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Abstract

Background: Congenital talipes equinovarus also known as clubfoot is one of the most common
congenital orthopedic conditions. Currently, the Ponseti plaster method is the gold standard for the
treatment of clubfoot, which involves weekly manipulation and plaster application. The role of
radiological parameters in the evaluation and treatment of CTEV (Congenital talipes equinovarus) is
still controversial. The study aims to evaluate the correlation of radiological parameters with the
clinical outcome of clubfoot treated with the Ponseti method.

Methods: This study was conducted with 40 feet in 30 patients with idiopathic from January 2021 to
July 2022. The Pirani scoring system was used for clinical evaluation.

Results: The anteroposterior view was scored for talocalcaneal angle and first metatarsal talo angle,
while the lateral view was scored for talocalcaneal angle and tibiocalcaneal angle. The mean initial
total Pirani score was 5.5 which decreased to 0.9. The mean initial talocalcaneal angle in
anteroposterior and lateral views was 19.7 and 24.5, increasing to 41 and 38.1 after correction. The
mean talocalcaneal index increased from 22.1 before correction to 39.5 after correction. The mean
talo-first metatarsal angle in the anteroposterior view improved from 28.1° before correction to -13.3°
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after correction. The relationship between the differences in Pirani scores at the first visit and after
correction and the differences in radiographic parameters at the first visit and after correction revealed
a statistically significant correlation.

Conclusion: Radiographic parameters showed a statistically insignificant correlation with the clinical
outcome. Thus, evaluation of clubfeet correction treated by the Ponseti technique can rely mainly on
clinical scores

Keywords: Congenital talipes equinovarus, Midfoot score (MS), Hindfoot score (HS), Talocalcaneal
angle-Anterioposterior view(TCA-AP), Talo 1% metatarsal angle —Anterior-posterior view (TMT-
AP), Lateral: Talocalcaneal angle-Lateral view (TCA), Lateral: Tibiocalcaneal angle-Lateral view
(TiC), Talocalcaneal index (TCI), Magnetic Resonance Imaging (MRI), Computed Tomography
(CT), DB splint: Denis Browne splint

INTRODUCTION

Congenital talipes equinovarus, or clubfoot, is the most common congenital orthopaedic conditions
with an incidence of approximately 1 in 1000 live births' with four deformities 1. Cavus in the
midfoot 2. Adduction in the forefoot 3. Varus in the hind foot 4. Equinus in the ankle?. Severity of
the clubfoot is calculated using scoring systems, mostly used are Pirani and Dimeglio with scores®*.
The Pirani scoring system is calculated entirely based on clinical examination that correlates with
severity of the deformity®. Radiological assessment of clubfoot severity is assessed by using
parameters including A.Talocalcaneal angle [TCA]-AP view. B. Talo-1stmetatarsalangle [TMT]-AP
view. C.Talocalcanealangle[TCA] Lateral view D.Tibiocalcanealangle[TiC]-Lateral view®’. Most of
the cases in developing countries like India occur due to negligence, misconception, or low economic
status®®. Untreated clubfoot is a major issue due to congenital bone and joint deformities which
affects the patient's quality of life and the economic burden on the healthcare system?°. Treatment
goals include ability to walk normally and free of pain and ability to wear normal footwear!,

The Ponseti method is the gold standard for the treatment of clubfoot!!, which consists of serial
manipulation with above knee cast application weekly!2,

In the available literature, some studies showed the correlation between clinical and radiological
parameters during the correction of CTEV treated with the Ponseti method.

While other studies showed no correlation. Hence this study aimed to investigate the correlation
between clinical and radiological parameters in patients with idiopathic CTEV undergoing correction
using the Ponseti technique.

AIMS AND OBJECTIVES

1.Correlation of radiological parameters with clinical outcome of clubfoot treated with the Ponseti
method.

2.To study the clinical outcome of clubfoot treated with the Ponseti method.

MATERIALS AND METHODS

This is a prospective observational study including 30 patients with age <2 years having idiopathic
CTEV excluding meningomyelocele, Arthrogyropsis multiplex congenital and Larsen’s syndrome for
a period of 18m (Jan 2021-July 2022) in our institution and assessed them using Pirani score and
radiological parameters. An approval from the institutional ethics committee for research on human
subjects was granted by institution board. In ponseti treatment phase start with 1% cast for forefoot to
align with mid foot and hind foot. After cavus deformity was corrected, weekly above knee casts
applied till 70° abduction was achieved with foot in supination. Usually 5-7 casts are changed weekly
after manipulation of foot, with an average of 6 casts required to correct the deformity. At each follow
up foot was evaluated for deformity correction using PIRANI score. After sufficient manipulation, if
eqinus deformity persisted then per cutaneous tenotomy of Achilles tendon was performed. The final
cast was applied in foot with 70° abduction and 10-15° dorsiflexion. Then a brace was applied for 23
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hours a day for 1% 3 months and worn only at night time for 2-4 years. Once the child started walking
custom made shoes were used. The children were followed up for every 3 months till the baby attained
3 years of age.

Radiological measurements

Radiographs taken at first visit before treatment and repeated after treatment when foot is estimated
as normal according to Pirani score. Radiological parameters of AP and lateral views of ankle and
foot were measured.

In lateral view lines drawn on lateral view longitudinally through the central axis of first tarsal bone.in
this projection, talocalcaneal angle (tcl), tibiocalcaneal angle (ticl), talofirst metatarsal angles were
measured.

Then talocalcaneal (Tci) index is measured which is the sum of talocalcaneal angles in ap and lat
views.

Image 1

In the radiograph above, antero-posterior view of ankle line 1 is drawn along long axis of calcaneum
and line 2 is drawn along long axis of talus, angle subtended between line 1 and line 2 is talocalcaneal
angle on AP view.

Image 2

In the radiograph above, antero-posterior view of ankle line 3 is drawn along longitudinal axis of 1%
metatarsal and line 4 is drawn along long axis of talus, angle subtended between line 3 and line 4 is
talus-1st metatarsal angle on AP view.
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Image 3

In the radiograph above, lateral view of ankle line 5 is drawn along longitudinal axis of talus and line
6 is drawn along long axis of calcaneum, angle subtended between line 5 and line 6 is talo-calcaneal
angle on lateral view.

Image 4

In the radiograph above, lateral view of ankle line 7 is drawn along longitudinal axis of tibia and line
8 is drawn along long axis of calcaneum, angle subtended between line 7 and line 8 is tibio-calcaneal
angle on lateral view

Image 5

Figure 1. A. Anteroposterior view of right clubfoot with the decrease in talocalcaneal angle and
negative talus-first metatarsal angle. B, Talocalcaneal angle on the anteroposterior view of the normal
left foot. C, Talocalcaneal angle of 0 degrees and negative tibiocalcaneal angle on dorsiflexion lateral
view of right clubfoot. D, Talocalcaneal and tibiocalcaneal angles on dorsiflexion lateral view of
normal left foot.
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Statistical Analysis

Using SPSS Version 25.0 (IBM Corp, Armonk, NY), qualitative variables were expressed as
frequencies and percentages, while quantitative data were expressed as means and standard
deviations. The Wilcoxon signed-rank test was used to compare the Pirani score and radiographic
parameters' pre- and post-correction values.

RESULTS

In this prospective study, a total of 40 feet (30 patients) underwent serial cast correction by the Ponseti
technique, with results being evaluated using the Pirani scoring system. Out of 30 cases, there are 20
unilateral (33.3%) and 10 bilateral cases (66.7%). A heel cord tenotomy was performed in 33.3% of
cases following the casting, and the bracing protocol was initiated. The mean age was 3.8 months
when treatment first began (rangel-10 months). There were 18 males (60 %) and 12 females (40 %).
The initial Pirani severity score on average was 5.7. The final mean Pirani score at follow-up was
observed to be 0.7 and the mean change in score was observed to be 5.0 after correction by the Ponseti
procedure. The paired t-test was used to assess this, and the significant p-value was 0.0005.

Table 1: Comparison of different scores at 1%t visit and Pirani score after correction of the deformity
of study subject

Mean |Standard deviation P-value |Results
Talocalcaneal angle AP at first visit 14.8° 6.9 -
Talocalcaneal angle AP after correction 30.7° 6.4 0.0001* Significant
Talolst metatarsal angle at 1% visit 34.6° 29.4 <0.0001* |Significant
Talolstmetatarsal angle after correction 10.2° K4.8
The talocalcaneal angle at the first visit 18.7° 1.4 <0.0001* [Significant
Talocalcaneal angle after correction 29.3° 8.7
TiC {tibio calacaneal}angle- at 1** visit 119.7° [18.2 <0.0001*
TiC{tibio calacaneal} angle- after correction66.7° [143 Significant
Pirani score at 1 visit 5.7 0.5 <0.0001* [Significant
Pirani score after correction 0.7 0.6

*P<0.05 statistically significant

From the above, it was stated that the post procedure mean talocalcaneal angle on AP was significantly
higher than pre procedure mean value, whereas the post procedure talo first metarsal angle is
significantly lower than the pre procedure mean and the post procedure talo calcaneal angle on lateral
view was significantly higher than that of the pre procedure mean and finally the post procedure mean
of tibiocalcaneal angle was significantly lower than the pre procedure mean.

Table 2: Pearson’s Correlation of changes in Pirani score and changes in talocalcanealangle
parameters of the study

Parameter Changes of talo first metatarsal angle Results
R P
Changes of Pirani score [0.0413 0.8002 Not significant
arameter Changes of talo calcaneal angle Results
R P
Changes of Pirani score -0.0865 0.5954 Not significant
arameter Changes of Talo calcaneal angle -lat view Results
R P
Changes of Pirani score [0.1177 0.4696 Not significant
arameter Changes of tibio calcaneal angle Results
R P
Changes of Pirani score 0.1385 0.3942 Not significant
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From the above, there was no significant clinical correlation between changes in the Pirani score and
changes in the talocalcaneal angle parameters of the study

There was no significant clinical correlation with changes in the Pirani score of the talolstmetatarsal
angle.

There was no significant clinical correlation with changes in the Pirani score of talocalcaneal angle-
lateral view parameters of the study and

There was no significant clinical correlation with changes in the Pirani score of tibiocalcaneal angle
parameters of the study.

CASE 1

Image 8: TCA-Lateral view at visit-21°&17° & TiC angle at 1st visit-146°&107°
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Image 11: Cast in abduction
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Image 13: TCA-AP after correction of CTEV -29%/45° & TMT angle
after correction of TEV14°/17°

Image 14: TiC angle-Lateral view after correction of CTEV -106°&71° & TCA-Lateral views
after correction 20°&14°
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Image 15: Followup at 8 months

DISCUSSION

Clubfoot, also known as congenital talipes equinovarus, is one of the congenital orthopaedic

conditions.! Clinical scoring systems are used to accomplish the clinical assessment of the severity

of clubfoot. Scores like Pirani and Dimeglio scoring systems are the most popular. Previous studies

have shown that the Pirani grading method is probably the most dependable and repeatable one

out.**!* The number of casts needed and the requirement for tenotomy are both highly predictable

using the Pirani grading system. The initial Pirani score and the number of casts needed for complete

clubfoot repair with the Ponseti procedure are correlated positively and statistically significantly,

according to earlier researchers. Ayehualem et al. also discovered that there was a statistically

significant difference in the initial Pirani score between the tenotomy and non-tenotomy groups.t®

Controversy still exists regarding the use of radiological parameters to assess CTEV !¢ Radiographic

measures, such as TCA-AP view, TMT-AP view, TCA —lateral view, and TiC Lateral view are used

to determine the severity of clubfoot.®” As the total of lateral and AP TCA, TCI is another often

studied parameter. TCA (AP view) 20°-40°, TCA (lateral view) 35°-50°, TCI 40°, and

tarsometatarsal angle (AP view) 0°-20° were the radiographic values for children's feet according to

Simons.1” It is not possible to describe a specific range of angle measurements to healthy feet and

club feet, as stated by Herbsthofer et al. Furthermore, traditional radiography is inaccurate for

categorizing the severity of the clubfoot deformity due to the significant standard deviation in each

group.®® Ippolito et al. showed that in 75% of cases, AP view TCA was a poor predictor of hind foot

correction.®

There are inherent hazards associated with significant surgical release, both short-term and long-term.
Wound complications such as scarring, infection, neurovascular compromise, and avascular necrosis
may occur in the immediate postoperative period. Overcorrection with calcaneus deformity, heel
valgus, pes planus, and forefoot abduction may also occur, as well as in-correction with persistent
equinus, heel varus, and adduct metatarsus. The non-surgical treatment of clubfoot has attracted
renewed interest since these consequences have become more clearly seen.

Most clubfeet when treated shortly after birth, can be easily corrected by weekly manipulation and
application of five or eight plaster casts by the Ponseti method.

The male-to-female ratio was 1.5:1. The male: female ratio in Kite’s series was 2.07:12° and in the
series of Wyne Davis was 2.17: 122, In the Jose A. Morcuende et.al series male to female ratio was
2.02:1.** In P.Harnett et.al.series male to female ratio was 1:1.22 The ratio obtained from our study
is similar to the literature on age distribution.

As regards laterality, the ratio of bilateral to unilateral clubfoot is 1:2 (33.3 % bilateral and

66.7 % unilateral) which is in concordance with other series presented by workers like Wyne Davis®®
(44% bilateral and 56% unilateral), P. Harnettet.al?? (52.5% bilateral and

47 .5%unilateral), Jose A. Morcuende et.al'! (38 % bilateral and 62 %unilateral).

We found that those feet which had lower initial Pirani scores of 3 to 4 were more amenable to
correction and responded relatively early when compared to those with higher initial scores of 4 -6.
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The average number of cast applications required to achieve full correction of the deformity in patients
with a Pirani score of 4.5 to 6.0 was 7.6 and the average number of casts required to achieve full
correction of deformity in patients with a Pirani score less than 4 is 5. In another study by Laaveg et
al. the mean number of casts during their treatment was seven.?* Morcuende et.al*! reported that 90%
of the patients required five or fewer casts. So no. of casts required for correction of the deformity is
the same with compare to other studies.

In our study, 10 patients (33.3%) required percutaneous tenotomy of the Achilles tendon. According
to the literature, 80% of the clubfoot treated by the Ponseti method requires percutaneous tenotomy,
but the difference in our study may be due to the smaller number study population we were not able
to conclude it.

In our study, we used 5 radiological parameters: the TCA and talo-first metatarsal angle on the AP
view, the TCA and Tibiocalcaneal angle on the lateral view, and the TCI. We demonstrated a
statistically significant improvement in all parameters towards the normal range during clinical
correction using the Ponseti technique. In addition, both components of the Pirani score (midfoot and
hindfoot scores) showed a significant improvement from the first visit to post-correction. We also
investigated the correlation between the changes in clinical scores and the changes in radiological
parameters. We found that the improvement in the Pirani score correlates insignificantly with the
improvement in radiological parameters.

El Hadi et al. concluded that only AP and lateral talo-first metatarsal angles correlated with the Pirani
score, while TCA on the AP view and tibiocalcaneal angle did not.?®

Bor et al. treated 43/74 children with bilateral CTEV with a long 5-year follow-up. The mean pre-
treatment Pirani scores were 5.08 + 1.29. The successful outcome was achieved in 89% of children
26

Bhatiwal et al. 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 tenotomy of the Achilles tendon was done in 78% of cases.?’

Taghi Baghdadi, MD et study: Conducted a study on 149 patients with 226 club feet and concluded
that poor correlation between radiographic features and clinical outcome of clubfoot treated with the
Ponseti method.?®

Sriharsha et al. studied 76 patients of idiopathic clubfoot. They assessed the clinical outcome using
the Pirani and Dimeligo scoring systems and assessed the radiological outcome using eight
radiographic parameters. All 8 radiological parameters were found to correlate significantly with both
clinical scores.?®

In a series of 50 surgically treated patients, Fridman et al. concluded that there is a significant degree
of association between the clinical outcome and the talo-first metatarsal angle, the calcaneo-second
metatarsal, and the calcaneo-fifth metatarsal angles in AP projection. However, the TCA in both
projections and the TCI did not show a statistically significant relationship with the functional score.°
In a series of 70 idiopathic clubfeet treated surgically, Abulsaad and Abdelgaber et.al measured the
TCA, TCI, talo-first metatarsal angle, and calcaneo-first metatarsal angle in AP and lateral
radiographs. Their clinical results were graded as excellent in 28.6% (20 feet), good in 40% (28 feet),
fair in 17.1% (12 feet), and poor in 14.3% (10 feet). They confirmed that there was a statistically
significant correlation between the clinical results and two angles: the talo-first metatarsal angle in
the AP view and the calcaneo-first metatarsal angle in the lateral view.3!

No statistically significant correlation was found between changes in the Pirani score and changes in
radiological parameters. This has been previously suggested by many authors.®2

Of the 40 cases, 8 feet had a recurrence of forefoot adduction, which required additional castings but
finally, all the feet were supple and fitted properly within the Denise Browne splint. Repeat correction
and casting were done after 2 weeks for them. Wallace.B.Lehman in his study on club foot puts the
incidence of complications to be 10.2%. We had 0 % cast loosening because of good compliance of
patients. 5 (16.6%) babies had developed pressure sores because of the cast which healed
uneventfully.
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Chatupon Chotigavanichaya MD et al concluded that the two most common complications of Ponseti
serial casting were cast loosening (5.48%) and cast-associated skin irritation (5.48%).%3

LIMITATIONS OF THE STUDY
The limitations of the study include a small sample size, lack of a control group, and short follow-

up.

CONCLUSION

The clinical outcome is measured with Pirani clinical scoring system and many studies have shown
their correlation during the phases of correction of CTEV. They are few attempts to correlate the
radiological parameters with Pirani clinical scoring system. Our aim was to further find out whether
a correlation between these parameters actually exists.

Out of 40 feet in 30 patients studied, our tabulated results show an insignificant correlation between
changes in radiological parameters and changes in Pirani score during pre and post-correction, which
is also supported by many other researchers. Although individually Pirani scores and radiological
parameters correlated with the decrease in the severity of the corrected deformity during the course
of the treatment. However, they don’t significantly correlate with each other. They are good clinical
outcome predictors by themselves. Our second objective was to determine whether the Pirani scoring
system correlated with the clinical outcome of CTEV correction. According to our study findings, the
Pirani scoring system correlated significantly with the clinical outcome of CTEV.
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