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response during the initial casting period are therefore important clinical
outcomes. Objective: To describe early changes in clinical severity and
radiographic alignment after Ponseti treatment of syndromic clubfoot, together
with the casting burden, tenotomy rate and need for further procedures.

Materials and Methods: From May 2018 to August 2019, 30 previously

untreated children with 52 syndrome-associated clubfeet were followed at
Gauhati Medical College and Hospital. Management consisted of serial Ponseti
casts, Achilles tenotomy for residual equinus and subsequent foot-abduction
bracing. The Pirani score and Beatson-Pearson index were used to assess
clinical and radiographic correction, respectively.

Results: Arthrogryposis multiplex congenita was present in 14 children, and 22
of the 30 children had bilateral deformity. The mean number of casts was 11.23
(range, 2-24), and 50 feet (96.2%) underwent Achilles tenotomy. Mean Pirani
score fell from 5.10 to 0.13 (paired t = 35.459; p < 0.001). In 30 paired
radiographic observations, mean Beatson-Pearson index rose from 11.27 to
52.57 (one-tailed p < 0.0001). Repeat tenotomy was performed in four feet,
bilateral cuboid osteotomy was required in one child, and five children
experienced cast-related skin complications.

Conclusion: Serial Ponseti treatment corrected the deformity during the
observed period in this cohort of children with different associated conditions.
Correction frequently required prolonged casting and Achilles tenotomy; the
durability of alignment beyond the available follow-up remains uncertain.
Keywords: Syndromic clubfoot; congenital talipes equinovarus; Ponseti
method; Pirani score; Achilles tenotomy; arthrogryposis; foot-abduction brace.
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INTRODUCTION

skeletal and multisystem conditions, which can
complicate correction.[!]

Ponseti treatment addresses these components in a
defined sequence. Manipulation first reduces cavus;
subsequent casts gradually bring the midfoot and heel
into alignment while the talar head is stabilised.
Achilles tenotomy is used when equinus remains
after the other components have improved.l?! Once
casting is complete, a foot-abduction brace is used to

Congenital talipes equinovarus combines a high
medial arch, inward deviation of the forefoot,
inversion of the heel and plantarflexion at the ankle.
These components arise from altered relationships
between the tarsal bones and contracted surrounding
structures. Although many children have isolated
deformity, clubfoot may accompany neurological,
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preserve the position gained and limit recurrent
deformity.l!

Syndrome-associated feet cannot always be expected
to respond like idiopathic clubfeet. Associated
contractures, altered muscle control and skeletal
abnormalities may prolong treatment or lead to
recurrent deformity. A systematic review reported a
mean of 7.2 casts for non-idiopathic feet compared
with 5.4 for idiopathic feet and also identified more
frequent recurrence in the non-idiopathic group.™ In
a separate series of 28 syndrome-associated feet,
Matar and colleagues found satisfactory final
outcomes in 23 feet after several years of follow-
up.l9!

The Pirani score allows serial clinical assessment of
the degree of deformity during casting.[l In
syndromic clubfoot, severity scores alone do not
capture the extent of treatment required.

For a child with an underlying syndrome, the foot
deformity may be only one part of a wider
musculoskeletal disorder. Joint contractures,
differences in muscle function and associated
neurological findings can affect how readily the foot
responds to manipulation.” Treatment must address
the clubfoot deformity while taking account of the
child’s associated clinical problems. Repeated
assessment during casting helps identify persistent
deformity and determines whether further
intervention is needed.

The aim of Ponseti casting is to obtain a corrected
foot with the least possible soft-tissue disruption. In
children with severe contractures, avoiding extensive
soft-tissue release may help reduce postoperative
stiffness. However, the number of casts required, the
need for Achilles tenotomy and the possibility of
recurrence remain important practical considerations.
Previous series of syndrome-associated clubfeet have
reported correction with the Ponseti method,
although subsequent procedures were necessary in
some children.[®!

Clinical assessment and radiographs provide
different information during treatment. The Pirani
score records visible and palpable features of
deformity, allowing the change in severity to be
followed from one cast to the next. Talocalcaneal
angles on anteroposterior and lateral radiographs
provide an additional measure of alignment.”)
Neither measure alone establishes whether a child
will later walk comfortably or maintain correction as
growth continues.

Because many children with syndromic clubfoot
have bilateral involvement, outcomes need to be
described clearly at both child and foot level. The
number of casts reflects treatment burden for
families, whereas tenotomy, repeat procedures and
plaster-related skin problems help describe the course
of treatment. This study examines these early clinical
and radiographic outcomes following Ponseti
management of syndrome-associated clubfoot.

MATERIALS AND METHODS

Study design and participants

Children presenting to the Orthopaedics Department
of Gauhati Medical College and Hospital, Assam,
were prospectively followed between May 2018 and
August 2019. Eligibility was limited to children
younger than five years with clubfoot associated with
a congenital syndrome or neurological condition,
whether the deformity affected one foot or both.
Idiopathic cases and children whose parents did not
consent were excluded. No child had been treated
previously with corrective casts or clubfoot surgery.
A parent or guardian gave written informed consent
before the child entered the study.

The cohort comprised 30 children and 52 affected
feet. The associated diagnoses were arthrogryposis
multiplex congenita, Larsen syndrome, neural tube
defects, Down syndrome, congenital annular band
syndrome, Pierre Robin syndrome and pterygium
syndrome. For bilateral deformity, measurements
from both feet contributed to foot-level outcomes;
patient characteristics were described per child.
Ethical considerations

The study received approval from the Institutional
Ethics Committee, Gauhati Medical College and
Hospital (EC No. MC/190/2007/Pt-1/IEC/130).
Before enrolment, the treatment procedure and
follow-up schedule were explained to parents or legal
guardians. Written informed consent was obtained
for study participation and treatment, and children
whose parents declined consent were excluded.
Clinical and radiographic assessment

At presentation, the side affected, associated
neurological or skeletal findings and clinical severity
were recorded. Severity was graded separately for
each foot with the Pirani system. Its midfoot
component assesses the medial plantar crease, lateral
border curvature and lateral talar-head prominence;
the hindfoot component assesses the posterior crease,
heel fullness and fixed equinus. Each of the six
findings received a score of 0, 0.5 or 1, yielding a total
between 0 and 6. Scores were recorded before casting
and reassessed as correction progressed.
Anteroposterior and lateral radiographs were used to
assess bony alignment before treatment and
following correction. The Beatson-Pearson index was
obtained by adding the talocalcaneal angles measured
in the two views. Paired radiographic summaries
were available for 30 observations, whereas the
clinical Pirani analysis covered 52 feet. The recorded
outcomes also included the number of casts,
tenotomy, subsequent procedures and complications
attributable to plaster immobilisation.

Treatment protocol and follow-up

Treatment began with gentle foot manipulation and
an above-knee plaster cast, renewed at weekly
intervals. The first correction targeted cavus by
aligning the forefoot with the hindfoot. Further casts
progressively abducted the foot beneath the talus to
address adduction and heel varus. When the foot was
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adequately abducted but ankle equinus persisted,
percutaneous Achilles tenotomy was performed
under local anaesthesia. A final long-leg cast was
then maintained for approximately three weeks.
Following cast removal, children were placed in a
Steenbeek foot-abduction brace. Families were
instructed to maintain brace wear for about 23 hours
daily during the first three months and subsequently
for approximately 14 hours daily during sleep, as
prescribed in the study protocol. The treatment team
also discussed practical brace use and signs of
recurrent deformity with parents. Review was
scheduled every month for the first three months, at
three-month intervals over the next year and at six-
month intervals thereafter. The longest follow-up was
approximately 18 months.

Statistical analysis

Patient characteristics and treatment events were
summarised with counts and percentages. Continuous
measures were reported as means with standard
deviations or ranges, as available. The recorded
before-and-after Pirani scores for 52 feet and the
Beatson-Pearson indices for 30 radiographic
observations were compared using paired t tests.
Because some children contributed two feet, the foot-
level test did not account for correlation between feet
from the same child.

RESULTS

Participant characteristics

There were 19 boys (63.3%) and 11 girls (36.7%;
male-to-female ratio, approximately 1.7:1) among
the 30 children. Bilateral clubfoot was present in 22
children (73.3%); three had right-sided and five had
left-sided unilateral deformity. At enrolment, 21
children (70.0%) were aged 0-6 months, six (20.0%)
were aged 7-12 months and three (10.0%) were older
than one year. Mean age at presentation was 8.8
months.  Arthrogryposis  multiplex  congenita
accounted for 14 children (46.7%), followed by
Larsen syndrome in five (16.7%), neural tube defects
in four (13.3%), Down syndrome in three (10.0%),
annular band syndrome in two (6.7%) and Pierre
Robin and pterygium syndromes in one child each
(3.3%) (Table 1; Figure 1).

Correction and radiographic change

A mean of 11.23 casts was required during correction
(SD, 6.10; median, 9.5; range, 2-24). Including the
final post-tenotomy cast, mean time in plaster was
14.23 weeks. The average Pirani score changed from
5.10 (SD, 0.98) before treatment to 0.13 (SD, 0.26)
after correction; the reported paired test gave t =
35.459 with 51 degrees of freedom (p < 0.001). The
mean Beatson-Pearson index increased from 11.27
(SD, 5.39) to 52.57 (SD, 10.86) in 30 paired
radiographic observations (one-tailed p < 0.0001)
(Table 2; Figure 2). The reported paired Pirani-score
difference (before minus after) was 4.96154 (95%
confidence interval [CI], 4.68063 to 5.24245). The
paired Beatson-Pearson difference (before minus
after) was -41.300 (95% CI, -43.962 to -38.638), with
a pre-post correlation of r = 0.8213. The clinical
casting sequence and a representative pair of
radiographs are shown in Figures 3 and 4.
Tenotomy, additional procedures, and
complications

Percutaneous Achilles tenotomy was undertaken in
29 children (50 of 52 feet, 96.2%). A second
tenotomy was performed in four feet (7.7%),
affecting one child with arthrogryposis and another
with Larsen syndrome. One child with arthrogryposis
underwent cuboid osteotomy on both sides for
recurrent deformity (two feet; 3.8%). Plaster-
associated sores or other skin problems occurred in
five children (16.7%); their casting schedule was
interrupted for one week while the skin was treated.
Initial deformity correction was documented in all 52
feet, but subsequent intervention was needed in the
cases described above (Table 3). Tenotomy and post-
correction bracing are illustrated in Figure 5.
Additional descriptive observations

The number of casts required varied with age at
presentation. Among boys, 13 had bilateral clubfoot,
two had right-sided deformity and four had left-sided
deformity. Among girls, the corresponding counts
were nine, one and one (Table 4).

Distribution of clinical and radiographic
measures

Baseline Pirani scores were 6 in 18 feet, while scores
after correction were 0 in 39 feet (Table 5). Beatson-
Pearson index values before and after correction and
the casts required for each child were summarised.
Paired Pirani scores had a correlation of r = 0.025 (p
= 0.862). The paired radiographic differences had a
Kolmogorov-Smirnov distance of 0.10 (p > 0.10).

Table 1: Baseline characteristics of children with syndromic clubfoot (n = 30)

Characteristic Children, n (%)
Sex: male 19 (63.3)
Sex: female 11 (36.7)
Age: 0—6 months 21 (70.0)
Age: 7-12 months 6 (20.0)
Age: >12 months 3 (10.0)
Laterality: bilateral 22 (73.3)
Laterality: right only 3 (10.0)
Laterality: left only 516.7)
Arthrogryposis multiplex congenita 14 (46.7)
Larsen syndrome 5(16.7)
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Neural tube defects 4(13.3)
Down syndrome 3 (10.0)
Congenital annular band syndrome 2 (6.7)
Pierre Robin syndrome 1(3.3)
Pterygium syndrome 1(3.3)

Table 2: Clinical and radiographic indices before and after Ponseti correction

QOutcome measure Before correction After correction Observations

Pirani score, mean + SD 5.10+0.98 0.13+0.26 52 feet

Pirani score, median (range) 5.5 (2.5-6.0) 0(0-1) 52 feet

Beatson-Pearson index, mean = SD 11.27 +£5.39 52.57+10.86 30 pairs

Beatson-Pearson index, median (range) 10 (4-23) 50 (36-80) 30 pairs

Beatson-Pearson index, 95% CI for mean 9.255-13.278 48.512-56.621 30 pairs
Paired analyses: Pirani score, mean difference 43.962 to -38.638), reported one-tailed p < 0.0001;
(before-after) 4.96154 (95% CI 4.68063-5.24245), t paired correlation r =0.8213. SD, standard deviation;
=35.459, df =51, p <0.001. Beatson-Pearson index, CI, confidence interval.

mean difference (before-after) -41.300 (95% CI -

Table 3: Treatment requirements and early complications

Treatment or outcome Value Unit of analysis
Casts to initial correction, mean + SD 11.23+6.10 Children

Casts to initial correction, range 2-24 Children
Duration of immobilization, mean 14.23 weeks Children
Achilles tenotomy 50 (96.2%) 52 feet

Repeat Achilles tenotomy 4 (7.7%) 52 feet

Cuboid osteotomy for recurrence 2 (3.8%) 52 feet
Cast-related skin complications 5 (16.7%) 30 children

Table 4: Laterality of syndromic clubfoot by sex (n =30 children)

Sex Bilateral Right only Left only Total
Boys 13 2 4 19
Girls 9 1 1 11
Total 22 3 5 30

Table 5: Pirani score distributions before and after correction (52 feet)

Before: score Feet (n) After: score Feet (n)
2.5 2 0 39
3.5 3 0.5 11
4 6 1 2
4.5 6 — —
5 5 — —
5.5 12 — —
6 18 — —

Pirani score distributions before and after treatment are shown for the 52 affected feet.
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Figure 2: Mean Pirani score (52 feet) and Beatson-
Pearson index (30 radiographic observations) before
and after casting. Error bars indicate standard
deviations.

Figure 1: Associated conditions among the 30 children
enrolled in the study
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Figure 3: Unilateral clubfoot in a child with
arthrogryposis multiplex congenita: (A) before
treatment, (B) during casting, and (C) after correction.
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Figure 4: Radiographs before and after correction in a
child with bilateral clubfoot (talocalcaneal angles 8°
before and 35° after correction).
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Figure 5: Treatment photographs showing (A)
percutaneous Achilles tenotomy and (B) use of the foot-
abduction brace after correction.

DISCUSSION

Clinical and radiographic measurements changed
considerably over the casting period. The reduction
in Pirani scores was accompanied by a rise in the
Beatson-Pearson  index, indicating improved
alignment at the end of initial treatment. This finding
should not be confused with a measured
improvement in walking ability or pain, neither of
which was assessed with a standardised outcome
scale. Treatment was also intensive: the mean of
11.23 casts in this cohort contrasts with 6.4 casts
reported by Janicki and colleagues among 40 non-
idiopathic feet.'”) Boehm and colleagues likewise
observed that children with distal arthrogryposis
needed more casts than children with idiopathic
clubfoot."! The mean presenting age in our series
was 8.8 months, which may have contributed to

treatment duration, although the effect of age was not
analysed separately.

Residual equinus commonly required additional
treatment. Achilles tenotomy was performed in
96.2% of affected feet despite repeated manipulation
and casting. Moroney and colleagues described a
lower tenotomy proportion in their non-idiopathic
cohort.['?l The difference cannot be attributed to a
single factor because our participants had several
different underlying diagnoses and generally severe
initial deformity. In this setting, the tenotomy rate is
best interpreted as part of the treatment burden rather
than as an independent indicator of success.

All affected feet were initially corrected, but some
required further treatment. Four feet underwent
repeat tenotomy and one child eventually required
bilateral cuboid osteotomy. In children with
arthrogryposis, Kowalczyk and Felus also described
further procedures after initial Ponseti-based
correction.!3] Gerlach and colleagues found that
recurrence was more frequent in clubfeet associated
with myelomeningocele than in idiopathic cases.!'¥]
Repeat casting and another Achilles procedure were
also necessary in some myelomeningocele-
associated feet followed by Matar and colleagues.['*
Arkin and colleagues reported substantial relapse
during longer observation of children with spina
bifida.['%] These reports support continued follow-up
after initial correction to identify recurrence during
growth.

The cohort included children with several distinct
underlying diagnoses. Fourteen of the 30 children
had arthrogryposis, but the remaining cases included
Larsen syndrome, neural tube defects, Down
syndrome and less common conditions. Published
experience with congenital annular band syndrome
describes satisfactory correction after Ponseti casting
in some affected feet.['”! Carpiaux and colleagues
similarly reported its use in amniotic band-associated
clubfoot, including children with neurological
findings.['¥! The response may differ between
underlying conditions, but the small numbers in each
diagnostic group prevented meaningful comparisons.
Plaster-related skin problems occurred in five
children, requiring a one-week interruption of
casting. Families should know at the outset that
treatment may continue for several months, often
includes Achilles tenotomy and depends on
consistent bracing after correction. Follow-up needs
to address pressure injuries as well as any return of
equinus, adduction or heel varus.

CONCLUSION

In 30 children with 52 syndrome-associated clubfeet,
Ponseti casting was followed by marked
improvement in clinical deformity scores and
radiographic alignment. The average treatment
course involved 11.23 casts, and almost every
affected foot underwent Achilles tenotomy. Repeat
tenotomy and, in one child, bilateral cuboid
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osteotomy were required after initial correction.
Ponseti treatment appears to be a reasonable initial
option in this setting, provided that prolonged bracing
and continued surveillance for recurrence are
maintained.
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