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Abstract Ponseti clubfoot treatment has become more

popular during the last decade. We reviewed the medical

records of 74 consecutive infants (117 club feet) who

underwent Ponseti treatment. Minimum followup was

5 years (mean, 6.3 years; range, 5–9 years). We studied

age at presentation, previous treatment, the initial severity

score of the Pirani scoring system, number of casts, need

for Achilles tenotomy or other surgical procedures, and

brace use. We measured final ankle motion and parents’

perception of outcome. Late presentation and previous non-

Ponseti treatment were associated with lower initial

severity score, fewer casts, and less need for tenotomy.

Forty-four percent of patients had poor brace use. We

observed better brace use (75%) in babies who presented

late for treatment. Good brace use predicted less need for

extensive surgical procedures. Twenty-four (32%) babies

underwent additional surgical procedures other than

tenotomy, including 21% who underwent tibialis anterior

tendon transfer. At followup, 89% of feet had adequate

dorsiflexion (5� or greater). Parents indicated high satis-

faction with the treatment results. Ankle motion was not

associated with parents’ satisfaction. The Ponseti method is

effective, even if treatment starts late or begins after failure

at other centers. Brace use influenced the success of

treatment.

Level of Evidence: Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Initial treatment of idiopathic congenital clubfoot is non-

operative with manipulation and serial casting. Patients

who eventually require extensive open surgical release

might have poor outcomes [10]. During the last decade,

there has been renewed interest in the Ponseti method of

clubfoot treatment. A recent questionnaire reported that

65% of the Pediatric Orthopaedic Society of North

America members used the Ponseti method [16]. However,

all recently published reports describe only short-term

followup of 1 to 2 years [1, 2, 4, 6, 8, 9, 17, 19, 21].

The Ponseti treatment has been used since 1997 by the

two senior authors at centers in Baltimore (JEH) and Afula

(NB) [25, 26]. We asked (1) if the populations were

comparable at our two centers (to justify combining them);

(2) if the number of casts required was associated with age

at presentation (28 days or younger or older than 28 days);

(3) if the number of casts applied was associated with the

severity of the initial Pirani severity score [12, 13] at

presentation; (4) if the need for additional surgery was
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associated with the initial severity; and (5) if the results

were different for early versus late presenters. Finally, we

used an outcome tool to gauge parent satisfaction with the

treatment.

Materials and Methods

We retrospectively studied the medical records of 88

babies (31 girls, 57 boys) with idiopathic clubfoot who

began treatment at either the Baltimore or Afula center

between 1997 and 2002. We did not call back patients for

clinical followup specifically for this study. Of the 88

patients, we excluded 14 because they were lost to fol-

lowup or they were unable to return for followup. Seventy-

four patients (33 from Afula, 41 from Baltimore) with 117

clubfeet (59 left feet, 58 right feet) were included in the

study. Twenty-six patients were girls and 48 were boys.

Forty-three patients had bilateral clubfoot, and 31 had

unilateral clubfoot (15 right feet, 16 left feet). The mini-

mum followup was 5 years (mean, 6.3 years; range, 5–

9 years).

Overall, the mean age at presentation for treatment was

67.1 days (median, 7.5 days; range, 1–630 days). The

mean age (mean age, 11.2 days; range, 1–165 days; med-

ian, 1 day) of the 33 babies who presented for treatment at

Afula was lower (p = 0.001) than the mean age (mean age,

112 days; range, 2–630 days; median, 42 days) of the 41

babies who presented for treatment at Baltimore. Presen-

tation was categorized as either early or late. Early

presentation was defined as 28 days or younger, and late

presentation was defined as older than 28 days. Thirty-one

(93.9%) of 33 babies who presented for treatment at Afula

were 28 days or younger versus 20 (48.8%) of 41 babies

who presented for treatment at Baltimore. Altogether, there

were more (p = 0.001) late presenters than early presenters

with 68.9% (51 of 74 babies) 28 days or younger and

31.1% (23 of 74 babies) older than 28 days.

The club feet were treated with strict Ponseti protocol

[25, 26]. At the time of presentation, the clubfoot defor-

mities were graded with the Pirani six-point initial severity

score [12, 13]. The score was obtained at initial evaluation

for 101 of the 117 total feet in the series. The 16 feet with

missing initial scores were excluded from those analyses

requiring the score. Information obtained from the medical

records included ankle range of motion (ie, dorsiflexion,

plantar flexion) measured by the senior investigators (NB,

JEH) with a handheld goniometer, any previous treatment,

tolerance to the brace (ie, foot abduction orthosis), need for

percutaneous Achilles tenotomy, number of pretenotomy

casts applied, and need for additional surgical procedures.

Additional surgical procedures were classified as minor

(eg, tibialis anterior tendon transfer [TATT] with or

without tendo-Achillis lengthening), moderate (eg, poster-

ior release), or major (eg, posteromedial release [PMR],

correction with external fixation). We defined a good out-

come as requiring no surgery or minor surgery. During

routine followup visits, we asked the parents whether they

followed the strict brace protocol. We defined good brace

use as full-time use for at least 3 months followed by at

least 9 months of nighttime use [14, 29]; anything less was

considered poor brace use. We made this assessment based

on questioning the parents during followup examinations.

All babies were examined to determine ankle range of

motion. Ankle dorsiflexion measurements were categorized

as either inadequate (less than 5�) or adequate (5� or

greater).

We measured parents’ satisfaction regarding their chil-

dren’s feet using a 10-item clubfoot Disease Specific

Instrument (DSI) as described by Roye et al. [28]

(Appendix 1). The parents of 68 patients answered the

clubfoot DSI. The parents of eight patients who were

included in the study did not complete the questionnaire.

However, the parents of two patients who were considered

lost to clinical followup completed the questionnaire. To

assess the reliability of the satisfaction summated scale,

Cronbach’s alpha coefficient was computed for the scale

components.

The association between categorical variables (eg, initial

severity scores of babies presenting at the two centers,

presenting early and late, without or with tenotomy, with-

out and with previous treatment, good and poor brace use)

was examined using the chi square test. Mann-Whitney

tests were used to compare continuous variables (eg,

number of casts, range of motion) between two indepen-

dent study groups. Data analysis was performed using the

SPSS 14 statistical package (SPSS Inc, Chicago, IL). All

statistical tests were two-tailed. P values of less than 0.05

were considered statistically significant.

Results

The mean initial severity score of the babies who presented

early for treatment (28 days or younger) was similar

(p = 0.093) between the two centers (Table 1). The Bal-

timore and Afula groups were similar in regard to the need

for Achilles tenotomy (108 feet) (Table 2).

The babies who presented late had lower initial severity

scores, presumably because they had some previous treat-

ment (Table 3). Fewer casts were required to treat children

who presented at an older age. Babies who underwent

previous treatment needed fewer casts (Table 4). We

observed an association between the total number of casts

applied and the need to undergo additional surgery (other

than percutaneous Achilles tenotomy) (Table 5). Of 108
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feet, 15 (13.9%) did not require Achilles tenotomy. Higher

initial severity scores at presentation were associated with

the need for tenotomy (Table 6).

Brace use was evaluated in 70 babies and was almost

evenly distributed: 31 (44.3%) had poor brace use and 39

(55.7%) had good brace use. Of 50 babies who presented

early for treatment (28 days or younger), 26 (52%) had

poor brace use and 24 (48%) had good brace use

(p = 0.093) (Table 7). However, in 20 babies who pre-

sented late, a larger percentage (p = 0.040) had good brace

use (15 babies) than poor brace use (five babies). Brace-

intolerant patients might still avoid additional surgery. No

additional surgery was required for 55% of the brace-

intolerant patients. Good brace use led to a 20.5% risk of

additional surgery, whereas deviating from the brace pro-

tocol led to a 45.2% risk of additional surgery.

Table 1. Pirani scores obtained at each center of babies who presented for treatment when they were 28 days or younger

Group Mean Number of feet Standard deviation Median Minimum Maximum

Afula 5.3214 42 1.06394 6.0000 3.00 6.00

Baltimore 4.7813 32 1.5010 5.5000 1.50 6.00

Total 5.0878 74 1.29040 6.0000 1.50 6.00

p = 0.093 (not significant).

Table 2. Comparison of the number of Achilles tenotomies performed at Baltimore and Afula

Group Location Total

Afula Baltimore

No tenotomy performed, number (percent within group) 3 (6.8) 12 (18.8) 15 (13.9)

Tenotomy performed, number (percent within group) 41 (93.2) 52 (81.3) 93 (86.1)

Total 44 64 108

p = 0.078 (not significant).

Table 3. Pirani scores of babies older than 28 days who underwent previous treatment compared with those who had no previous treatment

Previous treatment Mean Number of feet Standard deviation Median Minimum Maximum

No 5.1876 72 1.15730 6.000 2.00 6.00

Yes 4.1207 29 1.54489 4.000 1.00 6.00

Total 4.8812 101 1.36180 5.500 1.00 6.00

p = 0.001 (significant).

Table 4. Total number of casts required to achieve correction for patients who underwent previous treatment compared with those who had no

previous treatment

Previous treatment Mean number of casts Number of feet Standard deviation Median Minimum Maximum

No 6.69 74 2.177 6.50 3 14

Yes 5.43 30 2.300 5.00 2 10

Total 6.33 104 2.275 6.00 2 14

p = 0.010 (significant).

Table 5. Need for additional surgery (excluding Achilles tenotomy) according to the number of casts required to achieve correction

Surgical procedure Mean number of casts Number of patients Standard deviation Median Minimum Maximum

No 6.00 48 1.946 6.00 2 10

Yes 7.13 23 2.616 7.00 3 14

Total 6.37 71 2.231 6.00 2 14

p = 0.045 (significant).
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Final dorsiflexion was adequate for 97 (89%) of 109 feet

(Table 8). The final ankle motion (ie, plantar flexion,

dorsiflexion) was no different between early and late pre-

senters (Tables 9, 10).

Ninety-nine feet (89.2%) achieved a good outcome

(required no surgery or minor surgery). Of 111 feet, 23 feet

(20.7%) had TATT, eight feet (7.2%) had posterior

capsulotomy, and four feet (3.6%) had major surgery

(PMR, two feet; application of the Taylor spatial frame

[TSF], two feet). Five feet (4.5%) required more than one

procedure (not at the same time): TATT plus PMR (two

feet), TATT plus posterior release (two feet), and posterior

release plus application of the TSF (one foot). Twenty-four

(32.4%) of 74 babies underwent additional surgical pro-

cedures (percutaneous Achilles tenotomy not included)

during followup. Poor brace use was associated with the

need to undergo additional surgical procedures (Table 11).

We found no association between the need for additional

surgery and the initial severity score (p = 0.113), age at

presentation for treatment (p = 0.557), prior treatment

before presentation (p = 0.284), and ankle range of motion

(ie, dorsiflexion) at the last visit (p = 0.408).

The DSI questionnaire was reliable (Cronbach’s

alpha = 0.676). Nine of 10 answers are included

Table 6. Need for tenotomy based on Pirani scores obtained at initial presentation

Tenotomy Mean Pirani score Number of feet Standard deviation Median Minimum Maximum

No 3.3636 11 1.45071 3.0000 1.50 5.50

Yes 5.0667 90 1.23605 5.7500 1.00 6.00

Total 4.8812 101 1.36180 5.5000 1.00 6.00

p = 0.001 (significant).

Table 7. Brace use of babies who presented for treatment when they were 28 days or younger

Compliance Location Total

Afula Baltimore

Poor, number of babies (percent within group) 19 (61.3) 7 (36.8) 26 (52)

Good, number of babies (percent within group) 12 (38.7) 12 (63.2) 24 (48)

Total 31 19 50

p = 0.093 (not significant).

Table 8. Final ankle dorsiflexion for babies who presented early for

treatment at the two centers

Dorsiflexion Number of feet (%)

Adequate (58 or greater) 97 (89%)

Inadequate (less than 58) 12 (11%)

Total 109

Table 9. Ankle dorsiflexion of babies who presented when they were younger versus those who presented when they were older

Age at presentation Mean dorsiflexion Number of feet Standard deviation Median angles Minimum Maximum

28 days or less 10.2� 74 6.477 10� 08 258

Greater than 28 days 10.7� 36 4.061 10� 58 188

Total 10.4� 110 5.784 10� 08 258

p = 0.534 (not significant).

Table 10. Final ankle plantar flexion of babies who presented when they were younger versus those who presented when they were older

Age at presentation Mean Number of feet Standard deviation Median angles Minimum Maximum

28 days or less 45.3 74 11.974 508 108 658

Greater than 28 days 42.1 36 11.597 458 188 608

Total 44.3 110 11.896 458 108 658

p = 0.183 (not significant).

1266 Bor et al. Clinical Orthopaedics and Related Research

123



(excluding Question 6, which was a yes-or-no question

about pain). The satisfaction index, which is the mean of

the nine answers, was 1.2 (range, 1–4) (Table 12). We

observed no association (p = 0.425) between brace use

and parents’ (62 patients) satisfaction according to the

questionnaire. We also observed no association

(p = 0.514) between dorsiflexion (classified as adequate or

inadequate) and parents’ (67 patients) satisfaction accord-

ing to the questionnaire.

Discussion

The Ponseti technique has been available for more than

50 years, but only Ponseti and colleagues have reported

long-term followup [7, 20]. The literature otherwise

contains primarily short-term followup studies. The goal

of this study was therefore to evaluate midterm results

with a minimum 5-year followup from two diverse cen-

ters. We specifically asked (1) if the populations were

comparable at our two centers (to justify combining

them); (2) if the number of casts required was associated

with age at presentation (28 days or younger or older than

28 days); (3) if the number of casts applied was associ-

ated with the severity of the initial severity score at

presentation; (4) if the need for additional surgery was

associated with the initial severity; and (5) if the results

were different for early versus late presenters. Finally, we

used an outcome tool to gauge parent satisfaction with the

treatment.

Table 11. Need for additional surgery (excluding percutaneous Achilles tenotomy) relative to brace tolerance

Brace tolerance Variable Additional surgery Total number

of babies
No Yes

Poor Number of babies (percent of poor brace tolerance group) 17 (54.8%) 14 (45.2%) 31

Good Number of babies (percent of good brace tolerance group) 31 (79.5%) 8 (20.5%) 39

Total Number of babies 48 22 70

p = 0.027 (significant).

Table 12. Disease specific instrument results per number of patients and percentages

Questions Responses Total number of patients

1 2 3 4

Satisfied 1 N 54 12 1 1 68

% 79.4 17.6 1.5 1.5

Cosmesis 2 N 49 17 2 0 68

% 72.1 25 2.9 0

Teasing 3 N 67 1 0 0 68

% 98.5 1.5 0 0

Shoes fit 4 N 59 11 6 1 68

% 73.5 16.2 8.8 1.5

Shoes liked 5 N 56 9 1 2 68

% 82.4 13.2 1.5 2.9

Pain 6 N 9 (yes) 57 (no) 0 0 66

% 13.6 86.4 0 0

Walking 7a N 61 7 0 0 68

% 89.7 10.3 0 0

Running 7b N 58 7 2 1 68

% 85.3 10.3 2.9 1.5

Pain with heavy exercise 8 N 47 19 2 0 68

% 69.1 27.9 2.9 0

Pain with moderate exercise 9 N 60 8 0 0 68

% 88.2 11.8 0 0
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One of the limitations of the study is the reliance on

parent-reported data such as brace use. When we believed

the brace was not used correctly, we talked to the parents

and they normally confirmed our suspicions. Another

limitation is the variability of measuring ankle dorsiflexion.

To lessen measurement variability, only the senior authors

(NB, JEH) measured the range of motion. Our study

included two centers, and although some of the data were

similar between the centers, there were differences. Equal

initial scores were obtained for babies who presented

younger than 28 days, and no difference was observed

between the numbers of babies who underwent Achilles

tenotomy. Ankle plantar flexion at the last visit was also

similar between the two centers. The brace tolerance for

babies who presented for treatment at 28 days of age or

younger was similar. There were some minor differences

between the two centers such as the initial score (lower in

Baltimore) and the age at presentation for treatment (older

patients presented at Baltimore). Baltimore patients were

often referred after failing initial treatment elsewhere.

Babies who were partially but unsuccessfully treated at

other centers had lower initial scores (Table 3), required

fewer Ponseti casts (Table 4), and required slightly fewer

percutaneous Achilles tenotomies. This indicates the pre-

vious treatment had some positive effect on the initial

deformity. If patients fail Ponseti treatment at one center, it

does not preclude success at another center that strictly

follows the Ponseti protocol. Although the Baltimore and

Afula groups were not identical at initial presentation, we

believe it is justified to combine them because we are

reviewing their response to our strict Ponseti treatment.

Our data show that even non-Ponseti manipulation and

cast techniques have some favorable effect on the

deformed feet, making subsequent Ponseti treatment both

possible and easier. However, it should be noted that the

number of Ponseti casts, although fewer in our late pre-

senters, did not include the cumulative number of non-

Ponseti casts applied elsewhere. Based on our experience,

we believe some treatment is better than none, but we

prefer to have the children referred to us as early as pos-

sible because the overall treatment time is shorter for

children who are treated by us from birth.

The initial severity score was associated with the need to

perform tenotomy. In the literature, approximately 90% of

children undergoing Ponseti treatment need a tenotomy

[17]. We found the number of Ponseti casts applied pre-

dicted the need to perform additional surgical procedures; a

foot that requires many casts for the initial correction is

more likely to require future additional surgery.

In our study, the Ponseti method proved successful with

89.2% of feet (99 feet) achieving a good outcome. Other

authors have reported short-term results with the Ponseti

technique. Ippolito et al. [18] compared babies treated with

different protocols (Ponseti and the Marino-Zuco method).

In the Ponseti group, 78% of the feet had excellent or good

results as compared with only 43% feet in the non-Ponseti

group. Ippolito et al. [19] also reported excellent results in

18 of 49 feet treated with the Ponseti method and only two

of 47 feet treated with the non-Ponseti technique. In

another study [2], only two of nine feet treated with the

Ponseti method required major surgery, whereas 13 of 19

feet treated with the Copenhagen technique required major

surgery. A study from Romania [8] compared results of a

local Romanian treatment protocol and the Ponseti method.

At 18 months, only four (5.1%) of 78 feet treated with the

Ponseti method required PMR, whereas 13 (17.6%) of 74

feet treated with the Romanian method required PMR for

the completion of treatment [8]. Colburn and Williams [6]

found only three of 57 feet treated by the Ponseti method

required extensive surgical correction. This pattern of good

short-term results has been replicated in many recent

studies [1, 2, 4, 6, 8, 9, 17, 19, 21].

Relapses are associated with deviating from the Ponseti

brace protocol [4, 14, 23, 29]. However, strictly following

the brace protocol seems to be the major challenge of the

Ponseti method. Many authors report brace intolerance

rates of 30% to 49% [1, 7, 11, 14, 21]. Our brace intoler-

ance rate was as high as 44.3%. Brace protocol deviation

might occur for a number of reasons. Possible reasons can

include the feet either (1) not being fully corrected before

being placed in a brace or (2) the development of a relapse

despite brace wear making continued brace use impossible.

Various authors have suggested modifying the brace to

improve brace tolerance [5, 15, 22, 27]. In our study, late

presenters were more brace-tolerant. Children who were

late presenters failed initial treatment at other centers and

the parents might have felt motivated to strictly follow the

Ponseti brace protocol while undergoing treatment at our

centers. Dobbs et al. [11] reported better brace tolerance

when the parents had more than a high school education.

Not strictly following the Ponseti brace protocol does

not always preclude a good result. For example, five of 11

brace-intolerant patients in the study of Lehman et al. [21]

had a good result. In another study [1], 30 brace-intolerant

patients required no additional surgery. In our study, 55%

of the brace-intolerant patients required no additional sur-

gery. However, we have no way to reliably predict which

brace-intolerant patients are more or less likely to relapse.

Therefore, physicians should strongly recommend that all

patients use the brace according to the strict Ponseti

protocol.

Several authors have studied whether the initial age at

presentation impacts the results of treatment. Abdelgawad

et al. [1] reported a 6.6% failure rate in patients who pre-

sented late for treatment (mean age, 36.3 weeks). Lehman

et al. [21] reported failure in five feet that presented late for
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treatment (mean age, 34 weeks). Other studies have sug-

gested age at presentation does not affect the end result of

treatment; 19% of patients were older than 6 months in the

Morcuende et al. study [23], all 17 patients who presented

for treatment after walking age achieved full correction in

the Lourenco et al. study [22], and good results were

achieved in our previous study [3] that consisted of babies

whose average age was 5 months. We found no relation

between the final ankle dorsiflexion or plantar flexion and

the patients’ age at presentation for treatment. Age at

presentation was not associated with the need to perform

additional surgery. Dobbs et al. [11] reported the preva-

lence of recurrence was not dependent on the age at

presentation for treatment (even if older than 1 year), the

initial severity of the deformity, or whether the baby had

any previous treatment, mainly casting, before referral.

However, in our study, babies who had undergone previous

treatment before referral had advantages in terms of fewer

cast changes needed and better initial scores.

The initial severity score did not predict the need for

additional surgery. This was also reported by Haft et al.

[14] and Lehman et al. [21]. Overall, we found that 20.7%

of feet required TATT; this is similar to results by Ponseti

et al. [27], but the need for TATT was statistically lower in

patients who followed the Ponseti brace protocol.

Assessment of pediatric quality of life is challenging. A

parent must often be used as a proxy [28]. Dobbs et al. [10]

used the SF–36 questionnaire [24]. We used the previously

validated Roye et al. [28] DSI to measure satisfaction

outcomes. Our questionnaire showed major satisfaction of

the parents with the results of treatment at average fol-

lowup of 6.3 years. The parent questionnaire clearly shows

parents’ satisfaction with the Ponseti treatment is not

dependent on physical parameters such as range of motion

or appearance of the feet.

The Ponseti method is a simple and effective method

for treating idiopathic clubfoot. Adhering to the Ponseti

brace protocol is a major challenge of the method, and it

has a direct effect on the success of treatment. In our

series, deviating from the Ponseti brace protocol essen-

tially doubled the need for additional surgery. Because we

do not have reliable criteria to foresee which patients who

deviate from the brace protocol will still achieve correc-

tion, all parents should be strongly encouraged and

properly educated to use the brace according to the

Ponseti protocol.

Most children with clubfoot have a normal quality of

life and behave and function at a level that is not dissimilar

to children born with normal feet. Although our data show

the Ponseti method provides reproducible results with

midterm followup, it will be important to continue fol-

lowing these cohorts into adolescence and adult life to

affirm Ponseti’s long-term studies.

Acknowledgments We thank Idit Lavi, MA, of the University of

Haifa for statistical analysis.

References

1. Abdelgawad AA, Lehman WB, van Bosse HJ, Scher DM, Sala

DA. Treatment of idiopathic clubfoot using the Ponseti method:

minimum 2-year follow-up. J Pediatr Orthop B. 2007;16:98–105.

2. Aurell Y, Andriesse H, Johansson A, Jonsson K. Ultrasound

assessment of early clubfoot treatment: a comparison of the

Ponseti method and a modified Copenhagen method. J Pediatr
Orthop B. 2005;14:347–357.

3. Bor N, Herzenberg JE, Frick SL. Ponseti management of clubfoot

in older infants. Clin Orthop Relat Res. 2006;444:224–228.

4. Changulani M, Garg NK, Rajagopal TS, Bass A, Nayagam SN,

Sampath J, Bruce CF. Treatment of idiopathic club foot using the

Ponseti method. Initial experience. J Bone Joint Surg Br.

2006;88:1385–1387.

5. Chen RC, Gordon JE, Luhmann SJ, Schoenecker PL, Dobbs MB.

A new dynamic foot abduction orthosis for clubfoot treatment.

J Pediatr Orthop. 2007;27:522–528.

6. Colburn M, Williams M. Evaluation of the treatment of idio-

pathic clubfoot by using the Ponseti method. J Foot Ankle Surg.

2003;42:259–267.

7. Cooper DM, Dietz FR. Treatment of idiopathic clubfoot. A thirty-

year follow-up note. J Bone Joint Surg Am. 1995;77:1477–1489.

8. Cosma D, Vasilescu D, Vasilescu D, Valeanu M. Comparative

results of the conservative treatment in clubfoot by two different

protocols. J Pediatr Orthop B. 2007;16:317–321.

Appendix 1. Disease Specific Instrument (DSI) of Roye et al. [28]*

Factor Question

Satisfaction 1. How satisfied are you with the status of your

child’s foot?

2. How satisfied are you with the appearance of

your child’s foot?

3. Rate the amount of teasing your child has

related to the clubfoot.

4. Rate problems finding shoes that fit your child.

5. Rate problems finding shoes that your child

likes.

Function 6. Does your child complain of pain in the foot

that was operated on?

7. Rate your child’s limitations in the following

activities:

A. Walking

B. Running

8. How much does your child complain of pain

during heavy exercise?

9. How much does your child complain of pain

during moderate exercise?

* Parents were asked to answer nine items on a scale from 1 to 4

points with 1 representing the best possible outcome and 4 the worst;

one item asked about pain and was in a yes-or-no format; it was

scaled so answering ‘‘no pain’’ was recorded as 1 point and answering

that the patient experienced pain was recorded as 2 points; we

translated the original DSI into the native language of each family.

Volume 467, Number 5, May 2009 Ponseti Treatment: Midterm Results 1269

123



9. Cummings RJ, Davidson RS, Armstrong PF, Lehman WB.

Congenital clubfoot. J Bone Joint Surg Am. 2002;84:290–308.

10. Dobbs MB, Nunley R, Schoenecker PL. Long-term follow-up

of patients with clubfeet treated with extensive soft-tissue release.

J Bone Joint Surg Am. 2006;88:986–996.

11. Dobbs MB, Rudzki JR, Purcell DB, Walton T, Porter KR, Gurnett

CA. Factors predictive of outcome after use of the Ponseti

method for the treatment of idiopathic clubfeet. J Bone Joint Surg
Am. 2004;86:22–27.

12. Dyer PJ, Davis N. The role of the Pirani scoring system in the

management of club foot by the Ponseti method. J Bone Joint
Surg Br. 2006;88:1082–1084.

13. Flynn JM, Donohoe M, Mackenzie WG. An independent

assessment of two clubfoot-classification systems. J Pediatr
Orthop. 1998;18:323–327.

14. Haft GF, Walker CG, Crawford HA. Early clubfoot recurrence

after use of the Ponseti method in a New Zealand population.

J Bone Joint Surg Am. 2007;89:487–493.

15. Hattori T, Ono Y, Kitakoji T, Iwata H. Effect of the Denis

Browne splint in conservative treatment of congenital club foot.

J Pediatr Orthop B. 2003;12:59–62.

16. Heilig MR, Matern RV, Rosenzweig SD, Bennett JT. Current

management of idiopathic clubfoot questionnaire: a multicentric

study. J Pediatr Orthop. 2003;23:780–787.

17. Herzenberg JE, Radler C, Bor N. Ponseti versus traditional

methods of casting for idiopathic clubfoot. J Pediatr Orthop.

2002;22:517–521.

18. Ippolito E, Farsetti P, Caterini R, Tudisco C. Long-term com-

parative results in patients with congenital clubfoot treated with

two different protocols. J Bone Joint Surg Am. 2003;85:1286–

1294.

19. Ippolito E, Mancini F, Di Mario M, Farsetti P. A comparison of

resultant subtalar joint pathology with functional results in two

groups of clubfoot patients treated with two different protocols.

J Pediatr Orthop B. 2005;14:358–361.

20. Laaveg SJ, Ponseti IV. Long-term results of treatment of con-

genital club foot. J Bone Joint Surg Am. 1980;62:23–31.

21. Lehman WB, Mohaideen A, Madan S, Scher DM, Van Bosse HJ,

Iannacone M, Bazzi JS, Feldman DS. A method for the early

evaluation of the Ponseti (Iowa) technique for the treatment of

idiopathic clubfoot. J Pediatr Orthop B. 2003;12:133–140.

22. Lourenco AF, Morcuende JA. Correction of neglected idiopathic

club foot by the Ponseti method. J Bone Joint Surg Br.

2007;89:378–381.

23. Morcuende JA, Dolan LA, Dietz FR, Ponseti IV. Radical

reduction in the rate of extensive corrective surgery for clubfoot

using the Ponseti method. Pediatrics. 2004;113:376–380.

24. Patel AA, Donegan D, Albert T. The 36-item Short Form. J Am
Acad Orthop Surg. 2007;15:126–134.

25. Ponseti IV. Treatment of congenital clubfoot. J Bone Joint Surg
Am. 1992;74:448–454.

26. Ponseti IV. Congenital Clubfoot: Fundamentals of Treatment.
New York, NY: Oxford University Press; 1996.

27. Ponseti IV, Zhivkov M, Davis N, Sinclair M, Dobbs MB,

Morcuende JA. Treatment of the complex idiopathic clubfoot.

Clin Orthop Relat Res. 2006;451:171–176.

28. Roye BD, Vitale MG, Gelijns AC, Roye DP Jr. Patient-based

outcomes after clubfoot surgery. J Pediatr Orthop. 2001;21:

42–49.

29. Thacker MM, Scher DM, Sala DA, van Bosse HJ, Feldman DS,

Lehman WB. Use of the foot abduction orthosis following

Ponseti casts: is it essential? J Pediatr Orthop. 2005;25:225–228.

1270 Bor et al. Clinical Orthopaedics and Related Research

123


	Ponseti Treatment for Idiopathic Clubfoot: Minimum 5-year Followup
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


