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Background: Clubfoot is a common congenital foot anomaly that requires patients to be presented to the
orthopedic surgeon.
Objectives: This study was conducted with the aim of assessing the efficacy in terms of the clinicor-
adiological outcome of the neglected, recurrent, and resistant congenital talipes equinovarus (CTEV) by
ligamentotaxis using Joshi external stabilization system (JESS) fixators and evaluating the factors
affecting the same.
Material and method: A total of 30 children (34 feet) were evaluated after correction with differential
distraction using the JESS.
Outcome measures: All were evaluated clinically and radiologically and scored as per the Catterall-Pirani
scoring system, both before and after correction of the deformity.
Results: All patients achieved good clinical results as per the Pirani score. Radiologically, all patients
achieved the normal range of values. All findings were clinically significant.
Conclusion: JESS is a useful technique in neglected, resistant, relapse cases of CTEV or for any severity in
patients aged between 1 and 10 years after a fair trial of Ponseti serial casting.

© 2019 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of Sir Ganga Ram Hospital.
1. Introduction

The congenital talipes equinovarus (CTEV) deformity of foot or
famously called clubfoot is a common foot problem seen at birth by
pediatricians and pediatric surgeons with an incidence of 5e6 per
1000 live births, varying with race and geography.1 When inade-
quately or not treated by various conservative measures such as
manipulations, taping, serial and plaster cast techniques, the foot
usually turns further deformed and turns resistant to simple
physical corrective measures. Apart from the late presenters with
neglect in the treatment, female sex, hereditary disorders, severity
of deformity, associated cavus, clawing of toes, and small heel are
considered as poor prognostic factors in CTEV management.
Resistant, relapse, and neglect cases pose a serious problem in our
country with surgical options such as soft-tissue and bony release,
advocated by Carroll and McKay.2e4 Extensile approaches to
recently popularized mini-incision and percutaneous approaches
Dhawan).

f RELX India, Pvt. Ltd on behalf of
are used to counter the complications of surgeries such as wound
healing issues, scarring, and stiffness. The Ilizarov fixator has also
been used for CTEV correction using the fractional distraction his-
tiogenesis.2 A combination of principles were laid down by Ponseti
manipulative cast techniques and external fixator applications. In
1990, Dr. B. B. Joshi originally described the controlled differential
fractional distraction with a mini-external fixator. This study was
conducted to assess the efficacy in terms of the clinicoradiological
outcome of the neglected, recurrent, and resistant CTEV by liga-
mentotaxis using Joshi's external stabilization system (JESS) fix-
ators and evaluate the factors affecting the same.

2. Material and methods

This retrospective observational study was conducted at our
institute on all the children of either sex aged between 1 and 10
years, with neglected, relapse, or resistant clubfoot since
September 2005 to November 2013. Cases with the following
characteristics were included in the study: idiopathic CTEV, first
time, but late presentation (>9 months after birth) in outpatient
department (OPD) without any prior treatment, previously
Sir Ganga Ram Hospital.
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Fig. 1. (A, B) Showing JESS assembly application in leg and foot and the final construct (C) with two pairs of distractors for fractional differential distraction schedule.

Table 1
Number and type of patients/feet under study.

Number of patients (n) 30

Number of feet 34
Number of neglected 18
Number of resistant 13
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managed cases of CTEV with full correction but insidious relapse of
the deformities or rigid cases not correctable by conservative cast
measures. We excluded the patients with secondary causes to CTEV
such as arthrogryposis, meningomyelocele etc.

All the included patients were assessed clinically and radio-
logically. Clinically, the Catterall-Pirani scoring system and club-
foot assessment protocol were used to assess the severity of
deformity and also to assess the final correction achieved.5 Clini-
cally the deformity, passive range of motion, muscle function,
dynamic function, and pain were assessed. Radiographs were
studied for talocalcaneal angle, talo-first metatarsal angle, talo-
fifth metatarsal angle (on an anteroposterior view), talocalcaneal
angle, tibiocalcaneal angle, and calcaneal pitch (on a lateral view).
All the cases had already been subjected to a 4-week trial of serial
Ponseti cast without any benefit and hence were included in the
list for surgery with JESS. The mean follow-up duration of cases
was 4.9 years.

We operated all the cases under general anesthesia. Two K-
wires each were inserted in the tibia, calcaneum, and distal ends
of metatarsals, followed by correcting the deformity by the stan-
dard Ponseti method and thereafter maintaining the reduction by
connecting the inter-connecting straight, Z or L rods of the JESS
fixator. A pair of distractors were placed on the medial and lateral
sides between the tibiocalcaneal and calcaneal-metatarsal at-
tachments. If needed, calcaneal percutaneous release of the
plantar fascia was performed for cavus deformity and cuboid
nuclectomy was performed in the same sitting (Fig. 1). After pre-
liminary correction of the deformity of the foot, the anterior ten-
sion rods between the tibial and forefoot attachments were
tightened. The differential distraction of the distractors was begun
after the 3rd postoperative day. The standard technique was to
distract 0.25mm four times a day on the medial side and 0.25mm
twice a day on the lateral side. We continue this gradual distrac-
tion until clinical overcorrection is achieved, thus bringing the
dynamic phase to an end. Thereafter, we keep the frame in situ in
state of clinical overcorrection for twice the period of dynamic
phase (static phase). After this, the JESS fixator was removed and
an above-knee plaster of Paris (POP) cast was applied for 6 weeks
in overcorrected position. Later, standard orthosis were used and
children were followed up 6 monthly for clinical and radiological
workup, especially until the deformities became static for 2 years,
and thereafter, they were followed up annually. Parents were
explained the need for strict follow-up and continuous use of
braces/orthosis without any failure and were asked to inform the
surgeon immediately in case of any relapse of deformity. Cases
were considered as failure if there was no or incomplete
clinicoradiological correction or if complications such as joint
subluxation and rocker bottom foot occurred.6
3. Observations and results

Wemanaged 34 feet in 30 patients aged between 1 and 10 years
with neglected, relapsed, or resistant CTEV with prior failed trial of
Ponseti method. We observed 10 of 13 relapse cases were managed
with prior soft-tissue release surgery with scarring. Most cases
were male children with right-sided unilateral involvement, with
mean time to correction of 26 days. There were 20 male and 10
female patients. The minimum age was 1 year, and the maximum
was 9 years (mean age, 4.2 years). Patients were assessed for clin-
ical outcomes using the Pirani scoring system, and all the compli-
cations were noted. A total of 10 feet weremanaged elsewherewith
posteromedial soft-tissue release surgery, 6 cases were managed
previously with the POP cast, and the rest were not given any
treatment. To start with, 32 of 34 feet had severe deformity with
poor Pirani scores (Table 1).

The entire clinicoradiological parameters improved in the pa-
tient statistically. Before the surgery, the feet had varus, equinus,
cavus and adduction deformity. The mean preoperative equinus
deformity was 54�, heel varus deformity was 40.2�, and forefoot
adduction deformity was 28�. The mean postcorrection values for
varus were 2� and for abduction was 4�. The cavus deformity was
corrected in all the cases. The mean postcorrection dorsiflexion
achieved was 17.3�. The calf and foot size remained unaffected by
the procedure, although the foot was found suppler after the pro-
cedure than their preoperative state in rigid feet. The radiological
correction of angles was found to be significant after the end of
treatment (Table 2).

The cases were evaluated using the Pirani scoring system,
grading them from good to poor. A score of 0e2 was regarded as a
good clinical outcome. All the patients could gain a score between
0 and 2 (mean 0.8) from a mean preoperative score of 5. Therefore,
the feet could gain flexibility and remained flexible until their latest
follow-up. Clinicoradiological illustrations are shown in Figs. 2
and 3.
Number of relapsed 3



Table 2
Radiographic parameters of foot in AP and lateral view.

Radiological angles Normal Pre-operative At fixator removal Final follow-up

Radiological index
Talocalcaneal 30-35 6 20 26
Lateral 25-50 25 36 40
Talo-first metatarsal 0 to �15 �27 �13 �10
Talo-fifth metatarsal 0 or þ �12 20 26

Talocalcaneal index* >40 31 56 Not taken

AP, anteroposterior.
All figures are expressed in degrees.

* Addition of talocalcaneal angle in AP and lateral view.
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4. Discussion

CTEV deformity of the foot is a common congenital problem
seen after birth. The standardmanagement protocol being followed
consists of conservative management with serial manipulations
and corrective cast by the Ponseti method, with excellent results in
a toddler. Surgical management has been mainly advocated for the
Fig. 2. Clinical photographs showing the frame assembly and correc
late, neglected, and relapsed cases, where the conservative trials
fail.7e10 Many publications have now been made where a complete
reversal of this treatment protocol has also shown distinct advan-
tages. A conservative trial in late neglected cases and less-extensive
surgical soft-tissue release in early cases have shown variable
success rates. Khan and Kumar8 evaluated the efficacy of the Pon-
seti technique in 25 neglected clubfoot in children older than 7
tion after ligamentotaxis. CTEV, congenital talipes equinovarus.



Fig. 3. Radiograph of foot and leg showing the angle measurements for assessment. Talo - Calcaneal angle (A)- longitudinal axis of talus and calcaneum bone in lateral view. Tibio
Calcaneal angle (B)- longitudinal axis of tibia and calcaneum bone in lateral view. Talo - 1st Metatarsal angle (C)- longitudinal axis of talus and first meta-tarsal bone in AP view.
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years (mean age, 8.9 years). The mean follow-up period was 4.7
years. The observed 85.7% of feet were fully corrected, with recur-
rence in 24% of feet.

The surgical principle behind treatment of clubfoot is based on
the soft-tissue releases and reconstruction of the already deformed
bones. Surgery performed at any stage of CTEV carries the problems
such as potential wound healing complications, scarring of tissue
causing secondary stiffness, and finally, giving a single chance to
correct the deformity in the theater.

On the other end, the Ponseti principle is based on gradual
transformation of the collagen matrix of tightened ligaments and
repositioning of the bones around the talus. Many articles pub-
lished now have shown high success rates with the Ponseti method
alone in both early and late neglected and relapsed cases after prior
surgery.11e14 The prime philosophy behind the Ponseti technique is
that the center of CTEV deformity lies with the head of the talus
(with a medial talar spin), which explains the principles of this
technique. The first cast is applied in further supination of the
forefoot to allow the pronated forefoot to align in line with the
calcaneum, measured by the foot bimalleolar angle (FBA). Second,
the pronation force is never applied, as pronation can cause the
calcaneum to get jammed under the talus, preventing the heel
varus correction. Free movement of the calcaneum under the talus
and that of the talus in the ankle mortise is achieved by only
abduction of the forefoot with fulcrum over the talus head. Third,
Table 3
Comparative studies in JESS fixator used for CTEV.

S.No. Study Year No. of feet Average Follow-up Excellent t

1 BB Joshi et al 2001 - - 68% excell
2 Suresh S Ahmed et al 2003 34 2.8 yrs 77.3% exce

3 Anwar Marthya et al 2004 41 3.5 yrs 59.7% exce

4 Mahendra et al 2008 106 6.5 yrs 63% excell

5 Mandappa et al 2009 15 16 mths 14/15 feet

6 Devados et al 2010 28 12 yrs 71.4% exce

7 Ajai Singh et al 2011 33 4.7 yrs 100% exce
8 Present study 2014 34 4.9 yrs 76%
the cavus deformity is never corrected at themidfoot as it can cause
rocker bottom foot deformity. Most workers would now opine on
the trial of the Ponseti technique in all the cases of CTEV before
reverting to any other conservative or surgical measure.

External fixators work on the similar principles as the Ponseti
technique with manipulation of the deformed foot using the
osseoligamentous hold of the wires. Ilizarov fixators have been
used in treatment of complex CTEV with the principle of fractional
distraction histiogenesis. With the same concept, many orthopedic
surgeons are now using the JESS fixator, introduced by Dr. B. B.
Joshi, with differential controlled fractional distraction histio-
genesis. Fixators carry their own distinct advantages of a more
physiological elongation of the foot by an instrumental manipula-
tion, wherein time-to-timemodulation is possible as needed. There
is less scarring of tissue, no epiphyseal damage while correction,
and minimal motor loss, providing more supple cosmetic foot with
near-normal size. It has been labeled as an extended conservative
management. Thirty-four cases of severe relapsed and neglected
clubfoot deformity were treated with Ilizarov fixators.12 Good re-
sults were achieved in about 58.8% of cases with recurrence in
about 8.7%.

JESS fixator principles differ from the Ilizarov method in many
ways: (1) Ilizarov method uses the axially tensioned wire, which
can show a “cheese cutter effect” on soft osseocartilaginous bones
of children. (2) Clubfoot is a spatial deformity in multiple planes;
o good results Tool

ent, 16% good -
llent Hospital for joint diseases Orthopaedic Institute

functional rating system for clubfoot surgery
llent Caroll criteria for clinical assessment of severity of

clubfoot
ent, 30% good Hospital for joint diseases Orthopaedic Institute

functional rating system for clubfoot surgery
showed satisfactory results Simon’s criteria for clinical assessment of outcome

of clubfoot
llent Dimeglio classification

Pontesi scoring system
llent Pirani scoring system

Pirani scoring system
Clubfoot assessment protocol



Key message

What is already known?

JESS is a known procedure among orthopedic surgeons,

both patient- and doctor-friendly, which allows correction

of the deformity of the clubfoot by ligamentotaxis.

What this study adds

JESS is a worthwhile procedure in neglected, resistant, and

relapsed cases of CTEV even after ossification of the carti-

laginous bones of foot in children nearing their first decade

of life by gradual remodeling of bones with time.
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hence, accurate placement of hinges for correction in foot is diffi-
cult. JESS is not a constrained fixator and allows correction of the
deformity at natural foot joints in multiplanes. (3) JESS is based on
differential distraction, with elongation of both the medial and
lateral borders, without showing any convex side crushing effect on
the bones as seen with the Ilizarov fixator.15

The possible drawbacks of JESS fixators seen in our series were
unacceptability of the fixator on children by parents and by the
child himself/herself because of pain and swelling of toes. Second,
the pins prick and cause injury to the patient and the relatives
while nursing (Fig. 1). Complications had no correlation with the
age and the type of CTEV but a positive correlation with the initial
severity of disease. We had 2 failures (5.8%) in our series, which
continued to show poor Pirani scores. There were no relapses in our
study, probably because most cases were older than 4 years.
Generally, there is a tendency to relapse irrespective of the treat-
ment, seen most commonly within 2 years and rarely after 4 years
of age.7

As per our observations, radiological parameters return to
normal range. Some of our patients were completing the 1st decade
of life, when cartilaginous bone begins to mature and becomes
stiffer. We observed themidfoot and hindfoot soft-tissue correction
by stretching of the contracted ligaments gradually and differen-
tially along with gradual remodeling of the deformed bones as well
during the progressive histiogenesis. The difference in pre-
correction and postcorrection Pirani scores in these patients was
found to be statistically significant (P¼ 0.01). Hence, in our study,
we did not find a correlation between the age of patients and the
initial severity of deformity and with potential for clinical correc-
tion of deformity. In a study by Singh et al.,17 they excluded the
cases older than 6 years, as by this age, significant bony changes
may affect the outcome.

The overall results of the use of JESS fixators in our series were
very encouraging with more than 90% with excellent Pirani scores.
Most cases werewith unilateral foot involvement, and they showed
smaller feet than normal feet but were cosmetically acceptable to
all parents.

In the present study, improvement in the medial border-to-
lateral border ratio was observed in all subjects although we were
not able to achieve complete reversal of the medial border-to-
lateral border ratio, probably because the duration of observation
was short. Radiological correctionwas observed in our cases but did
not have any correlationwith the clinical outcome. The radiological
correction occurred even after JESS removal until the final follow-
up, probably because of natural remodeling of bones and soft tissue
once they have mechanically aligned by JESS. talo-calcaneal angle
(TCA) and talo-calcaneal index (TCI) are simple parameters to
compare preoperative and postoperative radiographs but cannot be
used to comment on the clinical severity of each case.16

A study on 44 neglected clubfoot13 managed by JESS distractors
and followed up for a minimum period of 2 years had obtained
about 90% excellent to good results. In a study,14 41 children with
idiopathic neglected CTEV, residual CTEV, or recurrent CTEV were
managed by JESS and followed up for 3.6 years. They obtained
59.7% excellent and good results. Many studies have been con-
ducted to show the efficacy of JESS in CTEV in the past, but little has
been mentioned regarding its use in relatively older children fin-
ishing their first decade of life except for the primary author himself
(Table 3).

Although it is a very small series, by far, we are able to show
excellent to good results in 76% of cases with complications of
temporary consequences. The final outcome following JESS in
problematic CTEV may be influenced by the duration of the static
phase and type of CTEV but has no influence of the age of child and
the initial severity of deformity. Hence, we may conclude that JESS
is a very useful surgery in neglected/resistant/relapse cases of CTEV
or any severity in children aged between 1 and 10 years after a fair
trial of the Ponseti serial casting. JESS works on the principle of
ligamentotaxis and is a patient- and surgeon-friendly procedure in
many ways. But in this procedure, the active participation of the
patients’ attendants is one of the prime factors for the successful
outcome. It is also urged that the motivated and compliant parents
play a pivotal role in the success of surgery.
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