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Radical Reduction in the Rate of Extensive Corrective Surgery for
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ABSTRACT. Objectives. The purpose of this study
was to evaluate the efficacy of the Ponseti method in
reducing extensive corrective surgery rates for congenital
idiopathic clubfoot.
Methods. Consecutive case series were conducted
from January 1991 through December 2001. A total of 157
patients (256 clubfeet) were evaluated. All patients were
treated by serial manipulation and casting as described
by Ponseti. Main outcome measures included initial correction of the deformity, extensive corrective surgery
rate, and relapses.
Results. Clubfoot correction was obtained in all but 3
patients (98%). Ninety percent of patients required <5
casts for correction. Average time for full correction of
the deformity was 20 days (range: 14 –24 days). Only 4
(2.5%) patients required extensive corrective surgery.
There were 17 (11%) relapses. Relapses were unrelated to
age at presentation, previous unsuccessful treatment, or
severity of the deformity (as measured by the number of
Ponseti casts needed for correction). Relapses were related to noncompliance with the foot-abduction brace.
Four patients (2.5%) underwent an anterior tibial tendon
transfer to prevent further relapses.
Conclusions. The Ponseti method is a safe and effective treatment for congenital idiopathic clubfoot and
radically decreases the need for extensive corrective surgery. This technique can be used in children up to 2 years
of age even after previous unsuccessful nonsurgical
treatment. Pediatrics 2004;113:376 –380; clubfoot, Ponseti
method.

C

ongenital idiopathic clubfoot is a complex foot
deformity that occurs in an otherwise normal
child. In 1996, 2224 children were born with
clubfoot in the United States, an incidence of ⬃0.6
cases per 1000 live births.1 The goal of treatment is to
correct all components of the deformity so that the
patient has a pain-free, plantigrade foot with good
mobility, without calluses, and without the need to
wear special or modified shoes.
Most orthopedists agree that the initial treatment
should be nonsurgical and started soon after birth.
Many different methods of correction are used, most
of them involving manipulation and casting. In
many institutions, manipulation and serial casting
require many months of treatment and frequently
result in incomplete or defective corrections.2– 4 As a
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result, extensive corrective surgery is indicated in
50% to 90% of the cases, often with disturbing failures and complications.5–11 In addition, depending
on the technique followed and the residual deformity, up to 47% of clubfeet undergo 1 or more revision surgeries.12–17
The results at our institution differ radically from
these reports. Since the late 1940s, we have followed
the method of correction developed by the senior
author.18 This method involves weekly stretching of
the deformity followed by application of a long-leg
cast. All components of the deformity usually correct
within 4 to 5 weeks with the exception of the equinus. A simple percutaneous tendoachilles tenotomy
often is necessary to correct completely the equinus.
The first report of 67 patients who were younger
than 6 months and treated by the Ponseti method
demonstrated satisfactory and rapid initial correction in the majority of cases (83%) with minimal
complications.19 However, there was a relatively
high incidence clubfoot relapses (56%) in this patient
population. Most relapses were treated successfully
with repeat manipulation and castings and/or anterior tibial tendon transfers. More important, the
long-term functional and clinical results at a 30-year
follow-up were excellent or good using pain and
functional limitation as the outcome criteria in the
majority of these patients (78% compared with 85%
of a matched control population born with normal
feet).20
The technique has been refined over the years, and
we have come to realize the necessity of hyperabduction of the foot in the last cast and long-term use of
the foot abduction brace. In addition, our referral
base has radically changed as a result of patient
referral from the Internet.21 This has resulted in an
increase in the number of children who present at an
age older than 6 months and many who have had
previous unsuccessful nonsurgical treatment elsewhere. This change in patient population has led us
to expand the age range of our traditional indications
for nonsurgical treatment rather than to default to
extensive corrective surgery based solely on older
age or previous treatment.
Because of this more recent experience, we are
reevaluating the efficacy of the Ponseti method for
the correction of congenital idiopathic clubfoot. This
study also examined the effect of our changing population in the context of the age of the patients at the
onset of treatment and previous treatment.
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METHODS
Patient Population and Treatment Protocol
We reviewed the records of 157 patients with congenital idiopathic clubfoot (256 clubfeet) who were treated consecutively
under the supervision of the senior author from January 1991 to
December 2001. Positional clubfeet were not included. Institutional review board approval was obtained. The average age at
last follow-up was 26 months (range: 6 months to 8 years). No
patient was lost to follow-up.
The guidelines for the treatment developed by the senior author and followed at our institution are as follows18: 1) all components of the deformity are corrected simultaneously, not in
sequence, except for the equinus, which should be corrected last;
2) the cavus, which results from pronation of the forefoot in
relation to the hind foot, is corrected together with the adduction
by supinating and abducting the forefoot in proper alignment
with the hind foot; 3) with the longitudinal arch of the foot well
molded and the forefoot in some supination, the entire foot can be
abducted gently and gradually under the talus, which is secured
against rotation in the ankle mortise by applying counterpressure
with the thumb against the lateral aspect of the head of the talus;
4) heel varus will correct when the entire foot is fully abducted
under the talus; the heel is never touched (Fig 1); 5) finally, the
equinus is corrected by dorsiflexing the foot; this is generally
facilitated by a simple percutaneous tendoachilles tenotomy under
local anesthesia.
For maintaining the correction obtained by gentle manipulation, a plaster cast is applied in 2 sections. The first section extends
from the toes to just below the knee, and the second covers the
knee and the thigh. The knee is immobilized at a right angle. The
plaster cast is molded to fit the anatomy precisely. Abduction of
the foot is increased progressively with each manipulation and
plaster cast application until hypercorrection to ⬃70° of foot abduction is obtained. All of the casts in all of the patients included
in this study were applied under the supervision of the senior
author (I.V.P.; Fig 2). Radiographs are taken in the rare case of a
deformity that resists correction to rule out any bony abnormality.
If full, initial correction is not achievable, then surgical treatment
is indicated. The surgical procedure is tailored to the residual
deformity. No severity classification is used because the deformity
is not necessarily related to the resistance to correction. However,
we used the number of casts required to obtain a full correction of
the deformity as a proxy for severity of the deformity.

Fig 1. Manipulation as described by Ponseti. The thumb is positioned over the lateral aspect of the head of the talus, and the
index finger is positioned behind the lateral malleolus. No counterpressure should be applied at the calcaneocuboid joint. The
cavus and the adduction are corrected by slight supination and
abduction of the forefoot. The forefoot is never pronated.

After correction, a foot-abduction brace is used to maintain the
correction. This brace consists of a bar with shoes attached at the
ends at 70° of outward rotation on the affected side and 40° on the
normal side. The length of the bar should be equal to the width of
the child’s shoulders (Fig 3). The brace is used on a full-time basis
for 2 to 3 months and at night and during naptime for 3 to 4 years.
Parent self-report on brace wear was used to assess compliance.
Noncompliance was defined when the foot abduction brace was
not used for at least 10 hours a day.
A relapse is defined as the appearance of any of the components of the deformity, including cavus, adductus, varus, and/or
equinus. Relapses after initial correction are treated with additional manipulation and serial casting in marked foot abduction. A
tendoachilles tenotomy is indicated when dorsiflexion of the ankle
is ⬍15°. When the anterior tibial muscle tends to strongly supinate
the foot during gait, its transfer to the third cuneiform will prevent
additional relapses in most patients.

Analysis
We evaluated the following variables: age of the patient at first
visit to our institution, previous treatment and type of treatment
before referral, number of casts, previous tendoachilles tenotomy,
number of casts required at our institution, need for percutaneous
tendoachilles tenotomy, degree of ankle dorsiflexion after tenotomy, and compliance with the foot-abduction brace. These variables were in turn related to the need for extensive corrective
surgery and the incidence of relapses. Fisher exact tests, t tests,
and odds ratios were used as appropriate.

RESULTS

A total of 107 (68%) patients were male. Seventynine (60%) patients were first-born. Thirty-three
(22%) patients had a positive family history of clubfoot deformity. Most children (92%) were full term,
without complications during gestation or delivery.
At initial Ponseti casting, 128 (81%) patients were
younger than 6 months and 29 (19%) were older than
6 months.
A total of 113 (73%) patients had some form of
treatment before their initial visit to our institution.
Seven (4.5%) had physical therapy, and 111 (71%)
had serial manipulation and casting. The number of
casts ranged from 1 to 20, with a median of 10.
Patients had primarily below-the-knee casts (49%) or
a combination of below-the-knee and above-the-knee
casts (24%). Fourteen (9%) patients had a percutaneous tendoachilles tenotomy. Ninety-five percent of
the patients came to our clinic with all of the components of the deformity uncorrected. Extensive corrective surgery was recommended to 75 (48%) patients by their treating physicians.
Clubfoot correction was obtained in all but 3 (98%)
patients. These 3 patients were previously treated in
other institutions and presented with very severe
deformities. Correction was obtained with 1 to 7
casts; 90% of the patients required ⱕ5 casts for correction (Fig 4). The average time from the first cast to
the tendoachilles tenotomy (full correction of the
deformity) was 20 days (range: 14 –24 days). Percutaneous tendoachilles tenotomy was performed in
86% of the cases. Average ankle dorsiflexion posttenotomy was 20° (range: 0 –35°). The majority of
patients started walking at an age of 13 months
(range: 9 –17 months). Twelve (8%) patients had a
cast complication, including erythema, slight swelling of the toes, or downward slippage of the cast. All
these complications were attributed to a deficient
casting technique. No infections, skin necrosis, neu-
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Fig 2. Serial photographs at weekly intervals of the correction of a severe clubfoot deformity in a 3-week-old infant. A, At initial visit.
B, After first cast. C, After second cast. D, After third cast. E, After fourth cast. F, Treatment result after percutaneous tendoachilles
tenotomy.

Fig 3. Foot-abduction brace. The brace consists of a bar with
shoes attached at the ends at 70° of outward rotation on the
affected side and 40° on the normal side. The length of the bar
should be equal to the width of the child’s shoulders. The brace is
used on a full-time basis for 2 to 3 months and at night and during
naptime for 3 to 4 years.
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rovascular compromise, or profuse bleeding posttenotomy were observed.
Four (2.5%) patients required extensive corrective
surgery after treatment by the Ponseti method. The
surgical procedures performed included 1 posteromedial release and 3 posterior releases with tendoachilles tenotomy. It is interesting that of the 75
patients whose deformities were previously indicated for corrective surgery by the local physician,
only 1 went on to surgery after treatment by the
Ponseti method.
There were 17 (10%) relapses after initial successful treatment. Relapse of the deformity was not significantly related to age at presentation, previous
unsuccessful treatment at other institution, or the
number of casts required for correction (used as a
measure of severity; all P ⬎ .05). Relapses were associated with noncompliance with the foot-abduction brace (P ⫽ .001; Table 1). Noncompliance was
associated with a 17 times greater odds of relapse (15
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Fig 4. Total number of casts required for full correction of the deformity.
TABLE 1.
Factors Associated With Relapse After Full Correction of the Deformity
P Value
Age of patient
Previous treatment
Number of Ponseti casts
Compliance with orthosis

.98
.5
.14
.001

of 17) compared with compliance (6 of 140; P ⫽
.0001). Relapses were treated with a second series of
manipulation and casting, followed by the use of the
foot-abduction brace. Three patients required a second tendoachilles tenotomy. For preventing additional relapses in 4 (2.5%) patients who were noncompliant with the foot-abduction brace, an anterior
tibial tendon transfer to the third cuneiform and a
tendoachilles lengthening were performed.
DISCUSSION

This study demonstrates that with the use of the
Ponseti method, ⬎95% of patients’ idiopathic clubfoot can be corrected without the need for extensive
corrective surgery. In addition, we found no increased difficulty correcting the deformity in children up to the age of 2 years or in patients who
previously had a nonsurgical corrective attempt.
The results of this study are in contrast with most
published series.2–17 We believe that this discrepancy
in the results of treatment is attributable primarily to
a deficient understanding of the nature of the deformity and the normal functional anatomy of the foot.
This lack of understanding has led to poor corrective
manipulation and casting techniques. It is not attributable, on the basis of the current study, to the complexity or the severity of the deformity.
The main reason for failures is the application of

counterpressure on the calcaneocuboid joint during
the manipulation. By so doing, the normal movement of the calcaneus under the talus, a motion that
is fundamental for the correction of the deformity, is
prevented. Because the 3 tarsal joints move simultaneously, blocking the calcaneocuboid joint in turn
prevents the movement of the talonavicular joint and
therefore makes it impossible to correct the clubfoot.
In addition, many physicians perform these maneuvers somewhat forcefully, often causing the child
great distress.10,22 The correction should be performed very gently to avoid these problems because
crying and pain are associated with increased muscle
tension in the lower extremity, making the manipulation and casting more difficult.
An important finding in this study was the decreased number of patients who presented with a
relapse after initial full correction when compared
with our previous publication.19 We believe that this
is attributable to the hyperabduction now obtained
in the last cast and to the education of parents about
the need to use the foot-abduction brace at night and
naptime until the age of 3 years.
Our study has a number of important implications
for parents, children, and physicians. From the public health standpoint, our findings can be used to
reassure the public that the congenital idiopathic
clubfoot deformity, although complex in nature, is
easily corrected and, more important, that our results
can be replicated in other institutions and clinical
practices and even in different health care systems.
Herzenberg et al23 recently reported similar good
results in their institutions. They evaluated 27 patients (34 clubfeet) after serial manipulation and casting following the Ponseti method. Control subjects
included patients who were treated with initial serial
short-leg casts for 3 months (range: 2– 6 months).
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Only 1 (3%) clubfoot that was treated by the Ponseti
method required extensive corrective surgery compared with 32 (94%) in the control group. In addition,
a significant decrease in the range of motion in patients who were treated surgically was found compared with those who were treated by the Ponseti
method.
Pirani et al24,25 introduced the Ponseti method in
Uganda in November 1999 and developed a national
program for the treatment of clubfoot. As in many
other developing countries, many, if not most, children who are born with clubfoot do not receive any
treatment of the deformity. Through training of physicians and other health care personnel and public
awareness campaigns, ⬎80% of the patients have
their deformity completely corrected within 2
months of onset of treatment. The numbers of infants
who are younger than 1 year and being referred for
extensive corrective surgery has reduced remarkably. The success of this program is such that it has
already been expanded to Malawi, Tanzania, and
Ethiopia (S. Pirani, J. N. Penny, and M. Steenbeeck,
personal communication, 2002).
In conclusion, the Ponseti method is a very safe,
efficient treatment for the correction of clubfoot that
radically decreases the need for extensive corrective
surgery. Furthermore, it can be used successfully in
children up to ⬃2 years of age when no previous
surgical treatment has been attempted. The decline
in extensive clubfoot surgery should encourage national efforts to make this method the gold standard
in the treatment of congenital idiopathic clubfoot.
Educational programs should be targeted to primary
care physicians to increase awareness of the Ponseti
method and its excellent results so that they can
advise families accordingly. Physicians who adopt
the Ponseti method will feel rewarded by the satisfaction of successfully correcting what traditionally
has been a very frustrating deformity to treat.
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