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Clubfoot (also called congenital talipes equinovarus) is one of the 
most common musculoskeletal congenital conditions that causes 
impairment in mobility, globally.[1] A clubfoot is characterised 
by a rigid varus and equinus deformity of hindfoot, a cavus 
midfoot and a forefoot in supination and adduction.[1-3] This 
condition can either be idiopathic (80% of cases) with a 25% familial 
occurrence or associated with other conditions (termed syndromic 
clubfoot), including myelomeningocele, amniotic band syndrome 
and arthrogryposis.[4] 

Clubfoot can be treated successfully using the current gold 
standard, Ponseti treatment,[5-8] which entails weekly casting of the 
affected foot to manipulate and stretch the foot into the correct 
position. Ponseti treatment should commence as soon as possible 
after birth as the bones are cartilaginous and the soft tissues are more 
amenable to stretching.[9] Subsequently, late presentation leads to 
increasing difficulty in the treatment process due to the resistance of 
ossified bones and contracted fibrotic soft tissue. Ponseti treatment 
has been shown to be resource appropriate in the developing 
world[10] with unsuccessful treatment often being reported to be as a 
result of non-compliance with the schedule.[11] 

The global birth prevalence of clubfoot is estimated to be 1 in 
1 000 live births,[4,7,8,12] with males being more affected than females 
at a 2:1 ratio. It is estimated that 80% of children born with clubfoot 
live in developing countries.[1,7,8] Kromberg et  al.[13] reported the 

incidence rate to be between 1.55 and 6.93 per 1 000 live births 
in South African (SA) infants, differing between black and white 
children. However, the authors admit to a high risk of bias in these 
figures.[13] Du Toit et  al.[14] tried to report the prevalence in rural 
Zululand in 1971, but reported that the follow-up was poor and that 
data collection was frustrating. This historical survey highlighted 
that children present at all ages and that follow-up is unreliable.[14] Due 
to the paucity of recent SA literature on clubfoot, the local burden of 
clubfoot on the healthcare system, its epidemiology and incidence of 
this condition are unknown. 

The aim of this study was therefore to describe the epidemiology, 
clinical characteristics, and the early treatment outcomes of children 
with clubfoot, who are treated at a tertiary hospital in SA. A secondary 
objective was to determine the incidence rate of clubfoot in our 
direct catchment area (within 40 km) for the study period. 

Methods
We conducted a retrospective review of our academic institution’s 
clinical records from 2014 - 2018 of all clubfoot children, including 
idiopathic and syndromic/neuropathic clubfeet. Children diagnosed 
with postural clubfoot as well those diagnosed with cerebral palsy 
were excluded. Information related to patient demographics such 
as age at first presentation, sex, type of clubfoot and address was 
collected. The distance to the clinic was extrapolated from the 
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reported address, and this information was later utilised to identify 
a subset of the total cohort to increase the accuracy of the incidence 
rate calculation, as described later. Family history of clubfoot was 
noted together with any associated physical abnormalities. 

Information related to treatment, treatment progression and 
outcome was recorded. This included the age at each visit, the 
treatment phase, the documented Pirani score together with range 
of motion (abduction and dorsiflexion), tenotomy requirements 
and other clinical notes. Treatment progression and outcomes are 
reported for idiopathic and syndromic clubfoot. In the case of 
patients with relapsed clubfoot, the presence of non-compliance was 
recorded if reported.

Data was analysed using Statistica v13.5 (TIBCO software, USA) 
and is presented as means ± standard deviation (if normally 
distributed), medians with interquartile ranges (IQR) (if not 
normally distributed) or as frequencies and counts, as appropriate. 
To calculate the incidence rate of clubfoot at our setting, the number 
of live births in our institution’s direct catchment area for the study 
period was obtained from local government. All patients within our 
direct catchment area (within a 40 km radius) were included in the 
calculation. The crude incidence rate was calculated for the study 
period with the following formula: 

IR =
Number of new clubfoot cases in study period

Number of live births in study period

Results
A total of 197 patient were included over the 60-month study period. 
Two-thirds (63.5%; n=125) of the patients were male. The median 
(IQR) age at presentation was 5 (2.0 - 12.0) weeks, with 88.8% 
(n=175) of patients diagnosed as having idiopathic clubfoot and 
12.2% (n=24) reporting a positive family history. Although patients 
had to travel a median of 20.9 km, the distance patients had to travel 
to attend the clinic ranged from 2.1 - 325 km, with some patients 
from outlying areas travelling to our clinic for treatment (Table 1). 

The mean Pirani score at presentation was similar between 
idiopathic and syndromic clubfeet (Table 2), with idiopathic clubfoot 
requiring a median (IQR) of 6 (4 -9) casts compared with syndromic 
clubfoot, which required a median (IQR) of 7 (4 - 11) casts before 
commencing the next phase of treatment (Table 2). The maximum 
number of casts required for a single patient with idiopathic clubfoot 
was 35, and 16 for syndromic clubfoot. 

A total of 22.9% (n=40) of idiopathic clubfoot patients relapsed 
during the maintenance phase, of whom 20.6% underwent repeat 
Ponseti serial manipulation and casting and 8.6% had a repeat 
Achilles tenotomy (Table  3). All syndromic patients who relapsed 
during the maintenance phase (22.7%) underwent repeat Ponseti 
serial manipulation and casting as well as Achilles tenotomies 
(Table 3).

When combining all patients who had relapsed clubfoot (idiopathic 
clubfoot (n=40) and syndromic clubfoot (n=5)), compliance with the 
treatment regimen was problematic in 22.2% (n=10) of patients 
(data not shown). Compliance issues, as reported in clinical notes, 
included not attending follow-up visits or not complying with 
bracing instructions. 

During the 60-month study period, the total number of live births 
in our drainage area was 159 348 (‘Access to Info’ Birth statistics). 
A  total of 162 patients with idiopathic clubfoot resided within a 
radius of 40 km from the institution. Therefore, the overall incidence 
rate of idiopathic clubfoot was calculated to be 1.02 per 1 000 live 
births over the 5-year study period. 

Discussion
The aim of the present study was to describe the epidemiology and 
early treatment outcomes of clubfoot patients treated at a tertiary 
hospital in SA. Although clubfoot is commonly seen in orthopaedic 

Table 1. General and clinical demographics of clubfoot 
patients (N=197) 
Characteristics n (%)*
Age at presentation, weeks 
(median (IQR))

5.0 (2.0 - 12.0)

Sex (male) 125 (63.5%)
Affected side (left/right/bilateral) 19.8 (39)/6.9 (53)/52.8 (104)
Family history (% yes) 24 (12.2)
Travel distance (km), median (IQR) 20.9 (10.2 - 23.0)
Diagnosis

Idiopathic clubfoot 175 (88.8)
Syndromic clubfoot† 22 (11.2)

IQR = interquartile range.
*Unless otherwise specified.
†Syndromic clubfoot included spina bifida (n=12), amniotic band syndrome 
(n=3), arthrogryposis (n=2), fibula hemimelia (n=1), 46xx karyotype (n=1), 
cleft palate (n=1), congenital scoliosis (n=1), and CHARGE syndrome (n=1).

Table 2. Clinical characteristics of treatment for idiopathic 
and syndromic clubfoot patients
  Mean (SD)*, range n
Idiopathic clubfoot (n=175)
Pirani score at presentation

Left 4.4 (1.4), 1.5 - 6.0 124
Right 4.4 (1.4), 1.0 - 6.0 141
Number of casts required, 
median (IQR)

6.0 (4.0 - 9.0) 140

Tenotomy (yes/no/not 
reported)

42.3 (74)/ 46.9 (82)/ 10.9 (19) -

Syndromic clubfoot (n=22)
Pirani score

Left 4.5 (1.6), 1.5 - 6.0 19
Right 4.6 (1.4), 2.0 - 6.0 16
Number of casts required, 
median (IQR))

7.0 (4.0 - 11.0) 19

Tenotomy (yes / no / not 
reported)

59.1 (13)/27.3 (6)/13.6 (22) -

SD = standard deviation; IQR = interquartile range.
* Unless otherwise specified.

Table 3. Treatment outcomes of idiopathic and syndromic 
clubfeet, per patient 

Outcome
Yes,
n (%)

No,
n (%)

Not 
reported,
n (%)

Idiopathic clubfoot (n=175)
Relapse 40 (22.9) 124 (70.9) 11 (6.3)
Repeat Ponseti (casts) 36 (20.6) 128 (73.1) 11 (6.3)
Repeat tenotomy 15 (8.6) 149 (85.1) 11 (6.3)

Syndromic clubfoot (n=22)
Relapsed clubfoot 5 (22.7) 16 (72.7) 1 (4.5)
Repeat Ponseti (casts) 5 (22.7) 16 (72.7) 1 (4.5)
Repeat tenotomy 5 (22.7) 16 (72.7) 1 (4.5)
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clinics in SA, there is limited literature providing epidemiological 
and treatment outcome information regarding clubfoot. 

The first main finding of the present study was that the 
demographic and clinical characteristics of our patients are largely 
in agreement with the reported global literature, with similar 
frequencies of male patients (63.5%), bilaterally affected feet (52.8%) 
and idiopathic clubfeet (88.8%) observed in our setting. A study by 
Firth et al.[15] reported similar results in the private sector, with 62% 
male prevalence, 17% syndromic and a right foot predominance 
at 55%. 

The prevalence of syndromic clubfeet in the present study was 
11.2%, which is lower than the globally reported prevalence of 
20%.[4] Syndromic clubfeet children in the present study included 
spina bifida as the most common diagnosis (n=12). Street et  al.[16] 
also reported similar results, which is unsurprising since SA patients 
populations are broadly similar, albeit from different geographic 
regions. 

A positive family history of clubfoot is reported in 10.5 - 35% 
of clubfoot patients, with the lower rates specifically reported 
in developing countries such as Haiti,[17] Sri Lanka[18] and 
Zimbabwe.[19] In Caucasian populations, the reported positive family 
history typically ranges between 24 - 30%,[3] while family histories as 
high as 54% are reported in Polynesian populations.[3] In the present 
study, we reported a positive family history in only 12.2% of our 
patients. A study by Malagelada et  al.[5] considered the impact of 
clubfoot treatment on caregivers and parents, and also reported a low 
positive family history (10%).[5] Firth et al.[15] reported a 16% positive 
family history based on their early Ponseti results in a SA clinic. 
Possible reasons for the apparent low rate of positive family histories 
in SA includes English not being the first language of most of our 
patients, leading to possible misinterpretation, and the potential of 
non-disclosure due to fear of stigmatisation, which is still prevalent 
in our setting. However, it is worthwhile noting that no instances of 
siblings presenting with clubfoot were reported in this study.

Various studies have reported the range of casts required to fully 
correct the clubfoot to be between 3 - 8 casts, [1,5,17,20-22] which is in 
agreement with the median of 6 or 7 for idiopathic and syndromic 
clubfoot, respectively, as reported in the present study. A study 
performed in Bangladesh[10] reported that the use of >10 casts was 
typically attributed to atypical clubfeet, older neglected clubfeet, 
incidents where cast breakage was common and in cases where 
complications such as pressure sores were observed. Firth et  al.[15] 
reported an average of 6.5 casts, similar to our results. 

A systematic review in 2018 reported that syndromic clubfeet 
needed on average more casts, had an increased tenotomy incidence, 
increased relapse rate and a less successful outcome than idiopathic 
clubfoot feet.[23] Interestingly, the mean Pirani scores at the time 
of first presentation were similar between the idiopathic and 
the syndromic clubfoot patients. In addition, a similar treatment 
protocol of a median number of 6 - 7 casts was utilised for both 
idiopathic and syndromic clubfeet. A possible explanation for this 
observation could however be that no reference to ‘the atypical 
clubfoot’ was made in the treatment of any of the patients. The 
‘atypical clubfoot’ typically includes a deep medial crease extending 
to the lateral side, high cavus and a short hyperextended first ray.[24,25] 
Most of our syndromic clubfeet patients were children with  spina 
bifida. This condition requires fewer casts to obtain correction when 
compared with arthrogryposis,[23] and could be another reason why 
the number of casts to correction were similar between the two 
groups in our study.

The reported rate of tenotomy requirements during Ponseti 
treatment ranges from 30 - 98%, globally.[17,26] Only 42.3% and 

59.1% of idiopathic and syndromic clubfoot patients, respectively, 
underwent an Achilles tenotomy. The tenotomy rate of 44.2% 
(idiopathic and syndromic combined) in our clinic is similar to those 
reported in Nigeria[20] and Haiti,[17,26,27] both developing countries. 
In contrast, the national Bangladesh clubfoot study reported a 
tenotomy rate of 76%[10] while Firth et al.[15] reported a tenotomy rate 
of 74%. These differences could be attributed to the frequent rotation 
of orthopaedic registrars, leading to treatment variability. Although 
this forms part of the daily reality in SA clubfoot clinics, a clear 
understanding of the underlying pathology, adequate training as 
well as meticulous casting technique remains vital in the successful 
treatment of clubfoot.

A total of 22.8% of patients required treatment for early relapse. 
This is a relatively low frequency when compared with the global 
data, which report relapse rates ranging from 6.6 - 45%.[26] A possible 
explanation of this low frequency could be that we report specifically 
on early relapse (i.e. patients who relapse during the treatment 
and/or maintenance phase). We did not report on the long-term 
relapse rate in the present study; therefore, our numbers should be 
interpreted with caution. Interestingly, Firth et  al.[15] also reported 
recurrence requiring recasting as 23%, which is similar to our 
results, despite having a higher tenotomy rate than the current series. 
A study by Avilucea et al.[11] reported tenotomy rates of 93.5% in New 
Mexico, USA. Furthermore, this study reported a relapse rate of 26% 
in rural patients.[11] Interestingly, the authors reported that the use of 
bracing was very different between the rural and urban groups and 
they speculated that the relapse rate was associated with the distance 
from the clinic as well as cultural factors.[11] 

Similarly, barriers to successful treatment in Uganda have been 
reported to include the availability of braces, costs linked to travel, 
overwhelming poverty and lack of spousal support.[28] The situation 
in Vietnam is similar, with transportation and distance to clinics 
proving to be consistent, universal problems obscuring the treatment 
process.[7] SA is no exception, with poverty also being a constant 
concern in our setting, and although the majority of patients live 
within 20 km of the clinic, we report cases of patients having to travel 
>300 km in one direction to obtain treatment. The socioeconomic 
burden of having a child with clubfoot includes loss of income to 
attend treatment appointments as well as sympathy from the parents 
regarding bracing, potentially decreasing compliance. These are 
valid concerns and realities that need to be addressed in developing 
world settings, including ours.[7]

The incidence rate of idiopathic clubfoot is variable depending 
on the geographical area, with a global incidence rate estimated at 
0.6 - 1.5 per 1 000 live births.[29] Uganda, a developing country, has a 
slightly higher reported incidence rate of 1.2 per 1 000 live births.[30] 
Similar rates have been reported in developed countries, with the UK 
reporting incidence rate ranging between 0.89 -1.24 per 1 000 live 
births.[31] It should however be noted that certain populations such 
as the Maori or other Pacific islanders have a substantially higher 
incidence rate (6 - 7 per 1 000 live births),[30,31] while the Chinese[1,8] 
population has a surprising low reported incidence rate of 0.39 per 
1 000 live births. The incidence rate observed at our institution 
falls within the global range, with 1.02 clubfoot cases per 1 000 live 
births. We were surprised by this given the genetic heterogenicity 
in SA. However, the incidence rate is similar to areas inhabited by 
populations of predominantly African and European descent. The 
higher incidence rates are found in Maori and Pacific islanders’ 
descent, and neither of these groups are prominently represented 
in SA. These differences highlight the role of genetic factors, which 
are thought to be involved in the aetiology of clubfoot and requires 
further investigation. 
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Study strengths and limitations
The strength of this study is that the results represent the reality of a 
clubfoot clinic, resulting in a realistic impression. In addition, this is 
the first study to report the incidence rate of clubfoot in our setting. 
Considering that our clinic is the only clinic providing treatment 
for clubfoot in our direct catchment area, the incidence rate is 
considered an accurate representation of our population. 

There are various limitations to this study. The retrospective 
nature of this study results in areas of missing data and poor records, 
which made subsequent interpretation difficult. In addition, the 
Pirani score is a subjective scoring system, which has variable results 
due to multiple clinicians seeing the patients over the course of their 
treatment regimen. Similarly, the Ponseti casting technique allows 
for slight variation between clinicians, which affects the treatment 
outcomes. Although these are not limitations of this study itself, 
but rather of the treatment process, these limitations influence the 
results reported in the present study. Additionally, patients who 
are lost to follow-up could not be accounted for in the present 
study and therefore the reported relapse rate might not be accurate. 
The reasons for relapse were dependant on the details provided in 
clinical notes. Therefore, the true rate of non-compliance could be 
much higher than what is reported in the present study, and future 
prospective research should investigate the reasons for relapse in the 
SA population. 

Conclusion
In conclusion, we report that the epidemiology, early treatment 
outcomes and incidence rates observed at our institution are similar 
to those reported globally. However, we report a low frequency of 
positive family history as well as a low relapse rate, which could 
potentially be underreported and should be the focus of future 
studies. 
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