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ABSTRACT

Aim and objective: Ponseti method is a well-established treatment method for clubfeet. It has been suggested that pooling of data for unilateral
and bilateral idiopathic congenital talipes equinovarus (ICTEV) is not appropriate. Therefore, this study aimed to evaluate the clinical and
radiological outcome and their correlation in bilateral clubfeet.

Materials and methods: Thirty infants (19M:11F) with bilateral ICTEV underwent the Ponseti method of treatment. Pirani scores and X-rays were
recorded at the first visit (pre-treatment) and at the end of 12 months (post-treatment). Radiological angles were measured on anteroposterior
(AP) and lateral (Lat) views of the foot and ankle.

Results: The mean age was 6.7 + 3.4 weeks (range 1-11 weeks). The mean initial Pirani score was 4.28 + 1.1 (left) and 4.23 + 1.09 (right).
Successful outcomes were observed in 27/30 (90%) and 28/30 (93%) of the left and right foot, respectively. The mean number of casts required
for left and right were (5.3 + 1.1) and (4.9 + 1.0), respectively. Achilles tendon (TA) tenotomy was performed in 76% (left) and 73% (right) feet.
The postprocedure Pirani scores significantly correlated with talocalcaneal angle on AP (TCAP) and lateral views (TCL) on left (ryp = 0.63, 1
= 0.76) and right feet (ryp = 0.65, 1, = 0.73) (p < 0.01). Talocalcaneal index (TCI) has been significantly correlated with postprocedure Pirani
score in left (r=0.77) and right (r = 0.64) feet (p < 0.01). Tibiocalcaneal lateral angle (TiCL) has been significantly correlated with postprocedure
Pirani score in the left feet (p < 0.01).

Conclusion: Bilateral ICTEV can be treated successfully by the Ponseti method in infants. There was a good correlation between clinical scores

and radiological parameters.
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INTRODUCTION

It is almost universally accepted that the initial treatment of the
idiopathic congenital talipes equinovarus (ICTEV) should be
non-operative irrespective of the deformity severity.! Ponseti
method includes serial corrective manipulation, a specific cast
application technique, and may be followed by a percutaneous
Achilles tenotomy under local anesthesia. Ponseti himself has
excellent outcome avoiding the need for surgery in 89% of his
series of patients.?

A large number of clinical and radiological parameters have
been described to assess the anatomical deviations. Dimeglio et
al.® Pirani et al.,” and Laaveg and Ponseti? described some of the
very commonly used clinical scores to assess clubfoot. However,
the utility of radiographic parameters and clinical assessment
parameters is still debated.® Some authors have reported
statistically significant correlations between clinical outcome and
radiographic results,2'° whereas others have found no relationship
between the two."

The purpose of this study was to evaluate the outcome of
treatment of bilateral ICTEV with the Ponseti technique with
reference to clinical and radiological parameters and assessing the
correlation between clinical and radiological outcomes.

MATERIALS AND METHODS

Thirty-one consecutive patients with bilateral club feet (ICTEV)
underwent treatment with the Ponseti method. All but one patient
was assessed clinically and radiologically before the treatment,
assessed each time of casting and after the follow-up period of
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12 months. The parents of one patient who presented at an age of
10 weeks did not want this treatment and therefore was excluded.
An approval from the Institutional Ethics Committee for research
on human subjects was granted by the institution board. The data
were recorded and analyzed prospectively. We excluded infants
with unilateral clubfeet, above the age of 3 months, with other
etiologies, e.g., neuromuscular disease or as part of a syndrome
and any previous treatment.

The treatment phase starts with the first cast aiming to align the
forefoot with the midfoot and hindfoot (Fig. 1). The cavus deformity
was usually corrected after the first cast. Weekly plasters were
applied till 70° of abduction with feet in supination was achieved.

Four to six long leg casts changed weekly after manipulation
of the foot (Ponseti technique) were carried out. On average,
five casts were required to correct the deformity (Fig. 2A). At
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Results of Ponseti Technique for Bilateral ICTEV

Figs 1A to C: (A) A 4-week-old female child with bilateral severe clubfeet at initial presentation; (B) Initial X-rays (anteroposterior views) of both
feet; (C) Initial X-rays (lateral views) of both feet

Cc

Figs 2A to C: (A) Clinical photo of the same girl after 6 casts at 6 weeks of treatment; (B) X-rays (anteroposterior views) of both feet at 6 weeks; (C)
X-rays (lateral views) of both feet at 6 weeks
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each follow-up, the foot was evaluated for deformity correction
using the Pirani score. If there was residual equinus observed
with a Pirani heel score of >1, after sufficient manipulation a
simple percutaneous tenotomy of the Achilles tendon (TA) was
performed. The final cast was applied with the foot in 70° of
abduction and 10-15° of dorsiflexion (Fig. 3). A brace was applied
after 3 weeks of tenotomy. The brace was applied for 23 hours a
day for the first 3 months. This was followed up with a nighttime
brace only for 2-4 years. Custom-made shoes were used once the
child started walking. All children were seen every three months
till the patient was 3 years of age.

Clinical Scores

Clinical scores (Pirani scores) were recorded at the first visit (pre-
treatment) (Fig. 1A) and at the end of 12 months (post-treatment)

Fig. 3: Both feet after TA tenotomy in the cast at 70° abduction of the
same child

(Fig. 4A). The final outcome was categorized as excellent, good,
and poor. When Pirani score was <0.5, it was graded as excellent,
when it became 0.5-1.0, it was graded as good and poor outcome
occurs when the score became >1.0.

Radiographic Measurements

Radiographs were taken at the first visit before treatment and were
repeated at the end of treatment when the foot was deemed to
be normal as per the Pirani score. Radiological parameters were
measured on anteroposterior (AP) and lateral (Lat) views of the foot
and ankle (Figs 1B, 1C, 2B, 2C, 4B and 4C).

Anteroposterior projection: the hip and knee flexed were to 90°
and the foot was placed plantigrade onto an X-ray cassette with
maximal ankle dorsiflexion. The X-ray beam was directed toward
the cassette tilted 30° from the perpendicular toward the talar head.
Lines were drawn on the AP view longitudinally through the osseous
nucleus of the talus parallel to its medial border and through the
calcaneus parallel to its lateral border. An additional line was drawn
through the longitudinal axis of the first metatarsal. In the AP view,
two angles were evaluated; the talocalcaneal angle (TCAP) and the
talo-first metatarsal (TIMTAP) angle.

Lateral projection: the medial aspect of the foot, ankle, and
knee were placed against an X-ray cassette with maximal ankle
dorsiflexion. The X-ray beam was directed perpendicular to the
cassette. Lines were drawn on the lateral view longitudinally
through the central axis of the talus and parallel to the lower
border of the calcaneus. Another line was drawn through the axis
of the first metatarsal. In this projection, the talocalcaneal angle
(TCL), tibiocalcaneal (TiCL), and talo-first metatarsal angles (TTMTL)
were measured. The talocalcaneal index (TCl), which is the sum of
the talocalcaneal angles in the AP and lateral projections, was also
calculated.

Statistical analysis was carried out using SPSS software v.22 with
appropriate statistical tests (Chi-square test, paired T-test, Wilcoxon

Figs 4A to C: (A) Final plantigrade feet at final follow-up; (B) X-rays (anteroposterior views) of both feet; (C) X-rays (lateral views) of both feet
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Signed-Rank test, Pearson correlation coefficient) to determine
significance level. All the results were considered statistically
significant at p < 0.05.

REesuLTs

Thirty patients (19M:11F) in this series with bilateral ICTEV
underwent cast treatment (Table 1). The mean age of presentation
of the patients was 6.73 + 3.42 weeks (range 1-11 weeks). 9/30 (30%)
infants were between 1 week and 4 weeks. The mean age (mean +
SD) of males was 5.68 + 3.28 weeks (range 1-11 weeks). The mean
age (mean + SD) of females was 8.54 + 2.97 weeks (range 1-11
weeks). The mean age of presentation of females was significantly
higher than that of males (t,g = 2.37; p = 0.025).

The total mean Pirani score at presentation was 4.45 + 1.19
(left) and 4.39 + 1.15 (right). The post-treatment mean Pirani scores
were lower in both feet as compared to pre-treatment Pirani
scores (Table 2A). Good to excellent outcomes were observed in
27/30 (90%) and 28/30 (93%), respectively, in the left and right
foot (Table 2A). A significant difference between the mean initial
scores for tenotomy and non-tenotomy groups was noted. There
were significant differences in the mean hindfoot scores for both
groups. There was no significant difference between the midfoot
scores for both groups (Table 2B).

The mean number of casts required for the left side was 5.3 +
1.1 (mean + SD) with a range of 4-8 casts. The mean number of casts
required for the right side was 4.9 + 1.0 (mean = SD) with a range of
4-8 casts (Table 2C). Though the number of casts required in right
was less than the left, there was no significant difference in the
mean number of casts required between the two sides (t;g = 1.34;
p = 0.18). The majority of clubfoot (80%) were treated for 5 weeks.

Table 1: Age and gender at presentation

Age of presentation (weeks) Numbers Percentage
1-4 9 (8M:1F) 30
5-9 14 (9M:5F) 46.7
10-11 7 (2M:5F) 233
Total 30 (19M:11F) 100
Table 2A: Clinical results (Pirani score)
Clinical scores Left(n=30) Right(n=30) pvalue
Pre-treatment Pirani ~ 4.28 +1.1° 423 +1.09°  0.84*P,
<0.0001%¢
Post-treatment Pirani ~ 0.85 +0.74 0.71 +0.60¢  0.64¢,
<0.0001°¢
Excellent (<0.5) (6) 20% (9) 30% <0.05
Good (0.5-1.0) (21) 70% (19) 63.3% 0.64
Poor (>1.0) (3) 10% (2) 6.7% 0.47

ab-d\wjlcoxon Signed rank test, *><dt-test

Achilles tendon tenotomy was performed in 76% and 70%
for the left and right feet, respectively. Achilles tendon tenotomy
required was higher for the left side than that of the right side but it
was not significant (Z=0.95; p = 0.34) (Table 2C). Adequate forefoot
abduction was achieved before doing tenotomy for the 21 patients
with bilateral deformity.

We were able to achieve good results in 55 clubfeet (91%). Only
two children (both feet) and one child with a left foot had poor
results. Three (3/7) children who had presented late beyond 10
weeks of age with more rigid club foot than others (Pirani scores >
5) underwent serial casting for another 5 weeks. All three patients
were corrected after extra 5 weeks of casting.

At the latest follow-up of 1 year, there was no limitation
of activities whatsoever in 90% of the children, and none had
limitations during normal activities. Two children were not able to
heel-strike properly at the beginning of the stance phase. These two
children with poor outcomes had to have a second TA tenotomy at
12 months with corrected casting for further 5 weeks.

The radiological indices for post-treatment mean scores
showed significantimprovement for both feet as compared to pre-
treatment scores. The postprocedure mean talocalcaneal angle on
AP (TCAP) and lateral views (TCL) was significantly higher than that
of the preprocedure mean for left and right (p < 0.0001) (Table 3A).
The postprocedure mean TCl was significantly higher than that of
preprocedure mean scores for left and right (p < 0.0001) (Table 3A).

The postprocedure mean talo-first TMT angle on AP view
(TTMTAP) was significantly lower than that of the preprocedure
mean score for left (p < 0.05) and mean score for right (p < 0.0001)
(Table 3B). The postprocedure mean talo-first TMT angle on lateral
view (TTMTL) was significantly higher than that of the preprocedure
mean score for left (p < 0.05) and mean score for right (p < 0.0001)
(Table 3B). The postprocedure mean TiCL was significantly lower
than that of preprocedure for left and right foot (p < 0.0001)
(Table 3C).

Clinico-radiological Correlation

The preprocedure Pirani score significantly correlated with
radiological parameters, i.e,, TCAP and TCLin the left (r,p = 0.46, 1, 5
=0.64) and right feet (r,p = 0.67, r ;= 0.62) (p = 0.07). Talocalcaneal
index has been significantly correlated with preprocedure Pirani
scoreintheleft (r=0.58) and right (r=0.82) feet (p < 0.05) (Tables 4A
and B).

The postprocedure Pirani scores significantly correlated with
TCAP and TCL (ryp = 0.63, 1, = 0.76) and right feet (r,p = 0.65, 1, =
0.73) (p < 0.01). Talocalcaneal index has been significantly correlated
with postprocedure Pirani score in the left (r = 0.77) and right (r =
0.64) feet (p < 0.01) (Tables 4A and B). Tibiocalcaneal lateral angle
has been significantly correlated with postprocedure Pirani score
in left sided feet (p < 0.01).

There was no significant clinical correlation with either pre- or
post-treatment Pirani scores of talo-first MT angle AP or lateral view
angles (Tables 4A and B).

Table 2B: Association of pre-treatment Pirani scores with tenotomy vs non-tenotomy group

Tenotomy (45) Non-tenotomy (15)
Component Left (23) Right (22) Left (7) Right (8) p value*
Initial Pirani Score 445 +1.19° 439 +1.15¢ 411+1.01° 4,07 +1.02¢ 0.012%%,0.011<¢
Hindfoot score 241 +0.42° 2.37 +0.45¢ 2.24 +0.56° 2.22 +0.54¢ 0.015%%,0.014%4
Midfoot score 2.04 +0.56° 2.02 +0.54° 1.86 + 0.45° 1.85 + 0.46° 0.14°®,0.15¢
Left side a-b (¥) Chi-square test
Right side c-d (*) Chi-square test
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The complications during treatment were pressure sores (8),
skin abrasion (1), and cast slippage (1) which were managed with
observation. There was no significant difference in the proportions
of complications between the two sides (Z=1.38; p =0.16) (Table 5).

Discussion

Birth prevalence of clubfoot varies between 0.51 and 2.03/1,000 live
births in low- or middle-income countries.!” Clubfoot is a deformity
that is quite prevalent in India with an incidence of about 1.19 per
1,000 live birth."® About 50% of the infants born with clubfoot
have a bilateral deformity.'*> This complex deformity of both feet
in an infant requires early detection and meticulous treatment
by the treating physician. The whole process of treatment also

Table 2C: Number of casting and tendoachilles tenotomy required for
all patients

requires education of parents and their active participation in the
treatment process."”

In this series, 76.7% were below the age of 2 months of which
infants were 30%. This is similar to the previous studies published
in India and Bangladesh.'®'” Growing awareness and education of
parents relates to the early presentation in these countries. In the
present study, the mean age at initial presentation was 6.7 weeks
comparable with Laaveg and Ponseti’s study.? The female children
had a late presentation. Social bias and less attention toward female
infants in this region may account for the lower incidence in females.

The most popular scoring system is Pirani scoring for clubfeet.'®
Pirani’s scoring is widely accepted because it is simple, reliable,
quick, cost-effective, easy to learn, use, and apply.' The number of
casts required and the probability of TA tenotomy can be predicted
by Pirani scoring system.?°

Gray et al. observed that bilateral clubfeet were highly
correlated in initial severity, the number of Ponseti casts required

Procedures Left Right p value to correct initial deformity, the need for Achilles tenotomy, and
No. of cast 53+ 1.1(4-8) 49 +1(4-8) 0.18* the rate of relapse.?! The outcome in bilateral ICTEV has only been
TA tenotomy 23/30 (76%) 21/30 (70%) 0.34* provided as a part of the combined unilateral and bilateral cases
(*) t-test in few published articles.

Table 3A: Pre- and post-treatment radiological indices (talocalcaneal angle and index)

Pre Rx Post Rx
Talocalcaneal angle (°) Talocalcaneal index (°) Talocalcaneal angle (°) Talocalcaneal index (°)
AP Lat AP Lat
Left 102£37° 200 +83° 302+10.1 20.7 £ 9.0° 28.0+11.2° 488+ 185
Right 11.4 +4.3° 182+879 296+ 114 281477 327 +£9.5" 60.5 + 15.1'
a~b, c~d,e~fg~h,i~j k-l ¢ tast, p < 0.0001
Table 3B: Pre- and post-treatment radiological indices (Talo-first MT angle-AP and Lat)
Pre Rx Post Rx
Talo-first MT angle (°) Talo-first MT angle (°)
Side AP Lat AP Lat
Left 8.5+ 14.6° 19.6 + 14.0° 0.5+20.2° 259 +17.4°
Right 6.4 + 125 20.2 +12.59 -9.4+18.6 28.5+ 149"
ab t_test, p < 0.05, *~F t-test p < 0.0001, <9 t-test p < 0.05, 9™Mt-test p < 0.0001
Table 3C: Pre- and post-treatment radiological indices (tibiocalcaneal angle Lat)
Pre Rx (tibiocalcaneal Post Rx (tibiocalcaneal
Side angle-Lat) angle-Lat)
Left 94.1+11.3° 67.5 + 14.4°
Right 87.6 +17.7 63.9 + 10.6
a-bt_test, p < 0.0001, <It-test p < 0.0001
Table 4A: Correlation between Pirani scores and radiological parameters
Left
TCAP TCL Tal TIMTAP TIMTL Ti-CL
Pre-Rx Pirani —0.46 (*) —0.64 (*) —0.58 (¥) 0.33 (0.08) —0.17 (0.67) 0.08 (0.67)
Post-Rx Pirani —0.63 (*¥) —0.76 (*) —0.77 (%) 0.34(0.11) —0.29 (0.34) 0.52 (%)
(*=p<0.05
Table 4B: Correlation between Pirani scores and radiological parameters
Right
TCAP TC Lat TC Index TMTAP TMT Lat Ti-C Lat
Pre-Rx Pirani —0.67 (¥) —0.74 (%) —0.82 (¥) 0.31 (0.09) —0.29(0.12) 0.38 (¥)
Post-Rx Pirani —0.65 (¥) —0.73 (¥) —0.64 (¥) 0.42 (0.02) —0.29(0.12) 0.49 (¥)

() =p < 0.05
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Table 5: Complications after treatment
Left side (n = 30)

Right side (n = 30)

Complications ~ Number % Number %
Skin abrasion 1 33 0 0.0
Pressure sores 5 16.7 3 10.0
Castslippage 1 33 0 0.0

Bor et al. treated 43/74 children with bilateral ICTEV with along
5-year follow-up. The mean pre-treatment Pirani scores were 5.08
+ 1.29. The successful outcome was achieved in 89% of children.?
Bhatiwal et al. had treated 156/300 children with bilateral clubfeet
(mean pre-treatment Pirani scores was 5.5) were treated with the
Ponseti technique with a successful outcome in 92% of patients.
Percutaneous tendoachilles tenotomy was done in 78% of cases.?>
The mean pre-treatment Pirani scores in our series were lower than
the previously reported series.'2224

Saini et al. presented a series of 50 cases (76 feet) where
most of the children were below 6 weeks of age.?® They classified
the Pirani scores into three groups, i.e., group | (<2.5), group
Il (3-4.5), and group Il (>5). Their series had 26 (52%) bilateral
foot involvement with 79% successful outcomes. Feet classified
into group Il and Ill had mean Pirani scores of 4.13 and 5.42,
respectively. Considering this severity classification, most of our
patients fell in group Il. The incidence of tenotomy was less in
patients presenting at an early age as compared to patients with
the late initial presentation.

Lehman et al. found the Pirani score changed from 4.6 to 0.6
with a mean of 5.3 casts in children below the age of 1 year at
presentation.?® The number of casts per foot in our study was a
mean 5.3 for left and 4.9 for right. The number of casts per foot was
5to 10 (average 7.6) in a series by Ponseti et al.?” The mean number
of casts during their treatment was seven in a series by Laaveg et
al.2 Morcuende et al. reported that 90.0% had five or fewer casts.?®
Our study had a similar outcome for patients presenting early after
birth who required a fewer number of casts compared to those who
presented late. The change in Pirani score between pre- and post-
treatment values was found to be statistically significant.

Both tenotomy and non-tenotomy groups showed a strong
positive correlation between the initial Pirani score and the
number of casts required to correct the deformity. But the study
did not mention several bilateral feet requiring tenotomy.? The
worldwide literature suggested 78-97% of children required TA
tenotomy.%>7151718.22.24-30 |y Scher et al. and Kulambi et al.
reported 72 and 67% TA tenotomy in their reported case series.3"32
The number of patients requiring tenotomy in our series was less
(76% for left and 73% for right). This may be because the majority
of the patients presenting at an early age had less rigid foot with
moderate deformity and low Pirani scores.

There is no consensus on the reliability and reproducibility
of correlation between clinical and radiological parameters.?>
Since there was no agreement between clinical and radiological
evaluation due to significant deviation in the range of angle values
in the individual groups, the radiological angle measurements are to
be viewed critically.'®" The variation in findings may be attributed
to the difficulty in obtaining radiographs in children, inaccuracies in
measurement, use of different functional rating systems, or different
patientinclusion criteria.>* In a recent study, the lateral view with the
foot in maximal dorsiflexion was found to be the most significant
and useful view to detect abnormality in Ponseti-treated clubfeet.3*
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A study by Zimmerman et al. suggested that reproducible
radiographic measurements can be made using forced lateral
radiographs in infants with clubfeet and correlate these
measurements with clinical outcomes which can indicate future
recurrence.3*3¢ In our study, the TCAP and TCL have a significant
correlation independently in either foot. In a meta-analysis, it
was found that a higher TCAP angle was associated with a better
functional outcome.?” The TCl has been recognized as one of
the very good indicators of hind-foot varus deformity.3® In our
series, TCl of both feet were positively correlated (p < 0.0001)
with Pirani scores. Talocalcaneal index was found to have a
strong association with clinical results in one previous study.>®
No statistically significant correlation was found between Talo-
first MT AP and lateral angles with Pirani scores, i.e., p = 0.09
and p = 0.12, respectively. This has been previously suggested
by many authors and therefore this was no surprise.' The
tibiocalcaneal and tibiotalar angles in the lateral view showed
a statistically significant correlation similar to our study.>®* The
TiC lateral angles were significantly correlated with the Pirani
scores in the post-treatment stage. The TiC-lateral angle after
treatment had a mean value of 64.32° with a range of 46-87°.4°In
astudy by Radler et al., the mean TiC-lateral after treatment was
68.72°*" Although the TiC-lateral is a good parameter to study
the correction of equinus after treatment, they did not correlate
equally in both feet in the present series. This is possibly due to
the right-handedness of the surgeon or incomplete tenotomy.
We emphasize that the TiC lateral and TCl are the most important
radiological parameters to measure the hindfoot equinus and
these measurements can assess the correction achieved. The
real challenge is the borderline cases that relapse at follow-up
in the first year where a radiograph may help to correlate the
correction of hindfoot equinus.

The strengths of the study were: (1) A prospective case series
study, (2) Completed follow-up, with no drop out of patients, (3)
Independent assessment of clinical and radiological outcome. The
limitations of the study include small sample size, lack of a control
group, short follow-up, not a blinded study and syndromic feet are
not included in the study. There was one radiological limitation
that is worth mentioning. The stress lateral radiograph is perhaps
the most useful one to assess the hindfoot dorsiflexion. Since the
Pirani score requires appropriate stress on the foot to assess the
correction it has a poor correlation to the static AP radiograph.*#!

CONCLUSION

The aim of obtaining straight, painless, plantigrade flexible, normal-
looking feet was achieved by the Ponseti method in bilateral
ICTEV in infants presenting at an early age. The procedure could
be correlated both clinically and radiologically. We recommend
this treatment for infants in India with bilateral clubfeet which
can correct and prevent future complications if treatment is
started early. The successful outcome can also be attributed to the
education of parents and caregivers who actively participated in the
whole treatment. The radiographic examinations are not necessary
for the routine treatment of congenital clubfoot, especially if treated
with the Ponseti method. However, in some selected cases, the
radiographic examination can be useful; e.g., in cases in which the
surgeon is unsure of the need for percutaneous tenotomy because
the position of the calcaneus appeared clinically high but the foot
has good dorsiflexion, a radiographic examination is indicated as
well as in other particular cases.
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