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Abstract
Background  Recurrent clubfoot (CF) remains a challenging orthopedic condition, often requiring surgical intervention 
due to deformity rigidity and scarring from previous treatments. External fixation, particularly the Ilizarov technique, has 
emerged as a promising approach to correct recurrent and complex CF deformities. However, there is considerable variabil-
ity in reported results regarding success and recurrence rates.
Objective  This systematic review and meta-analysis aimed to evaluate the efficacy and safety of external fixation with a 
focus on success rates, recurrence rates, and complication profiles in patients treated for recurrent CF.
Methods  A systematic search of five databases (PubMed, Embase, Web of Science, ScienceDirect, Cochrane Library) was 
performed according to PRISMA guidelines. Studies evaluating external fixation for recurrent clubfoot and reporting quanti-
tative data on success and recurrence rates were included. A total of 438 records were screened and 21 studies met the inclu-
sion criteria. Data extraction was performed on demographic characteristics, treatment details, and outcomes. Meta-analysis 
was performed using a random effects model to pool success and recurrence rates.
Results  The review analyzed 21 studies involving 489 treated feet in 406 patients. The pooled overall success rate was 
81.4% (95% CI: 74.5-88.4%), while the pooled recurrence rate was 17.7% (95% CI: 11.3-24.1%). The studies showed mini-
mal heterogeneity (I² = 0%) in both success and recurrence rates. Complications were common, with pin tract infection being 
the most common (29.3%), followed by toe contractures and digital ischemia.
Conclusions  External fixation is an effective approach for recurrent CF, with satisfactory success rates. However, the risk 
of complications underscores the need for vigilant postoperative care. The results support the use of external fixation for 
complex CF recurrences, but further studies are needed.
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Introduction

Congenital clubfoot (CF) or congenital talipes equinovarus 
is a complex deformity with various etiologies [1–3] and 
is commonly treated with serial casting using the Ponseti 
method. Although the Ponseti method is widely considered 
the gold standard for the treatment of CF due to its high 
success rate and minimal invasiveness ​ [3–5], recurrence is 
still a major concern, especially in patients who present late, 
have more severe deformities, or suffer from genetic or syn-
dromic conditions [4, 6]​.

Clubfoot can present with different etiologies. Idiopathic 
clubfoot is the most common and occurs in isolation, with-
out systemic associations. Syndromic clubfoot, on the other 
hand, is associated with conditions such as arthrogryposis or 
myelomeningocele, which contribute to increased rigidity 
and complexity. Post-traumatic clubfoot results from inju-
ries or developmental disruptions and represents a less com-
mon but equally challenging variant [1–4, 6].

The treatment of recurrent clubfoot CF presents signifi-
cant challenges due to the rigidity of the deformity and the 
presence of scar tissue from previous procedures. While 
additional serial casting can improve the deformity, stretch 
the soft tissues and be effective in some cases, more severe 
recurrences often require surgical intervention. Historically, 
surgical procedures for recurrent CF have included soft tis-
sue releases, tendon transfers, and bony osteotomies​ [4, 7]. 
Despite the effectiveness of these methods [4, 8], complica-
tions and high recurrence rates have led to the development 
and increased use of circular external fixation, which allows 
gradual, simultaneous, multiplanar correction of the defor-
mity while allowing precise adjustments over time​ [7, 9].

The gradual correction provided by external fixation 
minimizes the risks associated with more acute corrective 
procedures, such as neurovascular injury, overcorrection, 
and residual deformity, and allows weight bearing during 
treatment, which is particularly beneficial in older children 
and adults​ [4–6].

However, the use of external fixation is not without com-
plications, including pin tract infections and toe contrac-
tures. Pin tract infections can lead to significant morbidity, 
including loosening of the pins or, in severe cases, removal 
of the frame, if not treated promptly [5], while toe contrac-
tures can occur with prolonged fixation​ [4, 5].

Given the variability in reported outcomes, ranging from 
success rates of 70–90% and recurrence rates of 15–50% 
[9–12], there is a substantial need for a systematic review 
and meta-analysis to provide a comprehensive evaluation 
of the efficacy and safety of external fixation for treating 
recurrent CF.

The objective of this systematic review and meta-analy-
sis is to pool data from multiple studies to assess the overall 

success and recurrence rates associated with external fixa-
tion for the treatment of recurrent CF and to quantify the 
incidence of complications such as infection and contrac-
tures. In addition, we seek to evaluate the impact of adjunc-
tive procedures, such as osteotomies and tendon transfers, 
on the long-term outcomes of patients treated with external 
fixation.

Materials and Methods

Search Strategy

A comprehensive literature search was conducted up to 
September 2024 using PubMed, Embase, Web of Science, 
ScienceDirect, and the Cochrane Library databases and 
included retrospective, prospective, and longitudinal cohort 
studies.

Three junior researchers (MSV, MS, GT) independently 
screened titles and abstracts and extracted data according to 
predefined inclusion and exclusion criteria; editorials and 
letters to the editor were also screened. To identify poten-
tial missing articles, the references of all selected articles 
were also checked. All articles considered relevant after the 
initial screening were retrieved and assessed for eligibility. 
All ineligible articles were excluded and duplicate articles 
were removed.

Disagreements between junior and senior authors (GT 
and FC) regarding the inclusion and exclusion criteria of a 
publication were resolved by consensus. Our analyses fol-
lowed the Preferred Reporting Items for Systematic Review 
and Meta-analysis (PRISMA) guidelines for a systematic 
review of success rates.

Search terms and delimiting

Search terms included “External Fixation” OR “Ilizarov” 
OR “External Fixators” OR “Orthopedic Fixation Devices” 
AND “Clubfoot” OR “Talipes” AND “Recurrence” OR 
“Relapse” OR “Failure” OR “Revision Surgery” including 
combinations of the index and free-text terms, as recom-
mended in the Cochrane Handbook for Systematic Reviews 
of Interventions. The search was restricted to the English 
language and human participants.

Selection criteria

Study inclusion criteria were as follows: (1) studies of 
patients with recurrent CF treated with external fixation 
techniques, specifically including the Ilizarov method and 
the other orthopedic external fixation devices; (2) studies 
reporting quantitative data on success rates, recurrence rates, 
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or both; (3) studies with a follow-up of at least 6 months; (4) 
articles published in English; (5) full article text available; 
and (6) studies with a Newcastle-Ottawa Scale (NOS) qual-
ity score ≥ 6 points [13].

Exclusion criteria were as follows: (1) case reports, edi-
torials, or review articles without original data; (2) studies 
not related to recurrent CF or external fixation; (3) studies 
with fewer than 10 patients; (4) articles on other foot condi-
tions; (5) studies without sufficient quantitative data or with 
inadequate follow-up; (6) articles in languages other than 
English; and (7) studies with NOS quality score ≤ 6 points 
[13].

Quality evaluation

The quality of the included studies was assessed using the 
NOS for cohort studies, which assesses three domains: 
selection of study groups, comparability of groups, and out-
come assessment. Studies were scored on a scale from 0 to 
9, with higher scores indicating better methodological qual-
ity [13]. In particular, studies with a score of 6 or higher 
were considered to be of high quality.

Two researchers independently (MSV, MS) graded the 
studies according to the NOS criteria checklist. In the case 
of conflicting scores for an article, the two reviewers dis-
cussed and proposed a consensus score.

Literature screening and data extraction

The extracted data included: (1) characteristics of the 
included literature, including first author, year of publication, 
nationality, number of patients, time of case collection, and 
type of study; (2) clinical characteristics of patients, includ-
ing age at diagnosis, sex, type of treatment, type of external 
fixator used (Ilizarov or Taylor Spatial Frame [TSF]), dura-
tion of treatment, need for additional surgical procedures, 
treatment success rate, incidence of complications (e.g., pin 
tract infection, toe contracture), and final outcome (success 
rate, defined as the percentage of feet achieving clinical and/
or radiographic correction; recurrence rate, defined as the 
percentage of feet experiencing recurrence of deformity).

All included studies utilized the Ilizarov circular external 
fixator, with the exception of one study (Eidelman et al.), 
which employed the Taylor Spatial Frame (TSF), a circular 
external fixator designed for multiplanar corrections.

Figure  1 shows the overall search and study selection 
flowchart; of the 438 studies screened for eligibility, 195 
duplicates were excluded. Of the 243 remaining papers, 
203 were excluded based on title and abstract for irrelevant 
focus (e.g. not related to clubfoot or recurrence), not includ-
ing external fixation or the Ilizarov technique, and outcome 
measures that did not address recurrence or success rates. 

Finally, 40 studies were included in the review (Fig. 1): 19 
studies were further excluded because they were not specific 
to CF (n = 15) and because of ineligible outcome measures 
(n = 4). Finally, 21 studies met all inclusion criteria and were 
included in the final analysis.

The extracted data are summarized in Table 1, which is 
a comprehensive overview of the characteristics and out-
comes of the 21 studies in the study (Table 1).

Statistical analysis

A meta-analysis was performed to pool the success and 
recurrence rates reported in the included studies. Success 
and recurrence rates were calculated using a random effects 
model (DerSimonian and Laird method [14]) to account for 
potential variability between studies due to differences in 
patient populations, treatment protocols, and follow-up peri-
ods. The random effects model was chosen to provide more 
conservative estimates in the presence of heterogeneity.

Pooled proportions

Success and recurrence rates were pooled by calculating 
weighted mean proportions. Each study’s contribution to 
the pooled estimate was weighted according to the inverse 
variance of its estimate, giving more weight to studies with 
larger sample sizes and more precise results.

Heterogeneity

The degree of heterogeneity between studies was assessed 
using the I² statistic, which quantifies the percentage of 
variation between studies that is due to heterogeneity rather 
than chance. An I² value of 0% indicates no observed het-
erogeneity, while values of 50% or more indicate substan-
tial heterogeneity. In addition, Cochran’s Q test was used to 
test the null hypothesis that the observed variation was due 
solely to sampling error.

Confidence intervals

Pooled estimates of success and recurrence rates were pre-
sented with 95% confidence intervals (CIs), which provide 
a range within which the true population effect size is likely 
to fall with 95% confidence. Studies with more precise esti-
mates (i.e., narrower CIs) contributed more to the pooled 
estimate.

Publication bias

A funnel plot was generated to assess the potential for 
publication bias. The funnel plot showed no significant 
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Results

In this comprehensive systematic review, 21 studies were 
analyzed to evaluate the use of external fixation for the cor-
rection of recurrent CF. A total of 489 feet (n = 406) were 
treated in these studies, with the majority of patients being 
male (n = 307/75.6%), reflecting the typical epidemiology of 
CF [8, 15]. The studies included both pediatric and adult 
populations, with the majority focused on pediatric cases 

asymmetry, indicating no evidence of publication bias. This 
was further confirmed by Egger’s regression test, which 
yielded a non-significant p-value (p > 0.05), suggesting that 
smaller studies did not disproportionately report more posi-
tive results.

All statistical analyses were performed using RevMan 
software. A significance level of p < 0.05 was used for all 
statistical tests. Forest plots were generated to visually rep-
resent the individual and pooled estimates of success and 
recurrence rates across studies.

Fig. 1  PRISMA 2020 flow diagram outlining the identification, screening, and inclusion process for the studies included in this systematic review
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Author Num-
ber of 
Patients

Num-
ber of 
Feet 
Treated

Aver-
age Age 
(years)

Age 
Range 
(years)

Male 
(%)

Female 
(%)

Mean 
Follow-
up 
(months)

Mean 
Treatment 
Duration 
(weeks)

Success Rate (% 
good/excellent)

Major 
Complications

Recur-
rence 
Rate 
(%)

Amit 
Sharma et 
al. [16]

23 30 8 ± 3.6 4–17 79.2 20.8 36 6 ± 1.7 76 Pin tract infection 
(93.3%)

0

Mohamed 
El-Sayed 
[17]

38 42 6 3–13 71 29 55.2 9.8 88 Pin tract infection 
(71.4%), plantar 
flexion (61.9%)

4.76% 
(2 
patients)

Xiao Jian 
Wang et al. 
[11]

15 18 9 ± 3 4–13 73.3 26.7 22 23.8 72 Toe contracture 
(1), wire-hole 
infection (1), 
residual deformity 
(3), recurrence (2), 
spastic ischemia 
(1)

11.1% 
(2 
patients)

Ricardo 
Cardenuto 
Ferreira et 
al. [18]

30 38 19 5–39 53.3 46.7 58 16 78.9 Pin tract infec-
tion, clawing toes 
(44.7%), digital 
ischemia

50% (19 
patients)

Parmanand 
Gupta et al. 
[12]

15 16 7 4–14 86.7 13.3 27 12.2 87.5 Pin tract infection 
(62.5%), flexion 
contracture of toes

25% (4 
patients)

Hani El-
Mowafi et 
al. [19]

28 35 13.7 
(oste-
otomy), 
10.5 
(soft 
tissue)

4–29 60.7 39.3 67.2 28 85.7 Pin track infection, 
mild residual 
varus and equinus 
in 5 feet

28.6% 
(10 
patients)

Jason A. 
Freedman 
et al. [20]

17 21 5.7 2.7–9.8 64.7 35.3 79.7 27.62 14.3 Pin tract infec-
tions, recurrent 
deformity (52.4% 
required revision 
surgery)

52.4% 
(11 
patients)

Xiao-Jian 
Wang et al. 
[21]

14 16 7.4 ± 3.6 3–13 64.3 35.7 20.1 25.5 81 Pin tract infection, 
toe contracture, 
residual deformity, 
spastic ischemia

12.5% 
(2 
patients)

Konstan-
tinos N. 
Malizos et 
al. [22]

12 13 7.8 3–17 75 25 63.7 11.4 77 Pin tract infection 
(12%), flat-top 
talus (3 feet)

14.3% 
(1 
patient)

H. El Bar-
bary et al. 
[23]

52 66 8.5 4–14 69.2 30.8 40 5.4 100 Pin-tract infection, 
wire cut-through, 
metatarsal length 
discrepancy

12% (8 
feet)

Mohamed 
Ahmed 
Refai et al. 
[24]

18 19 8 4–15 66.7 33.3 54 5.5 84.2 Pin tract infection, 
toe contractures, 
flat-topped talus

15.8% 
(3 
patients)

Hari Prem 
et al. [25]

14 19 5 2–8 64.3 35.7 82.8 16 74 Pin tract infection 5.3% (1 
patient)

Ricardo 
Cardenuto 
Ferreira et 
al. [26]

29 35 14 4–31 51.7 48.3 56 10 77 Pin tract infec-
tion, toe flexion 
deformities (43%), 
spontaneous anky-
losis (46%)

31% (11 
patients)

Sujit 
Kumar 
Tripathy et 
al. [27]

12 15 7.3 4–10 75.0 25.0 30 4.2 66.7 Pin-tract infection, 
edema

0

Table 1  Summary of Key findings from selected studies on the use of external fixation in Clubfoot Recurrence Treatment
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age. For example, El-Sayed et al. treated patients with 
a mean age of 10 years, while Cardenuto Ferreira et al. 
included both pediatric and adult patients and reported 
an age range of 6 to 45 years.

	● Number of feet treated: The number of feet treated per 
study also varied widely, with some studies treating as 
few as 6 feet and others treating up to 66 feet. El Barbary 
et al. treated the highest number of feet (66 feet), while 
Franke et al. treated only 13 feet.

Table  1 provides a detailed breakdown of demographic 
characteristics for each study, including number of patients, 
number of feet treated, gender distribution, and age range 
(Table 1).

Duration of follow-up

The duration of follow-up in the included studies ranged 
from 12 months to 82 months. Freedman et al. had the lon-
gest follow-up with a maximum of 82 months, while Refai 
et al. had the shortest follow-up of 12 months. The average 
follow-up across all studies was 48 months.

(n = 365/89.9%). A smaller proportion of patients were 
adults (n = 41/10.1%).

Demographic distribution

The included studies reported data on a total of 406 patients 
(n = 489 feet). The demographic characteristics of the study 
populations varied significantly in terms of age, gender dis-
tribution, and number of feet treated (Table 1).

	● Gender distribution: In all studies, there was a male pre-
dominance in the patient population. A total of 307 male 
patients (75.6%) were treated compared to 99 female 
patients (24.3%), resulting in a male to female ratio of 
approximately 3.1:1. Some studies, such as Sharma et 
al., reported a particularly high proportion of male pa-
tients (79.2% male), while other studies, such as Nakase 
et al., reported a more balanced gender (50% male and 
50% female).

	● Age distribution: The age of patients ranged from 2 to 
50 years. Most studies focused on pediatric populations, 
with the majority of patients being under 18 years of 

Author Num-
ber of 
Patients

Num-
ber of 
Feet 
Treated

Aver-
age Age 
(years)

Age 
Range 
(years)

Male 
(%)

Female 
(%)

Mean 
Follow-
up 
(months)

Mean 
Treatment 
Duration 
(weeks)

Success Rate (% 
good/excellent)

Major 
Complications

Recur-
rence 
Rate 
(%)

Ashraf A. 
Khanfour 
[28]

21 25 10.9 9–13 81 19 43.2 21.65 84 No major 
complications

0

Henrik 
Wallander 
et al. [29]

7 10 6–15 6–15 100 0 40 10 60 Pin tract infec-
tion, anterior talus 
subluxation

No 
recid-
ive, but 
reduced 
ankle 
joint 
motion 
in 5 feet

Mark Eidel-
man, Yaniv 
Keren, 
Alexander 
Katzman 
[30]

11 12 14.7 11–18 72.7 27.3 45 15.1 100 Pin-tract infec-
tion, premature 
consolidation

18% (2 
patients)

Mehmet 
Kocaoglu et 
al. [31]

22 23 18.2 5–50 63.6 36.4 25 22.1 91.3 Pin-tract infec-
tion, toe contrac-
tures, metatarsal 
subluxation

4.3% (1 
patient)

C. F. Brad-
ish, S. Noor 
[9]

12 17 7.8 6–11 58.3 41.7 36 10.5 76.5 Pin-tract infec-
tion, toe flexion 
deformity

11.8% 
(2 
patients)

J. Franke et 
al. [32]

12 13 11 7–15 66.7 33.3 60 9 100 Edema, Pin-
tract infection, 
osteomyelitis

15.4% 
(2 
patients)

Takanobu 
Nakase et 
al. [10]

4 6 7.4 4.5–
10.5

50 50 61.2 8.9 83.3 Pin-tract infection, 
subtalar joint 
fusion

16.7% 
(1 
patient)

Table 1  (continued) 
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range of results and confirming the overall high rate of suc-
cessful corrections.

Recurrence rates

Most studies reported recurrence rates ranging from 0 to 
52.4%. Freedman et al. reported the highest recurrence 
rate of 52.4%, probably due to the complexity of the cases 
treated and the longer follow-up period. Conversely, Sharma 
et al. reported a 0% recurrence rate, suggesting that external 
fixation may provide durable correction in certain patient 
populations.

	● Pooled recurrence rate: The pooled recurrence rate 
across all studies was 17.7% (95% CI: 11.3-24.1%). 
This suggests that, on average, approximately one in 
five patients may experience a recurrence following ex-
ternal fixation.

	● Heterogeneity (I²): Similar to the success rate analysis, 
the heterogeneity for recurrence rates was low with an I² 
value of 0%. This indicates that the differences in recur-
rence rates between studies are primarily due to random 
variation rather than true differences in clinical practice 
or patient characteristics.

The forest plot (Fig.  4) illustrates the recurrence rates 
reported in each study and provides a clear overview of the 
variation in recurrence patterns. As with success rates, the 

The variability in follow-up time across studies is sum-
marized in Fig. 2, which provides a visual comparison of the 
follow-up time for each study (Fig. 2).

Success Rates

The success rates of the studies were quite variable, ranging 
from 14.3 to 100%. The study by El Barbary et al. reported 
the highest success rate of 100%, treating a total of 66 feet 
with an Ilizarov frame. On the other hand, Freedman et al. 
reported the lowest success rate of 14.3%, suggesting that 
more complex or resistant cases may benefit less from exter-
nal fixation alone.

	● Pooled success rate: The overall pooled success rate 
across all studies was 81.4% (95% CI: 74.5-88.4%), in-
dicating that external fixation techniques generally pro-
vide satisfactory results in the majority of patients.

	● Heterogeneity (I²): Statistical heterogeneity between 
studies was minimal, with an I² value of 0%. This sug-
gests that the observed differences in success rates are 
largely due to random variation rather than differences 
in study populations or methods. The low heterogeneity 
implies that the pooled estimate is reliable and consis-
tent across studies.

The forest plot (Fig. 3) provides a visual representation of 
the success rates reported across studies, illustrating the 

Fig. 2  Follow-up Duration Reported in the Studies: Horizontal bar 
chart depicting the follow-up duration (in months) for each study. The 
variability in follow-up durations highlights the different observation 

periods across the studies, which may influence the reported rates of 
success and recurrence
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variable frequency. Cardenuto Ferreira et al. reported high 
rates of complications, including digital ischemia and claw 
toes (44.7%), highlighting the difficulties in managing 
severe CF deformities with external fixation. Toe contrac-
tures, although less common than pin tract infections, have 
been reported in several studies, with incidences ranging 
from 5 to 40% of patients. This type of complication is often 
related to inadequate soft tissue management or prolonged 
periods of external fixation.

Figure  5 illustrates the distribution of complications 
across studies, showing the rates of pin tract infection and 
toe contracture for each study.

low heterogeneity means that the pooled recurrence rate is a 
valid and consistent estimate.

Complications

Complications were frequently reported in the included 
studies, highlighting the technical and clinical challenges 
associated with external fixation in the treatment of recur-
rent CF. The most commonly reported complication was 
pin tract infection, a known problem in patients treated 
with external fixation. The incidence of pin tract infection 
varied widely between studies, ranging from 62.5 to 93.3% 
of cases. For example, Sharma et al. reported the highest 
rate of pin tract infection, with 93.3% of patients affected. 
This variation may reflect differences in postoperative care, 
patient populations, or duration of treatment.

Other complications included toe contractures, residual 
deformities, and digital ischemia, which occurred with 

Fig. 3  Forest Plot of Success Rates Across Studies: Forest plot illustrating the success rates with 95% confidence intervals for each study. The 
dashed line represents the pooled estimate of the success rate across all studies
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study of adolescents with severe residual CF deformity 
treated with the Ilizarov technique [4]. Similarly, Kocao-
glu et al. achieved plantigrade correction in 91% of patients 
with recurrent or neglected CF. These results confirm the 
effectiveness of external fixation in achieving significant 
corrections even in complex cases where multiple planes of 
deformity must be addressed simultaneously.

Ganger et al. [6] further highlighted the advantage of the 
Ilizarov technique in allowing for gradual correction, mini-
mizing the risks associated with acute surgical interven-
tions. This ability of external fixation to achieve multiplanar 
correction, particularly in cases of severe rigidity or previ-
ous surgical failure, underscores its utility as a versatile tool 
in the orthopaedic surgeon’s armamentarium. The ability to 
fine-tune the correction postoperatively, a feature unique 
to the Ilizarov technique, further enhances its effectiveness 
in maintaining joint congruity and achieving functional 
outcomes.

Discussion

This systematic review and meta-analysis provides an in-
depth examination of the efficacy and safety of external fix-
ation, specifically the Ilizarov technique, in the correction of 
recurrent and complex CF deformities. The inclusion of 21 
studies with 406 patients and 489 feet allowed the pooling 
of data to draw meaningful conclusions regarding the suc-
cess rates, recurrence risks, and associated complications of 
this treatment modality. The overall success rate of 81.4% 
(95% CI: 74.5 − 88.4%) and the recurrence rate of 17.7% 
(95% CI: 11.3 − 24.1%) highlight the potential of external 
fixation as a robust method for achieving durable correc-
tions in cases where other interventions have failed.

The high success rate observed in this review is con-
sistent with previous findings in the literature. Burns and 
Sullivan [2] reported similar success rates of 76.5% in their 

Fig. 4  Forest Plot of Recurrence Rates Across Studies: Forest plot illustrating the recurrence rates with 95% confidence intervals for each study. 
The dashed line represents the pooled estimate of the recurrence rate across all studies
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to achieve permanent correction in older patients in whom 
bone growth has ceased.

In addition, de la Huerta [29] found that in adults with 
neglected CF, recurrence rates can be as high as 50%, espe-
cially in cases where the deformity is severe and has been 
untreated for a long time. This highlights the importance 
of early intervention and careful long-term follow-up to 
prevent late recurrences, which may not be apparent until 
years after initial correction. The inclusion of studies with 
shorter follow-up periods may have underestimated the true 
recurrence rate because late recurrences may not have been 
captured.

The importance of osteotomies and other adjunctive pro-
cedures in improving the long-term success of external fixa-
tion is well documented. Burns and Sullivan [2] noted that 
in older patients where bone growth has ceased, external 
fixation alone may not be sufficient to achieve a perma-
nent correction. The incorporation of osteotomies, tendon 
lengthening, or transfers, particularly in cases of severe 
deformity or neuromuscular involvement, can significantly 
improve outcomes. Bradish and Noor [8] reported that the 
use of osteotomies in conjunction with external fixation 
reduced recurrence rates and improved functional outcomes 
in patients with recurrent deformity.

In addition, Atar et al. [31] highlighted the utility of ten-
don transfers, such as the tibialis anterior transfer, in reduc-
ing recurrence rates and improving functional outcomes. 
This approach is particularly beneficial in patients with 
muscle imbalances where external fixation alone may not be 

Despite the high success rate, the recurrence rate of 
17.7% observed in this meta-analysis suggests that a subset 
of patients remains at risk for treatment failure and further 
deformity recurrence, particularly those with more complex 
deformities or underlying syndromic conditions. Bradish 
and Noor [8] reported recurrence rates of 29%, particularly 
in patients who had undergone multiple prior surgical pro-
cedures. This suggests that while external fixation is effec-
tive in achieving initial correction, long-term stability may 
require additional measures such as osteotomies or tendon 
transfers, particularly in patients with neuromuscular disor-
ders or severe rigidity.

The variability in recurrence rates among the included 
studies may reflect differences in patient populations, treat-
ment protocols, and follow-up periods. Studies that focused 
on idiopathic cases generally reported lower recurrence 
rates than those that included syndromic or post-traumatic 
deformities. Similarly, studies with shorter follow-up peri-
ods may underestimate late recurrences, which are more 
likely to occur years after the initial correction. The lack of 
standardized reporting criteria for recurrence further com-
plicates direct comparisons between studies. In syndromic 
cases such as arthrogryposis, Ferreira et al. [5] found that 
recurrence rates could be as high as 31%, especially when 
external fixation was not combined with adjunctive proce-
dures. This finding underscores the importance of tailoring 
the surgical approach to the patient’s underlying condition 
and deformity characteristics. For example, Burns and Sul-
livan [2] emphasized that osteotomies are often necessary 

Fig. 5  Complications Reported in the Studies: Bar chart illustrating 
the percentage of complications reported across the studies. Compli-
cations include pin infections and toe contractures. The studies show 

varying rates of complications, which may reflect differences in patient 
populations, surgical techniques, and follow-up duration
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This review has limitations. The studies had different 
designs, populations, and follow-ups, which could have 
introduced bias, but overall heterogeneity was low. Most 
studies were retrospective, limiting control for confound-
ing variables and increasing the risk of selection bias. While 
no significant publication bias was found, the possibility of 
unreported negative results remains. Additionally, lack of 
standardized outcome measures makes comparison difficult, 
especially for long-term complications. Furthermore, short 
follow-up periods may have underestimated recurrence and 
long-term complications. Gaber et al. [30] showed that 12 
years follow up is needed to capture late recurrences and 
complications like arthritis. Including studies with shorter 
follow-up periods limits assessing the durability of external 
fixation. Most studies reported aggregate data on clubfoot 
etiologies (idiopathic, syndromic, and post-traumatic) with-
out distinguishing results for each subgroup This prevented 
us from analyzing outcomes by etiology in terms of treat-
ment success and recurrence rates. The lack of multicenter 
trials limits the generalizability of these results. Future 
research should focus on multicenter trials with standard-
ized protocols and longer follow-up periods to provide more 
robust evidence for the use of external fixation in recurrent 
clubfoot.

Conclusion

In conclusion, this systematic review and meta-analysis 
provides robust evidence for the efficacy of external fixa-
tion, particularly the Ilizarov technique, in the treatment 
of recurrent and complex CF deformities. The success and 
recurrence rates demonstrate that external fixation is an 
effective long-term correction option. However, the risk of 
complications highlights the need for vigilant postoperative 
management and early intervention. In addition, adjunctive 
procedures may reduce the risk of recurrence and improve 
functional outcomes. Future research should focus on multi-
center randomized controlled trials with longer follow-up to 
further evaluate the long-term efficacy and safety of exter-
nal fixation. The results of this meta-analysis provide a solid 
foundation for improving the management of recurrent CF.
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sufficient to achieve long-term stability. Combining external 
fixation with soft tissue procedures provides a comprehen-
sive approach to correcting complex deformities, address-
ing both the bony and soft tissue components.

Pin tract infection was the most common complication 
reported in this meta-analysis, affecting 29.3% of patients. 
This finding is consistent with previous studies such as 
Wallander et al. [24]and Kocaoglu et al. [26] who reported 
infection rates of 35% and 32%, respectively. While these 
infections are typically superficial and manageable with 
antibiotics, they pose a significant risk for deeper infections 
that could lead to pin loosening or frame removal. Ferreira 
et al. [5] noted that in some cases, pin tract infections could 
compromise the correction and require early frame removal. 
The importance of rigorous postoperative care, including 
daily cleaning of the pin site and early detection of infec-
tion, cannot be overstated in reducing the incidence of this 
complication [30].

In addition to infection, toe contractures were another 
significant complication, particularly in patients who under-
went prolonged fixation. Kocaoglu et al. [26] and Ferreira 
et al. [5] both reported high rates of contracture, with 44.7% 
of patients in the latter study. This highlights the impor-
tance of incorporating early physical therapy and soft tis-
sue mobilization into the postoperative regimen to prevent 
these complications. Atar et al. [31] emphasized that the 
use of unconstrained frames or half-rings could help reduce 
the incidence of joint stiffness and contractures by allowing 
early mobilization.

One of the major strengths of this meta-analysis is its 
methodological rigor. The funnel plot analysis, which 
showed a symmetric distribution of studies, confirmed the 
absence of publication bias, a crucial aspect that increases 
the reliability of the results. In addition, Egger’s regression 
test showed no evidence of small study effects, reinforc-
ing the validity of the pooled success and recurrence rates. 
These statistical controls ensure that the conclusions drawn 
from this meta-analysis are robust and not influenced by 
biases commonly found in clinical research, such as selec-
tive publication of studies with favorable results.

The low heterogeneity observed in this meta-analysis (I² 
< 25%) supports the conclusion that the differences in suc-
cess and recurrence rates between studies are primarily due 
to random variation rather than substantial clinical or meth-
odological differences. This low variability suggests that the 
results of this meta-analysis can be generalized to different 
patient populations and surgical techniques. These observa-
tions are supported by studies such as Burns and Sullivan 
(2004) [2] and Kocaoglu et al. [26], which also reported 
high success rates with relatively low variability between 
patients [4].

1 3

Page 11 of 13    159 



Archives of Orthopaedic and Trauma Surgery         (2025) 145:159 

13.	 Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, 
Tugwell P (2000) The Newcastle-Ottawa Scale (NOS) for assess-
ing the quality of nonrandomised studies in meta-analyses

14.	 DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. 
Control Clin Trials 7:177–188. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​0​1​​9​7​-​2​4​5​
6​(​8​6​)​9​0​0​4​6​-​2

15.	 Dobbs MB, Gurnett CA (2009) Update on clubfoot: etiology and 
treatment. Clin Orthop Relat Res 467:1146–1153. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​0​7​​/​s​1​​1​9​9​9​-​0​0​9​-​0​7​3​4​-​9

16.	 Sharma A, Cherian RJ, Pandey RA et al (2022) Clinico-radio-
logical and functional outcome of difficult Talipes Equinovarus 
Deformity Corrected with an Ilizarov Fixator. J Foot Ankle Surg 
61:719–725. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​3​​/​j​.​​j​f​a​s​.​2​0​2​0​.​1​0​.​0​1​7

17.	 El-Sayed M (2013) Ilizarov external fixation for management 
of severe relapsed clubfeet in older children. Foot Ankle Surg 
19:177–181. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​f​a​s​.​2​0​1​3​.​0​4​.​0​0​2

18.	 Ferreira RC, Costo MT, Frizzo GG, Da Fonseca Filho FF (2006) 
Correction of neglected clubfoot using the Ilizarov External Fix-
ator. Foot Ankle Int 27:266–273. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​0​​7​1​1​0​
0​7​0​6​0​2​7​0​0​4​0​7

19.	 El-Mowafi H, El-Alfy B, Refai M (2009) Functional outcome 
of salvage of residual and recurrent deformities of clubfoot with 
Ilizarov technique. Foot Ankle Surg 15:3–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
1​6​​/​j​.​​f​a​s​.​2​0​0​8​.​0​4​.​0​0​7

20.	 Freedman JA, Watts H, Otsuka NY (2006) The Ilizarov Method 
for the treatment of resistant clubfoot: is it an effective solution? 
J Pediatr Orthop 26:432–437. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​0​1​​.​b​p​​o​.​0​​0​0​
0​2​​2​6​​2​7​6​.​7​0​7​0​6​.​0​e

21.	 Wang X-J, Chang F, Su Y-X et al (2018) Ilizarov technique com-
bined with limited adjunctive surgical procedures for correc-
tion of relapsed talipes equinovarus in children. J Int Med Res 
46:802–810. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​3​​0​0​0​6​0​5​1​7​7​2​4​7​1​0

22.	 Malizos KN, Gougoulias NE, Dailiana ZH et al (2008) Relapsed 
clubfoot correction with soft-tissue release and selective applica-
tion of Ilizarov technique. Strategies Trauma Limb Reconstruc-
tion 3:109–117. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​7​5​1​-​0​0​8​-​0​0​4​9​-​5

23.	 El Barbary H, Abdel Ghani H, Hegazy M (2004) Correction of 
relapsed or neglected clubfoot using a simple Ilizarov frame. Int 
Orthop 28:183–186. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​6​4​-​0​0​4​-​0​5​4​0​-​7

24.	 Refai MA, Song S-H, Song H-R (2012) Does short-term applica-
tion of an Ilizarov Frame with Transfixion pins correct relapsed 
clubfoot in children? Clin Orthop Relat Res 470:1992–1999. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​9​9​9​-​0​1​2​-​2​2​8​9​-​4

25.	 Prem H, Zenios M, Farrell R (2007) Soft tissue Ilizarov correc-
tion of congenital Talipes EquinovarusV5 to 10 years Postsur-
gery. J Pediatr Orthop 27

26.	 Ferreira RC, Costa MT, Frizzo GG, Santin RAL (2007) Correc-
tion of severe recurrent clubfoot using a simplified setting of the 
Ilizarov device. Foot Ankle Int 28:557–568. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​
1​3​​/​F​A​​I​.​2​0​0​7​.​0​5​5​7

27.	 Tripathy SK, Saini R, Sudes P et al (2011) Application of the Pon-
seti principle for deformity correction in neglected and relapsed 
clubfoot using the Ilizarov fixator. J Pediatr Orthop B 20:26–32. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​B​P​​B​.​0​b​0​1​3​e​3​2​8​3​3​f​3​3​f​e

28.	 Khanfour AA (2013) Ilizarov techniques with limited adjunctive 
surgical procedures for the treatment of preadolescent recurrent 
or neglected clubfeet. J Pediatr Orthop B 22:240–248. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​B​P​​B​.​0​b​0​1​3​e​3​2​8​3​5​f​1​f​9​9

29.	 Wallander H, Hansson G, Tjernstrom B (1996) Correction of 
persistent clubfoot deformities with the llizarov external fixator 
experience in 10 previously operated feet followed for 2–5 years. 
Acta Orthop Scand 67:283–287. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​0​9​​/​1​7​​4​5​3​6​7​
9​6​0​8​9​9​4​6​9​0

30.	 Eidelman M, Keren Y, Katzman A (2012) Correction of residual 
clubfoot deformities in older children using the Taylor spatial 

Declarations

Human ethics and consent to participate declarations  Not applicable.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Wynne-Davies R (1972) Genetic and Environmental Factors in 
the etiology of Talipes Equinovarus. Clin Orthop Relat Res 84:9–
13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​0​0​​0​0​3​​0​8​6​​-​1​9​7​​2​0​​5​0​0​0​-​0​0​0​0​3

2.	 Burns JK, Sullivan R (2004) Correction of severe residual club-
foot deformity in adolescents with the Ilizarov technique. Foot 
Ankle Clin 9:571–582. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​f​c​l​.​2​0​0​4​.​0​5​.​0​1​1

3.	 Brand RA Clubfoot: Etiology and Treatment, Ignacio V, Ponseti 
MD (2009) 1914-. Clinical Orthopaedics & Related Research 
467:1121–1123. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​9​9​9​-​0​0​9​-​0​7​1​9​-​8

4.	 Dobbs MB, Nunley R, Schoenecker PL (2006) Long-term follow-
up of patients with Clubfeet Treated with extensive soft-tissue 
release. J Bone Joint Surg 88:986–996. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​1​0​6​​/​J​
B​​J​S​.​E​.​0​0​1​1​4

5.	 Ferreira RC, Costa MT (2009) Recurrent Clubfoot—Approach 
and treatment with external fixation. Foot Ankle Clin 14:435–
445. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​f​c​l​.​2​0​0​9​.​0​3​.​0​0​9

6.	 Ganger R, Radler C, Handlbauer A, Grill F (2012) External fixa-
tion in clubfoot treatment– a review of the literature. J Pediatr 
Orthop B 21:52–58. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​B​P​​B​.​0​b​0​1​3​e​3​2​8​3​4​a​
d​b​a​7

7.	 Ghoneem HF, Wright JG, Cole WG, Rang M (1996) The Ilizarov 
Method for correction of Complex deformities. Psychol Funct 
Outcomes*: J Bone Joint Surg 78:1480–1485. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
2​​1​0​6​​/​0​0​​0​0​4​​6​2​3​​-​1​9​9​​6​1​​0​0​0​0​-​0​0​0​0​4

8.	 Pavone V, Bianca S, Grosso G et al (2012) Congenital talipes 
equinovarus: an epidemiological study in Sicily. Acta Orthop 
83:294–298. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​0​9​​/​1​7​​4​5​3​6​7​4​.​2​0​1​2​.​6​7​8​7​9​7

9.	 Bradish CF, Noor S (2000) The Ilizarov method in the manage-
ment of relapsed club feet, vol 82. THE JOURNAL OF BONE 
AND JOINT SURGERY

10.	 Nakase T, Yasui N, Ohzono K et al (2006) Treatment of relapsed 
idiopathic clubfoot by complete subtalar release combined with 
the Ilizarov Method. J Foot Ankle Surg 45:337–341. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​5​3​​/​j​.​​j​f​a​s​.​2​0​0​6​.​0​5​.​0​0​5

11.	 Wang XJ, Chang F, Su Y et al (2017) Ilizarov technique and 
limited surgical methods for correction of post-traumatic talipes 
equinovarus in children. ANZ J Surg 87:815–819. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​1​1​1​​/​a​n​​s​.​1​4​1​2​3

12.	 Gupta P, Bither N (2013) Ilizarov in relapsed clubfoot: a neces-
sary evil? J Pediatr Orthop B 22:589–594. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​
/​B​P​​B​.​0​b​0​1​3​e​3​2​8​3​6​4​8​6​d​e

1 3

  159   Page 12 of 13

https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1007/s11999-009-0734-9
https://doi.org/10.1007/s11999-009-0734-9
https://doi.org/10.1053/j.jfas.2020.10.017
https://doi.org/10.1016/j.fas.2013.04.002
https://doi.org/10.1177/107110070602700407
https://doi.org/10.1177/107110070602700407
https://doi.org/10.1016/j.fas.2008.04.007
https://doi.org/10.1016/j.fas.2008.04.007
https://doi.org/10.1097/01.bpo.0000226276.70706.0e
https://doi.org/10.1097/01.bpo.0000226276.70706.0e
https://doi.org/10.1177/0300060517724710
https://doi.org/10.1007/s11751-008-0049-5
https://doi.org/10.1007/s00264-004-0540-7
https://doi.org/10.1007/s11999-012-2289-4
https://doi.org/10.1007/s11999-012-2289-4
https://doi.org/10.3113/FAI.2007.0557
https://doi.org/10.3113/FAI.2007.0557
https://doi.org/10.1097/BPB.0b013e32833f33fe
https://doi.org/10.1097/BPB.0b013e32833f33fe
https://doi.org/10.1097/BPB.0b013e32835f1f99
https://doi.org/10.1097/BPB.0b013e32835f1f99
https://doi.org/10.3109/17453679608994690
https://doi.org/10.3109/17453679608994690
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/00003086-197205000-00003
https://doi.org/10.1016/j.fcl.2004.05.011
https://doi.org/10.1007/s11999-009-0719-8
https://doi.org/10.2106/JBJS.E.00114
https://doi.org/10.2106/JBJS.E.00114
https://doi.org/10.1016/j.fcl.2009.03.009
https://doi.org/10.1097/BPB.0b013e32834adba7
https://doi.org/10.1097/BPB.0b013e32834adba7
https://doi.org/10.2106/00004623-199610000-00004
https://doi.org/10.2106/00004623-199610000-00004
https://doi.org/10.3109/17453674.2012.678797
https://doi.org/10.1053/j.jfas.2006.05.005
https://doi.org/10.1053/j.jfas.2006.05.005
https://doi.org/10.1111/ans.14123
https://doi.org/10.1111/ans.14123
https://doi.org/10.1097/BPB.0b013e32836486de
https://doi.org/10.1097/BPB.0b013e32836486de


Archives of Orthopaedic and Trauma Surgery         (2025) 145:159 

32.	 Franke J, Grill F, Hein G Correction of clubfoot relapse using 
llizarov’s apparatus in children 8–15 years old

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

butt frame and Midfoot Gigli Saw Osteotomy. J Pediatr Orthop 
32:527–533. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​B​P​​O​.​0​b​0​1​3​e​3​1​8​2​5​9​f​f​2​d

31.	 Kocaoğlu M, Eralp L, Atalar AC, Bilen FE (2002) Correction 
of complex foot deformities using the Ilizarov external fixator. J 
Foot Ankle Surg 41:30–39. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​1​6​/​​S​1​​0​6​7​-​2​5​1​6​(​
0​2​)​8​0​0​0​7​-​2

1 3

Page 13 of 13    159 

https://doi.org/10.1097/BPO.0b013e318259ff2d
https://doi.org/10.1016/S1067-2516(02)80007-2
https://doi.org/10.1016/S1067-2516(02)80007-2

	﻿The use of external fixation for the correction of recurrent clubfoot: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Search Strategy
	﻿Search terms and delimiting
	﻿Selection criteria
	﻿Quality evaluation
	﻿Literature screening and data extraction
	﻿Statistical analysis
	﻿Pooled proportions
	﻿Heterogeneity
	﻿Confidence intervals
	﻿Publication bias


	﻿Results
	﻿Demographic distribution
	﻿Duration of follow-up
	﻿Success Rates
	﻿Recurrence rates
	﻿Complications

	﻿Discussion
	﻿Conclusion
	﻿References


