
ORIGINAL STUDYActa Orthop. Belg., 2004, 70, 586-590

Complex foot deformity can be described as a foot
with multiplanar abnormalities with or without
shortening of the foot. Conventional surgical treat-
ment may not be able to correct these deformities. In
this study we evaluate the results of percutaneous V
osteotomy of the calcaneus with an Ilizarov external
fixator for treatment of complex foot deformity.
Twenty feet with a complex deformity were treated
by the Ilizarov method in 15 patients. The aetiologic
factors were neglected or relapsed clubfoot
(13 patients) and poliomyelitis (2 patients). All
patients underwent percutaneous V osteotomy of the
calcaneus and gradual correction of the deformity
using Ilizarov’s method. The mean duration of fixa-
tor application was 9.5 months (range, 6-13 months).
The mean follow-up period was 1.8 years (range, 1 to
3 years). At the time of fixator removal, a plantigrade
foot was achieved in 18 cases ; gait was improved in
all patients. There was residual varus deformity in
two patients. A pin-tract infection was observed in all
patients. No recurrence of the deformity occurred.
The V osteotomy offers the most options for correc-
tion of complex foot deformities. Percutaneous tech-
nique is particularly useful for the complex foot
deformity that has poor skin coverage, with poor
blood supply. Gradual correction with the Ilizarov
method yields good results for complex foot deformi-
ties.

INTRODUCTION

Complex foot deformity is one of the most chal-
lenging conditions in orthopaedic surgery. There

are many causes for such deformity, such as trau-
ma, neglected or relapsed clubfoot, poliomyelitis,
osteomyelitis, burn contracture, and neuromuscular
disease. The goal of any complex foot surgery is to
obtain a cosmetically acceptable, functional, pain-
less, and plantigrade foot (14). For cases with
unusually severe deformities, or an untreated or
relapsed clubfoot or a severe post-burn contracture,
conventional reconstructive foot procedures are not
satisfactory for correction (5). Simple deformities
often can be handled with simple techniques but
more complex problems often require more elabo-
rate solutions (15). All these cases have poor soft
tissue coverage, shortening of the foot and a neu-
rovascular disorder. A complex foot deformity can
be described as a foot with multiplanar abnormali-
ties with or without shortening of the foot (7).

Many authors consider the Ilizarov method as
the best choice for the correction of complex foot
deformities because it enables correction in all
three orthogonal planes. It causes minimal surgical
morbidity without shortening of the foot and allows
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the surgeon to tune the rate and direction of the cor-
rection (7, 11, 12). Different methods of osteotomy
were described, such as supramalleolar osteotomy,
U osteotomy of the calcaneus, or midfoot osteoto-
my. These osteotomies can correct the foot defor-
mity in one plane such as equinus, calcaneus, val-
gus, or varus (5). The V osteotomy offers the most
options for correction of complex foot deformity in
different planes. The V osteotomy is actually two
osteotomies, as it consists of two limbs, a posterior
limb and an anterior limb. This osteotomy can
divide the calcaneus into three segments (anterior,
posterior and middle). The posterior segment can
move independently of the rest of the foot to cor-
rect hindfoot varus, valgus, equinus and calcaneus
deformities. It may also be used to lengthen the
hindfoot. The anterior segment can be used for cor-
rections of forefoot equinus, supination, pronation,
adduction and abduction (5).

The purpose of this study was to evaluate the
results of percutaneous V osteotomy of the calca-
neus with the Ilizarov external fixator, for treatment
of complex foot deformity.

PATIENTS AND METHODS

Twenty feet with complex deformity were treated in
15 patients with percutaneous V osteotomy of the calca-
neus and gradual correction by the Ilizarov method.
There were 8 males and 7 females with an average age
of 15.7 years (range : 11 to 40). The aetiologic factors
were neglected or relapsed clubfoot (13 patients) and
poliomyelitis (2 patients). The preoperative assessment
was based on clinical evaluation and imaging studies.
The clinical evaluation consisted of range of motion and
neurovascular assessment. Imaging studies included
plain radiographs, computed tomography (CT), 3D
reconstruction CT, photography and Doppler ultra-
sonography. Percutaneous V osteotomy was carried out
in all patients.

Operative technique :

A small transverse incision (2-3 cm) was made at the
inferior lateral border of the calcaneus. Under the image
intensifier, the midportion of the plantar lateral surface
of the calcaneus was identified. Using a small
osteotome, the posterior osteotomy was started at this
point and directed superiorly, posteriorly and distally to

the dorsum of the cacaneal tuberosity. The anterior
osteotomy was started from the same point on the infe-
rior portion of the plantar surface of the calcaneus
directed superiorly and anteriorly and distally across the
anterior and middle subtalar joint and across the neck of
the talus (fig 1). If there was dislocation of the head of
the talus, there was no need to proceed across the subta-
lar joint and neck of the talus (fig 2). Two wires could be
inserted, one in the anterior segment with the other in the
posterior segment before application of the Ilizarov
frame. With two wires we could assess the osteotomy
under the image intensifier. The frame was constructed
and could mimic the deformity. The frame consisted of
3 parts, the part on the leg, the heel and the forefoot. The
third wire was inserted into the central segment and
could be fixed with the leg part of the frame. To prevent
toe contracture, K-wires were inserted into all toes, and
fixed to the forefoot part of the frame. Soft tissue release
was combined with the V osteotomy in relapsed cases.
Correction was started on the second postoperative day
to prevent premature consolidation. In order to prevent
crushing of the cartilage of the talar dome, the ankle
joint and the heel could be distracted while pulling up
the forefoot. The rate of medial distraction was 1
mm/day, with lateral distraction at a much slower rate of
0.25 mm/day. The articular cartilage of the midfoot
joints was thus protected from compressive forces. The
fixator duration depended on the deformity types. After
correction of the deformity, the frame was removed after
a period equal to one and a half times the period of cor-
rection. Immediately on removal of the apparatus, a
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Fig. 1. — Schematic drawing of osteotomy crossing the subta-
lar joint and the neck of the talus.
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long-term orthosis was used to maintain the correction.
Postoperatively, the patient was evaluated clinically and
radiologically.

RESULTS

The mean follow-up period was 1.8 years
(range : 1 to 4 years). The correction period ranged
from 2 months to 6 months. The mean duration of
fixator application was 9.5 months (range : 5 to
13). At the time of fixator removal, a plantigrade
foot was achieved in 18 cases. Mild residual varus
and equinus deformities were present in two
patients. Average ankle dorsiflexion and plantar
flexion were 10° (range : 7 to 12) and 25° (range :
20 to 28), respectively. At the early follow-up visit
there was pain during walking and standing. In the
last follow-up, there was no pain during activity.
Compared to the preoperative status, gait was
markedly improved. Radiographs showed that the
talocalcaneal angle in the lateral plane ranged from
22° to 28° (mean 24.3°) (fig 3, 4).

Complications were incomplete osteotomy in
3 feet, pin-tract infection in all cases, pin looseness
in 9 patients and mild residual varus deformity in
2 patients. Re-osteotomy was performed in
3 patients. Conservative treatment was done for
pin-tract infection except for 3 patients who need-

ed replacement of the pin. Pin reinsertion was per-
formed for 9 patients who had pin looseness.

DISCUSSION

Complex deformities of the foot and ankle
remain a difficult problem even for the most expe-
rienced surgeon (15). Many techniques are available
to provide correction. All of these procedures have
the potential for a range of complications. The clin-
ician should perform the least invasive procedure
that decreases pain and improves function (10).
When poor soft tissues are present, conventional
open osteotomy is not possible. Scar tissue from
previous surgery can complicate further surgical
correction (13).

The Ilizarov technique has been suggested 
as an option for correction of complex foot 
deformity (3, 4). It is less invasive and allows for
simultaneous correction of all components of the
deformity without resection of bone or shortening
of the foot. Soft tissue viability and function can be
assessed directly and the rate of correction can be
adjusted accordingly (2). There are two different
methods for correction of foot deformities by the
Ilizarov technique, with and without an osteotomy.
In 2002, Hosny (6) reported that 23 foot deformities
were treated by non-osteotomy technique with the
Ilizarov application. The age of the patients ranged
from 2.6 years to 49.0 years. All his patients had a
plantigrade foot. Bradish et al (1) reported on 17
relapsed feet treated with the Ilizarov method with
gradual distraction and realignment. There were
excellent or good results in 13 feet. Lejman et al (9)

reported on 34 recurrent clubfeet treated with the
Ilizarov technique without additional surgery. The
age of the patients ranged from 2.5 years to
14 years. Twenty-six results were rated good, 4 fair
and 4 poor. On the other hand, many authors rec-
ommended a non-osteotomy technique for patients
who had a congruous joint with no significant fixed
bony deformities and for children younger than
8 years of age, as the incidence of the deformity
and recurrence was high in such cases (5, 7).
Herzenberg et al (5) claim that recurrence of defor-
mity is rare in the osteotomy technique, while it is
common in the non-osteotomy technique.
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Fig. 2. — Schematic drawing of osteotomy end at the subtalar
joint.
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In 1993, Paley (12) reported on 25 complex foot
deformities treated by Ilizarov distraction
osteotomies. He used more than one type of
osteotomy, such as supramalleolar, U, V, posterior
calcaneal, talocalcaneal neck, midfoot, and

metatarsal osteotomies. Satisfactory results were
achieved in 22 feet and unsatisfactory outcomes in
three. Kocaoglu et al (7) reported on 14 feet treated
with different methods of osteotomies ; gait was
improved in all patients. Herzenberg et al (5) report-
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Fig. 3. — a and b) Preoperative appearance of the patient, c) Preoperative radiograph, d) Right side in the frame, e) Postoperative radi-
ograph, f and g) After correction of both feet.

a b

c d

e f g



590 H. EL-MOWAFI

ed that in cases with calcaneal deformity with a
normal relationship of the forefoot to the hindfoot,
supramalleolar osteotomy can correct this deformi-
ty. They indicated that U osteotomy is technically
demanding and certain structures are at risk.
Kucukkaya et al (8) reported that 9 feet with neuro-
logic foot deformities were treated by V osteotomy
and the Ilizarov method. A painless and plantigrade
foot was obtained in 8 feet. There were no major
complications. In this study, there was pain in
10 patients in early follow-up, and in the last fol-
low-up there was no pain. This can be explained if
the deformity was severe and the patient could not
walk on his feet. After correction, there was abnor-
mal feeling during standing and walking. Also
there was marked osteoporosis in the foot. After
removal of the frame, the patients underwent a
rehabilitation program. 

Kocaoglu et al (7) and Paley (12) reported that toe
contracture and metatarsophalangeal joint subluxa-
tion were the common complications in their study.
In this study, there were no toe contractures or
metatarsophalangeal joint subluxations. This is
explained by the insertion of K-wires in all toes to
prevent toe contracture during application of the
frame. Percutaneous calcaneal V osteotomy was
particularly useful for those patients who had poor
skin coverage, and it decreased the incidence of the
neurovascular injury. Paley (12) reported the devel-
opment of acute tarsal tunnel syndrome in two
cases treated by U or V osteotomies. Kocaoglu et
al (7) did not observe neurovascular injuries in their
study. Herzenberg et al (5) reported that V osteoto-
my can correct the complex foot deformity even if
the hindfoot and forefoot are not in a normal rela-
tionship.

CONCLUSION

Complex foot deformities of any cause can be
treated with percutaneous calcaneal V osteotomy
with the Ilizarov gradual correction method. The
percutaneous technique is particularly useful for
complex foot deformities with poor skin coverage
and poor blood supply. V osteotomy allows the sur-

geon to correct the severe degrees and combination
of hindfoot, midfoot and forefoot deformities. The
Ilizarov frame helps the surgeon to correct the
deformities in three planes.
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