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The standard treatment of clubfoot has changed greatly in 
the past 10 years. Previously, extensive surgery was com-
mon in children born with this condition. The publication 
of long term evidence of good outcomes with more mini-
mally invasive methods, such as the Ponseti technique, has 
led surgeons worldwide to change their approach. Ponseti 
treatment consists of sequential plasters and prolonged 
bracing, with minor surgical procedures. 

This clinical review describes clubfoot and its current 
management. It is particularly aimed at general readers 
who are non-specialists but may be involved in the care of 
patients with this condition. The evidence underpinning 
this review is largely observational. Although the Ponseti 
method was first described over 30 years ago, it is only 
since the publication of long term outcomes of case series 
that it has been widely adopted.

What is clubfoot and who gets it?
Clubfoot, also known as congenital talipes equinovarus, 
is a developmental deformity of the foot. It is one of the 
most common birth deformities with an incidence of 1.2 
per 1000 live births each year in the white population.1 
Clubfoot is twice as common in boys and is bilateral in 
50% of cases.1

It is most often idiopathic but may be associated with 
other conditions in around 20% of cases. The most com-
mon associated conditions are spina bifida (4.4% of 
children with clubfoot), cerebral palsy (1.9%), and arthro-
gryposis (0.9%).2 Although it was previously thought to 
be associated with developmental dysplasia of the hip a 
recent prospective study did not support this.3

Historical family studies suggest that there is a genetic 
component but not a recognisable pattern of inheritance. 
If one child has clubfoot, the risk of clubfoot in a subse-
quent child is increased 20-fold. The risk to the second of 

identical twins is one in three.1 If one parent has clubfoot 
the risk of having affected offspring is 3-4%, but if both 
parents are affected the risk is 30%.4

How is it diagnosed?
Clubfoot is most commonly diagnosed postnatally during 
the routine baby check. The foot assumes the position 
shown in fig 1. The foot points downwards at the ankle 
(equinus) the heel is turned in (varus), the midfoot is devi-
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Summary points
Clubfoot is a common congenital deformity that affects one in 1000 live births in the 
United Kingdom
Most cases are idiopathic and not associated with other conditions
Babies should be referred early for treatment
Current best treatment is by casting and bracing according to the Ponseti method
Results are better with manipulative methods than with surgical release
Recurrences can occur and are normally caused by non-compliance with bracing

Sources and selection criteria

No Cochrane reviews or other systematic reviews are 
available on the treatment of clubfoot. We searched 
PubMed for English language peer reviewed articles on 
clubfoot using search terms that included “clubfoot”, 
“Ponseti”, “surgical release clubfoot”, and “external 
fixator clubfoot”. We also used standard texts on the 
management of clubfoot.

Fig 1 | Infant with bilateral clubfoot
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ated towards the midline (adductus), and the first meta-
tarsal points downwards (plantar flexion). Deep creases 
may be present behind the heel or on the medial side of 
the foot. The deformity is not passively correctable by the 
examiner. The foot and calf muscles are smaller than the 
unaffected side in unilateral clubfoot. The diagnosis is 
clinical and is normally straightforward. Imaging, such 
as radiography, is not needed. It may be confused with 
other congenital foot deformities that are more common 
(box 1).

Two grading systems are commonly used for clubfoot—
the Pirani score and the Dimeglio grade. The Pirani score is 
outlined in box 2. A correlation has been shown between 
the Pirani score and subsequent need for Achilles ten-
otomy.5 Clubfoot is increasingly diagnosed on prenatal 
scans and these have a positive predictive value of around 
85%.6

Why do I need to know about clubfoot?
If diagnosis and referral to an orthopaedic surgeon do 
not occur prenatally or in the first few days after birth, 
the baby must be referred urgently when the deformity is 
first noticed. This is because the earlier Ponseti treatment 
is started (ideally around one to two weeks), the easier 
correction will be.

It is important for non-specialists to have an under-
standing of the standard treatment because success is 
largely related to the parents’ compliance with the bracing 
protocol. This is prolonged and can be demanding. Sup-
port and encouragement from healthcare professionals 
can be helpful. It is important for parents to receive a clear 
message that the long term use of the brace is essential.

What was the standard treatment previously?
Although manipulation and casting were used in the past, 
this was not performed according to a formal protocol, 
and extensive surgery was often used. The aim of surgery 
was to correct the deformity by lengthening or dividing 
all structures that were tight. Few long term studies on 

the outcome of surgery are available, and most evidence 
comes from case series. One case series published in 2006 
looked at 73 feet in 45 patients with a minimum follow-up 
of 25 years. This was a thorough review with the patients 
completing three independent quality of life question-
naires, including the Laaveg and Ponseti functional score, 
which is commonly used in clubfoot outcome studies.7 
On this measure, 34 feet (47%) had a poor outcome and 
most had more than one operation.8 In a case series look-
ing at staged surgical release, 99 feet in 71 patients with 
severe clubfoot were studied. The average follow-up was 
11.5 years and the relapse rate was 76%.9 Gait analysis 
has been used by some investigators to try to quantify the 
results of treatment. A case-control study using this tech-
nique compared the outcomes of surgical and non-surgi-
cal treatment. This showed that surgery led to a greater 
proportion of gait abnormalities.10

What is the current preferred treatment?
The current preferred treatment for clubfoot is the Ponseti 
method. This is a detailed method of manipulation and 
casting without major surgical releases, and it is the treat-
ment of choice of most orthopaedic surgeons worldwide. 
A review of patients treated by Ponseti published in 1995 
showed good long term results.11 In this study, 45 patients 
with 71 clubfeet were reviewed after an average of 30 
years. Using pain and functional limitation as the outcome 
criteria, 35 of 45 patients (78%) had an excellent or good 
outcome compared with 82 of 97 (85%) of age matched 
patients without foot pathology. Although Ponseti origi-
nally published his method in 1963, it was only after this 
long term review that interest began to increase.12 Stud-
ies performed in other centres have confirmed his good 
results, although with shorter term follow-up.13‑15 Accept-
ance by orthopaedic surgeons has been encouraged by 

Box 2 | Grading of clubfoot: the Pirani score
In this system, six clinical features of the deformity are 
graded 0, 0.5, or 1. The six scores are summed giving 
a total score of 0-6—the higher the score the worse the 
deformity.

The features scored are:
Hindfoot: heel crease, equinus, and softness of the •	
heel
Forefoot: lateral border shape, medial border creases, •	
and cover of head of talus

Box 3 | Improving compliance with bracing

Parents need to understand why bracing is important •	
and why it must continue for such a long time. Parents 
should be encouraged to accept responsibility for this 
phase of the treatment
For older children, wearing the brace at night must be •	
part of their normal routine. It should not be stopped 
for reasons such as illness
Baby sleeping bags may help the boots stay on •	
Socks with non-slip areas on the soles may also help •	
the boots stay on
The boots must fit well and be comfortable, and the bar •	
width should be correct. If concerns exist, the parents 
should be directed back to the brace provider

Box 1 | Other common congenital foot deformities
Positional clubfoot: the foot assumes the same 
position as in congenital clubfoot but the deformity is 
correctable. This is probably a normal variant.

Metatarsus adductus: medial deviation of the forefoot 
on the hindfoot creates an adduction deformity. This 
may be correctable or fixed. The heel is in a neutral 
position (unlike clubfoot) and there is no equinus. 
This is more common than clubfoot, although its exact 
incidence is difficult to determine. Most cases will 
improve spontaneously, but more severe cases may 
require serial casting.

Positional calcaneovalgus: dorsiflexion of the whole 
foot to the extent that it may touch the tibia. This 
dramatic deformity is unlikely to be confused with 
clubfoot, but the appearance is concerning and it is 
important to rule out more serious conditions such as 
congenital vertical talus. Calcaneovalgus improves 
spontaneously with time.
Both metatarsus adductus and calcaneovalgus are associated 
with developmental dysplasia of the hip and if diagnosed 
should lead to referral for assessment of the hips

• blogs.bmj.com/bmj 
“The basic treatment 
principles are not all that 
difficult to learn . . . Once the 
doctor does his bit (applying 
the corrective plasters and 
performing the achilles 
tenotomy), the baton of 
responsibility is handed over 
to the parents”
Andrew Hogg, in a blog with 
accompanying video on 
clubfoot in Africa
• podcasts.bmj.com/bmj
Andrew Hogg, a GP trainee, is 
interviewed
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parents who use the internet to seek out surgeons who 
use this technique.16 Parents prefer the more non-surgical 
approach and can become strong advocates for the tech-
nique. This method is particularly useful in developing 
countries where surgical services are limited. A descriptive 
study of its use in Malawi showed that it could be success-
fully carried out by suitably trained non-doctor personnel 
with similar results to those seen in other studies.17

What is the Ponseti method?
Treatment starts as soon after birth as possible. Ponseti 
defined a precise sequence of manipulations of the club-
foot that lead to correction of the deformity. Exact details 
of the technique are available free on the internet.4 Ponseti 
stressed that the cavus should be corrected by raising 
the first metatarsal, which initially makes the deformity 
look “worse,” and that correction should occur around 
the head of the talus without the heel being touched. At 
weekly intervals the foot is manipulated into the maxi-
mum position of correction and then held in a plaster of 
Paris cast. Several studies have shown that this manipula-
tion and casting can be carried out by doctors and other 
trained staff.17 18

During the time in cast the immature collagen under-
goes stress relaxation (stretches); this then allows greater 
correction at the next manipulation. After about six weeks 
of weekly cast changes the deformity of the midfoot and 
forefoot is generally corrected. The foot is often still in 
the equinus position at this stage (pointing down at the 
ankle), and in most cases this will not correct further with 
manipulation. Therefore, around 85% of children have 
an Achilles tenotomy carried out at this stage. This can be 
done under local anaesthetic in clinic or under general 
anaesthesia. The child then goes into a final cast for three 
weeks.

On removal of this final cast the foot position is 
reviewed. If correction is complete the child then goes into 
“boots and bar.” This is an orthotic device that holds the 
feet in an abducted, externally rotated, and dorsiflexed 
position about a shoulder width apart (fig 2). In a unilat-
eral case the affected side is externally rotated 60-70° and 
the unaffected side is rotated 30-40°. The child wears this 

device all the time for three months and then at night time 
and during naps until 4 years of age. If treatment is suc-
cessful the child will be left with a supple well corrected 
foot. It should look similar to the unaffected foot but may 
be slightly smaller (around one shoe size). The calf may 
also be smaller than on the unaffected side.

Can clubfoot recur?
Yes, recurrence occurs in around 15% of patients and can 
be at any stage in the treatment process. It occurs most 
commonly during the time in the boots and bar device, as 
a result of poor compliance.19 At initial signs of recurrence 
it is important to ensure compliance with the boots and 
bar. Simple measures and advice may increase compli-
ance and lead to correction of recurrence (box 3). If these 
measures are not successful, recurrences can be treated 
with a further period of manipulation and casting. If the 
recurrent deformity is dynamic supination of the forefoot 
this can be corrected by a tibialis anterior tendon transfer. 
This is described by Ponseti and is the only other surgical 
procedure that is a standard part of the Ponseti method.4 It 
is carried out far less often than Achilles tenotomy (around 
15% of cases).

Are outcomes better with current treatment?
No randomised trials have compared the Ponseti method 
and surgical management of clubfoot. Long term studies 
of the Ponseti treatment suggest that the results are much 
better than with surgical treatment, however.8‑11 13‑ 15 20 In 
the 30 year review of Ponseti’s patients, 35 of 45 (78%) 
had an excellent or good outcome using the Laaveg-Pon-

A parent’s perspective
Erin’s clubfeet were first diagnosed when I had my 20 week scan. A week later I had another scan, during which the 
fetal expert checked for related syndromes and confirmed the diagnosis. My partner and I were asked if we would like 
to meet an orthopaedic surgeon and discuss the treatment at this stage. This would also give us the opportunity to 
meet other parents and children with the condition. At about 30 weeks’ gestation we met the consultant and other 
parents at the regular clinic. This was very useful because we then knew what to expect when Erin was born, all of our 
questions were answered, and the entire procedure was explained. We came away from this very reassured and well 
informed.
Erin was born full term with moderate bilateral clubfoot. When she was 2 weeks old she was seen by the consultant, 
who confirmed the diagnosis of clubfoot and started the Ponseti treatment (plasters). She wasn’t upset by the 
application of the plasters, but when we got home the wet plasters seemed to make her feel cold; we overcame this 
by putting a hot water bottle under her legs. By week three of plastering we noticed a big improvement in her feet. 
Again, this was very reassuring. As the weeks went by she improved noticeably. Today, at 9 weeks old, Erin has had the 
bilateral tenotomy, which went well.
On reflection, the only negative aspect was the initial diagnosis at 20 weeks. We think that it could have been handled 
more sensitively—a lot of emphasis was put on the syndromes that can be associated with clubfoot. We believe that 
this could have been left until we saw the fetal expert.
Carys Jones, Valley, Anglesey

Questions for future 
research

Which surgical •	
techniques give the 
best results in feet 
that do not fully 
correct after Ponseti 
treatment?

How effective is the •	
“reverse Ponseti” 
technique for 
congenital vertical 
talus?

What surgical •	
technique is the best 
treatment for  
the “neglected” 
clubfoot in older 
children and  
adults?

Fig 2 | Child wearing the “boots and bar” orthosis
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seti functional score. This compares with 24 of 73 feet 
(33%) in the previously discussed case series, which had 
a similar follow-up of surgically treated patients.8 It is 
unusual to find studies where case series from the same 
authors can be compared, but in one such paper, with long 
term follow up, 20 of 47 feet (43%) treated surgically had 
an excellent or good result compared with 38 of 49 (78%) 
treated by the Ponseti method.20

Can the Ponseti method be used for non-idiopathic 
clubfoot?
Yes, although syndromic clubfoot is more difficult to treat, 
may need more plasters, and may not correct fully with 
Ponseti treatment. However, this treatment will improve 
the position and make subsequent surgery easier; it also 
reduced the need for major surgery. The Ponseti method 
can also be used for late presenting clubfoot.21

What risks do less invasive techniques carry?
The Ponseti technique uses serial casts and it is important 
that these are properly applied to reduce the risk of pres-
sure damage to skin. There is a small risk of neurovascular 
injury during the percutaneous tenotomy.22 If parents do 
not ensure compliance with bracing, the risk of recurrence 
is high.

What other forms of treatment are available?
Other specific methods of manipulation have been sug-
gested. One of these is the French method of manipula-
tions (also known as functional or physiotherapy method). 
This requires daily manipulation of the foot and taping. A 
non-randomised study in one unit found it to be as effec-
tive as the Ponseti method. When given the choice, how-
ever, parents were twice as likely to choose the Ponseti 
method as the French method, probably because of the 
need for daily attendances with the French method.23

Ilizarov frames are external fixators that can be used 
for gradual correction of deformity. They can be used to 
stretch soft tissues or to alter the foot shape through oste-
otomies. They have been used for recurrences after Ponseti 
treatment and residual deformity in older patients. Not all 
studies show good outcomes however.24

Surgery still has a part to play in the management of 
clubfoot. The Ponseti method does not fully correct the 
defect in a proportion of patients, and these children will 
need surgery. Patients with syndromic clubfoot are also 
more likely to need surgery. During surgery, posterome-
dial structures are released or lengthened to allow the 
foot position to be corrected. Older patients with residual 
deformity of the foot may need osteotomies in addition to 
soft tissue procedures.
Contributors: JB is the primary author and NK reviewed and amended the 
article. NK is guarantor
Competing interests: None declared.
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Wynne-Davis R. Family studies and the causes of congenital clubfoot: 1.	
talipes equinovarus, talipes calcaneal valgus, and metatarsus varus. J 
Bone Joint Surg Br 1964;46:445-63.
Chung C, Nemechek R, Larsen I, Ching G. Genetic and epidemiological 2.	
studies of clubfoot in Hawaii: general and medical considerations. 
Hum Hered 1969;19:321-42.
Paton RW, Choudry Q. Neonatal foot deformities and their 3.	
relationship to developmental dysplasia of the hip: an 11-year 
prospective, longitudinal observational study. J Bone Joint Surg Br 
2009; 91-B:655-8.
Clubfoot: Ponseti management. www.global-help.org.4.	
Dyer PJ, Davis N. The role of the Pirani scoring system in the 5.	
management of club foot by the Ponseti method. J Bone Joint Surg Br 
2006;88-B:1082-4.
Bar-On E, Mashiach R, Inbar O, Weigl D, Katz K, Meizner I. Prenatal 6.	
ultrasound diagnosis of clubfoot. J Bone Joint Surg Br 2005;87:990-3.
Laaveg SJ, Ponseti IV. Long-term results of treatment of congenital 7.	
clubfoot. J Bone Joint Surg Am 1980;62:23-31.
Dobbs MB, Nunley R, Schoenecker PL. Long term follow up of patients 8.	
with clubfoot treated with extensive soft tissue releases. 
 J Bone Joint Surg Am 2006;88:986-96.
Uglow MG, Senbaga N, Pickard R, Clarke NMP. Relapse rates following 9.	
staged surgery in the treatment of recalcitrant talipes equinovarus: 9- 
to 16-year outcome study. J Child Orthop 2007;1:115-9.
Karol LA, O’Brien SE, Wilson H, Johnston CE, Richards BS. Gait analysis 10.	
in children with severe clubfeet: early results of physiotherapy versus 
surgical release. J Pediatr Orthop 2005;25:236-40.
Cooper DM, Deitz FR. Treatment of idiopathic clubfoot: a thirty year 11.	
follow-up note. J Bone Joint Surg Am 1995;77:1477-89.
Ponseti IV, Smoley EN. Congenital club foot: the results of treatment. 12.	 J 
Bone Joint Surg Am 1963;45:261-344.
Changulani M, Garg NK, Rajagopal TS, Bass A, Nayagam SN, Sampath 13.	
J, et al. Treatment of idiopathic clubfoot using the Ponseti method. J 
Bone Joint Surg Br 2006;88:1385-7.
Cosma D, Vasilescu D, Vasilescu D, Valeanu M. Comparative results 14.	
of the conservative treatment in clubfoot by two different protocols. J 
Pediatr Orthop B 2007;16:317-21.
Adbelgawad AA, Lehman WB, van Bosse HJ, Scher DM, Sala DA. 15.	
Treatment of idiopathic clubfoot using the Ponseti method: minimum 
2-year follow-up. J Pediatr Orthop B 2007;16:98-105.
Morcuende JA, Egbert M, Ponseti IV. The effect of the internet in 16.	
the treatment of congenital idiopathic clubfoot. Iowa Orthop J 
2003;23:83-6.

Useful resources for non-specialists and 
patients

Resources for healthcare professionals

Ponseti International Association  (www.ponseti.info)— 
Website of the unit where Dr Ponseti practised. The 
website promotes the Ponseti method and provides 
education for healthcare professionals

Global Help (www.global-help.org)—Clubfoot: Ponseti 
management. This document contains detailed 
information on the Ponseti method and practicalities of 
treating patients with this technique

Resources for parents

Steps charity (www.steps-charity.org.uk)—A UK charity 
website that has information on clubfoot as well as other 
lower limb conditions

Clubfoot.co.uk (www.clubfoot.co.uk)—Website set up by 
the parents of a child with clubfoot that contains good 
basic information and describes their experience

Ponseti International Association (www.ponseti.info/
parents)—Website specifically for parents that is intended 
to promote the Ponseti method. It has information on the 
method itself and doctors who offer it

Tips for non-specialists

Although patients should be seen as soon after birth as •	
is practical, Ponseti treatment can also be used for late 
presenting clubfoot

Recurrence is associated with non-compliance with •	
bracing. Parents must be encouraged to continue using 
the boots and bar

Ponseti treatment is successful in around 85% of •	
patients. Parents can be reassured that a good outcome 
is likely
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Statistical question
Allocation concealment
a, b, and d are true; c is false.

1 	 This child’s initial symptoms were non-specific, 
although their long duration suggested an 
underlying disorder such as leukaemia. Recurrent 
infections suggested immunodeficiency, but 
as the history unfolded, lethargy and pallor 
indicated anaemia. The combination of anaemia 
and jaundice raised the possibility of haemolysis, 
perhaps, given the infective symptoms, virally 
induced. Joint pain suggested a septic or 
juvenile arthritis, but the concurrent anaemia 
made leukaemia or other malignancy more 
likely, especially because several joints were 
affected. The finding of hepatosplenomegaly with 
adenopathy made leukaemia highly likely, but 
neuroblastoma would be a plausible alternative.

2 	 Children with acute leukaemia are at risk 
on presentation of overwhelming sepsis, 
haemorrhage, leucostasis, airway obstruction as 
a result of a mediastinal mass, acute heart failure 
secondary to profound anaemia, and renal failure 
precipitated by tumour lysis syndrome.

3 	 Examination of the bone marrow is the 
investigation of choice. Although many of 
the diagnostic tests for leukaemia can also 
be performed on peripheral blood samples, 
definitive diagnosis is still based on examination 
of a bone marrow aspirate.

4 	 Acute leukaemia is most likely to cause jaundice 
through cholestasis, both intrahepatic (owing 
to infiltration of the hepatic parenchyma by 
leukaemic cells) and extrahepatic (owing to 
compression of the biliary tree by enlarged 
abdominal lymph nodes).

5 	 Five year survival for all types of leukaemia in 
children is now over 80%, although prognosis 
varies considerably among subtypes.

Case report 
A toddler with pallor and  
recurrent infection

1	 The chest radiograph shows hyperinflation with bullous emphysematous 
changes in the lower zones bilaterally.

2 	 Findings are consistent with deficiency of the enzyme inhibitor α1 
antitrypsin. This protease inhibitor is synthesised by the liver, and 
it protects lung tissue against proteolytic damage from the enzyme 
neutrophil elastase. Deficiency is associated with early onset 
emphysema that characteristically affects the lung bases. Basal 
emphysema is not always obvious on plain radiography, and the 
condition is often diagnosed as regular chronic obstructive pulmonary 
disease (COPD).

3 	 Airflow obstruction should be confirmed by spirometry. Serum α1 
antitrypsin concentrations: concentrations less than 11.0 µmol/l 
(normal range 20-60) increase the risk for developing emphysema. 
Genotyping is encouraged, along with family testing after diagnosis. 
High resolution computed tomography of the chest should also be 
performed.

4 	 Smoking cessation is the most important factor and has the greatest 
effect on survival. Treatment is similar to that for standard COPD 
and should follow the guidelines for this disease: short and long 
acting inhaled β2 agonists, anticholinergics, inhaled corticosteriods, 
and pulmonary rehabilitation. Disease specific treatment includes 
enzyme replacement, which is used commonly in the United States 
but rarely outside of trials in the United Kingdom. Observational trials 
have suggested benefit for this treatment, but no controlled trial has 
confirmed this. All patients with COPD, but especially those with early 
onset disease, should be investigated for α1 antitrypsin deficiency.

Picture 
Quiz 
Gradually 
worsening 
shortness 
of breath

Chest radiograph 
of a patient with 
α1 antitrypsin 
deficiency 
showing marked 
emphysema in the 
lower zones


