and Far North regions
of Cameroon from 2017 to 2025. The study was carried out
in selected health facilities providing clubfoot care and in
surrounding communities involved in case identification
and referral. The study population included children aged
0-17 years with a confirmed diagnosis of congenital talipes
equinovarus (clubfoot) recorded between January 2017 and
August 2025. Children were included if their age at first
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presentation and place of residence were documented, while
records with missing age at presentation were excluded from
prevalence estimation. Community participants included
caregivers of affected children, community health workers,
and key informants involved in care pathways.

The study defines delayed presentation as first contact
after 12 months of age. Health facilities were selected
using a stratified approach based on service availability
and geographic coverage, while community participants
were purposively selected to capture key actors involved in
care-seeking and referral. Data was collected from medical
records and through structured questionnaires administered
to community members and health professionals. Trained
data collectors used standardized tools (kobo collect) to
extract information on demographic characteristics (age,
sex, residence), clinical features (laterality, severity, Pirani
score, and type of clubfoot), age at presentation, previous
treatment history, and distance to health facility. Additional
information on knowledge, attitudes, care-seeking behavior,
and perceived barriers to early diagnosis was obtained from
survey responses.

Data was cleaned and analyzed using Stata. Descriptive
statistics were used to summarize all variables. Categorical
variables were presented as frequencies and percentages,
while continuous variables were summarized using means and
standard deviations. The prevalence of delayed presentation
was calculated as the proportion of children presenting after
12 months among all identified clubfoot cases. Findings were
reported overall and stratified by region where appropriate.
Missing data was reported explicitly, and analyses were
based on available data.

Ethical approval was obtained from the Regional Ethics
Committee for Human Health Research (IRB2025-97), and
administrative authorization was secured from participating
institutions. Data was anonymized prior to analysis,
and informed consent was obtained from all community
participants before data collection. Study was carried out in
accordance with the declaration of Helsinki on the ethics of
human research.

Results

Baseline Characteristics of Children Presenting with
Late-Diagnosed Clubfoot

Across both regions, most children presented between
1 and 3 years (40.8%), indicating delayed detection early
in life, with an overall mean age of 4.8 + 3.3 years. There
was an overall male predominance 39 (51.3%). Close to
half of children 35 (46.1%) lived over 10 km from a health
facility, highlighting significant geographic barriers to early
diagnosis. (Table 1).
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Table 1: Baseline Characteristics of Children Presenting with Late-Diagnosed Clubfoot

Variable Category North (n = 47), (%) Far North (n = 29), (%) Overall (N = 76), (%)
Age at presentation (years) 1-3 13 (27.7) 18 (62.1) 31 (40.8)
4-6 10 (21.3) 5(17.2) 15 (19.7)
7-9 8 (17.0) 2(6.9) 10 (13.2)
10-12 3(6.4) 2(6.9) 5 (6.6)
13-15 1(2.1) 2(6.9) 3(3.9)
216 1(2.1) 0(0.0) 1(1.3)
Mean age + SD (years) — 53+3.4 3.6+26 48+33
Sex Male 28 (59.6) 11 (37.9) 39 (51.3)
Female 10 (21.3) 18 (62.1) 28 (36.8)
Missing 9 (19.1) 0 9 (11.8)
Distance to health facility <10 km — 3(10.3) —
10-50 km 10 (21.3) — —
>50 km 11(23.4) 1(3.4) —
>10km (combined)** — — 35(46.1)

Clinical Characteristics of Late-Diagnosed Clubfoot was heterogencous and included both formal (casting,

Bilateral deformity was the most common presentation
(57.1% overall) and was more pronounced in the Far North
(87.5%). Most children were presented with severe clubfoot
(79.4%), supported by high Pirani scores, with 81.0% scoring
the maximum value of 6. Nearly all cases were idiopathic

(93.7%), with no syndromic or neurologic cases reported.
(Table 2).

Previous Treatment Before Presentation Among
Children with Clubfoot

Most children (80.9%) presented without any prior
treatment. Among those who received care (19.1%), treatment

surgery) and informal approaches (traditional massage).
Casting was the most common prior intervention (44.4% of
treated cases). (Table 3).

Pre-treatment, Facility Treatment, and Outcomes

Most children presented to health facilities without
prior care (figure 1). Overall, 81% (38/47) had no previous
treatment, while only 19% (9/47) received any form of care
before presentation. Among those treated, interventions
were heterogeneous: casting was the most common (44%),
followed by surgery (22%), other treatments (22%), and
traditional care (11%).

Table 2: Clinical Characteristics of Late-Diagnosed Clubfoot

Variable Category North (n = 47), (%) Far North (n = 16),(%) Overall (N = 63),(%)
Laterality Bilateral 22 (46.8) 14 (87.5) 36 (57.1)
Right unilateral 14 (29.8) 1(6.3) 15 (23.8)
Left unilateral 11 (23.4) 1(6.3) 12 (19.0)
Severity (clinical Severe 39 (82.9) 11 (68.8) 50 (79.4)

classification)
Moderate 8 (17.0) 3(18.8) 11 (17.5)
Mild 0 (0) 2 (12.5) 2(3.2)
Pirani score Score 6 (very severe) - — 51 (81.0)
Score 5 (severe) — — 12 (19.0)
Type of clubfoot Idiopathic — — 59 (93.7)
Other (syndromic/neurologic) — — 0(0)
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Table 3: Previous Treatment Before Presentation Among Children with Clubfoot (N =
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47%)

Variable Category Frequency (n) Percentage (%)
Previous treatment before presentation None 38 80.9
Any treatment 9 191
Type of treatment among those treated (n = 9) Casting 4 44 4
Surgery 2 22.2
Traditional massage 1 111
Other treatments 2 222

In health facilities, the Ponseti method was the dominant
treatment approach, used in 83% of cases (=52/63 children).
Other treatment modalities were less frequent, including
surgery (9%, =~=6/63) and physiotherapy (7%,~4/63).
Additional procedures were common, with tenotomy
performed in 53% of children (=33/63). However, only 24%
of patients (=15/63) received splints.

Treatment adherence and outcomes varied between
regions. Appointment adherence was substantially higher in
the Far North (75%) compared to the North (13%). Despite
this, treatment outcomes remained modest, with corrections
achieved in 27% of cases in the North (=13/47) and 14% in
the Far North (=2/16). Documentation of follow-up care was
limited, as splint compliance was not recorded in 92% of
medical records (=58/63).

Care Pathways, Treatment Patterns, and Outcomes of Late-Diagnosed Clubfoot

No Prior Treatment

Facility Treatment Treatment Adhevence & Outcomes

Ponseti Method

‘ Adherence Far North
=

I Correction Rates | North 27%
Tenotomy

Performed ~ FarNorth | 4%

92% Missing

Splint Compliance Data

Figure 1: Pre-treatment, Facility Treatment, and Outcomes

Prevalence of Clubfoot and Late Presentation

In the North region, a total of 47 children with clubfoot
were identified. Among these, 32 children were presented

after 12 months of age, giving a late presentation prevalence
of 68.1% (32/47).

In the Far North region, late presentation was estimated
from aggregated data across years and districts. A total of 17
late-presenting cases were identified out of approximately 29
total cases, corresponding to a late presentation prevalence of
58.6% (17/29).

Across both regions combined, there were approximately
49 late-presenting cases (32 in the North + 17 in the Far
North) out of 76 total identified cases, giving an overall late
presentation prevalence of approximately 64.5% (49/76).
(Table 4).

Table 4: Prevalence of Clubfoot and Late Presentation

Total Late-presenting
. Prevalence of late
Region clubfoot cases (>12 resentation (%)
cases (n) months) (n) P ¢
North 47 32 68.1
Far North 29 17 58.6
Overall 76 49 64.5

Factors Associated with Delayed Presentation of
Clubfoot in the North and Far North Regions

Delayed presentation of clubfoot is driven by a
combination of low caregiver awareness (75%), limited
access to information (70%), and high cost of care
(62-58%). Geographic barriers, including distance to facilities
(37-50%), further limitaccess. Cultural beliefs and preferences
for traditional care (42—66%) also contribute, while health
system weaknesses particularly lack of screening programs
(60%) and limited skilled personnel (33%) reinforce delays.
(Table 5).

Knowledge and Capacity of Health Workers on
Clubfoot

Health workers (n = 130) also showed important
knowledge gaps, especially at the primary care level.
Although they play a key role in early detection, 75.4 %
reported that caregivers lack awareness of clinical signs,
and 60.0% highlighted the absence of structured screening
programs, which limit opportunities for early diagnosis.
In addition, 33.1% identified a lack of trained personnel
as a challenge in managing clubfoot cases. The relatively
young workforce, with many having less than 10 years of
experience. (Table 6).
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Discussion

Late Presentation of Clubfoot in Northern

Cameroon: Findings and Implications

The overall late presentation prevalence of 64.5% in
Northern Cameroon, with children presenting at a mean age
of 4.8 + 3.3 years, represents a substantial delay compared
to international benchmarks. In Haiti, a low-resource setting
with similar challenges, children presented at a median age
of 4.1 weeks, dramatically earlier than the 4.8 years observed
in this study [16]. Even among late-presenting cases in Haiti,
the age range extended only to 4.4 years maximum, which
approximates the mean age in Northern Cameroon [16]. This
comparison highlights the exceptional degree of delay in the
present setting.

The male predominance of 51.3% in this study is lower
than the typical 2:1 male-to-female ratio reported globally
[17]. This may reflect differential care-seeking patterns, with
families potentially prioritizing treatment for female children
due to concerns about marriage prospects, or it may indicate
sampling variation. The bilateral presentation rate of 57.1 %
overall aligns with global estimates of 30-50% bilaterality,
though the Far North region showed a markedly higher rate
of 87%, suggesting possible regional differences in case
severity or referral patterns [17].

Geographicisolation emerged as a critical barrier, with 46. 1
% of children living more than 10 km from a health facility.
This finding is consistent with systematic reviews identifying
transportation difficulties as one of the most impactful barriers
to clubfoot care in low- and middle-income countries. The
care delivery value chain framework specifically emphasizes
addressing barriers to access as essential for program success,
yet the present study demonstrates that geographic barriers
remain largely unaddressed in Northern Cameroon [17].

Clinical Severity

The high proportion of severe deformity (79.4 %) and
maximum Pirani scores (81.0 % scoring 6) reflects the
consequences of delayed presentation. In Haiti, higher Pirani
scores were associated with increased risk of requiring 10
or more casts (RR 2.78 per 0.5 increase) and higher relapse
rates (RR 1.09 per 0.5 increase) [16]. The predominance of
maximum severity scores in Northern Cameroon therefore
predicts substantial treatment challenges and elevated risk
of suboptimal outcomes. A meta-analysis of late-presenting
clubfoot in children older than walking age found that while
satisfactory outcomes were achieved in 89% of cases using
the Ponseti method, these results depended on complete
protocol adherence including proper bracing [18].

The 94% idiopathic classification is consistent with the
typical distribution of clubfoot etiology, where idiopathic
cases represent the majority [17]. The absence of syndromic
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or neurologic cases may reflect true population characteristics
or may indicate that children with complex presentations are
not reaching this facility, possibly seeking care elsewhere or
remaining untreated.

Treatment Patterns and Gaps

The 81% rate of no prior treatment before presentation
indicates that most children are entering the formal health
system for the first time at this facility. Among the 19% who
received prior care, the heterogeneous mix of interventions
including casting (44%), surgery (22%), and traditional
massage (11%) reflects fragmented care pathways and lack
of standardized protocols at lower levels of the health system.
This pattern mirrors findings from other low-resource settings
were weak referral systems and limited provider training
result in inconsistent early management [4].

The 83% adoption of the Ponseti method as the primary
treatment approach demonstrates appropriate uptake of
evidence-based practice. The Ponseti technique is recognized
globally as the gold standard for clubfoot management and is
particularly well-suited for resource-limited settings because
casting and brace supervision can be performed by trained
non-physician health workers, with results as good as or better
than those obtained by physicians [17]. However, successful
implementation requires completion of the entire protocol,
including adequate casting, tenotomy when indicated, and
sustained bracing.

The tenotomy rate of 53% falls substantially below
expected benchmarks. In standard Ponseti protocols,
approximately 90% of cases require percutaneous Achilles
tenotomy to correct residual equinus deformity [17]. The
lower rate observed in this study may indicate incomplete
correction, variation in clinical practice, or possible
documentation gaps. Studies from Ethiopia treating neglected
clubfoot in children aged 2-10 years achieved plantigrade
functional feet in all patients using Ponseti casting combined
with tenotomy and limited additional surgical intervention,
suggesting that higher tenotomy rates may be necessary for
optimal correction in late-presenting cases [19].

The Critical Bracing Gap

The most significant treatment gap identified in this study
is the provision of braces, with only 24% of children receiving
splints. This represents a fundamental breakdown in the
Ponseti protocol. Following cast correction and tenotomy, the
standard protocol mandates bracing with boots and bar for 23
hours daily for three months, then during sleep until age four
years. Proper bracing is essential for maintaining correction,
and failure to brace is the primary cause of relapse. The
American Academy of Pediatrics emphasizes that parental
understanding of the bracing phase is critical to ultimate
success, and there is a very high rate of recurrent deformity
when bracing is not done properly or is stopped prematurely
[10].
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The 92% rate of undocumented splint compliance further
compounds this problem, preventing assessment of whether
the 24% who received braces used them consistently. In
countries with limited resources, effective and economical
braces can be made using local systems, suggesting that the
barrier is not purely technical but may involve supply chain
issues, cost barriers, or inadequate emphasis on this phase of
treatment [17].

Treatment Outcomes and Regional Variation

The modest correction rates of 27% in the North and 14%
in the Far North fall far below the 89% satisfactory outcome
rate reported in the meta-analysis of late-presenting clubfoot
[18]. This discrepancy almost certainly reflects the critical
gap in bracing provision. Without proper bracing, even well-
corrected feet will relapse. The higher correction rate in the
North despite lower appointment adherence (13% vs 75% in
Far North) is paradoxical and may reflect differences in case
severity, provider experience, documentation practices, or
follow-up duration.

Barriers to Care and System Constraints

The barriers identified in Northern Cameroon align closely
with systematic reviews of clubfoot service delivery in low-
and middle-income countries. A 2017 review identified the
most impactful barriers as financial constraints, transportation
difficulties, brace and cast care challenges, lack of physical
resources, and provider knowledge gaps [17].

Financial constraints likely underlie many of the gaps
observed. Even when casting is subsidized, families face
costs of transportation, missed workdays, and brace purchase.
The care delivery value chain emphasizes engaging families
in care and addressing barriers to access as essential
components, yet the present findings suggest these elements
remain underdeveloped in Northern Cameroon [17].

The lack of structured follow-up systems represents
another critical gap. The care delivery chain recommends
providing follow-up in the patient's community to reduce
travel burden and maintain contact with families [17]. The
low appointment adherence in the North region (13%)
suggests that facility-based follow-up alone is insufficient,
particularly for families living more than 10 km away.

Knowledge, Attitudes and Practice Amongst Health
Care Providers and Care Givers

A key finding of this study is the low level of awareness
among caregivers. Most caregivers were unable to recognize
early signs of clubfoot, and a large proportion did not know
where to seek care. Similar gaps in knowledge have been
reported in other African settings, where limited awareness
contributes to delayed care-seeking and poor outcomes [20].
In our study, misconceptions about the causes of clubfoot,
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including attribution to spiritual or traditional factors, further
influenced care-seeking behavior. These beliefs have been
widely documented and are known to delay engagement with
formal health systems [21, 22].

Geographic and economic barriers also played a major
role. More than half of the children lived far from health
facilities, and cost of care was frequently reported as a
barrier. These findings are consistent with previous studies
showing that distance and financial constraints limit access
to orthopedic care in rural and underserved populations [22,
23]. In such settings, families often prioritize accessible and
affordable alternatives, including traditional care, which may
delay appropriate treatment.

Health system factors further contributed to delayed
presentation. A significant proportion of health workers
reported the absence of structured screening programs and
limited trained personnel. This reflects broader challenges
in health systems in resource-limited settings, where early
detection of congenital conditions is often weak [24]. The
predominance of relatively young and less experienced
health workers in our study may also affect early recognition
and timely referral of cases.

Cultural and social factors were also important. Stigma,
family pressure, and preference for traditional treatment
influenced decision-making among caregivers. These
findings highlight the need to engage communities, including
traditional and religious leaders, in awareness and education
efforts. Previous studies have shown that community-based
interventions and culturally sensitive health education can
improve early detection and treatment uptake [25].

Despite the widespread use of the Ponseti method in
health facilities, treatment outcomes remained modest. While
the Ponseti method is highly effective when applied early
and consistently, its success depends on adherence to the full
treatment protocol, including splint use [26, 27]. In our study,
low splint provision and poor documentation of follow-up
care likely contributed to suboptimal outcomes. The large
proportion of missing data on splint compliance also limits
the ability to fully assess treatment effectiveness.

Implications for Practice

These findings show that although the Ponseti method
has been adopted in Northern Cameroon, key gaps in early
detection, bracing, access, adherence, and follow-up still
limit outcomes. Improving care requires training midwives
and community health workers to identify clubfoot at birth
and refer early, when treatment is most effective [28].

Priority actions include affordable local brace production,
brace subsidies, rural outreach clinics, supervised training
of non-physician providers, and stronger family education
to support adherence [17]. Standardized clinical protocols,
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Table 5: Factors Associated with Delayed Presentation of Clubfoot in the North and Far North Regions

Domain Factor

Socio-demographic

Low level of education (no formal education)

Secondary education (limited health literacy

context)

Children diagnosed after age 2 years

Geographic Distance from treatment centers
Distance to specialized centers
Preference for nearby traditional providers
Economic High cost of treatment

Lower cost of traditional treatment

Health system Lack of information on services

Absence of screening programs

Lack of qualified personnel
Weak early detection systems

Cultural & social Belief in traditional/spiritual causes

Preference for traditional treatment
Faith in traditional treatment
Family/social pressure
Stigma and family rejection/neglect

Behavioral / time

Lack of time for caregivers
factors

clear tenotomy criteria, proper documentation, and routine
monitoring of correction, relapse, and brace use are also
needed.

Financial barriers must be addressed systematically
through inclusion of clubfoot treatment in national health
insurance or subsidy programs. Referral and follow-up
systems should be strengthened through clear pathways
from primary care to Ponseti centers and community-based
follow-up to maintain contact with families and monitor
brace adherence.

Study Limitations

The study used a retrospective design based on medical
records, which may be affected by incomplete or missing
data. Key variables such as distance to health facility, follow-

Lack of caregiver awareness of clinical signs

Percentage (%) Parameter Description

Proportion of staff reporting poor parental

75 o )
recognition of early signs

34 Respondents without formal schooling
46 Highest education level among respondents

Proportion of late-diagnosed cases among
25 )

children

37 Respondents citing distance as a barrier
50 Staff reporting geographic inaccessibility
48 Accessibility advantage of traditional care

62 (community) /

58 (providers) Financial barriers limiting access to care

66 Main driver for choosing traditional care
70 Respondents unaware of available services
60 Lack of structured early detection activities
33 Insufficient skilled workforce for management

Reflected by absence of screening and
awareness gaps

15 Attribution of disease to non-medical causes
42 Staff reporting cultural delay in care-seeking
37 Cultural belief supporting traditional care
18 Influence of relatives on treatment decisions
37 Social exclusion affecting care-seeking
16 Competing household priorities delaying care

up information, and splint compliance were not consistently
documented. This limits the accuracy of some estimates and
may introduce information bias.

Some results were derived from aggregated facility and
survey data rather than individual-level data, particularly for
the Far North region. This limits the precision of regional
comparisons and may affect the reliability of calculated
proportions.

The study was facility-based and community-linked and
therefore may not fully represent all children with clubfoot
in the general population. Children who never reached
health facilities were not captured, which may lead to
underestimation of the true burden and delay in presentation.

The study lacked a population denominator, making it
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impossible to estimate the true population-level prevalence
of clubfoot. The findings are therefore limited to prevalence
within identified cases rather than the general population.

Finally, some data, particularly from community
surveys, relied on self-reported information, which may be
subject to recall bias and social desirability bias. Caregivers
may not accurately recall timing of presentation or reasons
for delay.

Conclusion

Delayed presentation of clubfoot is common in the
Northern regions, with most children presenting after the
optimal window for early treatment. Improving outcomes
will require a coordinated and multi-level approach. Key
priorities include strengthening community awareness
and early detection, improving access to affordable and
decentralized services, building capacity of frontline health
workers (midwives and nurses), and ensuring consistent
follow-up and adherence support. Addressing these gaps can
reduce delays, improve treatment success, and ultimately
reduce the burden of disability associated with clubfoot in
these regions.
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