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Introduction
Congenital talipes equinovarus or clubfoot is defined as a 
foot with forefoot adduction, midfoot cavus, supination, and 
varus with inward inclination. The incidence of clubfoot was 
reported to be one in 1000 newborns in the English population, 
and it is one of the most common congenital foot deformities 
worldwide.[1,2] Clubfoot deformity is common in patients 
with neuromuscular disease. The clubfoot deformity in these 
patients differs markedly from that of idiopathic clubfoot with 
respect to stiffness, severity, rigidity, relapse rate, and the 
rate of complications.[3,4] The prevalence of neuromuscular 
diseases associated with clubfoot varies in the literature 
depending on the population group of focus. Bakalis et al. 
studied the prevalence of clubfoot in neuromuscular patients 
and found that the incidence was much higher (48.6%) on 
prenatal ultrasound than in postnatal examinations.[5] In 
contrast, a study conducted in Australia in 2005 used birth 

documents to demonstrate a 40% prevalence of clubfoot in 
neuromuscular patients.[6] The aim of orthopedic management 
is to achieve a functional plantigrade, painless, and braceable 
foot.[7] Idiopathic clubfoot has traditionally been managed 
with extensive soft-tissue releases, with multiple reported 
complications of skin breakdown, recurrence, and the need for 
revision and surgical procedures.[3,5,8] Subsequently, in 1963, 
Ponseti developed a noninvasive management technique for 
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clubfoot composed of manipulation, casting, Achilles tendon 
release, and bracing. It takes approximately 30–45 days to 
achieve full correction.[4] The Ponseti method of casting 
is now believed to be the standard primary treatment for 
idiopathic clubfoot and is also useful in rigid clubfoot.[3,9] Many 
papers have studied the effectiveness of the Ponseti casting 
technique in nonidiopathic clubfoot and the results were not 
satisfactory among most of these studies.[10,11] However, only 
a few studies have been published on the effectiveness of the 
Ponseti casting technique in the management of neuromuscular 
disease-associated clubfoot.[9,10] The present study sought to 
determine the efficacy of using the Ponseti casting technique 
as a primary line of treatment in children with neuromuscular 
disease-associated clubfoot relative to that in a group with 
idiopathic clubfoot.

Materials and Methods
We performed a retrospective study of patients with clubfoot 
identified from the pediatric orthopedic clinic records in King 
Fahd hospital and we sought to evaluate the response to Ponseti 
serial casting technique, need for surgical intervention, and 
complications for patients with clubfoot who were treated 
at our hospital from 2004 to 2018. Patients with clubfoot 
were categorized as either having neuromuscular-associated 
clubfoot or idiopathic clubfoot for comparative purposes. 
The patients included were those diagnosed with idiopathic 
or neuromuscular disease-associated clubfoot who had been 
managed using the Ponseti casting technique treatment and 
followed up in our hospital. We excluded patients who either 
did not complete their treatment program at our hospital or 
whose data extraction form was <50% filled because of poor 
documentation of valuable information that was required to 
understand the patient’s health and development with respect 
to the treatment program provided to them. Standard data 
included age at initial presentation, gender, prenatal history 
including the mode of delivery, family history, diagnosis, 
laterality, and rigidity. We recorded the number of casts 
needed for correction, recurrence rate, need for tibialis anterior 
transfer (TAT), and any other invasive surgical intervention 
performed for each patient. Age at last follow-up, any residual 
deformity, pain, gait abnormality, and whether the patient still 
uses a brace were also documented. Recurrence was defined 
as any residual deformity that required further casting and/or 
surgery to retain the optimal position in a child with clubfoot. 
We measured the severity of the clubfoot before and after 
Ponseti treatment using a modified Pirani score. The Pirani 
scoring is a system used to assess the severity of the clubfoot 
deformity scored by the treating physician ranging from 0 to 6, 
where 0 is normal and 6 is the most severe form of deformity.[12] 
A decrease in the score correlates with an improvement of the 
deformity. Failure of Ponseti casting was defined as a clubfoot 
that failed to be corrected with serial casting.[4,13] There were 
four treating physicians and their experience with pediatric 
orthopedics ranged from 10 to 20 years. All available clinical 
records, including the clinical charts, electronic charts, and 
operative notes, for all patients in these groups were reviewed. 

Data extraction was performed with the aid of forms designed 
to meet the specific requirements of this study. Ninety‑five 
percent confidence intervals (CIs) were used. P < 0.05 was 
considered as statistically significant. The analysis was 
performed using the Statistical Package for the Social Sciences 
(SPSS) version 19 software (SPSS, Inc., Chicago, IL, USA).

Results
One hundred and seventeen patients with clubfoot treated 
from 2004 to 2018 were identified in our database; 
67 patients were in the idiopathic group and 25 patients in the 
neuromuscular-associated group. The other 25 patients were not 
classified into any group either because the health status or the 
patient’s condition was not documented fully in the database. 
Upon applying our inclusion and exclusion criteria, only 
49 patients who were managed at our hospital were included 
in this study. Thirty-nine patients had idiopathic clubfoot and 
ten had neuromuscular disease-associated clubfoot. There were 
five different pathologies recorded in the patients included in the 
neuromuscular disease group: spinal muscular atrophy (30%), 
muscular dystrophy (20%), congenital myopathy (20%), 
unknown syndrome (20%), and Charcot–Marie–Tooth 
syndrome (10%). The number of participants in the idiopathic 
group who were managed using the Ponseti casting technique 
alone was 34. The number of male and female participants in 
the study’s idiopathic group was 18 and 21, respectively. The 
demographic data for the idiopathic and neuromuscular groups 
treated with the Ponseti casting technique are summarized in 
Table 1. In the idiopathic group, female patients were more 
likely to have received Ponseti treatment than male patients, 
with an odds ratio of 1.85. Furthermore, patients who were 
vaginally delivered responded better to the Ponseti casting 
technique and demonstrated better prognoses compared to those 
delivered via caesarian section. In addition, a positive family 
history was neither predictive nor assumptive for congenital 
clubfoot in the idiopathic or neuromuscular groups. When the 
perinatal status of the mother was normal, there was a better 
response to the Ponseti casting than the surgical method and 
better prognosis compared to mothers with a complicated 
perinatal status. Furthermore, patients who were delivered 
normally had a better response to the Ponseti casting technique 
and better prognoses compared to those delivered through a 
cesarean section. Female patients with neuromuscular disease 
were more likely to undergo Ponseti casting than males, with an 
odds ratio of 1.7. The success of the Ponseti casting technique 
was more recognizable in babies with flexible clubfeet than 
rigid clubfeet. All patients with neuromuscular disease who 
were included in this study had bilateral clubfeet. The treatment 
results for both groups, including age at diagnosis, modified 
Pirani score before/after treatment, and the mean number 
of casts applied to achieve correction are listed in Table 2. 
The mean age of the patients at presentation in weeks in the 
idiopathic and neuromuscular groups was 1.79 and 1.80, 
respectively. We measured the effectiveness of the Ponseti 
casting technique in the treatment of clubfoot in both groups 
by comparing the results before and after Ponseti treatment 
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using a modified Pirani score. The mean modified Pirani score 
before treatment was 5.1 in the idiopathic group and 5.6 in the 
neuromuscular disease group. Post-Ponseti treatment, both 
groups had a similar mean modified Pirani score (0.39 in the 
idiopathic group and 0.41 in the neuromuscular group). The 
follow-up period for patients in both groups ranged from 
8 to 12 years. These results indicate the effectiveness of the 
Ponseti treatment in achieving correction in both groups. The 

idiopathic group had a slightly higher average of 6.19 casts 
needed for initial correction. Presumably, it is because the 
number of eligible patients included in the study was higher in 
the idiopathic group than in the neuromuscular disease clubfoot 
group, which created an opportunity for a higher deviation 
from the mean. Table 3 shows the comparison between 
neuromuscular disease-associated clubfoot and idiopathic 
clubfoot regarding treatment requirements, failure, recurrence 

Table 2: Result of treatment with Ponseti casting in idiopathic and neuromuscular group

Parameters Number of 
patients who 

were included

Age of the patients 
at presentation in 

weeks

Modified Pirani 
score before 

treatment

Modified Pirani 
score at last 

follow‑up

Number of casts 
applied for achievement 

of correction

Follow‑up 
period

Mean of the parameters
Idiopathic 39 1.794 5.1 0.39 6.1 6.1
Neuromuscular- 
associated clubfoot

10 1.80 5.6 0.41 5.7 10.2

Table 3: Comparison of treatment requirements, failure, and recurrence rates and shoe wear type

Idiopathic Neuromuscular
Complain after treatment

Yes 6 (17.6) 1 (12.5)
No 28 (82.4) 7 (87.5)

Pain
Yes 4 (11.7) 1 (12.5)
No 30 (88.3) 7 (87.5)

Shoe wear
Normal 30 (88.3) 7 (87.5)
Medicated 4 (11.7) 1 (12.5)

Table 1: The demographical data of the idiopathic group and neuromuscular group who treated successfully with Ponseti 
casting

Parameters Gender Mood of delivery Perinatal status Family history Rigidity

Male Female Normal c‑section Normal Complicated Positive Negative Rigid Flexible
Idiopathic 15 19 24 10 30 4 3 31 7 27

Odds ratio of 1.85, P=0.36 Odd ratio of 0.77 P=0.74 Odd ratio of 1.59, P=0.57 Odd ratio of 1.2, P=0.75
Neuromuscular 
-associated clubfeet

5 8 3 5 4 4 0 8 2 6
Odd ratio of 1, P=0.73 Odd ratio of 6, P=0.26 Odd ratio of 2.67, P=0.5 Odd ratio of 2, P=0.59

Table 4: Comparison between neuromuscular‑associated clubfeet patients who were included in this study

Neuromuscular disease Age at 
diagnosis, week

Age at 1st 
cat, week

Number of 
cast needed

Follow‑up 
periods, years

Procedure Additional 
procedures

Outcome

1st spinal muscular atrophy 1 1 7 11 No No Good
2nd spinal muscular atrophy 1 1 6 12 No No Good
3rd spinal muscular atrophy 2 2 6 10 No No Good
4th Muscular dystrophy 1 1 5 8 No No Good
5th Muscular dystrophy 1 1 4 10 No No Good
6th Congenital myopathy 3 1 7 12 No No Good
7th Congenital myopathy 1 1 6 9 No No Good
8th Unknown syndrome 1 1 7 10 TAT No Good
9th Charcot marry tooth syndrome 4 1 5 9 TAT Osteotomy Good
10th Unknown syndrome 3 1 4 11 TAT Osteotomy Good
TAT: Tibialis anterior transfer
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rates, and shoe wear type. Patients in both groups were less 
likely to have any complaints after treatment, with an odds 
ratio of 1.32 (CI: 0.3–5.8). Moreover, they were more likely to 
wear normal shoes after casting compared to those treated with 
a surgical method. Data on the ten patients in the neuromuscular 
group, including the patient’s neuromuscular disease, age at 
diagnosis, age when the first cast was applied, mean number 
of casts needed for correction, follow-up period, any additional 
procedures performed, and outcomes of treatment are illustrated 
in Table 4. Neuromuscular disease-associated clubfoot patients 
required a mean of 5.7 casts for initial correction, and a TAT 
was performed on three out of ten patients. TAT was successful 
in achieving a plantigrade foot in one patient, but two out of the 
three patients had to undergo additional surgery (osteotomy) 
for foot correction. The achievement of the initial correction 
with the Ponseti casting technique with TAT was possible 
for one patient (10%) in the neuromuscular group and five 
patients (14.7%) in the idiopathic group. The indication for 
surgery was failure of casting to achieve correction in two 
patients, one of whom had an unknown syndrome and the 
other one had Charcot–Marie–Tooth syndrome; both required 
osteotomies.

Discussion
In our study, the initial correction of neuromuscular 
disease-associated clubfoot using the Ponseti casting technique 
with/without TAT was achieved in eight patients. The surgical 
correction techniques were successful on those for whom 
the Ponseti treatment was first used but failed to correct the 
foot; one patient out of the two needed surgical correction. 
Neuromuscular disease-associated clubfoot has been reported 
to be difficult to manage nonoperatively; surgical management 
is generally required.[13] Many studies have examined the 
effectiveness of surgical management and have confirmed the 
lack of satisfactory results in treating nonidiopathic clubfoot 
through conservative management only. Hennigan and 
Kuo noted positive results in 62% of patients with clubfoot 
associated with constriction band syndrome.[10] Furthermore, 
de Carvalho Neto et al. reported that only 63% of patients with 
clubfoot associated with spina bifida who were operatively 
managed improved.[14] Furthermore, Flynn et al. reported 
positive results in 61% of patients with clubfoot associated with 
myelodysplasia who were managed surgically in their study.[3] 
Widmann et al.[15] reported that only 50% of arthrogrypotic 
patients had a satisfactory outcome in their study, while Chang 
and Huang[16] reported that 68% exhibited excellent outcomes. 
There was a notable difference between the outcomes of these 
studies. When we compare the effectiveness of the Ponseti 
method in neuromuscular disease-associated clubfoot with 
our series of casting for idiopathic clubfoot, the Ponseti 
casting technique was equally successful in both groups. The 
idiopathic and neuromuscular clubfoot groups required an 
equal mean number of casts (6.11 vs. 5.7) to achieve optimal 
correction. The failure rate of Ponseti casting technique 
to achieve initial correction was not significantly different 

between the two clubfoot groups: five patients out of 39 in the 
idiopathic group and two patients in the neuromuscular group. 
In the group of patients with neuromuscular disease-associated 
clubfoot in this retrospective study, the Ponseti casting 
technique was satisfactory in 80% of patients, and they did not 
require surgical intervention. Our results for the management 
of clubfoot associated with neuromuscular disease surpassed 
those reported in the studies published by Dobbs et al., which 
showed a failure rate of 6% in the idiopathic group and 33% 
in patients with clubfoot associated with myelodysplasia.[17] 
Boehm et al. showed a failure rate of 8% in the idiopathic 
group and 50% in clubfoot associated with arthrogryposis.[1] 
Postcorrection bracing strategy is a significant factor that 
affects the achievement of optimal correction.[15,18,19] We could 
not estimate brace compliance from our review of the health 
documentation system for our patient groups. Many studies 
have reported that suboptimal brace compliance is a crucial 
factor that leads to high recurrence rates, as well as the need for 
surgical releases in patients with neuromuscular clubfoot; this 
should be considered in future studies.[20,21] This study had two 
major limitations that could be addressed in future research. 
First, the number of patients who were eligible for the study 
was small. Second, some patients were lost to follow-up, so it 
is possible we did not capture all Ponseti treatment failures in 
the neuromuscular group in our study population. Despite these 
limitations, the success of the Ponseti method of treatment for 
patients with neuromuscular disease-associated clubfeet in our 
hospital surpassed that reported in the few previously published 
reports. We recommend the establishment of a national registry 
for clubfoot cases in the country so that we can disseminate 
our successful experience in the treatment of clubfoot on an 
international level.

Conclusions
The Ponseti casting technique is an effective primary 
modality of treatment for patients with clubfoot associated 
with neuromuscular diseases, as it is in idiopathic clubfoot, 
to achieve functional pain-free feet and reduce the number of 
surgical interventions required. The Ponseti treatment method 
for patients with neuromuscular disease-associated clubfoot 
in our institution performed better than that in the very few 
previously published reports.
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