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ARTICLE INFO ABSTRACT
Article history: The definition of neglected clubfoot (NC) includes a variable range of complex deformities
Received 6 October 2015 of the foot that are refractory to conventional treatments or are treated inappropriately.
Accepted 8 October 2015 Several etiologies may be related to this. The Ilizarov method has become established as
Available online 9 August 2016 a tool for treating these deformities. It minimizes soft-tissue damage through gradual cor-
rection of the deformity, with a high success rate in relation to achieving a plantigrade
Keywords: foot, with low incidence of recurrence. The indications for treatment include severe rigid
Clubfoot deformities (Dimeglio III and IV), or adverse skin conditions. Careful clinical and radiologi-
Congenital abnormalities cal examination is fundamental for proper planning and installation of the external fixator.
External fixators The techniques used include selection of external fixation assemblies, which can be closed
Surgical procedures, operative when there is a connection between the leg, hindfoot and forefoot. This closed assembly
External fixation may or may not be constricted, according to whether hinges are provided or whether use

of the natural anatomical hinges during correction of the deformity is envisaged. An open
assembly makes it possible to add flexibility to the foot through histogenesis, while allow-
ing closed corrections of greater precision later on. Hexapod fixators are an innovation with
high potential for accuracy in correcting deformities. Procedures associated with external
fixation include soft-tissue release and bone procedures. These procedures enable correc-
tions that are more anatomical, for different degrees of severity and stiffness of deformity.
It can be concluded from analyzing this case series that treatment of neglected clubfoot
using an external fixator has a high rate of good and excellent results, with low frequency
of complications.
© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Palavras-chave:

Pé torto

Anormalidades congénitas
Fixadores externos
Procedimentos cirurgicos
operatérios

Fixacdo externa

Tratamento cirirgico do pé torto inveterado com fixador externo

RESUMO

O pé torto inveterado (PTI) inclui em sua definicdo uma gama varidvel de deformidades
complexas do pé refratario a tratamentos convencionais ou tratados de forma inadequada.
Diversas etiologias podem estar relacionadas. O método de Ilizarov é consagrado como uma
ferramenta de tratamento dessas deformidades, minimiza danos a partes moles, através
de correcdo gradual da deformidade, com alto indice de sucesso em relacdo a obtencdo de
um pé plantigrado com incidéncia baixa de recidiva. As indica¢des do tratamento incluem
deformidades graves e rigidas (Dimeglio III e IV) ou em condig¢des de pele desfavoraveis. O
exame clinico e radiolégico criterioso é fundamental para um planejamento adequado e a
montagem do fixador externo. As técnicas empregadas incluem a selecdo das montagens do
fixador externo, que pode ser fechada, quando ha conexao entre perna, retro e antepé. Essa
montagem fechada pode ser constrita ou nao, quando se oferecem as dobradic¢as ou quando
se espera usar dobradicas anatomicas naturais durante a corre¢do da deformidade. A mon-
tagem aberta permite flexibilizar o pé através da histogénese, permite correcoes fechadas
mais precisas posteriormente. Os fixadores hexapodais representam inovagdes com alto
potencial de precisdo na corre¢do de deformidades. Os procedimentos associados a fixacao
externa incluem as liberagdes miotendineas e os procedimentos dsseos. Esses procedimen-
tos permitem correcdes mais anatdmicas para graus diferentes de gravidade e rigidez de
deformidade. Conclui-se, na anélise das séries de casos, que o tratamento do pé torto invet-
erado com fixador externo apresenta um alto indice de bons e excelentes resultados, com

baixa frequéncia de complicagdes.
© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Este é um artigo Open Access sob uma licenga CC BY-NC-ND (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Neglected clubfoot (NC) can be interpreted in several ways. The
English terms that define this condition (neglected, resistant,
or relapsed clubfoot) include the likely related situations of
no treatment; inadequate, insufficient, or discontinued treat-
ment; resistant cases (most often syndromic or teratologic);
or relapsed and refractory to traditional treatments, whether
conservative or surgical.’~

NC is a common problem in developing or underdeveloped
countries. Approximately 80% of children with congenital
clubfoot (CCF) are born in developing countries, many of those
with limited and/or late access to the healthcare system and
trained specialists for treatment.’3#

Treatment with external fixators is presented as an estab-
lished option in several case series. The main advantages
relate to the high success rate in detriment to the common
complications in the treatment of these feet in sharp correc-
tions. The most common complications are related to soft
tissue, vascular and surgical wounds, and recurrence, as well
as those that arise from the use of open techniques (arthrode-
sis and bone resections) in skeletally immature patients. This
study presents the indications, technical variations, and inno-
vations, through a review of case series.?>>°

Indications

There is no consensus on when to consider a clubfoot
as neglected, or not eligible for conservative treatments.?

The criteria for indicating treatment with external fixa-
tion include adult patients or children older than 5 years,
those with non-reducible feet after manipulation and serial
casting, those who underwent over three unsuccessful sur-
gical treatments, syndromic cases (arthrogryposis, sequelae
from neuromuscular diseases, Freeman-Sheldon syndrome,
Streeter syndrome, Marfan syndrome), patients who under-
went complicated open surgical treatments with soft tissue
necrosis, and recurrence.?>°> However, some of these criteria
are questionable and subjective, particularly those related to
age, number of surgeries, and etiologies. Another selection cri-
terion for treatment is the classification proposed by Dimeglio
et al,, in which those classified as grade III and IV would be
eligible for treatment (Fig. 1).%7

The indicated etiologies include sequelae (contractures)
from burns, polio, refractory clubfoot (whether idiopathic or
untreated), trauma sequelae, central or peripheral neurolog-
ical damage sequelae, meningitis sequelae, and lower limb
length discrepancy sequelae.”>>8

Anatomopathology

In NC, the anatomical deformities do not necessarily conform
to those described in CCF, given that this entity covers a range
of conditions (added for clarity) from classic CCF deformities
to post-traumatic deformities and under- or overcorrections
from previous treatments. Thus, a careful analysis of the
deformities and joint mobility, from the clinical and radio-
logical standpoint, is necessary for proper three-dimensional
understanding of the deformity and subsequent preoperative


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

REV BRAS ORTOP.2016;51(5):501-508 503

Classification

Grade Type
| Benign
I Moderate
1} Severe
v Very severe

—20°

20°

90°

Equinus assessment in the sagittal plane

20° —-20°

Derotation assessment of the calcaneal-foot
block in the horizontal plane

Frequency, % Score
20 (<5)
23 (=5<10)
35 (=10<15)
12 (=15<20)
-4 Points
I =3 Points
[] =2 Points
=1 Point

90°

—20° 20°

Varus assessment in the frontal plane

0°

A —20°

20°

45°

%\

90°

Forefoot assessment in relation to
the hindfoot in the horizontal plane

Congenital clubfoot assessment according to the severity scale

Features:

Reproducibility Points
90°-45° 4
45°-20° 3
20°-0° 2

<0° to —20° 1

Features:
Other parameters
Posterior fold

Medial fold
Cavus

Points

- a

Poor muscle condition

Fig. 1 - Dimeglio classification (Source: Tripathy et al.'?).

planning. The classic anatomical alterations of CCF include
bone, joint, and ligament deformities. The talus presents
in equinus, with a reduced declination angle, as well as
plantar and medial deviation of its neck. The cuboid, calca-
neus, and navicular are diverted plantar and medially. The

calcaneus presents in equinus and varus, among other fac-
tors, due to the contracture and more medial insertion of the
sural triceps, and does not show significant changes in its
anatomy. Medial joint contractures and shortening of the del-
toid, tibionavicular, and plantar calcaneonavicular ligaments
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are also observed. The shortening of the posterior tibial, flexor
hallucis longus, and flexor digitorum longus tendons, as well
as of the abductor muscles of the hallux and plantar fascia,
is an important aspect of the pathological anatomy of club-
foot, aiding in the understanding of this deformity and its
treatment.'3°

Clinical and radiographic examination

At clinical examination of the NC, the deformities and range
of motion in degrees should be recorded. The main deformi-
ties and hinge insertion points should be determined. It is
important to evaluate limb length discrepancy and associated
rotational or angular deformities.’?

Radiographic examination includes anteroposterior (AP)
projections of the foot and profiles with and without load.
Thus, osteo-articular deformities can be assessed and the
important angles in operative planning, the apexes of the
deformities, can be determined; furthermore, the flexibility
can be analyzed and documented by comparing the tests with
and without load. The radiological parameters most com-
monly used in this evaluation are the talocalcaneal angle
in AP and lateral views (added for clarity) (Kite), talo-first
metatarsal angle in AP, talo-first metatarsal angle in pro-
file (Meary-Tomeno), and calcaneal pitch angle.*>° Fridman
and Sodré'® draw attention to the talonavicular joint in AP
as a statistically significant predictor of good outcome in
the postoperative analysis of flat foot correction. Multiplanar
deformity often hinders a precise radiological evaluation of
many of these deformities, requiring subsequent assessments
during gradual correction. Other examinations, such as com-
puted tomography or magnetic resonance imaging, may be
useful in the diagnosis of ankylosis, coalitions, and structural
deformities of the tarsal elements.?!!

Surgical technique

The surgical techniques related to the correction of NC
with a circular external fixator can be divided into two
sub-categories: mountings, through which gradual distrac-
tion histogenesis is performed, and associated procedures
(osteotomies and soft tissue procedures).

Mounts

The Ilizarov external fixator allows for a wide range of mount-
ings and techniques. All proposed mountings are formed by
modules or blocks that serve as parts of the external fixator.
The modules are the legand foot. The latter can be divided into
separate modules for hindfoot, midfoot, and forefoot. The first
important point is the definition of correction points by iden-
tifying the apexes of the deformities, to determine how the
modules will interact in deformity correction. The system can
be set up and established strictly for these correction points or
in a freer manner. Therefore, the mountings can be classified
asopen or closed; the latter can be subdivided into constrained
or unconstrained (Fig. 2).2>>8

Open mounting
In this mounting, the leg module is positioned as a fixed ele-
ment, exercising independent distraction on the modules on

- = /s -

Constrained

Non-constrained

Fig. 2 - Mounting types.

the hindfoot and on the forefoot, which are not connected.
In this open system, distraction works to “open” or “expand”
the foot, acting on soft tissue or osteotomies made in the
calcaneus, midfoot, and ankle. As this technique does not
to determine the correction points, corrections may be made
on points that are not necessarily suitable. This technique is
correctly used in cases where the goal is not to achieve an
anatomical correction of the deformity, but rather to obtain
a plantigrade foot, even with functional impairment of the
joint. It is also adopted in cases with serious and multipla-
nar deformities, which, after partial correction through an
open technique, may be converted into a closed mount, with
better-defined apices. Since this is a less stable mounting, it is
adequate for NC corrections in patients with sensitivity disor-
ders, such as those with myelomeningocele sequelae (Fig. 3).%°

Non-constrained closed mounting

In this mounting, the modules of the hindfoot and forefoot
are connected. The correction between the components is
performed by “motors” (threaded bars that exert gradual dis-
traction between the modules). However, the exact hinge point
(apex of the deformity) is not defined. The correction is made
through probable natural hinges. For example, the correction
of the deformity in equinus is made by further distraction
between the leg module and hindfoot module, without defin-
ing the hinge in the ankle joint. This type of mount leads to
a high risk of non-anatomical corrections. In the aforemen-
tioned example regarding equinus, this mounting allow for
corrections that can lead to talus subluxation or improper
equinus correction in the midfoot, which creates a rocker-
bottom deformity (Fig. 4).%>

Constrained closed mounting

In this mounting, the correction points are defined by the
apexes of the deformities. The hinges are carefully positioned,
seeking an anatomical correction. This mountingis more com-
plex than those previously mentioned, but presents better
prognosis with regard to function, as the surgeon can set



REV BRAS ORTOP.2016;51(5):501-508 505

Fig. 4 - Mounting with non-constrained closed system.

Fig. 5 - Correction of equinus deformity with closed system.
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Fig. 6 — Correction of deformity with hinges positioned on
the ankle and midfoot, with midtarsal navicular-cuboid
osteotomy.

mountings that lead to corrections, prevent subluxations, and
promote associated arthrodiastasis (Figs. 5 and 6).%3°

Software-guided fixators (hexapodal)

The software-guided fixators offer great precision in correct-
ing deformities; they can be classified as a non-constrained
closed system, in which the correction is made by six bars
(hexapodal) that have a great potential to correct complex
deformities.?

Techniques and associated procedures

Distraction histogenesis. Distraction can be conducted at sev-
eral points simultaneously. Again, it is necessary to list
priorities, the severity of the deformity, and type of mounting.
The pace and frequency of distraction processes are classically
described as 0.25mm every six hours.>?° However, in angu-
lar corrections, it is important to note the distance between
the hinge, the elements upon which distraction should be
performed (e.g., the focus of osteotomy), and possible struc-
tures at risk due to the distraction (such as the skin or the
tibial nerve in equinovarus corrections).” Frequency is impor-
tant to minimize the damage created by the distraction and
prevent soft tissue injuries.”™?® Tripathy et al.!”> presented a
series of 15 cases in which the correction of NC was made

according to the deformity correction sequence, following the
principles established by Ponseti for the treatment of CCF. The
deformities were corrected in the following sequence: cavus,
adductus, varus, and equinus. Despite the small sample size,
these authors observed good clinical and functional results,
with a reduction of 11.7 in the Dimeglio score and final Laaveg
and Ponseti score of 75.47 (Figs. 7 and 8).

Tenotomies and myotendinous release
The best moment to perform a myotendinous release is con-
troversial in the literature. The severity of the deformity and
the degree of rigidity appear to be fundamental elements
for its indication. However, the limits of severity and rigid-
ity that guide closed arthrodiastasis, the association with
tenotomies, and the use of osteotomies are still subjects of
discussion.?>>8 In skeletally immature patients, up to 10 or
12 years, there are advantages to this approach, which mini-
mizes damage related to the development and growth of the
bones of the tarsus and metatarsus.>'® The soft tissue proce-
dures on feet with severe deformities (Dimeglio IIl and IV) and
in recurrent cases after previous treatments, associated with
neurological injuries or neuromuscular diseases and arthro-
gryposis, appear to have better results, with less overload on
the system or even lower incidence of complications, residual
deformities, and relapses, in addition to the reduced correc-
tion time when compared with the closed treatment.?>’8
Myotendinous releases are indicated as needed, according to
what is perceived upon physical examination. The indications
typically include Achilles tenotomy, which can be open or
percutaneous (Hoke or White techniques), and plantar fas-
ciotomy. Other tenotomies include tenotomy of the flexor
hallucis longus, fingers, and posterior tibial, which can like-
wise be performed using percutaneous or minimally invasive,
complete, or Z-shaped techniques. The percutaneous teno-
tomy of the flexors of the fingers and hallux is usually made
through the interphalangeal joint of the fingers, with a No. 15
scalpel blade.?>7/81415

Tendon transfers are used to etiologically analyze deformi-
ties, as well as arthrodesis, when a muscular imbalance that
can lead to a relapse after the removal of the external fixator
is observed.?®

Dermal and subcutaneous retractions can be addressed
in advance with skin expanders or, during surgery, with
zetaplasty, and are subjected to further histogenesis
with an external fixator in the same manner as other
tissues.”

Bone procedures and osteotomy

Foot osteotomies are mainly indicated in skeletally mature
patients (over 10-12 years) with severe deformities (Dimeglio
Il and IV), and extremely rigid feet.>'?

Osteotomies can be classified as (1) calcaneal (of the
posterior tuberosity or below the subtalar joint); (2) talo-
calcaneal (anterior talo-calcaneal, V-shaped, Y-shaped, or
dome-shaped); (3) midfoot (navicular-cuboid or cuboid-
cuneiform); and (4) forefoot (metatarsal or phalangeal). The
related osteotomies combinations are listed. They can be per-
cutaneous (with pre-burring or with a Gigli saw) or open
(Fig. 6).24581416
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Fig. 7 - Simultaneous correction of deformities (varus, adductus, supination, and equinus).

Arthrodesis, whether or not associated with wedge resec-
tions, and even bone resection, such as the frequently
used cuboidectomy and talectomy, are increasingly restricted
associated procedures when opting for treatments with an
external fixator. These procedures are presented as options
to treatment with external fixation.”® Cuboidectomy associ-
ated with soft tissue procedures presented good results in the
series published by Faldini et al.”

Other associated osseous procedures that can and should
be indirectly considered in relation to foot deformity correc-
tion and maintenance are limb length discrepancy correction
through bone lengthening (connected directly to the recur-
rence of equinus) and derotational osteotomy.>—#

Postoperative period and complications
A plaster cast immobilization is used for six weeks, followed
by orthosis for three to six months.?>*®

The time of external fixator use, considering these series,
ranged from two to 14 months, with means ranging between
five and nine months.>481>1618 Refai et al.!' presented a
series of 19 cases of legs treated with Ilizarov fixator, used
for five weeks, and subsequent use of cast immobilization,
including midfoot wires during the consolidation phase. The
authors reported good results in 16 cases, with a low rate of
complications and relapses.!!

The described complications are infection in pin path-
way, surgical wound complications, digit contractures
and deformities (claw), distal tibia fracture, vascular com-
plications, metatarsophalangeal subluxation, premature
consolidation of osteotomies, spontaneous ankylosis,
symptomatic arthrosis, rigidity, recurrence, and residual
deformity.™

The rate of positive results (excellent or good) observed in
the comparison between the pre- and post-operative Dimeglio
scores is 88%, according to El-Sayed.® Makhdoom et al.®
observed good results in 74% of patients, using the scale pro-
posed by Renkerand and Carpenter (apud Makhdoom et al.'é).
Refai et al,,'’ using the AOFAS score as a reference, iden-
tified 84% good results. Good results were also observed by
Ahmed et al.'* (72%), Franke et al.’® (100%), Devadoss et al.”
(72%), Kocadglu et al.® (90%), de la Huerta* (100%), and Fer-
reira etal.’® (78.9%). Although the number of good results were
high, the diversity of cases and lack of prospective protocols
limits the comparison among the series, as well as prospec-
tive evaluation with better statistical value and consequent
significance.’ The scores proposed and used are also quite
varied in the literature. Saghieh et al. emphasized this limita-
tion and suggested the use of the International Clubfoot Study
Group scoring system (ICFSG) as a proposal for prospective
evaluation.”
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Fig. 8 - Complex foot deformity. Sequelae from
compartmental syndrome.
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