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Abstract

Kite and Ponseti methods are two popular manipulating methods for correcting the deformity of idiopathic
congenital clubfoot. We aimed to compare the efficacy of Kite and Ponseti methods in the treatment of
children with idiopathic congenital clubfoot. A search was launched on Medline/PubMed, Cochrane Central
Register of Controlled Trials, the Web of Science, ProQuest, and Scopus without limits, from inception to
May 1, 2024. The outcomes included the rates of initial correction and relapse (primary) as well as the
number of casts and duration of treatment (secondary). Mean difference (MD) and risk ratio (RR) were
calculated for numerical and dichotomous outcomes, respectively, with 95% confidence intervals (CIs). Nine
studies were included. Meta-analysis showed the Ponseti method is significantly associated with a higher
probability of correction (n =6, RR = 1.23 [95% CI = 1.14, 1.32], p < 0.001) and a lower risk of relapse (n =5,
RR =0.50[95% CI =0.36, 0.71], p < 0.001) compared to the Kite method. The Ponseti method utilized a lower
number of casts (MD = -3.0 [95% CI = -5.8, -0.2], p = 0.04) and took a shorter duration (MD = -39.76 [95% CI =
-67.22, -12.30], p = 0.02) than the Kite method. Evidence suggests that the Ponseti method results in better
outcomes than the Kite method in terms of successful initial correction and lower relapse rates. However,
the available studies showed varying degrees of risk of bias, and the length of follow-up was inadequate in
some studies.

Categories: Internal Medicine, General Surgery, Orthopedics
Keywords: relapse, ponseti method, meta-analysis, kite method, correction, clubfoot

Introduction And Background

Idiopathic clubfoot, also known as talipes equinovarus, is a congenital deformity that affects the mid and
forefoot in children. The deformity involves the following components: cavus, equinus, varus, and

adductus [1]. Clubfoot is not spontaneously corrected with foot growth. Its prevalence ranges from 1 to 2 per
1,000 live births, making it the most common deformity in children [2]. The condition presents commonly in
isolation (idiopathic clubfoot) or as part of a syndrome such as arthrogryposis multiplex congenita or spina
bifida [3].

The development of clubfoot entails the interaction of several environmental and genetic factors [4]. The
pathogenesis of clubfoot is attributed to the excessive formation of collagen, which leads to fibrosis and the
shortening of ligaments, tendons, and muscles in the feet [5]. In the absence of treatment, clubfoot results
in rigidity of the affected limb and leads to fixed alteration in gait [6].

At present, the first line of treatment is conservative manipulation and casting [7,8]. Several conservative
methods have been developed for correcting deformities, with the Ponseti and Kite methods being the most
popular [9,10].

The Kite method was developed in the 1930s and aims to achieve a sequential and gradual correction of each
deformity. The method starts with the correction of forefoot adduction, followed by the correction of the
inversion deformity of the hindfoot varus. Finally, the ankle equinus deformity is addressed. The correction
of each deformity is initiated only after the previous deformity has been fully corrected in the
aforementioned sequence [11]. Kite reported a 90% success rate for this technique. Nevertheless, several
studies failed to reproduce the high rates of success observed in Kite’s series [12]. In addition, further
surgical treatment was required for 20-50% of patients after the Kite method [12].

In the 1950s, Ponseti developed his technique, but it became only widely used in the 1990s [13,14]. The
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Ponseti technique corrects the midfoot cavus, hindfoot varus, and forefoot adduction simultaneously, while
the equinus deformity is treated later. In selected cases, percutaneous Achilles tendon tenotomy is
performed to enhance the correction of equinus deformity [13]. Several studies have reported a 90% success
rate for the Ponseti method [9,15,16]. However, lower success rates were obtained by other studies, with
higher rates of relapse or the need for surgical treatment [17]. This meta-analysis aimed to compare the
efficacy of the Kite and Ponseti methods in the treatment of children with idiopathic congenital clubfoot.

Review
Methodology

The meta-analysis followed the principles of the Cochrane Handbook for Systematic Reviews of
Interventions, Version 6. The methods and results were reported following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [18].

Eligibility Criteria for the Included Studies

Types of studies: This meta-analysis included English-language randomized and non-randomized clinical
trials as well as cohort studies without time restrictions.

Participants: Studies were included if patients were diagnosed with idiopathic congenital clubfoot.
Interventions: Direct comparison between the Ponseti method and the Kite method.

Exclusion criteria: Conference abstracts, duplicate reports, case reports, review articles, editorials, clinical
guidelines, and studies that assessed one method only (single-arm studies) were excluded.

Search Strategy

The search was launched in the electronic databases of Medline/PubMed, Cochrane Central Register of
Controlled Trials (CENTRAL), Web of Science, ProQuest, and Scopus. No filters were used. The search
included all studies from inception till May 1, 2024. The search terms included “clubfoot” AND “Ponseti”
AND “Kite.”

Selection of Studies

Two independent reviewers performed the search, screened the obtained search results, and revised the full
text of apparently eligible studies. Disagreements between the two reviewers were settled by consensus.

Data Extraction

The extracted data included (a) the study design, period, eligibility criteria, sample size, and follow-up; (b)
patients’ age at starting treatment and sex; and (c) the outcomes, i.e., number of casts, duration of
treatment, number of corrected and relapsed feet, Pirani scores.

Measured Outcomes

Primary outcome: Comparison of the risk of successful initial correction at the end of treatment and the risk
of relapse at the end of follow-up between the two groups.

Secondary outcomes: Comparison of the number of casts and the duration of applying the method of
treatment between the two groups.

Assessment of the Risk of Bias in Included Studies

The risk of bias (ROB) was assessed using the ROB2 tool for randomized clinical trials (RCTs) and the
MINORS checklist for non-randomized and observational studies [19,20]. The ROB2 tool consists of five
domains that assess the randomization process, deviations from the assigned treatment, missing data,
measurement of the outcome, and selective reporting of the outcomes and results. In addition, an overall
ROB can be assessed from the five domains. The MINORS checklist consists of 12 questions that are assigned
points from 0 to 2. The overall ROB was assessed by summing the score and dividing it into tertiles, with the
first, second, and third tertiles indicating high, uncertain, and low risk, respectively [21].

Data Synthesis

Analyses were conducted using the R Statistical language (version 4.3.3) [22] using the packages meta
(version 7.0.0) [23], and dmetar (version 0.1.0) [24]. Numerical outcomes were presented using the mean
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difference (MD) by subtracting the mean of the Ponseti group from the mean of the Kite group. Dichotomous
outcomes were presented using the risk ratio (RR). Significant heterogeneity was identified if the p-value

from the Cochrane chi-square test was below 0.1 and the I% index was 50% or above. The results were pooled
using a fixed-effect model if heterogeneity was non-significant; otherwise, the random-effects model was
used [25]. A p-value <0.05 was selected for interpreting the comparisons between the two arms. We did not
perform testing for publication bias because the number of included studies was less than 10.

Results

Results of the Literature Search and Study Selection

The online search of databases returned 91 records. Of these, 53 records were duplicates which were
removed while three records were available only in non-English languages. The remaining 35 records were
screened by reviewing their titles and abstracts, with the exclusion of 24 records. The full text of one article
was not available [26]. The full texts of the remaining 10 records were retrieved and evaluated for the
eligibility criteria of the meta-analysis. We excluded two records: one was a comment on an article [27], and
the other lacked full English text [28], leaving eight records for inclusion [12,16,29-34]. Screening of
citations retrieved five records, of which the full text of one record was not retrieved [35], two lacked a Kite
group [36,37], and one record did not report the outcomes of interest [38]. Overall, nine studies were finally
included in this systematic review (Figure 1) [12,16,29-34,39].
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FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flowchart diagram for the results of the literature search and
study selection.

Basic Characteristics and Assessment of the Risk of Bias of the Included Studies

Table 7 and Table 2 outline the main characteristics of the nine included studies. Five studies were RCTs
[12,16,29,30,33], while two studies were retrospective cohorts [32,34], and one study was quasi-experimental
[39]. The duration of follow-up was above one year in four studies only (Table 1) [12,16,29,34]. The
participants’ age, sex, and laterality of the clubfeet as well as the studies’ inclusion and exclusion criteria are
listed in (Table 2).
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Study Study design

Sud etal. (2008) [12]  RCT

Sanghvi and Mittal
(2009) [29]

RCT

Rijal et al. (2010) [30] RCT

Selmani (2012) [16] RCT

Kaseke and Prospective non
Mudawarima (2013) pee

[31] randomized study

Derzsi et al. (2015) [32] )
Retrospective cohort

Garcia et al. (2018) [33] RCT

Chen et al. (2019) [34] Retrospective cohort

Prospective non-

Sharif et al. (2021) [39
arif etal. ( )139] randomized study

Study period

From March 2003 through
February 2004

NR

Between July 2005 and May
2006

From January 2006 through
February 2009

From March 2011 to August
2011

Between January 2007 and
2013

From January 2012 to May
2013

From 2003 to 2008

NR

TABLE 1: Characteristics of the included studies (n = 9).

NR = not recorded; RCT = randomized controlled trial

Sample size
Ponseti:Kite

23:22 patients
36:31 feet

21:21 patients
30:34 feet

26:24 patients
30:30 feet

50:50 patients
76:74 feet

14:11 patients
20:18 feet

106:129 feet

50:50 patients
71:55 feet

19:38 patients
30:58 feet

22:24 patients
30:30 feet

Follow-up (months)

Mean + SD = 27.2 + 3.1 Mean + SD
=248+35

Mean + SD =36 + 4

2.5

Mean + SD = 36.2 + 3.2 Mean + SD
=351+25

1.5

NR

Mean (range) = 70 (51-84) Mean
(range) = 73 (58-96)

2.5
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Study

Sud et al.
(2008) [12]

Sanghvi and
Mittal (2009)
[29]

Rijal et al.
(2010) [30]

Selmani
(2012) [16]

Kaseke and
Mudawarima
(2013) [31]

Derzsi et al.
(2015) [32]

Garcia et al.
(2018) [33]

Chen et al.
(2019) [34]

Sharif et al.
(2021) [39]

Groups

Ponseti

Kite

Ponseti
Kite
Ponseti

Kite

Ponseti

Kite

Ponseti

Kite

Ponseti

Kite

Ponseti

Kite

Ponseti

Kite

Ponseti

Age
(days),
mean £
SD

318+
27.4
days

26.1+
21.4
days

NR

195.7 £
202.8
days

3583
254
days

325+
26.3
days

<12
months

52+
2.0
days

52+
1.6
days

10 days
to 12
months

2235+
7.0
days

144 +
8.3
days

10.8 £
4.6
weeks

Gender
(M/F)

14/9

17/5

13/8

14/7

76.2%
males

30/20

28/22

17/8

93/68

58/42

12/7

26/12

12/10

Clubfoot
laterality
Rt/LU/BIl

4/6/13

5/8/9

6/6/9

5/3/13

26
bilateral

24
Bilateral

6
bilateral

7
bilateral

97/64/74

21
bilateral

5

bilateral

3/5/11

7/11/20

11/3/8

Inclusion criteria

Classical idiopathic
clubfeet; age <3
months

Idiopathic clubfeet

Idiopathic congenital
clubfoot

Classical idiopathic
clubfeet; age <3
months

Age <1 year;
idiopathic congenital
clubfoot; no prior
treatment

Idiopathic clubfeet
presenting within the
first week of life

Idiopathic congenital
clubfoot; age <12
months

Classical idiopathic
clubfeet; age <3
months

Idiopathic clubfoot;
age <6 months

Exclusion criteria

Age >3 months; non-idiopathic deformities

Coexisting myelocele, meningomyelocele, arthrogryposis
multiplex congenital, or other neuromuscular disorders

Age >2 years; prior surgical intervention

Coexisting myelocele, meningomyelocele, arthrogryposis
multiplex congenital, and other neuromuscular disorders;
age >3 months; or non-idiopathic deformities

Prior treatment; coexisting disorder (e.g.,
myelodysplastic, arthrogrypotic, or other neuromuscular
disorders)

Not complying with treatment and aftercare; abandoning
the therapy; refusing to participate

Non-idiopathic deformity; coexisting pathology (e.g.,
myelodysplastic, neurological, or arthrogrypotic
disorders)

Other congenital deformities, syndromic, or neurological
causes of clubfeet

NR

TABLE 2: Patients’ characteristics and eligibility criteria of the included studies (n = 9).

Bil = bilateral; F = female; Lt = left; M = male; NR = not recorded; Rt = right; SD = standard deviation

The ROB was assessed using the ROB2 tool for RCTs (Table 3) and the MINORS checklist for observational
and non-randomized studies (Table 4).
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Missi
Randomization Deviations from st Measurement of  Selection of the
Study ) . ) outcome Overall
process intended interventions dat the outcome reported result
ata
Sud et al. (2008) . ) . )
[2] High High High Low Some concerns High
Sanghvi and Mittal Some
Some concerns  Some concerns Low Low Some concerns
(2009) [29] concerns
Rijal et al. (2010) Some
Some concerns  Some concerns Low Low Some concerns
[30] concerns
Selmani 2012 [16] Some concerns High High Low Some concerns High
Garcia et al. High High Lo Lo Some concerns High
i i w w i
(2018) [33] 9 9 g

TABLE 3: The risk of bias assessment for the included randomized clinical trials based on the
ROB2 tool (n = 5).

ROB = Risk of Bias

Studies Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Total OverallROB
Kaseke and Mudawarima (2013) [31] 2 0 0 2 0 0 0 1 2 2 0 1 10 Uncertain
Derzsi et al. (2015) [32] 2 2 0 1 0 0 0 0 2 2 1 1 11 Uncertain
Chen et al. (2019) [34] 2 2 0 2 0 2 0 0 2 2 2 1 15 Uncertain
Sharif et al. (2021) [39] 2 0 1 2 0 0 0 0 2 2 2 1 12 Uncertain

TABLE 4: The risk of bias assessment for the included non-randomized and observational studies
based on the MINORS checklist (n = 4).

Q1: Aclearly stated aim; Q2: Inclusion of consecutive patients; Q3: Prospective collection of data; Q4: Endpoints appropriate to the aim of the study; Q5:
Unbiased assessment of the study endpoint; Q6: Follow-up period appropriate to the aim of the study; Q7: Loss to follow up less than 5%; Q8: Prospective
calculation of the study size; Q9: An adequate control group; Q10: Contemporary groups; Q11: Baseline equivalence of groups; Q12: Adequate statistical
analyses; the items are scored 0 (not reported), 1 (reported but inadequate), or 2 (reported and adequate).

ROB = risk of bias; MINORS = Methodological Items for Non-randomized Studies

Regarding the RCTs, the domains of randomization, deviation from intended intervention, and selective
reporting showed some concerns or high ROB in all studies. Two studies did not report the details of
randomization [12,33], while allocation concealment was uncertain in all five studies. In addition, baseline
characteristics were not compared between the two groups in the study by Sanghvi et al., whereas the study
by Garcia et al. showed a considerable difference in the rate of bilateral clubfeet between the two groups
[29,33]. The domain of deviations from intended outcomes showed a lack of information about the blinding
of participants’ families [12,16,29,30,33], and intention-to-treat analysis was not used or not clearly stated
[12,16,33]. Selective reporting showed some concerns as all studies did not have a published protocol to
compare the outcomes and methods of analysis to those already performed in the study. A high ROB arose
from missing data in the studies by Sud et al. and Selmani (Table 3) [12,16].

The items that showed high ROB in the observational studies included unclarity regarding the inclusion of
consecutive patients [31,39], collection of data [31,32,34], unclarity about the blinding of outcome assessors
and loss to follow-up >5% in all four studies, duration of follow-up [31,32,39], no prior sample size
calculation [32,34,39], and baseline equivalence of groups (Table 4) [31].

Results of Meta-Analysis

Number of casts: Four studies reported a lower mean number of casts in the Ponseti group compared to the
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Kite group [12,16,29,34], with significant differences in three studies [12,16,29]. There was considerable
heterogeneity among the studies (chi-square = 28.39, p < 0.01, 2= 89%), so pooling of the results was

achieved using the random-effects model. The pooled MD [95% confidence interval (CI)] was -3.0 [-5.8, -0.2],

with a p-value of 0.04. The leave-one-out analysis identified the study by Chen et al. as an outlier and its

removal decreased the 1% index to 52% [34]. On assessing the three RCTs, the pooled MD indicated a
significant decrease in the number of casts in the Ponseti group (MD [95% CI] = -3.6 [-5.7, -1.6], p = 0.02)
(Figure 2).

Casts number

Study or Posnseti Kite Mean Difference Mean Difference
Subgroup Total Mean SD Total Mean SD IV, Random, 95% ClI Weight IV, Random, 95% CI
RCT ;

Sud et al. (2008) 31 62 23 33 107 54 -4.5[-6.5,-2.5] 20.8% —&——

Sanghvi and Mittal (2009) 30 7.0 1.0 34 100 1.0  -3.0[3.5,-25] 28.4% -

Selmani (2012) 76 71 18 74 113 63  -42[57,-27] 238% —8@—

Total (95% CI) 137 141 -3.6 [-5.7,-1.6] 73.0% --—-—
Heterogeneity: Tau® = 0.457; Chi* = 4.13, df = 2 (P = 0.13); I* = 52% i
Test for overall effect: t, = -7.54 (P = 0.02)

non-RCT ;

Chen et al. (2019) 30 55 20 58 62 20 -0.7[-16 02] 27.0% i T

Total (95% CI) 167 199 3.0[-58,-0.2]  100.0%  ——
Heterogeneity: Tau® = 2.628; Chi® = 28.39, df = 3 (P < 0.01); I* = 89%

Test for overall effect: ty = -3.44 (P = 0.04) -6 -4 -2 0 2

Test for subgroup differences: Chi® = 19.70, df = 1 (P < 0.01) Favours Ponseti  Favours Kite

FIGURE 2: Forest plot showing pooling of the studies’ findings
regarding the number of casts.

References: [12,29,16,34].

ClI = confidence interval; MD = mean difference

Time taken (days): Four studies compared the time required for applying the methods between the two
groups, with a significantly lower mean duration in the Ponseti group compared to the Kite group
[12,16,29,32]. Pooling of results was performed using the random-effects model due to the marked

heterogeneity among the studies (chi-square = 35.83, p < 0.001, 2= 92%). The pooled MD [95% CI] was -
39.76 [-67.22, -12.30] days, with a p-value of 0.02 (Figure 3). The leave-one-out analysis identified the study

by Derzsi et al. as an outlier and its removal decreased the 12 index to 74% [32]. On assessing the three RCTs
after the removal of the outlier which was a non-RCT study, the pooled MD indicated a significant decrease
in the number of casts in the Ponseti group (MD [95% CI] = -31.09 [-59.24, -2.94], p = 0.04) (Figure 53).

Time taken for treatment (days)

Study or Ponseti Kite  Mean Difference Mean Difference
Subgroup Total Mean SD Total Mean SD IV, Random, 95% Cl Weight IV, Random, 95% CI
RCT ;

Sud et al. (2008) 31 494 189 33 912 536 -41.8[-61.3,-224)] 216%
Sanghvi and Mittal (2009) 30 70.0 7.0 34 910 140 -21.0[-26.3,-15.7] 28.6%
Selmani (2012) 76 523 193 74 897 615 -37.3[-52.0,-22.7] 24.4%
Total (95% CI) 137 141 -31.1[-59.2, -2.9] 74.6%

Heterogeneity: Tau® = 89.728; Chi® = 7.61, df = 2 (P = 0.02); I = 74%
Test for overall effect: t, = -4.75 (P = 0.04)

non-RCT

Derzsi et al. (2015) 106 794 411 129 1408 59.7 -61.5[-74.5,-48.6] 254%

Total (95% CI) 243 270 -39.8 [-67.2,-12.3] 100.0% ———

Heterogeneity: Tau® = 272.389; Chi’ = 35.83, df =3 (P <0.01); ¥ = 92%

Test for overall effect: t, = -4 61 (P = 0.02) -100 -80 80 40 -20 0 20

Test for subgroup differences: Chi® = 10.73, df = 1 (P < 0.01) Favours Ponseti  Favours Kite

FIGURE 3: Forest plot showing pooling of the studies’ findings
regarding the time taken for casting.

References: [12,29,16,32].

ClI = confidence interval; MD = mean difference

Total Pirani score: Three studies compared Pirani score measurements between the two groups at various
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time points [30,31,39]. The study by Rijal et al. assigned a subset of patients with bilateral clubfeet so that
one foot was treated with one method and the other foot was treated with the other method [30]. They

found that the mean Pirani scores were significantly lower in the legs treated by the Ponseti method
compared to the other legs treated by the Kite method, and this significant difference was noticed from the
third week and continued till the tenth week. In the remaining participants (unilateral and bilateral clubfeet,
but patients were assigned to one group only), there was more reduction in Pirani score in the Ponseti group,
but statistical significance was noticed in the ninth and tenth weeks only.

The study by Kaseke and Mudawarima reported that the mean Pirani scores were significantly lower in the
Ponseti group compared to the Kite group at three and six weeks [31]. The study by Sharif et al. showed also
significantly lower Pirani scores in the Ponseti group, starting from the fourth week and still detected in the
tenth week [39].

Pooling of the results showed that the MD between the two groups indicated lower scores in the Ponseti
group at the third, sixth, and tenth weeks, with statistically significant results at the sixth and tenth weeks.
The fixed-effect model was used at the three time points due to negligible heterogeneity. Only two studies
were included in the meta-analysis, as the study by Kaseke and Mudawarima did not report enough data for
inclusion in the analysis [31]. The results of unilateral legs were used from the study by Rijal et al. (Figure
4)[30].

Pirani score at 3 weeks

Study or Ponseti Kite Mean Difference Mean Difference

Subgroup Total Mean SD Total Mean SD IV, Fixed, 95% Cl Weight IV, Fixed, 95% CI

RCT i

Rijal et al. (2010) 10 43 08 6 41 12 03[-08 14] 5.3% —_—

non-RCT 1

Sharif et al. (2021) 30 42 06 30 44 05 -02[05,01] 94.7%

Total (95% Cl) 40 36 -0.2[-0.4,0.1] :

Heterogeneity: Tau® = 0; Chi* = 0.60, df = 1 (P = 0.44); I = 0% I I L ! 1

Test for overall effect: Z =-1.24 (P = 0.21) 2 -1 0 1 2

Test for subgroup differences: Chi® = 0.60, df = 1 (P = 0.44) Favours Ponseti  Favours Kite
Pirani score at 6 weeks

Study or Ponseti Kite Mean Difference Mean Difference

Subgroup Total Mean SD Total Mean SD IV, Fixed, 95% Cl Weight IV, Fixed, 95% CI

RCT :

Rijal et al. (2010) 10 25 1.2 6 3.0 1.2 -05[1.7, 07] 4.8% —i———

non-RCT :

Sharif et al. (2021) 30 28 06 30 36 05 -0.8[-1.1,-06] 95.2% =

Total (95% CI) 40 36 0.8 [-1.1, -0.5] -

Heterogeneity: Tau® = 0; Chi® = 0.27, df = 1 (P = 0.60); I* = 0% f T T T 1

Test for overall effect: Z=-5.98 (P < 0.01) -3 -2 -1 0 1 2

Test for subgroup differences: Chi® = 0.27, df = 1 (P = 0.60) Favours Ponseti  Favours Kite

Pirani score at 10 weeks

Study or Ponseti Kite Mean Difference Mean Difference
Subgroup Total Mean SD Total Mean SD IV, Fixed, 95% Cl Weight IV, Fixed, 95% CI

RCT i

Rijal et al. (2010) 10 1.0 05 6 19 07 -09[-15,-02] 11.6% +

non-RCT i

Sharif et al. (2021) 30 14 04 30 24 05 -09[-1.2,-0.7] 88.4% =

Total (95% CI) 40 36 -0.9[1.1,-0.7] . *

Heterogeneity: Tau® = 0; Chi® = 0.04, df = 1 (P = 0.84); I = 0% (N N LI
Test for overall effect: Z = -8.06 (P < 0.01) 4 3 2 -4 0 1 2
Test for subgroup differences: Chi® = 0.04, df = 1 (P = 0.84) Favours Ponseti Favours Kite

FIGURE 4: Forest plot showing pooling of the studies’ findings
regarding Pirani scores at three, six, and ten weeks.

References: [30,39].

ClI = confidence interval; MD = mean difference

Correction: Six studies reported the rates of correction of the deformity for the two groups [12,16,29,32-34].
Four studies reported a significantly higher percentage of corrected feet in the Ponseti group compared to

the control group [12,16,32,54]. Heterogeneity testing was non-significant (chi-square = 7.33, p = 0.198, =
32%), so the fixed-effect model was used. The pooled RR [95% CI] was 1.23 [1.14, 1.32], with a p-value

<0.001. Subgroup analysis showed a lack of significant difference (p = 0.137) (Figure 5). The leave-one-out
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analysis suggested that the study by Garcia et al. was influencing the results [33], as its omission reduced the

12 index to zero and slightly increased the pooled RR to 1.28 [95% CI =1.19, 1.39].

Correction
Study or Ponseti Kite Risk Ratio Risk Ratio
Subgroup Events Total Events Total Weight MH, Fixed, 95% CI MH, Fixed, 95% Cl
Design = RCT :
Sud et al. (2008) 33 36 21 31  8.9% 1.353[1.041, 1.759] +
Sanghvi and Mittal (2009) 26 30 27 34 99% 1.091[0.875, 1.362] —T
Selmani (2012) 7376 55 74 21.9% 1.202[1.122, 1.489] ——
Garcia et al. (2018) 47 71 38 55 16.8% 0.958[0.752, 1.221] —,—
Total (95% CI) 179 213 141 194 57.4% 1.169 [1.055, 1.296] -“-
Heterogeneity: Tau® = 0.011; Chi® = 5.87, df = 3 (P = 0.12); I* = 49% !
Test for overall effect: Z = 2.98 (P < 0.01) 3
Design = non-RCT i
Derzsi et al. (2015) 97 106 90 129 31.9% 1.312[1.155, 1.490] ——
Chen et al. (2019) 27 30 40 58 10.7% 1.305[1.058, 1.610] ——
Total (95% CI) 124 136 130 187 42.6% 1.310 [1.175, 1.461] -
Heterogeneity: Tau® = 0; Chi® = 0, df = 1 (P = 0.97); I = 0% ;
Test for overall effect: Z = 4.85 (P < 0.01) [
Total (95% CI) 303 349 271 381 100.0% 1.229 [1.140, 1.325] -
Heterogeneity: Tau® = 0.006; Chi® = 7.33, df = 5 (P = 0.20); I = 32% T I 1
Test for overall effect: Z = 5.39 (P < 0.01) 0.7 1 1.5 2
Test for subgroup differences: Chi® = 2.21, df = 1 (P = 0.14) Favours Kite Favours Ponseti

FIGURE 5: Forest plot showing pooling of the studies’ findings
regarding the rate of successful initial correction.

References: [12,29,16,33,32,34].

ClI = confidence interval; RR = risk ratio

Relapse: Five studies compared the rate of relapse after initial correction between the two arms
[12,16,29,32,34]. All studies reported a lower rate of relapse in the Ponseti group compared to the Kite group,
with statistical significance in two studies [32,34]. Heterogeneity was not significant (chi-square = 5.72, p =
0.221, 12 = 30%), so data were pooled using the fixed-effect model. The pooled RR [95% CI] was 0.50 [0.36,
0.71], with a p-value <0.001. Subgroup analysis showed a significant difference (p = 0.038), with lower RR in
non-RCT studies (0.39 [95% CI = 0.25, 0.60]) compared to RCTs (0.82 [95% CI = 0.47, 1.44]) (Figure 6). The
leave-one-out analysis showed that omitting the studies by Selmani and Derzsi et al. reduced heterogeneity

(1 index became zero) [16,32], though omitting the former reduced RR further (0.44 [95% CI = 0.30, 0.64])
while omitting the latter study increased the RR (0.69 [95% CI = 0.45, 1.05]).

Relapse
Study or Ponseti Kite Risk Ratio Risk Ratio
Subgroup Events Total Events Total Weight MH, Fixed, 95% CI MH, Fixed, 95% CI
Design = RCT H
Sud et al. (2008) 7 36 8 31 10.3% 0.753[0.308, 1.841] —_—
Sanghvi and Mittal (2009) 2 30 4 34 4.5% 0.567[0.112, 2.877]
Selmani (2012) 10 76 10 74 121% 0.974[0.431, 2.202] . E—
Total (95% CI) 19 142 22 139 26.8% 0.822 [0.467, 1.444] 1'--'
Heterogeneity: Tau® = 0; Chi* = 0.4, df = 2 (P = 0.82); I* = 0% !
Test for overall effect: Z = -0.68 (P = 0.49) i
Design = non-RCT H
Derzsi et al. (2015) 12 106 46 129 49.5% 0.317[0.178, 0.568] ——
Chen et al. (2019) 8 30 29 58 23.6% 0.533[0.279, 1.018] +
Total (95% CI) 20 136 75 187 73.2% 0.387 [0.251, 0.597] ~——
Heterogeneity: Tau® = 0.036; Chi® = 1.37, df = 1 (P = 0.24); I’ = 27% H
Test for overall effect: Z = -4.30 (P < 0.01) '
Total (95% CI) 39 278 97 326 100.0% 0.504 [0.359, 0.706] -
Heterogeneity: Tau? = 0.052; Chi? = 5.72,df=4 (P =0.22); 1?=30% I T 1
Test for overall effect: Z=-3.88 (P <0.01) 0.1 0.5 1 2 3
Test for subgroup differences: chi*= 4.31,df =1 (P =0.04) Favours Kite Favours Ponseti

FIGURE 6: Forest plot showing pooling of the studies’ findings
regarding the rate of relapse.

References: [12,29,16,32,34].

ClI = confidence interval; RR = risk ratio
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Discussion
Summary of the Main Findings

Idiopathic clubfoot is one of the most common congenital deformities in children [2]. Currently,
conservative methods are the preferred approach for initial treatment [7,8]. Several conservative techniques
have been developed, with Kite and Ponseti techniques being the most commonly used [9,10]. The present
meta-analysis aimed to compare the efficacy of the Kite and Ponseti methods in the treatment of children
with idiopathic congenital clubfoot.

Nine studies met the eligibility criteria of this meta-analysis and were included. We found that the Ponseti
method was significantly associated with a 23% probability of correction (n =6, RR =1.23[95% CI = 1.14,
1.32], p < 0.001). The better success rate with the Ponseti technique may be attributed to the procedure of
Achilles tendon tenotomy which is performed in selected patients [29]. Meanwhile, the difference in
successful correction between the two techniques may also be the result of the non-correction of the heel
deformity using the Kite method, which is commonly referred to in the literature as “Kite’s error” [9,29].

In addition, our results indicated that the Ponseti method was significantly associated with a lower risk of
relapse by 50% (n =5, RR = 0.50 [95% CI = 0.36, 0.71], p < 0.001) compared to the Kite method.

Ponseti explained the recurrence in idiopathic clubfoot by the continuation of excess collagen synthesis in
the soft tissues of the lower limb rather than by the undercorrection of the deformity [5]. This is supported by
the findings of Sud et al. who reported that most relapses in the Ponseti group showed all the components of
clubfoot [12], suggesting the inadequacy of the use of force or non-compliance with maintaining the correct
position after achieving correction. On the other hand, Sud et al. found that most relapses in the Kite group
showed varus of the heel [12], either as an isolated deformity or combined with other components,
suggesting a failure to achieve complete initial correction and that the relapsed cases were mislabelled as
corrected.

Pooling of the studies’ findings showed that the Ponseti method required a lower number of casts (MD = -3.0
[95% CI = -5.8, -0.2], p = 0.04) and a shorter duration (MD = -39.76 [95% CI = -67.22, -12.30] days, p = 0.02)
than the Kite method. The time for completing the casting in the Kite method typically ranges from four to
eight months [9,10], as opposed to three to twelve weeks in the Ponseti method [12]. The higher number of
casts and longer duration of treatment in the Kite method could be explained by the sequential correction of
each component of deformity, while the Ponseti method simultaneously corrects all components except for
the equinus deformity [29,32].

Previous meta-analyses compared between Kite and Ponseti methods and reported the superiority of the
Ponseti method [40-43]. The review by Matos and de Oliveira included studies that used other conservative
techniques in the control group besides Kite’s method [43]. The review by Gray et al. [41] included only one
study by Rijal et al. in their meta-analysis [30]. Two of the previous meta-analyses addressed the evidence
regarding the treatment of clubfoot in general, without focusing on the comparison between the Ponseti and
Kite techniques [40,41]. The present meta-analysis includes more recent studies which were not included in
the previous meta-analyses and focuses on the comparison between the two techniques.

Overall Completeness, Applicability, and Quality of the Evidence

The present meta-analysis shows that the Ponseti method is superior to the Kite method in terms of the
higher rates of successful correction and lower rates of relapse. However, the included studies showed some
limitations and potential ROB. The definitions and times for assessment of achieving correction were vague
within the included studies. Only three studies used the Pirani score as an objective method for assessing
correction. In addition, important data about the degrees of severity and age of initiating correction were
not provided in most studies, despite their potential impact on affecting the outcomes. Another important
limitation is the inadequate time for follow-up in some studies, as relapses may continue to appear until the
age of four years [5].

Both the Ponseti and Kite methods possess advantages and disadvantages, which should be carefully
considered when the method of correction is selected.

The advantage of the Kite method is that the casts can be changed every two weeks instead of weekly. This
is an advantage in very poor communities where transport to the hospital and treatment costs may
represent a barrier against continuing treatment. On the other hand, the time taken is much longer and the
rates of residual deformity or relapse are higher than the Ponseti technique [9,10,33].

Meanwhile, the Ponseti method possesses the advantages of a shorter time of casting and better success
rates. The drawbacks of the method include the longer cast which may introduce some difficulty while
placing the cast and may lead to a higher rate of cast-related complications. Moreover, the casts need to be
changed weekly, which may present a burden on families [29,30]. The impact of the socioeconomic status of
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the patients’ families was reported by Garcia et al. [33], as some patients were excluded from their study
solely based on their inability to come to the hospital weekly. The same study had also excluded patients
with allergies to the cast material.

Conclusions

Evidence suggests that the Ponseti method results in better outcomes than the Kite method in terms of
successful initial correction and lower relapse rates. The findings of this meta-analysis support the use of
the Ponseti method over the Kite method for correction of idiopathic clubfoot. However, the available
studies showed varying degrees of ROB, and the length of follow-up was inadequate in some studies.
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