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ABSTRACT
INTRODUCTION: The treatment of patients with severe (aplasia) congenital fibular hemimelia (CFH) remains a major 
clinical challenge. In many cases, these patients are offered amputation or receive no medical attention at all. This article 
aims to demonstrate the effectiveness of our approach using the Ilizarov method in patients with CFH, based on clinical 
and radiographic findings as well as contemporary scoring systems and questionnaires.
CLINICAL CASE DESCRIPTION: An analysis was conducted of the treatment of a child with severe CFH (fibular aplasia), 
considering clinical and radiological data along with modern assessment criteria and scoring systems. Due to a 10 cm shortening 
of the affected limb, the child’s family was offered only amputation by local specialists. We performed bifocal lengthening 
and deformity correction of the right lower leg and foot using the Ilizarov apparatus. The evaluation criteria for the tibial 
lengthening stage included the external fixation index, the amount of lengthening (cm, %), the results according to the Lascombes 
classification, and the scoring system of the Association for the Study and Application of the Method of Ilizarov. Ambulatory 
function was assessed using the Gillette questionnaire. Functional outcome was also evaluated according to the Association 
for the Study and Application of the Method of Ilizarov score. This method enabled safe and reliable lengthening, reconstruction, 
and preservation of the affected limb as an alternative to amputation. Long-term follow-up confirmed the stability of the treatment 
outcome.
CONCLUSION: The outcome of treating a child with severe CFH demonstrated the high effectiveness of our approach, which 
should be considered a treatment option in similar cases.
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Метод Илизарова при лечении ребёнка 
с врождённой гемимелией малоберцовой кости 
тяжёлой степени
Ш.А. Имомов, С.С. Леончук, А.Н. Воробьёва
Национальный медицинский исследовательский центр травматологии и ортопедии имени академика Г.А. Илизарова, Курган, Россия 

АННОТАЦИЯ
Обоснование. Лечение пациентов с врождённой гемимелией малоберцовой кости (врождённой малоберцовой геми-
мелией, ВМГ) тяжёлой степени (аплазией) на сегодняшний день является сложной задачей. Нередко таким пациентам 
предлагается выполнение ампутации или они вовсе остаются без внимания. В данной статье поставлена цель пока-
зать эффективность нашего подхода с применением метода Илизарова при лечении пациентов с ВМГ как по резуль-
татам клинико-рентгенологического исследования, так и согласно данным современных балльно-оценочных шкал 
и опросников.
Описание клинического случая. Проведён анализ лечения ребёнка с ВМГ тяжёлой степени (аплазия) с учётом кли-
нико-рентгенологической картины, а также современных критериев и оценочных шкал. Ввиду укорочения больной 
конечности на 10 см семье данного ребёнка по месту жительства предлагали лишь ампутацию. Нами проведены опе-
ративное билокальное удлинение и коррекция деформации правой голени и стопы с использованием аппарата Или-
зарова. Критериями оценки этапа удлинения голени являлись индекс внешнего остеосинтеза, величина удлинения 
(см, %), результаты по классификации P. Lascombes и шкале Ассоциации по изучению и применению метода Илизаро-
ва. Способность ходьбы у ребёнка исследовали с использованием опросника Gillette. Функциональный результат оце-
нивали согласно шкале Ассоциации по изучению и применению метода Илизарова. Данный метод позволил безопасно 
и надёжно удлинить, реконструировать и сохранить больную конечность пациента вместо ампутации. В отдалённом 
периоде наблюдения результат лечения сохранялся.
Заключение. Результат лечения ребёнка с ВМГ тяжёлой степени показал высокую эффективность нашего подхода, 
который рекомендуется рассматривать как вариант лечения в подобных случаях.

Ключевые слова: клинический случай; гемимелия малоберцовой кости; удлинение конечности; хирургия стопы; 
Илизаров.
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INTRODUCTION
According to data from colleagues at the H. Turner National 

Medical Research Center for Children’s Orthopedics and Trauma 
Surgery, the incidence of congenital musculoskeletal anomalies 
in Saint Petersburg was 2.7 cases per 1000 live births [1]. Fibular 
hemimelia is a congenital condition characterized by partial or 
complete absence of the fibula. Congenital fibular hemimelia 
(CFH) occurs in approximately 1 in 50,000 newborns [2]. 
The etiology of this developmental anomaly remains unknown. 
The condition manifests as valgus deformity and instability 
of the knee joint, shortening and deformity of the tibia, tarsal 
coalition, and hypoplasia and deformity of the foot and ankle 
joint [3, 4]. In this anomaly, the cruciate ligaments may be 
hypoplastic or aplastic, leading to anterior and posterior 
instability of the knee joint [5]. It is important to note that 
in addition to a range of orthopedic abnormalities, patients 
with this condition often present with neuropsychiatric 
disorders [6], and their parents face significant financial 
burdens. In the mid-20th century, Ilizarov developed a method 
and proprietary apparatus for surgical limb lengthening 
and deformity correction, which has proven effective 
in addressing complex limb orthopedic challenges [7–10].

Currently, the surgical treatment of children with CFH 
remains a significant challenge. Children with this congenital 
condition often undergo multistage surgical treatment 
(including limb amputation in some cases [11, 12]) or may not 
receive adequate medical attention at all [2, 3, 13–14]. In severe 
cases of CFH, treatment strategy becomes a matter of clinical 
decision-making: whether to perform limb reconstruction 
and lengthening or opt for amputation [2, 11, 12, 15]. 

In our opinion and that of several other authors, 
staged lengthening of the affected limb in CFH, combined 
with reconstruction of the foot and ankle joint, results 
in equalization of the lower limb lengths and yields 
a stable, painless, and functional foot [2, 4, 13, 14, 16]. Early 
reconstructive orthopedic treatment should begin between 16 
and 24 months of age, whereas the initial limb lengthening 
stage is recommended between the ages of 4 and 6 years [13]. 
For patients in whom the planned lengthening exceeds 
30% of the original segment length, bifocal lengthening 
with fixation of adjacent joints is recommended.

To date, only a few publications describing the surgical 
treatment of children with CFH are available in the Russian 
Science Citation Index [13, 17, 18]. The aim of the present 
study is to demonstrate the effectiveness of our approach 
to comprehensive orthopedic management of a child with severe 
fibular hemimelia (aplasia) involving multilevel deformities, 
using the Ilizarov method and modern evaluation criteria.

CASE DESCRIPTION
A 10-year-old child was admitted to the 6th Department 

of Trauma and Orthopedic Surgery at the National Medical 
Research Centre for Traumatology and Orthopedics named 
after academician G.A. Ilizarov with complaints of complete 
non-weight-bearing capacity of the right lower limb, right 
foot deformity, and difficulty with independent mobility. Since 
birth, the child had received only conservative treatment 
and was advised to use complex orthopedic footwear 
with an insole to compensate the limb shortening. However, 
due to the progressive nature of the orthopedic impairments 
(limb shortening and foot deformity), the patient lost 
the ability to walk independently and developed excess body 
weight. The family was advised to consider limb amputation 
and prosthetic fitting, whereas reconstructive orthopedic 
treatment was denied.

Physical Examination and Investigations
The patient underwent a comprehensive assessment, 

including clinical and radiographic evaluation. Functional 
activity was assessed using the Gillette questionnaire [19], 
along with evaluation of pain, satisfaction with limb function, 
and esthetic appearance. The patient exhibited a marked 
shortening (10 cm) of the right lower limb (Fig. 1). A fibrous 
remnant of the fibula was palpable, and radiographs revealed 
complete absence of the fibula, as well as tarsal coalition, 
and multicomponent deformity of the right foot: equinus 
of 110°, arch angle of 145°, hindfoot valgus of 20°, and forefoot 
abduction of 35° (see Fig. 1). The patient was only able 
to move independently within a 5-meter room using crutches 
or by crawling, bearing weight on the left lower limb. Due 
to the pronounced shortening, weight-bearing on the right 
lower limb was not possible. Fibular hemimelia was classified 

Fig. 1. Photographs (a) and radiographs (b) of the lower limbs before treatment.
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as type II according to Achterman and Kalamchi [20], 
type 2 according to Aranovich [21], and type 3C according 
to the classification by Paley [4]. Laboratory results, including 
blood and urine tests, were within normal limits.

Treatment
The child’s parents were offered a treatment plan involving 

bifocal lengthening and deformity correction of the tibia 
(Fig. 2) and right foot using the Ilizarov method.

During a single surgical session, the following orthopedic 
procedures were performed: percutaneous Z-shaped Achilles 
tenotomy; lengthening of the fibular muscle tendons; 
visualization and resection of the fibrous-cartilaginous 
remnant of the fibula; corrective osteotomy (resection) 
of the talocalcaneal coalition; bifocal tibial corticotomy; 
osteosynthesis of the right femur, tibia, and foot with Ilizarov 
fixation, including Kirschner wire fixation of the toes 
to prevent flexion contracture during correction. In the distal 

third of the right femur, two crossed wires (d = 1.8 mm) were 
placed 1 cm proximal to the patella; in the mid-thigh, one 
wire and one screw-pin (d = 5 mm) were inserted. Three 
wires and one screw-pin were used at the proximal third 
of the right tibia, one wire and one screw-pin of the same 
diameter were used in the mid-tibia, and three wires were 
used in the distal tibia. All wires and pins were fixed to rings 
and tensioned (Fig. 3). Three wires were placed across 
the right forefoot, two of which had lateral buttress pads. 
In the calcaneus, two wires with pads and two cantilever 
wires were inserted laterally. Foot wires were secured 
and tensioned in half-rings. The Ilizarov apparatus consisted 
of two rings on the femur, three on the tibia, one half-ring 
on the forefoot, and one half-ring on the hindfoot (Fig. 3, a, b). 
Corticotomies were then performed in the proximal and distal 
thirds of the tibia (Fig. 3, c). Intraoperatively, partial correction 
of the right foot deformity was achieved using the Ilizarov 
apparatus.

Right tibial lengthening and foot deformity correction 
with the apparatus began on postoperative day 5 and were 
performed simultaneously. Radiographic examinations 
of the affected limb were conducted every 10 days. After 
achieving 7 cm of tibial lengthening (slightly over 30% 
of the original limb length), the patient was prescribed 
oral muscle relaxants to reduce soft tissue resistance 
to distraction forces. Distraction was paused on weekends 
to allow soft tissue adaptation to segmental length changes.

Bifocal lengthening of the right tibia was achieved to fully 
compensate for the shortening. The tibial lengthening phase 
lasted 65 days, and gradual correction of the foot deformity 
took 19 days. Throughout the distraction and correction 
phases, the patient was monitored daily in our department 
by a rehabilitation physician and a physical therapy instructor. 
Weight-bearing on the operated limb began on postoperative 
day 3. A custom-made footplate compensating for the leg 
length shortening was used along with crutches. After tibial 

Fig. 2. Diagram of bifocal distraction regenerate formation in the tibia 
using the Ilizarov method.

Fig. 3. Treatment process: a, formation of distraction regenerate in the proximal and distal thirds of the tibia using the Ilizarov apparatus (radiograph); 
b, photograph of the lower limb in the Ilizarov apparatus; c, radiographs of the right lower limb during transosseous osteosynthesis with the Ilizarov 
apparatus.
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lengthening and foot deformity correction, the patient was able 
to bear weight more comfortably on the operated limb. During 
the fixation phase, the patient was followed on an outpatient 
basis with regular check-ups at our clinic. The Ilizarov 
apparatus was removed after tibial bone consolidation 
(defined as the presence of three out of four cortical layers 
in each lengthened zone). The fixation phase lasted 132 days; 
total time in the Ilizarov apparatus was 197 days. The external 
fixation index (number of days of distraction and Ilizarov 
apparatus fixation divided by the number of centimeters 
lengthened) was 19.7 days/cm. No complications were 
observed during treatment with the Ilizarov apparatus (such 
as soft tissue inflammation around the wounds or wires, wire 
breakage, or premature or delayed bone consolidation). 

After removal of the Ilizarov apparatus (Fig. 4), the right 
lower limb was temporarily immobilized with a plaster splint 
for two weeks to allow a gradual transition to full weight-
bearing without external transosseous fixation and to facilitate 
the patient’s psychological adaptation. The patient was 
permitted to walk with progressively increasing load 
on the operated limb, up to full weight-bearing without assistive 
devices. After removal of the plaster splint, the patient 
received rehabilitation treatment at the place of residence, 
which included physiotherapy, massage, and therapeutic 
exercises targeting the knee and ankle joints. For walking, 
a custom-made orthopedic insole was used, and at night, 
an ankle-foot orthosis was worn.

Follow-up and Outcomes
The Ilizarov method used for this patient enabled safe 

and reliable limb lengthening, reconstruction, and preservation, 
instead of amputation. Three years after the treatment, 
the patient was satisfied with the outcome and was walking 
independently in orthopedic footwear with a custom insole 
(Fig. 5). A valgus deviation of the hindfoot up to 10–12° was 
noted. Full range of motion was preserved in the knee joint, 
and ankle joint mobility was measured at 25° (compared 
to 10° preoperatively).

Fig. 4. Radiographs of the right tibia in anteroposterior and lateral views 
after Ilizarov apparatus removal.

Fig. 5. Photographs (a) and radiographs (b) of the right tibia and foot 
three years after the treatment.
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The evaluation criteria for the tibial lengthening stage 
included the external fixation index, amount of lengthening 
(cm, %), the Lascombes classification [22], and the Association 
for the Study and Application of the Method of Ilizarov 
(ASAMI) score [23]. Functional outcome was assessed using 
the ASAMI criteria and the Gillette questionnaire. The total 
lengthening achieved was 10 cm, corresponding to 43.4% 
of the original tibial length. According to the Lascombes 
classification, the result of lengthening was categorized 
as grade I. The bone lengthening was rated as “excellent” 
by the ASAMI score, and the overall functional outcome was 
rated as “good.”

According to the Gillette questionnaire, the patient’s level 
of functional mobility improved from level 3 preoperatively 
to level 9 postoperatively.

Given the patient’s and family’s complete satisfaction 
with limb function at follow-up, a joint decision was made 
to refrain from stabilizing surgery on the foot.

DISCUSSION
Surgical treatment of children with CFH, especially 

in severe cases, remains a challenging task. In Russia, such 
patients are typically referred to specialized institutions 
practicing transosseous osteosynthesis using the Ilizarov 
method, or may not receive adequate medical attention 
and are often offered amputation instead [3, 13]. 

Treatment of children with this condition must be 
individualized and staged, depending on the degree 
of deformity and shortening of the femur, tibia, and foot. 
In Russia, families of such patients are generally reluctant 
to accept the strategy of amputation, which is more common 
in North America [12]. The introduction of the Ilizarov 
technique has transformed the approach to managing patients 
with CFH [23]. In their article, Birch et al. [11] reported no 
functional or psychological advantages in children who 
underwent amputation compared to those who received 
staged reconstructive orthopedic treatment. We support 
the view that amputation should be considered only as a last 
resort, when limb preservation through safe and reliable 
lengthening and deformity correction is not possible. 
At the same time, Russian scientific sources contains only 
a limited number of reports on surgical orthopedic treatment 
of children with CFH [13, 17, 18].

For patients with this congenital limb deficiency, 
reconstructive orthopedic treatment should be 
the first-line approach. It aims to restore proper alignment 
and weight-bearing capacity, equalize lower limbs' 
length, preserve ankle function, and enable verticalization 
and independent walking with orthotic support [4, 13, 16].

In classical limb lengthening, the distraction rate is 1 mm 
per day (0.25 mm per rod turn, four times a day), whereas 
in bifocal lengthening it ranges from 1.5 to 2 mm per day [8]. 
In our case, the limb shortening measured 10 cm, corresponding 
to 43.4% of the original tibial length. This indicated the need 

for bifocal lengthening with knee and ankle joint fixation 
to prevent flexion contractures and joint subluxations. 
Importantly, despite the 10 cm length gain, no neurological 
complications (such as nerve traction injuries) were observed, 
although such risks are reported by other authors [24].

According to Launay et al., the risk of fracture 
in the regenerate zone may be high if the lengthening 
exceeds 15% of the segment’s original size [25]. Ghaly 
et al. reported delayed consolidation and loss of tibial 
lengthening results in 17% of cases [26]. In our case, no such 
complications occurred. The Ilizarov apparatus was removed 
after radiographic visualization of three out of four cortical 
walls in both frontal and lateral views, and after performing 
a clinical test that involved loosening the rods connecting 
the ring supports in the regenerate zone. It is also worth 
noting that the patient performed daily weight-bearing 
on the operated limb throughout the treatment period.

Use of the Ilizarov method for limb lengthening requires 
time. According to the scientific sources, the period of external 
fixation (external fixation index) ranges from 22.9 days/cm 
to 62.8 days/cm [13, 23, 27–29]. In our case, the external 
fixation index was 19.9 days/cm, which is comparable 
to the most successful limb lengthening reports by other 
authors. This outcome can be attributed to the patient’s 
age (active growth phase), strict adherence to the Ilizarov 
method, and the absence of severe tibial deformity.

Complications associated with transosseous 
osteosynthesis and external fixation (such as vascular 
and nerve injury, soft tissue inflammation around the wires, 
joint contractures/stiffness, and dislocations or subluxations 
in adjacent joints) have been reported by many 
authors [23, 30–33]. The rate of these complications was 
up to 82%. In the present case, we fully adhered 
to the principles of the transosseous osteosynthesis method, 
which helped avoid complications that could have adversely 
affected the treatment outcome. Moreover, creating a soft 
tissue reserve around wire insertion sites near the joints, 
providing regular supervision, instructing the patient on proper 
care of the external fixator, and timely dressing changes 
helped prevent infectious complications at fixation points. 
No complications involving direct vascular or nerve injury 
caused by wires were observed either during surgery or 
after removal of the Ilizarov apparatus.

In our opinion, the classification by Lascombes [22] 
is very practical for evaluating limb lengthening outcomes 
with external fixation. It includes key parameters: whether 
additional surgeries under general anesthesia were required, 
whether the planned lengthening was achieved, whether 
the fixation duration was adequate, and whether limb function 
was preserved or impaired post-lengthening. The ASAMI 
scale is also convenient for analyzing both the process 
and outcome of lengthening. It reflects the functional status 
of the operated limb and the quality of the lengthening 
stage, including residual shortening, deformity, presence 
of infection, and soft tissue hypotrophy [23].
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CONCLUSION
The approach using the Ilizarov method for the treatment 

of a patient with CFH demonstrated high effectiveness, 
as confirmed by clinical and radiological findings as well 
as modern scoring systems and questionnaires. This approach 
is recommended as a treatment option in similar cases.
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