
Congenital clubfoot, or congenital talipes equinovarus 
(CTEV), is one of the most common congenital deformi-
ties.1) It most likely represents congenital dysplasia of all 
musculoskeletal tissues (musculotendinous, ligamentous, 
osteoarticular, and neurovascular structures) distal to the 
knee. This conclusion is based on multiple investigators’ 
observations of a myriad of different abnormal anatomic 
findings and on the functional outcome of patients who 

were believed to have received optimal non-operative or 
operative treatment but nevertheless subsequently always 
had some degree of impairment.2) Congenital clubfoot is 
a complex three-dimensional deformity consisting of four 
components: cavus, adductus, varus, and equinus. 

The incidence of congenital clubfoot is approxi-
mately 1.2 per 1,000 live births.3) If a clubfoot is allowed 
to remain deformed, many other late adaptive changes 
occur in the bones. These changes depend on the severity 
of soft-tissue contractures and the effects of walking. In 
untreated adults, some joints may spontaneously fuse or 
degenerative changes secondary to the contractures may 
develop. 

On the basis of a proper understanding of the 
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pathoanatomy from stillborn fetuses with clubfeet and of 
functional anatomy from radiography of normal feet and 
of clubfeet, Ignacio Ponseti developed and refined a uni-
form treatment for clubfeet in the late 1940s.4) Although 
Ponseti’s clubfoot treatment has been around for many 
years, it is only in the recent past that his method has been 
given due consideration with a review of the long-term 
results of patients treated by him.5) The standard regimen 
of the Ponseti casting technique involves weekly change of 
cast after an initial period of manipulation. However, more 
recently, this arbitrary interval between two consecutive 
casts has been called into question. Studies have shown 
that the accelerated Ponseti protocol has as similar safety 
and efficacy as the standard protocol. In the accelerated 
Ponseti technique, casting is done after five days, twice 
weekly or thrice weekly.6) 

An earlier study by Elgohary and Abulsaad7) 
showed that the accelerated Ponseti technique significant-
ly reduces the correction time without affecting the final 
results while being as safe and effective as the traditional 
Ponseti, but they had excluded patients with a pretreat-
ment Pirani score of less than 4. A decrease in the overall 
duration of treatment could offer multiple potential ben-
efits leading to better compliance. The aim of our study 
was to compare the results of the standard Ponseti regi-
men to those of the accelerated Ponseti regimen in our 
population cohort.

METHODS

This study is a prospective, single-blind, randomized 
controlled study conducted in our hospital between May 
2015 and December 2016. A minimum 1-year follow-up 
was completed by December 2017. After obtaining per-
mission from the college ethical committee, we enrolled 
a total of 100 patients for the study and followed up for 
a minimum of 1 year. Written informed consent was ob-
tained from the parents or guardians of the children. Ran-
domization was done at the patient level with both feet 
being treated by using the same method in bilateral cases 
and an opaque sealed envelope method was used. Exclu-
sion criteria were as follows: age more than 6 months, 
neurogenic or syndromic CTEV, and previously operated 
or relapsed CTEV.

All patients were treated in our clubfoot clinic and 
a detailed history was sought from attendants, with par-
ticular reference to the age, sex, exposure of the mother 
to radiation or drugs during pregnancy, type of delivery, 
place of delivery, birth order, birth asphyxia, family his-
tory, other deformities or diseases, and any previous inter-

vention. Initial Pirani8) and Dimeglio9) scoring was done. 
Radiographs of the foot were taken (anteroposterior view 
and lateral view in stress dorsiflexion) to calculate the talo-
calcaneal angle, talus-first metatarsal angle, and tibiocalca-

Table 1.  Modified Functional Rating System Score to Evaluate 
Functional Outcomes (Maximum Score = 100)

Variable Score

Ankle dorsiflexion

   Above neutral 20

   To neutral (+ 5º) 10

   Less than neutral  0

Subtalar motion

   > 15º 10

   < 15º  5

   0º–5º  0

Heel position with maximal passive ankle dorsiflexion

   0º Varus or valgus 15

   0º–5º Varus 10

   Varus 6º–10º  5

   Varus > 10º  0

Forefoot appearance

   > 5º Abduction 15

   Neutral 10

   > 5º Adduction  0

Medial crease

   Absent 10

   Present  0

Cavus

   < 5 mm 10

   > 5 mm  0

Radiological measurement

   Talocalcaneal index

      > 40º 10

      < 40º  0

Talar-first metatarsal angle

      < 10º 10

      > 10º  0
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neal angle.10) 
Steps were the same in both the standard and acceler-

ated Ponseti techniques11-13) except for the duration of cast 
immobilization. The cast was changed twice weekly in the 
accelerated group and once weekly in the standard group. 
The two phases in the management were as follows: (1) 
treatment phase: consisted of weekly gentle manipulation 
and casting in the standard group and twice weekly in the 
accelerated group. Manipulation was done for 1 minute in 
each group. (2) Maintenance phase: consisted of bracing 
with a foot abduction orthosis after removal of the final cast.

All the deformities of clubfoot were corrected simul-
taneously except the equinus deformity, which was cor-
rected in the final cast. The final cast was applied for three 
weeks with the foot in more than 15° of dorsiflexion and 
70° of abduction, if tendoachilles tenotomy had been per-
formed, or for 2 weeks otherwise. The radiographs of the 
foot were taken to calculate talocalcaneal angle, talus-first 
metatarsal angle, and tibiocalcaneal angle after the final 
cast was removed. 

The foot abduction brace was used thereafter for 
23 hours a day for 3 months and then during night time 
and nap time. The first follow-up was at 1 week to check 
for compliance of bracing, then monthly till 3 months 
and then every 3 months till final assessment at 1 year. At 
the end of 12-month follow-up, the Pirani and Dimeglio 
scores were checked along with the modified functional 
rating system (FRS) score (Table 1).14,15) Results were la-
beled as excellent, good, fair, and poor on the basis of the 
modified FRS score. 

Statistical Methods
Data analysis was performed by using IBM SPSS ver. 
25.0 (IBM Corp., Armonk, NY, USA). Metric data are 
described as mean and median; nonmetric or categorical 
data are described as frequency and frequency percent-

age. Intergroup comparison of metric variables was done 
by the Student t-test and that of nonmetric variables was 
done by chi-square test. Furthermore, the intragroup vari-
ance was measured by paired t-test and repeated measures 
analysis of variance was done by F-test. All the inferences 
were drawn at 0.05 level of significance. 

RESULTS

A total of 100 patients were included in the study (158 
feet). Of those, 58 patients had bilateral involvement, 23 
had right-side involvement and 19 had left-side involve-
ment. In the standard group, 31 (62%) had bilateral in-
volvement, nine (18%) had right-side involvement, and 10 
(20%) had left-side involvement; in the accelerated group, 
27 (54%) had bilateral involvement, 14 (28%) had right-
side involvement, and nine (18%) had left-side involve-
ment. The mean age in the standard group was 29.2 days 
(range, 2 to 165 days) and that in the accelerated group 
was 18.2 days (range, 1 to 175 days). Most of our patients 
were male: 36 in the standard group and 34 in the acceler-
ated group. Family history of CTEV was present in 9% of 
total cases.

The average pretreatment, immediate posttreat-
ment, and final follow-up Pirani and Dimeglio scores are 
given in Figs. 1 and 2. There was no statistically significant 
difference in the number of casts needed for full correction 
between the standard group (6.3 ± 1.2) and the accelerated 
group (6.1 ± 1.4; p = 0.45). The average duration of cast-
ing needed for correction was 58.2 ± 8.3 days (range, 42 to 
77 days) in the standard group and 39.5 ± 5.2 days (range, 
32 to 56 days) in the accelerated group (p < 0.001). In the 
standard group, 70 of 81 clubfeet (86.42%) needed a per-
cutaneous tendoachilles tenotomy while in the accelerated 
group, 65 of 77 clubfeet (84.41%) needed one. The mean 
age at tenotomy was 41.02 days in the standard group and 

Fig. 1. The mean Pirani score at the pretreatment, immediate posttreat-
ment, and final follow-up.
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Fig. 2. The mean Dimeglio score at the pretreatment, immediate post-
treatment, and final follow-up.
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18.18 days in the accelerated group.
The anteroposterior talocalcaneal angle increased 

from 17.22° ± 6.3° pretreatment to 33.93° ± 8.9° immedi-
ate posttreatment (p < 0.05) in the standard group and 
from 17.4° ± 6.5° to 36.54° ± 8.6° (p < 0.05) in the acceler-
ated group. The mean lateral talocalcaneal angle increased 
from 18.18° ± 5.7° to 31.01° ± 8.7° (p < 0.05) in the stan-
dard group and from 18.66° ±6.8° to 34.35° ± 9.8° (p < 
0.05) in the accelerated group. The mean talus-first meta-
tarsal angle changed from 60.33° ± 20.5° to –23.37° ± 9.2° 
(p < 0.05) in the standard group and from 56.79 ± 19.10 
to –23.97 ± 10.90 (p < 0.05) in the accelerated group. The 
mean tibiocalcaneal angle decreased from 108.95 ± 20.30 
to 79.74 ± 10.20 (p < 0.05) in the standard group and 
from 102 ± 15.50 to 80.4 ± 12.60 (p < 0.05) in the acceler-
ated group. There was no statistically significant differ-
ence between the two groups in immediate posttreatment 

anteroposterior talocalcaneal angle (p = 0.07), lateral talo-
calcaneal angle (p = 0.06), talus-first metatarsal angle (p = 
0.97), and tibiocalcaneal angle (p = 0.95).

Final outcome was assessed by using the modified 
FRS and categorized into excellent, good, fair, and poor. 
The mean FRS was 83.81 ± 6.8 in the standard group and 
85 ± 6.3 in the accelerated group (p = 0.24). In the stan-
dard group, excellent and good results were obtained in 
55.55% and 44.45% (45 and 36 out of 71) feet, respectively; 
and in the accelerated group in 66.23% and 33.77% (51 
and 26 out of 77) feet, respectively. There were no patients 
with fair or poor results (Fig. 3).

Table 2 lists the complications that we encountered 
during the treatment of clubfeet and the management of 
these complications. Only equinus deformity recurred 
among our patients. In the standard group, it recurred in 
two patients (three feet); in the accelerated group, in one 
patient (two feet). All of these patients were managed by 
percutaneous heel cord tenotomy and casting. All of these 
patients had not had an initial tendoachilles tenotomy 
done. We also did an intragroup comparison (post-hoc 
analysis) of treatment scores over the study period in each 
group, the results of which are presented in Tables 3 and 4: 
there were statistically significant differences in Pirani and 
Dimeglio scores between pretreatment, immediate post-
treatment, and final follow-up. Table 5 summarizes the 
results of this study.

DISCUSSION

At present, the Ponseti method is the most commonly 
used modality for management of CTEV.16) The tradition-
al Ponseti technique of weekly manipulation and casting 
is inexpensive, has a relatively short learning curve, and 

Fig. 3. Final results as per the modified functional system.

Standard

E
xc

el
le
nt

G
oo

d
Fai

r

P
oo

r

51

26

0 0

45

36

0 0

Accelerated

E
xc

el
le
nt

G
oo

d
Fai

r

P
oo

r

Table 2. Complications during Treatment and Their Management

Complication
No. of patients

Management of complicationStandard  
group

Accelerated 
group

Rash around groin and thigh 5 7 Not applicable

Tight cast with swelling of feet 2 3 Removal of cast followed by reapplication after swelling subsided

Cast slippage 3 2 Reapplication of cast

Excessive irritability in brace 5 4 Reassurance to parents

Both-bone leg fracture 0 1 Cast continued for 2 more weeks

Sore due to brace 2 1 Change of brace

Minor saw injury 2 2 Wound dressing and cast continuation
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has yielded excellent results in both in short- and long-
term studies.17) Although Giesberts et al.18) have published 
a review article showing that accelerated protocols have a 
similar efficacy and safety profile as the traditional pro-
tocols, no ideal casting interval has been suggested. Our 
aim was to establish the effectiveness of a twice-weekly 
accelerated protocol vis-à-vis the standard protocol in our 
population cohort.

The overall male to female ratio in our study was 

2.3 (2.57 in the standard group and 2.12 in the acceler-
ated group). Although many studies have demonstrated 
this sexual dimorphism, the exact cause is still not known. 
A polygenic threshold model with Carter effect has been 
proposed as the likely mechanism.15) While in our study 9% 
of the patients had a positive family history, this is much 
less than 22% and 25% reported by Terrazas-Lafargue and 
Morcuende19) and Dobbs and Gurnett,20) respectively. Bi-
lateral involvement (58%) was more common in our study 

Table 4. Intra Group Comparison (Post-Hoc Analysis) of Treatment Scores (Mean ± SD) over the Study Period in the Standard Group 

Variable N Mauchly’s W Pretreatment  
(a)

Immediate 
posttreatment (b)

Final
follow-up (c)

p-value 

ab ac bc abc

Pirani

   Right 40 0.549 4.5 ± 0.8 0.3 ± 0.4 0.6 ± 0.3 < 0.001 < 0.001 < 0.001 < 0.001

   Left 41 0.761 4.8 ± 0.7 0.4 ± 0.4 0.6 ± 0.3 < 0.001 < 0.001 < 0.001 < 0.001

Dimeglio

   Right 40 0.125 11.4 ± 2.9 0.8 ± 0.8 1.4 ± 0.9 < 0.001 < 0.001 < 0.001 < 0.001

   Left 41 0.161 12.1 ± 2.6 0.8 ± 0.8 1.1 ± 1.0 < 0.001 < 0.001 0.007 < 0.001

Modified FRS

   Right 83.8 ± 6.8

   Left 83.4 ± 6.7

Values are presented as mean ± standard deviation.  
SD: standard deviation, FRS: functional rating system.

Table 3. Intra Group Comparison (Post-Hoc Analysis) of Treatment Scores (Mean ± SD) over the Study Period in the Accelerated Group

Variable N Mauchly’s W Pretreatment  
(a)

Immediate 
posttreatment (b)

Final
follow-up (c)

p-value 

ab ac bc abc

Pirani

Right 41 0.452 4.4 ± 0.8 0.4 ± 0.3 0.5 ± 0.3 < 0.001 < 0.001  0.006 < 0.001

Left 36 0.401 4.3 ± 0.7 0.3 ± 0.3 0.5 ± 0.3 < 0.001 < 0.001 < 0.001 < 0.001

Dimeglio

Right 41 0.192 10.6 ± 2.7 0.9 ± 0.8 1.4 ± 0.7 < 0.001 < 0.001 < 0.001 < 0.001

Left 36 0.229 10.4 ± 2.4 0.7 ± 0.7 1.3 ± 0.5 < 0.001 < 0.001 < 0.001 < 0.001

Modified FRS

Right 85.5 ± 6.7

Left 85 ± 6.0

Values are presented as mean ± standard deviation.  
SD: standard deviation, FRS: functional rating system.
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than that in the study by Elshenawy et al.21) The initial Pi-
rani score was 4.67 in the standard group and 4.35 in the 
accelerated group, lower than that in studies by Elgohary 
and Abulsaad7) and Harnett et al,22) reflecting a less severe 
initial deformity. The immediate posttreatment score was 
0.34 in the standard group and 0.35 in the accelerated 
group; Elgohary and Abulsaad7) reported immediate post-
treatment scores of 0.49 and 0.52. The average decrease 
in the Pirani score in our study was 4.32 in the standard 
group and 4 in the accelerated group, whereas it was 4 and 
4.5, respectively, in the study by Harnett et al.22) The Pirani 
score at final follow-up was 0.56 in the standard group and 
0.50 in the accelerated group, whereas Elgohary and Abul-
saad7) reported a score of 0.49 and 0.52 in respective group. 
The initial Dimeglio score was 11.75 in the standard group 
and 10.51 in the accelerated group, the mean immediate 
posttreatment score was 0.79 in both groups, and at final 
follow-up, it was 1.25 and 1.36, respectively.

The mean number of casts required was 6.32 in the 
standard group and 6.14 in the accelerated group. In the 
study by Elgohary and Abulsaad,7) the number was 4.88 
and 5.16, respectively, and in the study by Harnett et al,22) 
4 and 4, respectively. In our study, percutaneous heel cord 

tenotomy was done in 86.42% in the standard group and 
in 84.41% in the accelerated group. The rates of tendo-
achilles tenotomy have been variably reported as <50% to 
100% in various studies.23,24) In our study, the average time 
spent in cast was 58.52 days in the standard group and 
39.38 days in the accelerated group. However, when we 
excluded the last cast, which was of variable duration de-
pending on whether a tenotomy had been done or not, the 
average time spent in cast (before correction of equinus) 
was 41.02 days in the standard group and 18.18 days in 
the accelerated group (p < 0.001). Elgohary and Abulsaad7) 
reported the average time spent in cast before correction 
of equinus was 33.36 days in the standard group and 18.13 
days in the accelerated group, while Xu25) reported 35.35 
days and 20.61 days, respectively. 

In our study, five of the total 158 feet had a recur-
rence: three feet (3.7%, two patients) in the standard group 
and two feet (2.6%, one patient) in the accelerated group. 
While Harnett et al.22) reported no recurrences at about 
6 months’ follow-up, Elgohary and Abulsaad7) reported 
a recurrence of 14.7% and 15.6 % in the two groups at a 
minimum 1-year follow-up (range, 12 to 48 months). The 
recurrence was in the form of equinus deformity in these 
patients and all of them did not have an initial heel cord 
tenotomy. The cause of recurrence in our study may be at-
tributed to not performing an initial tenotomy. We encoun-
tered one tibial fracture in the first patient in the accelerated 
group at the time of brace application. Although the cause 
of this fracture was unidentified, the fracture healed after 
two more weeks of cast immobilization. Gerlach et al.26) in a 
2009 study, reported two iatrogenic fractures of tibia in pa-
tients with clubfoot managed with the Ponseti technique. In 
one case, the distal tibial fracture was incidentally seen after 
clubfoot correction; in the other case, the tibial fracture was 
seen 24 hours after the brace application.

The Ponseti method continues to be the best ap-
proach for correction of typical congenital clubfeet. But, 
changing casts twice weekly greatly reduces the time 
patients spend in cast immobilization. In addition, in de-
veloping countries where time to clinics necessitates time 
away from home, work, and family, the adoption of accel-
erated technique can reduce costs for families and help to 
improve patient compliance. However, the final outcome 
did not show any significant difference between the two 
methods. The only problem we could find with the ac-
celerated Ponseti method was that we had to dedicate 
two days to clubfoot clinic rather than a single day. The 
limitation of the study was the relatively short follow-up; a 
longer follow-up may reveal other significant differences 
between the two methods. 

Table 5. Summary of Results

Variable Accelerated 
(n = 50)

Standard 
(n = 50) p-value

Initial tenotomy done: right 0.925

   No 6 (14.6)  6 (15.4)

   Yes 35 (85.4) 33 (84.6)

Initial tenotomy done: left 0.547

   No 6 (16.7)  5 (11.9)

   Yes 30 (83.3) 37 (88.1)

Final result: right 0.529

   Excellent 27 (64.3) 23 (57.5)

   Good 15 (35.7) 17 (42.5)

Final result: left 0.185

   Excellent 24 (68.6) 22 (53.7)

   Good 11 (31.4) 19 (46.3)

No. of casts required  6.1 ± 1.4  6.3 ± 1.2 0.481

Time spent in cast till last cast (day) 18.2 ± 4.7  41 ± 8.1 < 0.001

Time spent in cast (day) 39.5 ± 5.2 58.2 ± 8.3 < 0.001

Values are presented as number (%) or mean ± standard deviation.  
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