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Abstract Introduction: The aim of this study is to eval-
uate the effectiveness of the Ponseti method in children
presenting before 1 year of age with either untreated or
complex (initially treated unsuccessfully by other con-
servative methods) idiopathic clubfeet. Patients and
methods: The authors report 134 feet of 92 patients with
Dimeglio grade 2, 3, or 4 deformities treated with the
Ponseti method. Twenty-four percent of feet were of
complex deformities at initial presentation to the au-
thors’ clinics. Results: At a mean follow-up of 46 months
(range 24-89) we avoided joint release surgery in 97% of
feet. Sixty-seven percent required a percutaneous ten-
otomy of the Achilles tendon. Relapse rate was 31% (41
feet). We treated 2 relapses by restarting the use of
orthosis, 17 with re-casting, 18 with anterior tibial ten-
don transfer following a second relapse, and 4 feet with
extensive joint surgery. Compliance with the use of
orthosis was identified as the most important risk factor
(P<0.0001) for relapses. Previous unsuccessful treat-
ment attempts by other conservative methods did not
adversely affect the results unless the cases had iatro-
genic deformities. Cases with iatrogenic deformities
from previous treatment had a significantly increased
risk of non-compliance and relapse. Experience of the
treating surgeon and cast complications were also re-
lated to relapses. Conclusion: Our results show that the
Ponseti technique is reproducible and effective in chil-
dren at least up to 12 months of age. It can also produce
good correction in children presenting with complex
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idiopathic deformities. Therefore, extensive joint
releases should not be considered immediately in such
cases. The treating surgeon should be meticulous in
using the technique and ensure compliance to foot
abduction brace in order to avoid recurrences.
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Introduction

Clubfoot is one of the most common foot deformities
and may impede the child’s development when not
treated successfully, causing much frustration to the
family and the physician. Traditionally, joint releases
[5, 27, 33, 36] are recommended for the treatment of
congenital idiopathic clubfeet if correction of the foot
using conservative methods within 3—6 months is not
satisfactory [14, 26]. This approach clearly has the
advantage of complete correction in one attempt with
good early results. However, reports of more conspicu-
ous anatomical changes, significant muscle weakness,
and insufficient ankle range of motion led to a growing
concern regarding the long-term outcome in patients
treated with extensive surgical releases [9, 18, 21].
Functional results have been reported to be better if
extensive surgery could be avoided [1, 2]. Other causes of
concern in surgically treated patients are reoperations
required in more than half of the patients, and the risk of
serious complications which are sometimes more diffi-
cult to treat [1-4, 8, 12, 17, 26, 34].

On the other hand, inappropriate manipulations and
castings as described in various conservative treatment
methods cause incomplete correction and in some cases
secondary damage to the foot skeleton. Hence, a gen-
erally achievable correction rate with conservative
methods was believed to be low, and insistence with
manipulations was discouraged [12, 27].

However, favorable long-term results were reported
with the Ponseti technique [7, 23]. The Ponseti technique
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includes gentle manipulations followed by well-molded,
weekly casts extending to the thigh. The cavus is cor-
rected first by elevating the first metatarsal aligning the
forefoot with the heel. Correction of varus and adduction
is achieved by gradually abducting the foot in supination
under the head of the talus. If there is a persistent equinus
when 60-70° of foot abduction and correction of heel
varus are achieved, a percutaneous Achilles tenotomy is
performed. After the tenotomy, a final cast is applied for
3 weeks. To prevent relapses, a foot abduction brace is
used full-time for the first 3 months and at nighttime until
the child is 34 years of age.

Recent studies, from other centers, reported that the
Ponseti technique was successful in avoiding extensive
surgery in approximately 95% of virgin clubfeet [6, 16,
18, 24]. However, a certain number of clubfoot patients
present to out-patient clinics with either late or so-called
resistant deformities. Decision to treat these deformities
with extensive surgery is empirical and based on limited
success with conservative treatment methods other than
the Ponseti. Encouraged by their early experiences, au-
thors have started using the Ponseti method in all club-
foot patients presenting up to the age of 1 year. The
purposes of this study are to evaluate the effectiveness of
the Ponseti technique in correcting not only untreated
but also complex clubfeet (initially treated unsuccessfully
by other conservative methods), to examine the effect of
the learning curve, and to identify the factors related to
relapses for a successful result in the short-term.

Patients and method

We treated 134 feet of 92 patients with idiopathic con-
genital clubfeet with the Ponseti method between Janu-
ary 1997 and September 2002. Criteria for inclusion in
this study were the severity of the deformity (Grade 2, 3,
or 4 according to Dimeglio classification) [10], patients
under 1 year of age when the Ponseti treatment was
started, with a minimum follow-up of 24 months after
the completion of casting. Four feet of three patients
were lost to follow-up and were excluded from this
study. These patients were noted to have an excellent
correction at 5-9 months follow-up. Therefore, the fol-
low-up rate was 97%.

The mean age at the time of last follow-up was 50
months (range 26-94 months). Mean follow-up, defined
as from removal of the last cast to the final evaluation,
was 46 months (24—89 months).

The patients were grouped based on two criteria;
previous treatment and experience of treating surgeon.
Patients who had not received any treatment before were
defined as untreated. Patients previously treated by con-
servative methods other than the Ponseti were defined as
having complex clubfeet. Three groups were then iden-
tified according to previous treatment: Group A
untreated clubfeet, Group B complex clubfeet without
iatrogenic deformity, and Group C complex clubfeet
with iatrogenic deformity. All complex deformities were

considered “‘resistant” to non-operative treatment else-
where and recommended extensive joint releases. Two
other groups were identified to examine the effect of
learning curve on the outcome: early experience group
comprised the first 20 patients treated by each of the two
treating surgeons (40 patients in total); later experience
group comprised patients treated after the learning curve.
Distribution of several patient characteristics and defor-
mity grades within each group are shown in Table 1.

At presentation, each clubfoot was graded using the
Dimeglio classification system. Only children with
moderate (Grade 2), severe (Grade 3), and very severe
(Grade 4) types of congenital idiopathic clubfeet were
included in this study.

Treatment protocol

Manipulations were performed exactly as described by
Ponseti [31] in untreated cases and complex cases with-
out iatrogenic deformities. A different approach was
used in complex cases with iatrogenic deformities. If the
iatrogenic deformity was identified on removal of a cast
done elsewhere and the condition of the foot looked
inappropriate to continue with another cast (shortened
and swollen foot, maceration, etc.), it was left out of cast
for about 2 weeks. Manipulations were customized
according to anatomical identification of the iatrogenic
components of the deformity determined with a careful
clinical examination of the foot. Afterwards, treatment
continued as described. Either a semi-rigid synthetic cast
(Soft Cast, 3M) or a plaster of Paris cast was used
depending on the preference of the treating surgeon. The
percutaneous Achilles tenotomy was performed under
general anesthesia in some patients while in the others it
was performed in the out-patient clinic using local
anesthesia. Rarely, a cast change at 1 week was con-
sidered necessary to improve ankle dorsiflexion follow-
ing the last cast after the tenotomy. We used a Denis
Browne bar for the foot abduction brace. The foot-
plates were removed and the shoes were attached
directly to the bar in order to reduce the weight of the
brace.

Compliance was assessed as reported by the parents,
and non-compliance was defined as cessation of brace
wear.

Relapses were defined as a Dimeglio score of equal to
or more than five points, dorsiflexion less than 15°, or
any apparent forefoot adduction or heel varus not
reducible beyond neutral by gentle manipulation.
Relapses were initially treated with re-casting. If a sec-
ond relapse occurred and there was dynamic supination
after any structural deformity had been corrected with
casting, tibialis anterior tendon was transferred to the
lateral cuneiform.

At follow-up, we evaluated the feet by both Dimeglio
and Pirani scores. Triceps surae strength was clinically
assessed by the children’s ability to stand or walk on
toes, whichever is allowed by their cooperation.
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Table 1 Patient groups based on previous treatment (Groups A, B, and C) and experience of treating surgeon (early and later)

Previous treatment groups Experience groups Total
Group A Group B Group C Early Later
Number of CF/patients 102/70 21/15 11/7 61/40 73/52 134/92
Gender (patients)
Male 53 11 6 33 37 70
Female 17 4 1 7 15 22
Involvement (patients)
Unilateral 38 9 3 19 31 50
Bilateral 32 6 4 22 20 42
Grade of
deformity (CF)
Dimeglio score=5<10 25 15 3 20 23 43
(Grade 2)
Dimeglio score=10<15 64 6 6 33 43 76
(Grade 3)
Dimeglio score=15<20 13 0 2 8 7 15
(Grade 4)
Age at start of treatment
Mean age (range) Sw 5 mo 4 mo 6w 3 mo 2 mo
(3 d to 10 mo) (2 to 11 mo) (2 to 12 mo) (3 d to 7 mo) (3d to 12 mo) (3 dto 12 mo)

CF clubfeet, d days, w weeks, mo months

Avoidance of extensive releases, and relapses were the
main factors in the assessment of results. Successful
treatment was defined as avoidance of extensive surgery
(posterior, posteromedial, or complete subtalar re-
leases). Data were further analyzed regarding possible
causes of relapses.

Statistical analysis

Each foot was considered a case for statistical analysis.
Fisher’s exact test (one-sided) was used to determine
statistical differences between the treatment groups and
the experience groups. We performed Kaplan—Meier
survival analysis to relate the following variables to re-
lapses: the severity of the deformity at presentation,
number of Ponseti casts, need for Achilles tenotomy,
previous treatment, age of patient at the start of treat-
ment, and compliance with the use of orthosis. Log-rank
test was used for comparing the equality of survival
distributions.

Results

At a mean follow-up of 46 months, joint releases (pos-
terior, postero-medial, and complete subtalar release)
were avoided in 130 of 134 feet (97%) and in 88 of 92
(96%) patients treated using the Ponseti technique.
Ninety clubfeet (67%) required a percutaneous tenoto-
my of the Achilles tendon.

Subsequently, the deformity relapsed in 41 feet
(31%) of 27 patients. Two of these relapses were mild
and responded to restarting the use of orthosis,

whereas 35 had recasting for correction of first relapses.
Five feet of four cases required repeat Achilles tenot-
omies. Eighteen feet (12 patients) had second relapses
and required anterior tibial tendon transfer to the third
cuneiform. Parents of two patients (two feet) refused
recasting because of skin problems during initial cast-
ings. Four feet (3%) of four cases (4%) underwent
joint releases.

Thirty-nine patients (57 feet) were not compliant with
the use of foot abduction orthosis. The overall rate of
compliance of patients was 58%. Rate of recurrence was
3% in cases compliant with the use of orthosis, whereas
it was 68% in non-compliant cases.

There were cast complications in 12 feet (8.95%) of
nine patients (9.78%). Intolerance to and frequent slip-
page of casts were seen in three feet of two patients.
There was a pressure necrosis in one foot, and cast saw
cuts in four feet (three patients). Oedema and skin
problems interrupting with serial casting were observed
in four feet (three patients).These complications were
encountered in the early cases.

The results of groups were compared to each other
and several statistically significant differences were noted
(Table 2). Group B patients could be corrected with less
number of casts as compared to the other treatment
groups. Non-compliance and relapses were more fre-
quent in both Group C and early experience group.
Cases in these groups also required more number of
casts. All patients who had joint releases were in the
early experience group. This group also had more cast
complications and worse Dimeglio scores. Cast compli-
cations were also associated with non-compliance with
the foot abduction orthosis (Fisher’'s exact test,
P=0.003).
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Table 2 Results of patients and comparison of groups with each other

Previous treatment Experience Total Statistical difference
groups groups
A B C E L Groups P-value
Number of Ponseti casts A-B <0.0001
< 6 Casts 39 20 3 21 41 62 B-C 0.0006
> 6 Casts 63 3 6 40 32 72 A-C 0.537
E-L 0.009
Need for Achilles tenotomy A-B 0.157
Yes 66 18 6 38 52 90 B-C 0.398
No 36 5 3 23 21 44 A-C 0.608
E-L 0.181
Compliance with orthosis A-B 0.560
Yes 61 14 2 26 51 77 B-C 0.057
No 41 9 7 35 22 57 A-C 0.033
E-L 0.001
Cast complications A-B 0.417
Yes 9 1 2 9 3 12 B-C 0.184
No 93 22 7 52 70 122 A-C 0.218
E-L 0.032
Relapses A-B 0.287
Yes 27 8 6 29 12 41 B-C 0.108
No 75 15 3 32 61 93 A-C 0.019
E-L <0.001
Joint releases A-B 0.540
Yes 3 0 1 4 0 4 B-C 0.281
No 99 23 8 57 73 130 A-C 0.290
E-L 0.041
Dimeglio score at follow-up® A-B 0.402
<5 90 22 6 46 72 118 B-C 0.156
=5<10 9 1 2 11 1 12 A-C 0.191
E-L <0.001
Pirani score at follow-up® A-B 0.467
<1 93 21 6 51 69 120 B-C 0.268
>1 6 2 2 6 4 10 A-C 0.109
E-L 0.229

Fisher’s exact test (one-sided) was used to examine the statistical difference between patient groups
A Group A, B Group B, C Group C, E early experience group, L later experience group
#Evaluation scores are from patients who did not have extensive joint releases (n=130)

Statistical analysis of relapses, related to several
variables (Table 3), identified compliance to foot
abduction orthosis, cast complications interfering with
serial casting, and experience of the treating surgeon as
factors most significantly associated with relapses. Re-
lapses occurred in only 3% of patients compliant with
orthosis and 68% of patients non-compliant with
orthosis.

At final follow-up, the ankle joint motions (mean =+
standard error; range) were 23°£7.65° (10-40) of
dorsiflexion and 49°+6.23° (30-60) of plantar flexion.
The mean Dimeglio score was 2.68 £0.16 (0-7) and the
mean Pirani score was 0.37+0.05 (0-2.5).

Discussion

Using the Ponseti method, we have been successful
in avoiding extensive surgery in 97% of congenital
idiopathic clubfeet. This success rate is comparable to
the other series reporting early results of the Ponseti
method [6, 11, 16, 24].

Our results also show that the Ponseti method can be
used for the treatment of both untreated and complex
clubfeet in children at least up to the age of 12 months
and still produce a high correction rate. From the
institution where the Ponseti technique was developed
and used for several decades, Morcuende et al. reported
their results in a similar patient population [28]. At a
mean age of 26 months (6 months to 8 years) at last
follow-up, only 2.5% of cases required extensive sur-
gery. They concluded that the Ponseti method could be
used successfully in children up to approximately 2 years
of age when no previous surgical treatment has been
attempted. Our study from a different country with a
different healthcare system demonstrates the reproduc-
ibility of the technique in this expanded patient popu-
lation at a mean age of 50 months at last follow-up.

In our series, the indications for extensive surgery were
parents refusing further casts for relapses in two patients
and rigid relapses in two others. One of the rigid relapses
occurred at 18 months of age and in the other the
deformity recurred soon after a less than desirable cor-
rection in whom the surgeon chose to operate. All four
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Table 3 Statistical analysis of cases, relating several patient characteristics to relapses

Relapse/n Relapse-free survival Log-rank test,
time, mean time + SE df, P value
(95% CI)

Total 41/134 61 +3 (55-68) -
Previous treatment 6.84, 2, P=0.0326
Group A 27/102 6543 (58-71)

Group B 8/23 4547 (32-58)

Group C 6/9 2446 (11-36)
Experience of treating surgeon 15.61, 1, P=0.0001
Early 29/61 48+ 5 (38-58)

Later 12/73 4742 (43-51)

Severity of deformity at presentation 5.70, 2, P=0.0577
Grade 11 12/43 53+4 (44-62)

Grade II1 21/76 64+4 (56-72)

Grade IV 8/15 34+9 (18-49)

Number of Ponseti casts 3.22, 1, P=0.0726
< 6 casts 14/62 67 +4 (59-76)

> 6 casts 27/72 56+£5 (47-65)

Need for Achilles tenotomy 3.02, 1, P=0.0822
Yes 24/90 55+3 (49-61)

No 17/44 55+6 (43-66)

Age of patient at the start of treatment 0.76, 1, P=0.3835
<3 months 26/92 63+4 (56-71)

>3 months 15/42 46+ 5 (38-55)

Compliance with the use of orthosis 74.57, 1, P<0.0001
Yes 2/717 83+2 (80-86)

No 39/57 2744 (19-35)

Cast complications 14.29, 1, P=0.0002
Yes 9/12 23+7 (9-37)

No 32/122 65+3 (59-71)

n total number of cases, SE standard error, CI confidence interval, df degrees of freedom

feet were in the early experience group. The rate of
extensive operative treatment was therefore 3% in our
series. The authors think that with increasing experience
this rate may be lower in patients with idiopathic clubfeet.

We identified compliance to foot abduction brace as
the most important risk factor for recurrence. Other
factors significantly related to relapses (Group C
patients and learning curve patients) were also associ-
ated with a significantly high rate of non-compliance.
This emphasizes the importance of brace compliance in
preventing relapses in patients treated with the Ponseti
method, as already recognized in previous studies [6, 11,
28]. Dobbs et al. also reported that the educational level
of the parents was another significant risk factor for
recurrence [11]. An additional risk factor identified in
our study was problems with casting which interfered
with serial casting. Furthermore, there was a statistically
significant association of casting problems with later
orthosis non-compliance suggesting that brace compli-
ance is the key factor in preventing relapses.

We attribute the high rate of relapses in our series
(31%) to the learning curve we had to go through
because we had only few texts to guide us when we
started the technique [7, 23, 31]. Our data clearly showed
that learning curve patients had more problems with
compliance and more relapses. They also required more
casts and had numerous cast problems. Therefore, the
authors recommend that the technique should be
learned from experienced surgeons. Although it is easy

to learn, casting is a motor skill to be learned and it
should be done with precision. In our series, most of the
problems associated with casting could have been avoi-
ded with better casting technique and also the number of
casts required to correct the deformity were reduced
with increasing experience.

Patients with iatrogenic deformities from previous
non-Ponseti treatment were identified as a problematic
group. Although, the deformities could be corrected
with customized manipulations, they had significantly
more casts, non-compliance, and relapses. Customized
manipulations should not be regarded as modifications
instead adaptations to the technique in a clubfoot with
even more distorted anatomy. It is clear why these feet
required more casts. However, why compliance were
problematic and relapses were more frequent in this
subgroup of patients remains to be elucidated.

For maintaining the correction, Ponseti emphasizes
that the baby must wear a foot abduction brace [31]. The
brace as described by Ponseti has been found to be very
effective if it is properly constructed, the parents are
accurately instructed, and the baby complies [7, 13].
However, in the bracing period, the quality and the fit of
the brace and compliance can be problematic. This is
reflected by a 43% rate of non-compliance in our cases.

We have evaluated brace compliance as reported by
mothers. It is known that adolescents with idiopathic
scoliosis tend to misreport their compliance of braces,
and evaluation based on their reports are unreliable [35].
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However, in this age group, the mother is the most
reliable source of information and the authors had no
reason to think otherwise in this situation.

We have performed tibialis anterior tendon transfers,
along with Achilles tendon lengthening when necessary,
in 12% of patients after second relapses had been cor-
rected with recasting. The operation may be indicated in
some other patients in the future. Ponseti reported that
initially about one-third of cases required this proce-
dure. However, it is reported to be required in consid-
erably fewer patients (2.5%) when the importance of
abduction splinting is appreciated [28].

Complete section of the Achilles tendon did not result
in triceps surae weakness in any of the patients in our
series and all cases were able to stand or walk on the toes
at last follow-up. The authors are now confident that the
tendon regenerates within weeks when the tenotomy is
performed in infants, correlating with the relevant lit-
erature [7, 16]. The authors were able to Z-lengthen the
previously cut and fully regenerated Achilles tendons in
cases who had releases afterwards. It is also interesting
to note that triceps surae weakness can be seen in
patients who had open lengthening no matter how
carefully it is done.

We have almost never used radiography for idio-
pathic clubfeet. It is known that radiographic abnor-
malities are common in clubfoot patients [19, 23, 29].
However, it is also reported by many authors that clin-
ical outcome cannot be predicted from radiographs [7,
15, 19, 32]. Instead, maintenance of good movement is
crucial to a successful outcome whether or not some
deformity persists because movement has been shown to
correlate with good functional results [12, 17, 25]. Good
flexibility, as generally achieved in our cases, appears to
be an important factor for future functional results.

Although imaging is not utilized during the treatment
by the Ponseti method, repositioning and remodeling of
cartilaginous anlages of bones, as suggested by Ponseti,
has been demonstrated by serial MRI and ultrasound
studies [22, 30]. Ippolito et al. reported better correction
of the skeletal pathology in patients treated by the
Ponseti manipulations as compared to patients treated
by extensive releases [20].

The limitation of this study, as in all short-term
studies, is that a mean follow-up of 46 months is too
short to comment on long-term function and the
appearance of the foot when the patient becomes an
adult. However, most of the first relapses occurred
within 24 months after casting (only two cases having
relapses at 36 and 37 months) in this series. Also, Laaveg
and Ponseti reported that their patients had first relapse
at a mean age of 39 months [23]. Therefore, the authors
thought a mean follow-up of 46 months, at a mean age
of 50 months at last follow-up, would be reasonable for
the purposes of evaluating the reproducibility of the
technique’s effectiveness in obtaining and maintaining
correction.

In conclusion, our study demonstrates that the
Ponseti method is effective in all patients with idiopathic

clubfeet at least up to the age of 12 months. In this age
range, tendency to joint release surgery should be re-
sisted even in late and complex deformities. Relapses do
occur and they are predominantly related to non-com-
pliance with the foot abduction orthosis. Learning the
technique from an experienced surgeon will help avoid
problems likely to be encountered in the early cases.
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