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Objectives: We evaluated the results of treatment with
the Ilizarov circular external fixator for limb length
inequality and deformities in patients with type IA, IB, and
type II fibular hemimelia.

Methods: Tibial corticotomy and distraction osteogenesis
with the Ilizarov technique were performed in five male
patients (mean age 11.4 years; range 4 to 20 years). According
to the classification of Achterman and Kalamchi, fibular
hemimelia was type IA, IB, and II in three patients, one
patient, and one patient, respectively. Involvement was on the
right in three patients, and on the left in two patients. Two
patients had equinus and one patient had valgus deformities.
No instability existed in the ankle and knee joints. The mean
leg discrepancy was 8.7 cm (range 3 to 16.5 cm), and the mean
lengthening index was 1.6 cm/month (range 1.4 to 2 cm). The
mean follow-up was 33 months (range 15 to 68 months).

Results: On final examinations, full range of motion of
the knee was obtained. A plantigrade foot was achieved in
three feet, while two sustained an equinus deformity of 17
and 15 degrees, respectively. Pin tract infections were
observed in four patients, all of which were treated with
oral antibiotics and dressing. During distraction, three
patients had pain. Two patients had a limited range of
motion of the ankle joint, without instability or subluxa-
tion of the ankle and knee joints. These joint problems
were successfully dealt with by physical exercises.

Conclusion: The Ilizarov technique is a convenient method
in the correction of angular and rotational deformities while
enabling distraction in type I and type II fibular hemimelia.
Key words: Abnormalities, multiple/diagnosis; bone lengthening/
methods; external fixators; fibula/abnormalities/surgery/radiogra-
phy; Ilizarov technique; osteogenesis, distraction.

Amaç: Bu çal›flmada, tip IA, IB ve tip II fibular hemime-
lia saptanan olgularda ekstremite eflitsizli¤i ve deformite-
lerin Ilizarov sirküler eksternal fiksatörü ile tedavi sonuç-
lar› de¤erlendirildi.

Çal›flma plan›: Fibular hemimelia tan›s› konan befl erkek
hastaya (ort. yafl 11.4; da¤›l›m 4-20) Ilizarov tekni¤i ile ti-
biofibular osteotomi ve distraksiyon osteogenezisi uygu-
land›. Achterman ve Kalamchi s›n›fland›rmas›na göre, üç
hastada tip IA, birinde tip IB, birinde de tip II fibular he-
mimelia vard›. Üç olguda sa¤, iki olguda sol fibula tutu-
lumu saptand›. ‹ki olguda ekin deformitesi, bir olguda da
valgus deformitesi vard›. Ayak bile¤i ve diz ekleminde
instabilite gözlenmedi. Olgularda ortalama k›sal›k 8.7 cm
(da¤›l›m 3-16.5 cm), uzatma indeksi ise ayda ortalama 1.6
cm (da¤›l›m 1.4-2 cm) idi. Ortalama izlem süresi 33 ay
(da¤›l›m 15-68 ay) idi.

Sonuçlar: Son takiplerde tüm hastalarda diz hareketle-
rinin tam oldu¤u görüldü. Ayaklardan üçü plantgrad idi;
birinde 17, di¤erinde ise 15 derece ekin deformitesi kal-
d›. Komplikasyon olarak, dört olguda çivi dibi enfeksi-
yonu gözlendi ve oral antibiyotiklerle tedavi edildi. Üç
olguda distraksiyon s›ras›nda a¤r›, ikisinde ayak bile¤i
ekleminde hareket k›s›tl›¤› gözlendi. Fakat diz ve ayak
bile¤inde instabilite ve subluksasyon yoktu. Her iki ol-
guya ait eklem sorunu da fizik egzersizlerle normale
döndü. 

Ç›kar›mlar: Tip I ve tip II fibular hemimelial› hastalarda
aç›sal ve rotasyonel düzeltme ve uzatma tedavisinde Iliza-
rov tekni¤inin seçkin bir yöntem oldu¤u görüldü.
Anahtar sözcükler: Anormallik, multipl/tan›/rehabilitasyon; ke-
mik uzatma/yöntem; eksternal fiksatör; fibula/anormallik/cerra-
hi/radyografi; Ilizarov tekni¤i; osteogenesis, distraksiyon.
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Fibular hemimelia is a congenital condition
characterized with the partial or complete absence
of the fibula. It may occur only from fibular short-
ness or it may be accompanied by absences of the
femur, tibia, ankle and foot as well.[1,2] Achterman
and Kalamchi[3] classified this condition according
to the radiographic findings. Its clinical presenta-
tion frequently includes limb-length discrepancy,
anteromedial bending in tibia, valgus deformity of
the knee, hypoplasia of the lateral femoral condyle,
equinovalgus deformity of the foot, and instability
of the ankle.

The objective of the treatment for such cases is
to gain a normal limb length, weight bearing, walk-
ing and gait pattern. Treatment for type I mild cases
includes lengthening by shoe (lift), walking pros-
thesis, epiphysiodesis or limb lengthening proce-
dures and correction of foot deformities. However,
treatment for advanced deformities is controversial.
Many researchers support early amputation and
rehabilitation by prosthesis of the foot.[4,5] The
advantages of the amputation treatment are single
operation, shorter hospital stay, quick walking,
limb-length equalization, faster return to daily
activities because of better compliance while the
disadvantages include irreversibility, necessity to
replace the prosthesis periodically, and lack of nor-
mal sense and proprioceptive stimulation. 

Limb lengthening by the Ilizarov technique is an
alternative to the treatment by amputation. By this
method, extremity is retained, and the foot and
ankle deformities are managed by correction
surgery combined with lengthening.[6-9] However,
the disadvantages include necessity for multi-oper-
ations, achievement of lengthening in 2-3 phases,
longer hospital stay and psychosocial pressure
imposed on the family and the patient during the
rehabilitation. Furthermore, sometimes, desired

functional and cosmetic outcomes cannot be
achieved by this method, and amputation may be
required. 

The present study evaluated the results of treat-
ment for limb length discrepancy and deformities
by the Ilizarov circular external fixator in cases with
type IA, IB and type II fibular hemimelia.

Patients and method

Five male patients (mean age 11.4 years; range 4
to 20 years), who had radiographic diagnosis for
fibular hemimelia, underwent tibiofibular osteotomy
and distraction osteogenesis by the Ilizarov tech-
nique between August 1995 and July 2002. Types of
fibular hemimelia were as follows; IA in three
patients, type IB and type II in remaining patients
according to the Achterman and Kalamchi classifi-
cation. The involvement was in the right in three
cases, and in the left fibula in two cases. Mean short-
ness was 8.7 cm (range 3 to 16.5 cm), and mean
lengthening index was 1.6 cm (range 1.4 to2 cm) per
month (Table 1). 

Previously prepared apparatus was applied onto
the leg by 1.5 mm K-wires in accordance with the
Ilizarov technique. The lengthening was carried out
using corticomy and monofocal Ilizarov apparatus
and system in all patients. Standard system was
modified for angular and rotational corrections. A
foot ring was used in two patients to prevent con-
tracture and correct the foot deformities. 

Distraction was initiated at a speed of 3x1/4mm
from the motor unity four times a day, five days after
the operation in all patients. It was changed to _ mm
four times a day by mounting the distraction rods
following the correction of the deformity.
Distraction was temporarily discontinued if knee
contracture and paresthesia developed (3-5

Table 1. Evaluation of cases

No Age Sex Type Region/side with  / deformity Deformity plane(°) Shortness (cm)
Sagittal Frontal Oblique

1 23 E II 1/3 Distal tibia/left 35 20 41 16
2 16 E IB 1/3 Proximal tibia/right 35 31 47 16.5
3 4 E IA 1/3 Distal tibia/left – 15 – 3
4 4 E IA 1/3 Proximal tibia/left 36 – – 3.5
5 13 E IA 1/3 Proximal tibia/right – – – 4.5



Acta Orthop Traumatol Turc48

days/month). Patients received psychological sup-
port from the psychologists throughout the treat-
ment. 

In cases with foot rings, foot component of the
apparatus was removed after the lengthening in
order to make the ankle move. In one case, the

extremity was immobilized by long-leg circular
casting for a period of three weeks after the removal
of the apparatus. And two patients were allowed to
walk by a protective bracket for a period of two
weeks upon removing the apparatus. Mean follow-
up period was 33 months (range 15 to 68 months).

(a) (b) (c)

Figure 1. Preoperative (a) clinical presentation, (b) anteroposterior and (c) lateral graphs of the patient with a shortness 
of 16 cm in his foot.

Figure 2. Correction and distraction of the deformity by fixator. Clinical presentations at the (a) month first and
(b) month 4 by anteroposterior and lateral views.

(a) (b)
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Case sample: Upper extremity radiograph taken
at the first presentation (when he was 17 years old)
of a twenty-year old male patient revealed a short-
ness of 16 cm in the left tibia and equinovalgus
deformity in the foot (Figure 1ac). And oblique
plane deformity was demonstrated in the 1/3 distal
region of the tibia by upper extremity
orthoroentgenography. 

Radiographs of the left tibia were taken from 110
cm to define the angular values and true value of the
deformity. As a result, it was found that there were
20, 35, and 41 degrees of deformity in the frontal,
sagittal and oblique planes, respectively. During the
preoperative planning, a circular external fixator
was prepared for simultaneous removal of the short-
ness and deformity of the tibia and foot. For length-
ening, the osteotomy was performed through the
proximal methaphyseal region of the tibia while it
was performed through deformity apex of the

oblique plane to correct the deformity. The tibial
component of the circular external fixator apparatus
was so prepared that there would be a full ring each
at the proximal and distal of both osteotomy lines.
For deformity of the foot, a foot component was pre-
pared forming a calcaneal level by a semicircular
ring and two posts attached to the ring in the fore-
foot. 

The foot component was combined with the tib-
ial component as to perform deformity correction
without restriction (without hinges). Four Kirschner
wires were properly inserted from the proximal ring
of the tibia while two Kirschner wires from each
medial and distal rings and calcaneus and forefoot.
Two of the K wires inserted from the proximal ring
were fixed to the ring by means of one-hole posts,
providing two levels at the proximal of the osteoto-
my line. The operation plan included lengthening by
proximal osteotomy; deformity correction and

(a) (b)

Figure 3. (a) Plain anteroposterior and (b) lateral graphs at postoperative month 15. 
(c) Lateral graph at month eight (first operation).

(c)
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lengthening by distal osteotomy; and deformity cor-
rection (without any osteotomy and restricton) for
foot deformity. By this apparatus, complete correc-
tion of 12 cm lengthening and tibial deformity was
achieved (Figure 2a, b). For foot deformity, correc-
tion was achieved, foot being fixed 15 degrees to the
equinus. Following the lengthening and correction,
callus formation was followed up at the distraction
site by plain radiographs every month. The appara-
tus was removed five months later as the callus for-
mation seemed efficient (Figure 3a, b). Three
months later, angulation (27 degrees sagittal plane)
was observed in the distraction site of the tibial
proximal since efficient and qualified formation of
the callus couldn’t be qualitatively assessed by plain
radiography (Figure 3c). Twelve months later, a sec-
ond operation was planned to correct the deformity
of the sagittal plane and lengthen the 4 cm shortness.
The tibial component consisting of one in the proxi-
mal and two full rings in the distal of the tibial defor-
mity was properly combined with the foot compo-
nent consisting of a calcaneal ring and forefoot ring
(semicircular ring). We retained the foot in order to

maintain the foot corrections achieved during the
first operation. Four K-wires were inserted from the
proximal ring of the tibia to provide two levels while
two from each level were inserted. Osteotomy was
applied from the deformity apex, and connected to
the deformity correction and distraction (Figure 4a,
b) After the evidence of efficient callus formation in
the distraction site by plain radiographs, computed
tomography was taken for qualitative assessment.
The apparatus was removed at month 9 following
the evidence of efficient and qualified callus forma-
tion (Figure 5). Extremity equalization was achieved
in the patient, and a plantigrade foot was produced
by means of orthesis. 

Results

During follow-up examinations, formation of a
usable leg, pre- and post-operative motion ranges
of the knee and ankles, pre- and post-operative
positions of the foot were evaluated. Tibial and
femoral length discrepancies and degrees of the
angular deformity were followed by the antero-
posterior and lateral radiographs of the leg and

Figure 4. (a) Anteroposterior and (b) lateral views of the second fixator application.

(a) (b)



orthoroentgenogram of both lower extremities.
Radiographs were taken at a two-week interval
throughout the lengthening while it was monthly
during the consolidation period. The lengthening
and angular correction rates were followed. 

Preoperative motions of the ankle were normal
in three patients, and restricted in two patients.
Three of the feet were plantigrade and two were
equinus. One patient had radiographic abnormal
talar configuration and tibio-talar contact area and
ankle pain. Final examination showed full motion
range of the knee in all patients. Three of the feet
were plantigrade; one retained with 17 and the
other with 15 degrees of equinus deformity. 

Four cases had pin tract infection as complica-
tion, which was treated by oral antibiotics. During
distraction, pain was observed in three, and
restricted motion of the ankle joint in two patients.
However, no instability and subluxation was found
in the knee and ankle joint. The joint problem in
two cases returned to normal by physical exercises.
In one case (case 3), two broken K-wires were
replaced (Table 2).

Discussion

Shortness of the extremity, deformity and mal-
formations of the foot are common as a result of con-
genital defect of the fibula. Expected outcomes of
the treatment are as follow; managing shortness,
correcting angulations and achieving a plantigrade
foot. For patients who has shortness over 7.5 cm and
malformed foot, and who are nonplantigrade, pros-

thesis is applied at first using Syme or Boyd ampu-
tations. Although this method has positive aspects
like achieving outcome in a shorter period of time,
shorter hospital stay and easy patient compliance, it
is irreversible.[10] Numerous studies used Syme or
other amputations for treatment.[10-12] Even tough we
recommended amputation to the patients with type
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Table 2. Treatment outcomes 

No Type Follow-up Amount of Index of Complications

period(month) lengthening (cm) lengthening(cm/ay)

1 II 68 16 1.5 Pain during distraction,

Limited motion of ankle

15 degrees of equinus deformity 

2 IB 40 16.5 2.0 Pain during distraction,

Limited motion of ankle

17 degrees of equinus deformity

3 IA 22 3 1.4 Broken K-wire

Pin tract infection

4 IB 15 3.5 1.5 Pin tract infection

5 IA 20 4.5 1.5 Pain during distraction

Mild pin tract infection

Figure 5. After the removal of the apparatus, anteropos-
terior and lateral graphs at month three (second
operation).
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IB and type II fibular hemimelial due to their exces-
sive shortness and foot malformations, they rejected
amputation and preferred to undergo treatment by
reconstruction and distraction using the Illizarov cir-
cular external fixator. 

Although lengthening by the Ilizarov technique
accompanied with correction is considered an alter-
native to the amputation, it should be preferred in
shortness less than 5 cm, and in patients with normal
or relatively normal plantigrade foot (than can be
passively plantigrade). It should be kept in mind that
this technique has a higher morbidity, and it requires
repeated surgeries.[13-15]

Choi et al.[13] indicated that in patients with 7 cm
or less shortness or who requires lengthening less
than 15%, lengthening can be performed by the
Wagner technique, otherwise the outcome could be
poor. We achieved extremity equalization in two
cases with shortness of 16 and 16.5 cm by repeated
lengthening and deformity correction operations.
However, temporary psychological problems such
as anxiety, unhappiness and desperation were
observed in patients and their relatives. Those
patients received psychological support from the
psychologists. 

Some researchers suggested implementation of
lengthening only in carefully selected cases.[5,15-17]

Dutoit et al.[11] reported that they had various prob-
lems in 22 of 26 patients who underwent lengthen-
ing due to fibular hemimelia; 20 patients had late
period problems of shoe wearing and weight bear-
ing. However, several studies reported good out-
come with repeated lengthening.[8,9,18,19] Miller et al.[18]

reported no serious complication and late period
amputation in 12 cases who underwent lengthening
by the Ilizarov technique. Jawish and Carlioz stated
foot correction in 60% of patients by lengthening.[8]

McCarthy et al.[19] achieved normal limb length and
gait in most of their patients by lengthening using
the Ilizarov technique, and reported minimal pain
and good activity.   Unfortunately, in all of the above
mentioned studies good outcomes were achieved
accompanied with potential problems and complica-
tions to some extent.

In the treatment for fibular hemimelia by the
Ilizarov technique, extreme shortness is managed,
and angular, rotational and foot deformities are cor-

rected. In the present study, we achieved lengthening
and angular correction in two patients; lengthening,
angular and foot deformity correction in two
patients; and only lengthening in one patient. A
plantigrade foot was achieved in one patient. 

However, in addition to the above-mentioned
problems, some other complications may occur by
the Ilizarov technique. Knee flexion contracture
requiring aggressive physiotherapy may develop.
Pin tract infections, although manageable by oral
antibiotics, have a risk for osteomyelitis. One signif-
icant complication is the premature consolidation
and frequently appearance of angulation in the new
(regenerated) bone area resulting from the early
removal of the apparatus. The radiographic image of
the new bone should be carefully evaluated. If nec-
essary, computed tomography should be used for
assessing the maturation and density of the newly
generated bone.[17]

Concomitant presence of congenital fibular
shortness with crucial ligament defects is a relative
contraindication in the Ilizarov technique.[4] No post-
operative subluxation was observed in one of our
cases in spite of the presence of preoperative knee
instability. 

In conclusion, angular and rotational corrections
are also done while performing lengthening by the
Ilizarov technique for the treatment of fibular
hemimelia. Even extreme shortness can be managed
by this technique, repeated surgery and distractions.
However, patients and their relatives should be suf-
ficiently informed about the potential problems,
complications and requirement for repeated surgery
and longer duration of the treatment period. Even
tough new studies are required in order to minimize
the potential complications; the Ilizarov technique is
a convenient method for lengthening and correction
in the treatment for fibular hemimelia. 
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