CASE REPORT Vol. 31 (3) 2025 Russian Medicine

DOI: https://doi.org/10.17816/medjrf642567 EDN: AIQUVN .

Ilizarov Method in the Treatment of a Child Cheokizg
With Severe Congenital Fibular Hemimelia

Shokhbek A. Imomov, Sergey S. Leonchuk, Alena N. Vorobyeva

National Medical Research Centre for Traumatology and Orthopedics named after academician G.A. Ilizarov, Kurgan, Russia

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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Metop UnusapoBa npu nevyeHum pebeéHka
C BPOXKAEHHON reMuMenuen ManobepLLoBo KOCTH
TAXKENION CTeneHu

LLI.A. Umomos, C.C. JTeoHuyk, A.H. BopobbéBa

HaumoHanbHbIM MeaWUMHCKUIA UCCies0BaTeNbCKUIA LLEEHTP TpaBMaTosorn 1 optoneauy uMenn akagemmka I.A. Minusaposa, KypraH, Poccus

AHHOTALMUA

06ocHoBaHue. JleueHue NaLMEHTOB C BPOXAEHHON reMUMenueit ManobepLoBoii KOCTH (BPOXAEHHON ManobepLoBoil reMu-
Menuei, BMI) Taxénon ctenenn (annasmeit) Ha CerogHALIHUIA AeHb ABNSETCA C0XHOM 3afadeit. HepelKo TakuMM nauyeHTaMm
npeanaraeTcs BbIMNOJHEHUE aMMyTaUMM UM OHK BOBCE ocTalTcA 6e3 BHUMaHuA. B gaHHOM cTaTbe nocTaBnieHa Lenb MoKa-
3aTb 3QdEKTMBHOCTL HalLero NoAxoAa ¢ NpUMeHeHeM MeToaa Mnusaposa npu NeyeHnn naumeHToB ¢ BMI Kak no pesynb-
TaTaM KJIMHWUKO-PEHTIEHONIOMMYECKOr0 MCCel0BaHMsA, TaK U COMNAcHO AaHHbIM COBPEMEHHbBIX 6anibHO-0LEHOYHBIX LUKan
W OMPOCHMKOB.

OnucaHue KIMHMYeckoro ciyyas. [poBeaéH aHanus neyeHns pebénka ¢ BMI Taxénoi cteneHn (annasus) ¢ y4ETOM Km-
HWUKO-PEHTTEHONIOMMYECKOW KapTWHBI, @ TaKIKe COBPEMEHHBIX KPUTEPUEB W OLEHOYHBIX LUKan. Beuay ykopoueHus 6onbHon
KoHeyHocTu Ha 10 cM ceMbe AaHHOro pebEHKa No MecTy XMTeNbCTBa Npeaiarany NuLb aMmnyTauuio. Hamu npoBefieHb! one-
paTUBHOE BUNOKaNbHOE YAJIMHEHME W KoppeKuus aedopMaLy NpaBoii roieHn U CTombl C MCMOMb30BaHWEM annapata Wnu-
3apoBa. KputepusiMM OLLEHKM 3Tana YAJIMHEHUS TONeHN ABNANMCh MHAEKC BHELUHEro OCTEOCMHTE3a, BESIMUMHA YANMHEHUS
(cM, %), pesynbTaThl no Knaccudmkaumm P. Lascombes v Wwkane Accoumaumm no nsy4eHuto U npuMeHeHuio MeToaa Unmsapo-
Ba. CnocobHocTb XoAb6bl Y pebEHKa MccnefoBaM ¢ UCTOb30BaHUEM onpocHuKa Gillette. MyHKUMOHaMbHBINA pesynbTaT oLie-
HWBanM CornacHo LWKane Accouuaumy No U3yyeHuto 1 NpuMeHeHuto Metoaa MinusapoBa. [JaHHblii MeTof no3Boaun besonacHo
M HaJEXHO YIIMHUTb, PEKOHCTPYMPOBATh M COXpaHUTb 6ONIbHYI0 KOHEYHOCTb MauMeHTa BMecTo amnyTauuu. B otnanéHHom
nepuoae HabnoAeHNs pesynbTaT JIeYeHUs COXpaHscs.

3aknioueHune. Pesynbtat nedeHns pebenka ¢ BMI Taxénoid cteneHu nokasan BbiCOKY0 3bdEeKTMBHOCTb Hallero noaxona,
KOTOpbI PeKOMEHAYeTCA paccMaTpuBaThb KaK BapUaHT eyeHns B NofobHbIX ciyyasX.

KnioyeBble cnoBa: KNMHMYECKMIA CNyyaii; reMUMenus ManobepLioBOi KOCTH; YAJIMHEHWe KOHEYHOCTW; XMpYPrua CTombl;
Wnn3apos.
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CASE REPORT

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.
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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 Il 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

Fig. 2. Diagram of bifocal distraction regenerate formation in the tibia
using the Ilizarov method.
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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. 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 lIlizarov
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.
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Fig. 4. Radiographs of the right tibia in anteroposterior and lateral views
after Ilizarov apparatus removal.

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. 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 c¢m, corresponding to 43.4%
of the original tibial length. According to the Lascombes
classification, the result of lengthening was categorized
as grade |. 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 llizarov
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 lIlizarov
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
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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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