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Reconstruction or amputation?
Ekaterina A. Zakharian1, Nikolay G. Chigvariya1, 2, Yuriy E. Garkvenko1, 2, Alexander P. Pozdeev1, 2, 
Denis Yu. Grankin1, Konstantin A. Afonichev1, 2

1 H. Turner National Medical Research Center for Сhildren’s Orthopedics and Trauma Surgery, Saint Petersburg, Russia;
2 North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia

BACKGROUND: Numerous methods are available for the treatment of congenital pseudarthrosis of the tibia, but none 
of them offers a 100% satisfactory result and does not exclude the development of repeated refractories. One of the treat-
ment methods is vascularized transplantation of a fragment of the fibula into the position of the defect of the tibia. However, 
the achievement of consolidation of the bone fragments of the lower leg does not stop the series of interventions neces-
sary to restore the function of the affected segment. Therefore, specialists were asked about the advisability of performing 
 amputations as an alternative to long-term and multistage interventions.

AIM: To analyze the results of the use of microsurgical techniques for the treatment of patients with congenital pseud-
arthrosis of the tibia and, using the example of a patient, to show the way of multistage reconstruction of the lower limb.

MATERIALS AND METHODS: The results of the use of microsurgical techniques in the elimination of a defect in the bones 
of the leg in five patients with congenital pseudarthrosis of the tibia were analyzed. Age, sex, presence of type 1 neurofibro-
matosis, bone defect size, autograft size, duration of consolidation, osteosynthesis index, refractory, range of joint motion, 
and secondary deformities of the segments after consolidation were assessed. The course of the patient when performing 
severe reconstructive interventions to restore the weight-bearing capacity of the limb was described. Vascularized autograft 
transplantation was performed by a qualified microsurgical team.

RESULTS: The mean age was 7.8 ± 2.2 years. Boys predominated, and type 1 neurofibromatosis was detected in 
60% of the cases. The average defect size was 8.8 ± 1.6 cm, and the autograft size was 10.8 ± 1.6 cm. The duration of fixation 
was 260 ± 90 days, and the fixation index was 24.6 ± 10.6 days/cm. In two cases, 1 year after the fibula transfer, refractories 
were noted at the bone–graft interface. In 100% of the cases, patients had fibrous ankylosis at the level of the ankle joint, 
with a loss of functional range of motion, and in 40% of cases, there were flexion–extension contractures of the knee joints 
with an extension deficit of up to 20°. For this observation period, 3 of 5 patients underwent additional surgical interventions 
to correct the deformities of the affected limb.

CONCLUSIONS: The use of VFT in patients with congenital pseudarthrosis of the tibia allows restoring the integrity of the 
tibia. Multiple interventions performed on the same segment can lead to irreversible secondary changes in adjacent joints 
and loss of function of this limb.

Keywords: microsurgery; congenital pseudarthrosis of the tibia; amputation; deformity correction; transosseous osteosyn-
thesis; external fixation.

To cite this article:
Zakharian EA, Chigvariya NG, Garkvenko YuE, Pozdeev AP, Grankin DYu, Afonichev KA. Reconstructive surgery in the treatment of congenital pseudarthrosis 
of the tibia in children using microsurgical techniques: Reconstruction or amputation? Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. 
2022;10(4):429–439. DOI: https://doi.org/10.17816/PTORS110805

Received: 06.09.2022 Accepted: 17.11.2022 Published: 23.12.2022

https://crossmark.crossref.org/dialog/?doi=10.17816/PTORS110805&domain=PDF&date_stamp=2022-12-25


430

  Ортопедия, травматология  
Обмен ОпытОм том 10, № 4, 2022 и восстановительная хирургия детского возраста

Лицензия CC BY-NC-ND 4.0
© Коллектив авторов, 2022

УДК 617.584-001.59-053.1-089.844
DOI: https://doi.org/10.17816/PTORS110805

Научная статья

Возможности реконструктивной хирургии конечностей 
при лечении врожденного ложного сустава костей 
голени у детей с применением микрохирургической 
техники — реконструкция или ампутация?
Е.А. Захарьян1, Н.Г. Чигвария1, 2, Ю.Е. Гаркавенко1, 2, А.П. Поздеев1, 2, Д.Ю. Гранкин1, 
К.А. Афоничев1, 2

1 Национальный медицинский исследовательский центр детской травматологии и ортопедии им. Г.И. Турнера, Санкт-Петербург, Россия;
2 Северо-Западный государственный медицинский университет им. И.И. Мечникова, Санкт-Петербург, Россия

Обоснование. Существуют многочисленные методики лечения врожденного ложного сустава костей голени, 
но ни одна из них не дает 100 % результата и не исключает развития повторных рефрактур. Одна из таких методик — 
васкуляризированная пересадка фрагмента малоберцовой кости в позицию дефекта большеберцовой кости. Одна-
ко достижение консолидации костных фрагментов голени не устраняет необходимости вмешательств, направленных 
на восстановление функции пораженного сегмента. В связи с этим нередко специалисты поднимают вопрос о целесо-
образности ампутации как альтернативы многолетним многоэтапным вмешательствам.

Цель — проанализировать результаты применения микрохирургической техники при лечении пациентов с врож-
денным ложным суставом костей голени и на клиническом примере рассмотреть многоэтапную реконструкцию нижней 
конечности.

Материалы и методы. Проанализированы результаты использования микрохирургической техники при устра-
нении дефекта костей голени у 5 пациентов с врожденным псевдоартрозом голени. Учитывали возраст, пол, наличие 
нейрофиброматоза I типа, величину дефекта костей, величину аутотрансплантата, длительность консолидации, индекс 
остеосинтеза, рефрактуры, амплитуду движения в суставах, вторичные деформации сегментов после достижения кон-
солидации. Описан клинический случай выполнения тяжелых реконструктивных вмешательств по восстановлению 
опороспособности конечности. Пересадку васкуляризированного аутотрансплантата выполняла квалифицированная 
микрохирургическая бригада.

Результаты. Средний возраст пациентов — 7,8 ± 2,2 года. Преобладали мальчики, и в 60 % случаев выявлен ней-
рофиброматоз I типа. Средняя величина дефекта составила 8,8 ± 1,6 см, а величина аутотрансплантата — 10,8 ± 1,6 см. 
Длительность фиксации — 260 ± 90 дней, а индекс фиксации — 24,6 ± 10,6 дня/см. В 2 случаях через год после ми-
крохирургической пересадки отмечены рефрактуры на границе кость – трансплантат. В 100 % случаев у пациентов 
наблюдался фиброзный анкилоз на уровне голеностопного сустава с потерей функциональной амплитуды движения, 
и в 40 % случаев диагностированы сгибательно-разгибательные контрактуры коленных суставов с дефицитом разгиба-
ния до 20°. В дальнейшем 3 пациентам из 5 (на данный период наблюдения) проводили дополнительные оперативные 
вмешательства по коррекции деформаций пораженной конечности. 

Заключение. Васкуляризированная пересадка фрагмента малоберцовой кости у пациентов с врожденным ложным 
суставом костей голени позволяет восстановить целостность большеберцовой кости. Многократные вмешательства, 
выполненные на одном сегменте, могут приводить к необратимым вторичным изменениям в смежных суставах и по-
тере функции данной конечности.

Ключевые слова: микрохирургия; врожденный ложный сустав костей голени; ампутация; коррекция деформаций; 
чрес костный остеосинтез.
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BACKGROUND
Congenital pseudarthrosis of the tibia (CPT) is a condition 

characterized by a typical congenital deformity of the tibial 
bones (varus-antecurvatum), and its progression results 
in a pathological fracture at the apex of the deformity with 
the formation of pseudarthrosis or a bone defect.

Numerous methods of treating this pathology are 
available; however, none of them give a 100% result or 
prevent the development of repeated refractures. One such 
technique is vascularized grafting of a fragment of the fibula 
with a microsurgical vascular suture into the position of 
the tibial defect [1–3]. This technique was first proposed 
by Jude in 1978. The introduction of vascularized fibula 
plasty has changed the prognosis of CPT over the past 
several decades [4, 5]. Most often, a free graft is used 
from the contralateral limb. However, the method has 
shortcomings such as a long surgery time, potential failure 
of the formed anastomosis, valgus deformity on the donor 
side, and unwanted interventions on the “only good leg.” 
Nevertheless, consolidation of bone fragments of the lower 
leg bones does not eliminate the need for interventions aimed 
at restoring the normal values of reference lines and angles, 
length of the lower limbs, and rehabilitation measures to 
restore the range of motion in adjacent joints and prevent 
possible pain in the affected segment. Thus, experts often 
wonder about the advisability of amputation as an alternative 
to long-term and multi-stage interventions [6].

Indications for amputation in children with CPT vary 
depending on the experience of the operating surgeon in 
the treatment of these patients. Amputation is considered 
by some people to be a radical treatment, indicated only 
in the case of unsuccessful multiple surgical attempts of 
reconstruction. Others believe that amputation is a reasonable 
early treatment option to avoid multiple surgical interventions 
and the associated lifestyle [5, 6]. The decision to amputate 
can be difficult for the patient, their family and caregivers, 
and the treating surgeon. MacCarthy et al. established relative 
indications for amputation in CPT, namely, the absence 
of satisfactory bone union after three surgical attempts, 
significant discrepancy in the length of the lower extremities 
of >5 cm, development of foot deformity, and excessive 
dysfunction (functional loss) of the segment due to prolonged 
medical interventions and hospitalizations [6].

More recently, these indications have been reconsidered 
because of the advent of improved limb lengthening 
strategies, biologics that promote regeneration, use of free 
tissue grafts, and reduced period of hospital stay [6, 7].

The choice between limb amputation and long-term 
complex limb reconstruction is not easy, especially when it 
is referred to children. In Russia, as in many other countries, 
the patient is ready to resign himself to a non-functioning 
limb rather than undergo amputation. The patient’s decision 

is influenced by difficulties of good orthotics, lack of 
psychological support and family members, and difficulty of 
adapting to society (possibility of employment and availability 
of an accessible environment for movement).

Over the past 25 years, >300 patients with CPT have 
been treated in the clinic of bone pathology. Transosseous 
osteosynthesis with various types of allo- and autoplasty was 
used as the main method of treatment to restore the integrity 
of the lower leg bones. The frequency of achieving primary 
consolidation of tibia fragments was approximately 98%; 
however, during growth and case follow-up, refractories 
occurred in 25% of cases. The indications for the use of 
the microsurgical technique were significant (>5 cm) defects 
of the tibia and dystrophic changes in the bone tissue, which 
did not allow the use of the traditional technique using 
transosseous osteosynthesis. The vascularized autograft 
transplantation was performed by a qualified microsurgical 
team.

During this period, reconstructive interventions using 
microsurgical techniques aimed at restoring the integrity 
and supportability of the segment in patients with CPT were 
performed only in five cases, which accounted for <2% of 
the total number of treated patients.

The work aimed to analyze the results of the use 
of microsurgical techniques in the treatment of CPT and 
consider multi-stage reconstructions of the lower limb using 
a clinical example.

MATERIALS AND METHODS
The study used anamnestic [sex, age, number of 

previous interventions, presence of a genetic disease (type I 
neurofibromatosis)], clinical (assessment of the range of 
motion in the knee and ankle joints according to the standard 
method), and radiological methods of investigation, namely, 
a panoramic radiograph of the lower extremities, radiographs 
of leg bones in standard projections (measurement of 
the bone defect size, reference angles of the femur and tibia 
on both sides, assessment of the shortening magnitude of 
the affected segment, and timing of consolidation of bone 
fragments).

The study involved five patients, and the average age 
was 7.8 ± 2.2 years. Boys predominated; three patients 
had a genetic disease aggravating the CPT course (type I 
neurofibromatosis).

RESULTS
The anamnesis revealed that diagnosis was made for 

all patients in the first year of life during examination for 
a pathological fracture of the tibia and pseudarthrosis. Before 
microsurgical transplantation (MCT), all patients received at 
least two surgical interventions to achieve consolidation of 
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the tibia through not only transosseous osteosynthesis but 
also intramedullary osteosynthesis.

Clinical examination in all patients (after previous 
multiple interventions) revealed fibrous ankylosis at the level 
of the ankle joint with loss of functional range of motion 
and flexion–extension contractures of the knee joints with 
an extension deficit of up to 20° in 40% of cases.

X-ray examination revealed shortening of the affected 
segment by 7.5 ± 2.2 cm, multiplanar deformity of the af-
fected lower limb with lateral distal femoral angle (LDFA) of 
80 ± 3.5°, distal posterior femoral angle (DPFA) of 65° ± 2°, 
proximal medial tibial angle (PMTA) of 100° ± 5.5°, proxi-
mal posterior tibial angle (PPTA) of 95° ± 3°, distal medial 
tibial angle (DMTA) of 120° ± 5°, and distal anterior tibial an-
gle (DATA) of 60° ± 2.5°. These indicators corresponded 
to deformity components such as valgus-antecurvatum 
deformity of the distal femur, valgus-recurvation defor-
mity of the proximal femur, and valgus-antecurvatum de-
formity of the distal tibia. The average defect size was 
8.8 ± 1.6 cm.

When assessing the state of the ankle joint, all pa-
tients showed valgus-antecurvatum deformity of the tibial 
fragment at the level of the distal bone metadiaphysis. 
A significant limitation of movement in this joint was clini-
cally determined (flexion/extension 5°/0°/5°). Radio-
graphs showed signs of fibrous ankylosis of the area with 
a decrease in the height of the ankle joint space. Magnetic 
resonance imaging to assess the condition of the articu-
lar cartilage of the ankle joint was not performed. These 
changes arose in connection with multiple surgical interven-
tions. When examining the foot, its multiplanar deformity 
was revealed with the presence of an equino-cavo-valgus 
component, which also formed after surgical interventions. 
Patients complained of difficulty in walking and choosing 
shoes, but had no foot or joint pain.

An autograft of the required length (the size of 
the transplanted autograft was 10.8 ± 1.6 cm) was harvested 
from the fibula of the contralateral side, at least 7.0 cm away 
from the ankle mortice to maintain the stability of the latter. 
However, in all cases, the distal fragment of the fibula 
on the donor side migrated cranially with the formation 
of a valgus deformity of the ankle joint. Interventions to 
eliminate this secondary deformity of the donor zone were 
not performed.

During the reconstruction of the affected segment, 
an external fixation device (EFD) was preliminarily installed 
to simulate diastasis between tibial fragments (creation of 
the correct ratios between the tibial fragments, correction of 
gross deformities, increase in diastasis between fragments 
with the possibility of transplanting a longer graft) and prepare 
a bed for autografting. EFD was not removed in the period 
of consolidation at the bone–graft interface of the affected 
segment, which averaged 7.0 months. When dismantling 

the EFD, a plaster cast was put on the affected lower limb of 
all patients for up to 2 months, followed by the manufacture 
of an orthosis for the whole leg to unload the affected 
segment. The duration of fixation was 260 ± 90 days, and 
the fixation index was 24.6 ± 10.6 days/cm.

In two (40% of patients) of five cases, refractories 
at the bone–graft interface were noted a year after 
the MCT. This complication arose because of violations 
of the load regimen on the affected lower extremity by 
patients; however, the restoration of the total bone mass of 
the tibia after MCT enabled repositioning of the fragments 
using EFD and various types of auto- and allografting and 
achieving repeated consolidation. Later, 3 of 5 patients 
(during this follow-up period) underwent additional 
surgeries to restore the length and correct deformities of 
the affected limb.

CLINICAL CASE
We present the long and difficult path that patients with 

CPT and neurofibromatosis type I goes through, in a patient 
with a pronounced defect in the tibial bones resulting from 
severe pathology and refracture of the tibial bones.

The affected limb was reconstructed in two main stages: 
the integrity and support ability of the segment were restored 
in stage 1 and the deformity was corrected and the length of 
the lower extremities was restored in stage 2.

The anamnesis revealed that the child was sick from 
birth. Limb deformity, as a latent form of a false joint, 
was detected at the age of 5 months (Fig. 1). At the age of 
1 year, a pathological fracture occurred (Fig. 2). The patient 
underwent repeated operations at the primary care facility. 
At the age of 1.5 years, autoplasty of the false joint area was 
performed with a graft from the iliac crest with a hardware 
fixation. One month after the intervention, the migration of this 
structure was noted, for which repeated plastic surgery was 
performed using a graft from the iliac crest with a pin, also 
with repeated migration of the hardware. Owing to the lack of 
consolidation of the tibial fragments, the fragments were fixed 
with an intramedullary rod using autoplasty of the defect with 
a graft from the tibia of the contralateral limb. Subsequently, 
the rod was removed, union was not achieved, and significant 
bone lysis was detected.

In the center’s clinic, the patient has been followed up 
since the age of 6 years to reduce the severity of systemic 
osteoporosis. He initially received infusion therapy with 
bisphosphonates. 

After a comprehensive examination, the main problems 
that needed to be solved were as follows:
1) Posterior dislocation of the left tibia bones with the for-

mation of a flexion contracture of the right knee joint 
(flexion at the knee joint up to 20°) and fibrous ankylosis 
with only rocking movements in the ankle joint.
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2) Significant thinning of the fragments of the tibial bones 
and their non-viability with the formation of a defect.

3) Limb shortening by approximately 13 cm.
4) Impaired support ability of the limb (Fig. 3).

In stage 1, tibial subluxation was eliminated, and 
the necessary space was created between the fragments 
of the tibia. To adapt bone fragments to the correct 
position, a compression–distraction apparatus (CDA) of 
the Ilizarov type and an orthopedic hexapod (repositioning 
unit Ortho-SUV) were used. The latter was initially 
placed between the transosseous annular supports of 
the distal femur and the proximal metadiaphysis of the tibia. 
The posterior subluxation was eliminated by creating a model 
of the movement trajectory in the knee joint and moving 
the fragments in an orthopedic hexapod.

The EFD was then remounted, with the repositioning 
unit now placed between the proximal and distal tibial 
annular supports. Programming and a new calculation 
were performed to create a space between the tibial 
fragments (the tibial fragments were adapted in the correct 
position according to the values of the reference angles) 
and eliminate gross deformities before transplanting 
the vascularized fragment of the fibula of the contralateral 
limb into the defect position (Fig. 4). During this period 

(34 days), the deformities of the lower leg bones were 
corrected.

Upon reaching the correction of all components of 
the deformity (elimination of the posterior dislocation of 
the tibial bones and adaptation of the tibial fragments 
in an acceptable position), after remounting the CDA, 
together with colleagues from the Clinic of Hand Surgery 
and Reconstructive Microsurgery, a vascularized fragment 

Fig. 1. X-ray imaging of the right lower leg bones in two views with 
a latent form of pseudarthrosis

Fig. 2. X-ray imaging of the right lower leg bone with a pathological 
fracture

Fig. 3. X-ray imaging of the right tibia bones in two views before 
microsurgical autografting

Fig. 4. Stages of programming the elimination of the subluxation of the lower leg bones with the repositioning unit Ortho-SUV
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of the fibula of the contralateral limb was transplanted 
into the position of the defect of the tibia of the affected 
limb. The length of the diastasis was 10 cm, and the graft 
length was 12 cm. No intraoperative technical difficulties 
or complications occurred during the postoperative period 
(Fig. 5).

Because of the fact that the patient was a citizen of 
another state and had difficulty in providing radiographs, 
the fixation period was almost 12 months. Before disman-
tling, in order to restore the range of motion in the right 
knee joint and due to long-term fixation in the CDA, a course 
of rehabilitation treatment was performed, including in-
dividual classes with an instructor of physical therapy and 

classes on the ARTROMOT device. When the EFD was un-
blocked at the level of the knee joint, movements in this 
joint were rocking (0°/0°/5°). Upon reaching passive flexion 
in the right knee joint up to 70° (0°/0°/70°), indications for 
dismantling were established. After removal of the EFD, at 
an X-ray examination, the leg-length difference was 8.3 cm 
(Fig. 6).

The integrity of the lower leg was restored approximately 
1.5 years. After restoring the integrity of the tibia of the affect-
ed limb, the patient could walk with an orthosis for the entire 
lower limb, but without additional means of support, lead 
an active lifestyle with some restrictions and attend educa-
tional institutions. Limb shortening was compensated for by 
increasing the height of the sole of the orthopedic shoes.

At 1.5 years after autografting, the patient was diagnosed 
with multiplanar deformity of the femur, and the tibia on 
the lesion side, flexion–extension contracture of the right 
knee joint, valgus deformity of the distal metadiaphysis 
of the tibia on the donor side, and leg-length difference 
were reconstructed. Indications for stage 2 of the limb 
reconstruction were formulated.

The analysis of panoramic radiographs of the lower 
extremities revealed the deformity components, namely, 
antecurvatum (LDFA 77°, DPFA 72°) in the distal metadi-
aphysis of the femur and valgus-recurvation (PMTA 99°, 
DMTA 70°, PPTA 107°, and DATA 84°) in the proximal and 
distal metadiaphyses of the tibia. These deformities were 
one of the components of the formation of flexion–extension 
contracture of the knee joint (flexion/extension 10°/0°/10°), 
which significantly impeded the function of the affected limb. 
Movements in the ankle joint were rocking. The affected 
lower limb shortened by 11.7 cm. Multiple scars of the skin 
and soft tissues were noted after previous surgical interven-
tions (Fig. 7).

To eliminate the deformities, correction of the defor-
mities using transosseous osteosynthesis was decided. 

Fig. 5. Intraoperative radiographs of the right tibia bones in two 
views after microsurgical transplantation

Fig. 6. Three-dimensional modeling of computed tomography 
slices after microsurgical transplantation to eliminate a defect in 
the right tibia bones

Fig. 7. Teleroentgenograms of the lower extremities in two views 
before the elimination of secondary deformities

524.8 mm 641.97 mm

77° (103°)

81° (99°)

70° (110°)

80° (100°)

73° (107°)

72° (108°)

Compensated 
by 9 cm  

on the right

Compensated 
by 9 cm  

on the right
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A CDA of the femur–tibia–foot was installed, and osteoto-
my of the distal femoral metadiaphysis and proximal tibial 
metadiaphysis and tenotomy of the iliotibial tract were per-
formed.

The limb was enlarged by 8 cm because of the two 
segments; the deformities were corrected using the Ortho-SUV 
repositioning unit (LDFA 90°, DPFA 84°, PMTA 90°, DMTA 102°, 
PPTA 84°, and DATA 84°). Owing to the bulkiness of the CDA, 
the correction was performed in two stages, for the thigh 
and the lower leg. The correction period was 21 days in total, 
the fixation period was 240 days, and the fixation index was 
30 days/cm (Figs. 8 and 9).

Before dismantling the EFD, to increase the range of 
motion in the right knee joint, the patient underwent a second 
course of rehabilitation treatment, including individual 
exercise therapy and classes on the ARTROMOT device. 

Fig. 8. Result of the correction of deformities of lower leg bones under the conditions of the repositioning unit Ortho-SUV after the end 
of distraction: a, frontal view; b, lateral view

86° (94°)

81° (99°)

a b

618.34 mm
683.12 mm

a b

Fig. 9. Result of the correction of deformities of the right femur using the repositioning unit Ortho-SUV after the end of distraction: a, frontal 
view; b, lateral view

Fig. 10. Radiographs of the right tibia bones in two views 1 month 
after dismantling the external fixation device
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When passive flexion in the right knee joint reached 50° 
(extension/flexion 0°/0°/50°, the range of motion was 
limited by transosseous annular supports), indications for 
dismantling the EFD were determined. The limb was fixed 
in a posterior plaster cast throughout its length (lower limb), 
and manufacturing an orthosis for the entire lower limb for 
walking, with a hinge at the level of the knee joint, was 
recommended.

On the control radiograph of the lower leg bones, 
performed a month after the surgery, bone callus formation 
was noted in the proximal part of the right tibia, and 
the patient had a fracture of the tibia at the level of the formed 
regenerate (Fig. 10).

The situation analysis revealed that refracture could 
occur because of a change in pressure on the bone after 
dismantling the EFD and during the removal of casts in 
orthosis manufacture.

DISCUSSION
In the literature, there are indications of the use of mi-

crosurgical techniques to replace tibia defects in patients 
with CPT; however, most often, a series of cases is de-
scribed in scientific publications because of the complexity 
of the technique and the need for specialized equipment 
in the clinic. The largest series of studies was presented 
by El-Gammal with 39 cases in one hospital [5], the Euro-
pean Society of Pediatric Orthopedists reported 31 patients 
who were treated in 14 clinics [2], and Ohnishi described 
73 cases from 32 hospitals in Japan, including 25 cases 
where MCT and fixation in the Ilizarov apparatus were 
combined [3].

In most publications, surgery was performed at 
the age of 5 years [8–10]. This age is considered 
the preferred age for the use of EFD, as children are 
more cooperative. The authors also considered that 
the disease is more active in children during infancy, and 
bone resorption may prevent healing in the pseudarthrosis 
area [8]. Conversely, some authors report successful 
results with different treatment methods at a younger 
age (<3 years). A series of studies by El-Gammal includes 
the largest reported number of cases (21 patients with 
CPT who underwent MCT before the age of 3 years) [5]. 
It revealed that surgical interventions performed before 
the age of 3 years are associated with a shorter period of 
primary fusion of the fragments and a smaller difference 
in the length of the lower extremities in the long-term 
period. Gilbert and Brockman [2] noted that the best age 
for rapid healing of the tibia after MCT is from 3.5 to 
7.5 years. They explained that the longer healing period 
in children aged <3.5 years was due to the difficulty 
of obtaining satisfactory fixation of bone fragments. 
The mean age of our patients was 7.8 ± 2.2 years. 

The older age of surgical treatment was due to multiple 
interventions before MCT.

According to the literature, the primary consolidation at 
the bone–graft interface is achieved in 96%–98% of cases, 
and the average consolidation time is 2–10 months [11–13]. 
The authors concluded that the choice of the method of 
autograft fixation in MCT affects the treatment outcomes. 
Thus, a lower frequency and a longer fusion time were 
noted in intramedullary fixation using a rod or screw than 
in external fixation (66% and 11 months versus 100% and 
1.9 months, respectively) [8]. Ohnishi et al. [3] reported 
achieving primary consolidation of fragments in 88% of 
the patients and 4.5% of refractories in 25 cases. Kesireddy 
et al. [8] believe that treatment with EFD correlates with 
a higher frequency of refractories than intramedullary fixation 
(45% versus 29%, respectively). In a study by T.A. El-Gammal, 
fractures occurred in 21 (51.3%) cases, and almost half of 
them recurred 2–4 times.

In this study, only fixation by transosseous osteosynthesis 
was used. Primary consolidation was noted in all patients 
(100%); however, 2 (40%) patients had refractories in 
the postoperative period. The duration of fixation was 
approximately 8 months, and the osteosynthesis index was 
24 days/cm. Our findings correspond to the data of earlier 
studies [14].

Weiland et al. [15] stated that the most common defor-
mities of the tibia after achieving consolidation of the frag-
ments were valgus and antecurvatum deformities of lower 
leg bones. Sakamoto et al. [16] reported valgus defor-
mity up to 28° and antecurvatum up to 20° and associ-
ated their occurrence with previous surgeries. According to 
Ohnishi et al. [3], valgus deformity ranged from 5° to 70° 
and antecurvatum ranged from 10 to 60°. In our previous 
study [17], deformities, according to the classification of 
deformities of long bones, were complex, including a com-
bination of deformities in the frontal and sagittal planes, 
a torsion component, and shortening of the affected seg-
ment. The findings were comparable with those of the few 
studies on patients with CPT. In the described clinical case, 
the patient had valgus-antecurvatum deformity of the distal 
metadiaphysis of the femur, valgus-recurvatum deformity 
of the lower leg bones, and shortening of the lower leg 
bones.

The restoration of the length and integrity of the tibia 
and correction of deformities of the affected limb do not 
fully reflect the functional result [18]. Multiple surgical 
interventions primarily worsen the function of the ankle 
joint with the development of fibrous or bone ankylosis. 
In our study, all patients had valgus-antecurvatum 
deformity of the tibial fragment at the level of the distal 
metadiaphysis of the bone, a significant limitation of 
movements in this joint (flexion/extension 5°/0°/5°), and 
radiographs showed signs of fibrous ankylosis of the area 
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with a decrease in the height of the ankle joint space. 
These changes worsened the quality of life of the patients, 
made it difficult for them to move, and limited the load on 
the affected limb.

CPT is still one of the most complex and time-
consuming problems in pediatric orthopedics. A series 
of surgical interventions aimed primarily at restoring 
the integrity of bones and interventions to correct 
deformities of the affected segment can lead to secondary 
changes such as leg-length difference, adjacent joint 
contractures, and valgus deformity of the donor limb. These 
patients should take care of the affected limb for the rest 
of their lives because the risk of fractures persists in 
adulthood. Parents and representatives of young patients 
are most often satisfied with the result of treatment, which 
allowed them to save the limb, and they do not pay such 
close attention to secondary deformities and limitation of 
movement in the joints. Nevertheless, the issue of what 
is preferable, severe reconstructive interventions that will 
require long-term (several years) rehabilitation, without 
the possibility of a full return of the function of the lower 
limb, or amputation followed by orthotics, is not completely 
resolved. The patient’s family did not consider amputation 
as a possible treatment option. However, was such 
a reconstructive intervention justified and can the function of 
the affected lower limb be considered restored?

CONCLUSION
Transplantation of a vascularized fragment of the fibula 

in patients with CPT enables restoration of tibia integrity. 
Multiple interventions performed on the same segment can 
lead to irreversible secondary changes in adjacent joints and 
loss of function of this limb.
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