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Background. Correction of deformities and lengthening of the lower extremities in patients with healed 
congenital  pseudarthrosis of tibia (cCPT) is associated with certain characteristics, difficulties, and complications. 
But  even the restoration of the anatomy and length of the tibia does not solve the problem of further recurrence of 
the deformity.
Aim. This study aimed to evaluate the results of the correction of deformities of the tibia in patients with congenital 
pseudarthrosis of the tibia after achieving union by using external fixation and guided growth.
Materials and methods. The results of treatment of 19 patients with cCPT, aged 4–15 years, which were observed in 
the Department of the Turner Scientific Research Institute from 2013 to 2018 years, were analyzed. We analyzed the 
types of deformities before the stage of correction deformities, evaluated the accuracy of the correction deformities 
after two-level osteotomies of the tibia, and used ortho-Suv passive computer navigation. External fixation index and 
number of complications were also determined. The type and number of recurrence of deformities and the timing of 
their detection were analyzed.
Results. On the basis of clinical classification, patients with cCPT had complex deformities of the affected lower 
limb. The accuracy of the correction of deformities was 84% at the end of the correction period. The amount of 
elongation was 4.5 ± 1.5 cm. The IEF was 64.3 ± 40.6 days/cm. After the end of the external fixation period, 
deformities recurred in 100% of cases. In 17 patients, temporary hemiepiphysiodesis of the tibial bones, the second 
stage, was performed. The accuracy of the correction was 100%. The period of correction ranged from 12 to  
14 months.
Discussion. In the literature, we found no studies investigating the accuracy of the deformity correction, the 
choice of the level of osteotomies in patients with cCPT. Considering these data and the experience of the senior 
author of the publication, we performed two osteotomies of the tibia, outside the consolidation zone of the 
pseudarthrosis. High accuracy of the correction deformities was achieved in conjunction with the use of the ortho-Suv  
frame.
Conclusion. The analysis showed that the deformity relapsed in 100% of children as the child grows, regardless of 
the accuracy of the deformity correction in children after achieving union CPT. Hemiepiphysiodesis is an effective 
treatment for this complication.

Keywords: deformity correction; external fixation; guided growth; hemiepiphysiodesis; congenital pseudarthrosis 
of  tibia.
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Актуальность. Коррекция деформаций и удлинение нижних конечностей у пациентов с консолидированным 
врожденным ложным суставом костей голени (кВЛСКГ) сопряжено с определенными особенностями, 
сложностями и осложнениями, но даже восстановление анатомии и длины большеберцовой кости не решает 
проблему дальнейшего рецидивирования деформации.
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Цель исследования — оценить результаты лечения детей с деформациями и укорочением костей голени 
на фоне кВЛСКГ, пролеченных с использованием метода чрескостного остеосинтеза и управляемого роста 
(гемиэпифизиодеза).
Материалы и методы. Проанализированы результаты лечения 19 пациентов с кВЛСКГ в возрасте от 4 до 15 лет, 
которые получали лечение в период с 2013  по 2018  г. Изучены виды деформаций перед этапом коррекции 
деформаций; оценена ее точность после двухуровневой остеотомии костей голени и чрескостного остеосинтеза 
с использованием узла на базе пассивной компьютерной навигации Орто-СУВ; определены индекс внешней 
фиксации (ИВФ) и количество осложнений. Выявлены тип и количество рецидивов деформаций, сроки их 
обнаружения.
Результаты. Согласно клинической классификации у пациентов с кВЛСКГ имелись сложные деформации 
пораженной нижней конечности. Точность коррекции деформаций по окончании периода коррекции 
деформаций составила 84 %; величина удлинения  — 4,5 ± 1,5  см. ИВФ составил 64,3 ± 40,6  дня/см. После 
окончания периода внешней фиксации в 100 % случаев был выявлен рецидив деформаций. Вторым этапом 
17  пациентам был выполнен временный гемиэпифизиодез большеберцовых костей. Точность коррекции 
составила 100 %. Срок коррекции — от 12 до 14 месяцев. 
Обсуждение. В литературе мы не нашли публикаций, посвященных точности коррекции деформации, выбору 
уровня остеотомий у пациентов с кВЛСКГ. Учитывая эти данные и наш опыт, мы выполняли две  остеотомии 
костей голени вне зоны консолидации ложного сустава. Это в совокупности с применением чрескостного узла 
Орто-СУВ позволило добиться высокой точности коррекции деформации.
Заключение. Проведенный анализ свидетельствует о том, что вне зависимости от точности коррекции у детей 
с деформациями на фоне консолидированного ложного сустава голени по мере роста ребенка в 100 % случа-
ев отмечается рецидив деформации. Управляемый рост является эффективным средством лечения данного 
 осложнения.

Ключевые слова: врожденный ложный сустав; коррекция деформаций; гемиэпифизиодез; гексапод.

background

Treatment for patients with congenital pseu-
doarthrosis of the shin bone remains an urgent 
problem for contemporary orthopedics because 
achievement of consolidation in the field of pseu-
doarthrosis is challenging [1–6]. Restoration of the 
integrity of the tibia is the desired result, and once 
it is achieved, new treatments can be initiated  7].

Surgical interventions, such as deformity 
correction and lower extremity lengthening, are 
performed to eliminate the limb-length discrepancy 
and to prevent recurrent pathological fractures. 
They are special stages in the treatment for patients 
with consolidated congenital pseudoarthrosis of the 
shin bone (cCPASB), and are associated with certain 
aspects, difficulties, and complications.

Ilizarov method serves as the standard treatment 
method for patients with shortened and deformed 
long bones of lower extremities [8, 9]. It is known 
that the use of modern transosseous apparatuses and 
units based on computer navigation results in highly 
accurate deformity correction, reportedly ranging 
from 80% to 96% [1–6]. Bone deformities in the 
lower legs of pediatric patients with cCPASB are not 
an exception [5]. However, in the global literature, 
data on the use of transosseous osteosynthesis for 
lengthening and deformity correction of the tibia in 

the case of cCPASB is scarce [8–10]. The primary 
challenge in treating children with cCPASB is that 
osteotomy at the apex of the deformity is impossible, 
as this area is generally affected by pathological 
processes and osteotomy with lengthening bears the 
risk of recurrence into pseudoarthrosis [6]. Single-
level osteotomy of the shin bones outside the apex 
of the deformity (in the region of relatively healthy 
bone) combined with transosseous osteosynthesis 
eliminates the limb-length discrepancy, but may not 
solve the problem of deformity correction. In such 
situations, a two-level osteotomy is indicated [7]. 
Still, restoration of the integrity and lengthening of 
the tibia does not prevent subsequent recurrence of 
the deformity.

The existing method of controlled growth i.e., 
hemiepiphysiodesis enables an effective correction 
of long-bone deformities with varying pathologies in 
growing children [11–16]. Taking into consideration 
the tendency of deformities to recur in patients 
with cCPASB, we suggested that the consistent use 
of hemiepiphysiodesis following lengthening and 
deformity correction will improve the quality of 
treatment for pediatric patients.

This study aims to evaluate the results of 
treatment for pediatric patients with deformities 
and shortening of the shin bones in the case 
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of cCPASB.  All pediatric patients were treated 
using   transosseous osteosynthesis and hemiepiphy-
siodesis.

materials and methods of the study

We analyzed the results of treatment for 
19  patients with cCPASB, who were observed and 
treated in the bone pathology department of the 
Turner Scientific Research Institute for Children’s 
Orthopedics from 2013 to 2018. Only children with 
functioning growth zones of the lower extremities 
(aged 4–15 years) were enrolled in this study. The 
mean age of patients was 8.3 ± 3.1 years.

During the planning of deformity correction, 
all patients underwent panoramic radiograph of 
the lower extremities in 2 standard views and 
computed tomography of the lower extremities. 
Preliminary planning of deformity correction was 
conducted using specialized software (TraumaCad, 
Boneninja)  [7].

The standard algorithm was used in the planning 
[17, 18], namely, the anatomical and mechanical 
axes of the proximal and distal fragments of tibia 
in 2 views and the apex of the deformity were 
determined. In all cases, the apex of the deformity 
was in the area of consolidated pseudoarthrosis. 
In this regard, given the risks of recurrence of 
the pseudoarthrosis, we were obligated to perform 
a  two-level osteotomy (in regions of relatively 
healthy bone), thereby reducing the displacement 
of bone fragments in width, which occurs when 
osteotomy is performed at a distance from the 
apex of the deformity. In all cases, transosseous 
osteosynthesis was performed with subsequent 
lengthening and deformity correction. A unit with 
Ortho-SuV computer navigation properties was 
used as a repositional one [19–21].

In the first part of our study, we analyzed the 
deformity types in patients with cCPASB prior 
to surgery, to assess the accuracy of deformity 
correction, the external fixation index (EFI), and 
the number of complications in pediatric patients. 
Taking into consideration our previous findings, 
we assumed that in most patients, regardless of the 
accuracy of deformity correction, it will recur after 
removing the compression distraction apparatus. 
Thus, we analyzed the number of deformity 
recurrences, the timing of recurrences, and the type 
of secondary deformity.

The accuracy of deformity correction was asses-
sed by radiological examinations and determination 
of the reference values of the tibial angles, namely 
mechanical medial proximal tibial angle (mMPTA); 
mechanical lateral distal tibial angle (mLDTA), 
anatomical posterior proximal tibial angle (aPPTA), 
and anatomical anterior distal tibial angle (aADTA) 
[22, 23]. Deformity correction was considered 
accurate (normal) when the reference values of the 
tibial angles were within the accepted ranges. We 
defined this indicator following deformity correction 
and external fixation.

In the second part of the study, we analyzed 
the results of hemiepiphysiodesis in treating 
recurrent deformities in pediatric patients following 
lengthening and deformity correction. Parameters 
such as accuracy, timing of hemiepiphysiodesis, and 
the nature of complications were studied.

study results

According to the classification of long-bone 
deformities, patients with cCPASB had developed 
complex lower extremity deformities, as evidenced 
by the radiographs and computed tomography [24]. 
A  combination of deformities in the frontal 
and sagittal planes, a torsional component, and 
shortening of the affected segment were clearly 
evident. In addition, valgus-recurvation deformity 
of the proximal section and valgus-antecurvational-
torsion deformities of the distal shin bones were 
typical. Patients had both external and internal 
torsion of the shin bones. The reference angle 
values of the tibia prior to deformity correction are 
presented in Table 1.

The average accuracy of deformity correction 
was 84% in the total number of patients (95% 
with correction of deformities in the frontal plane, 
and 80% with correction of deformities in the 
sagittal plane), and the degree of lower extremity 
lengthening was 4.5 ± 1.5 cm. The complexity of 
deformity correction was due to a large number 
of surgical hardware obstructing the review of 
the articular surfaces of the bone and due to the 
penetration of the bone tissue of distal tibia with 
wires and rods when moving them in space.

EFI in pediatric patients with cCPASB amounted 
to 64.3 ± 40.6 days/cm. The obtained data were 
similar to the results of small studies in patients 
with cCPASB.
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During deformity correction, complications 
were identified and further evaluated according to 
the accepted classification of J. Caton [25]:
•	 Category 1 complications (complications that do 

not require additional interventions) included 
formation of contractures of adjacent joints 
(observed in 7 cases) in case of distraction. In all 
cases, this condition was arrested by temporarily 
stopping the distraction and conducting a course 
of intensive mechanotherapy;

•	 Neuropathy of the peroneal nerve with 
a  decreased sensitivity was noted in only 
one patient, and after decrease in the rate 
of distraction, the course of drug therapy, 
the sensitivity of the affected lower limb was 
restored;

•	 Category 2 complications (complications which 
required additional interventions, but did not 
affect the outcome of treatment) were not found 
in this part of study;

•	 Category 3 complications (complications which 
required additional surgical interventions 
and affected the outcome of the treatment) 
included fractures of the regenerated bone or 
tibial diaphysis in the late follow-up period. 
Thus, fractures of the tibial diaphysis with the 
subsequent recurrence of pseudoarthrosis were 
detected in 3 patients. In 2 patients, fractures 
occurred in the first year after dismantling 
the external fixation device with fracture 
localization in the lower third of tibial bones. 
In one patient, fracture occurred 3 years after 
the previous treatment. All patients underwent 
repeated surgeries to restore the integrity of the 
shin bones.
At the end of the external fixation period, we 

repeatedly determined the accuracy of deformity 
correction. Recurrent deformities were detected in 
all cases. Recurrence of the valgus component of 
the deformity was established in 12 patients in the 

Table 1
reference angle values of the tibia in patients with ccPasB prior to deformity correction

Index Normal values,  
degrees

The values obtained,  
degrees 

Incidence,  
number of patients

Frontal plane

Varus deformity

mMPTA 85–90 82 1

mLDTA 85–90 101–111 2

Valgus deformity

mMPTA 85–90 95 ± 4 8

mLDTA 85–90 68 ± 13 9

Sagittal plane

Antecurvature

aPPTA 77–84 75–76 2

aADTA 78–82 103 ± 16 7

Recurvation

aPPTA 77–84 98 ± 23 7

aADTA 78–82 70 ± 9 3

Transversal plane

External torsion 18 ± 4 11

Internal torsion 10 ± 3 8

Note. mMPTA  — mechanical medial proximal tibial angle; mLDTA  — mechanical lateral distal tibial angle; aPPTA  — anatomical 
posterior proximal tibial angle; aADTA — anatomical anterior distal tibial angle.
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proximal part and in 6 patients in the distal part of 
the tibia. Five patients had a varus deformity in the 
distal tibial bone. In 4 cases, recurvation deformity 
was detected when evaluating the sagittal plane. 
In 16 cases, antecurvation deformity of the tibial 
bones with a predominant apex of the deformity 
in the distal section was revealed. Thus, analysis of 
the accuracy of deformity correction, comparison 
of the reference angle values after the correction 
and fixation periods, and the subsequently revealed 
secondary deformities of shin bones indicate 
a dysfunction of tibial growth zones in patients with 
cCPASB, the cause for which was not established in 
this study.

All patients underwent temporary hemiepiphy-
siodesis of the tibial bones for deformity correction. 
We used hemiepiphysiodesis for deformity 
correction in the frontal plane, both in the proximal 
and distal tibial bones, separately or jointly. These 
interventions were performed in 17 patients (8 boys 
and 9 girls). Temporary hemiepiphysiodesis of the 
medial segment of the proximal tibial growth zone 
was performed in 3 patients, in the distal tibial bone 
of 6 patients, whereas it was performed at 2 levels 
of the tibia in 8 patients. To assess the accuracy of 
deformity correction, control radiographs of the 
shin bones were performed 6 months following the 
surgery, and then every 3 months until deformity 
correction was achieved.

Following lengthening and deformity correc-
tion with transosseous apparatus and hemiepi-
physiodesis, the accuracy achieved in eliminating 
the recurrence of deformities in the frontal plane 
was 100%. The  period of deformity correction was 
12–14 months.

The patients had no complications during these 
surgical interventions.

Clinical case

Patient T., 9 years old, was admitted to the 
clinic at the Turner Scientific Research Institute for 
Child ren’s Orthopedics with a diagnosis of consoli-
dated congenital pseudoarthrosis of the right tibial 
bones. The case history revealed that the bone de-
formity in the right tibia was detected in the child 
at birth. At the age of about 1, with the beginning 
of  walking, pathological tibia fracture occurred with 
pseudoarthrosis. The child received multiple surgi-
cal treatments at the primary health care facility, but 

it was not possible to achieve consolidation of the 
ends of the bone fragments of tibial bones. We per-
formed open lateral compression osteosynthesis on 
the child at the age of 2.5 years, and consolidation 
of the bone fragments of tibial bones was achieved. 
In the postoperative period, walking in an orthosis 
was recommended. After following-up for 3 years, 
radiographs revealed the formation of Looser’s zone 
in the surgical area. As a result, it was decided to 
perform open lateral compression osteosynthesis to 
eliminate Looser’s zone due to the damage to the 
integrity tibial bone. Consolidation of bone frag-
ments of the pseudoarthrosis region was achieved 
within 3 months.

The second stage of treatment was the 
recommended correction of the resulting multiplane 
deformities of the affected lower extremity (mMPTA 
was 94°, mLDTA was 71°, aPPTA was 90°, and 
aADTA was 59°, shortening the affected lower 
limb by 8.0 cm). For lengthening and deformity 
correction of the right lower limb, the patient 
underwent preoperative planning for deformity 
correction with the exception of osteotomies in the 
area of consolidated pseudoarthrosis at the age of 
9 years. According to the plan, a two-level osteotomy 
of the shin bones was performed, as along with 
lengthening by 5 cm by the Ilizarov method. The 
deformity was corrected using a repositional unit 
with Ortho-SuV computer navigation properties. 
The period of deformity correction was 58 days, 
and the external fixation period was 247 days. 
At the end of the fixation period, a recurrence of 
deformities of the tibial bones was detected with 
the formation of a  deformity apex at the level 
of the proximal and distal tibial growth zones 
(mMPTA was 94°, mLDTA was 82°, aPPTA was 86°, 
and aADTA  was  80°) (Fig.  1–4). We  applied 
hemiepiphysiodesis to correct the recurrence 
of valgus deformity of the tibia. The period of 
deformity correction was 269  days. The reference 
angles values of the tibia were within the accepted 
ranges.

discussion

Treatment of congenital pseudoarthrosis of the 
shin bones remains as one of the serious problems 
in contemporary orthopedics of childhood [1]. 
Techniques developed over the past 30 years enable 
consolidation of the pseudoarthrosis in a fairly high 
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8 cm

Fig. 1. Photograph of the patient with 
cCPASB prior to deformity correction: а — 

аrontal view; b — lateral view

а b
Fig. 2. Radiographs of the patient with cCPASB prior to deformity 

correction: а — anterior-posterior view; b — lateral view

а b

Fig. 4. Roentgenograms of the patient with 
cCPASB following deformity correction of the 
bones of the right tibia: а  — anterior-posterior 

view; b — lateral view

percentage of cases, from 75% to 85% [1–3, 6]. 
Thus, it can be argued that this problem is not of 
utmost urgency. However, the treatment of patients 
with congenital pseudoarthrosis of the shin bones 
does not end at the stage of consolidation of the 
pseudoarthrosis. It is known that there will be 
a  lag in the growth of the tibia, and its complex 
multiplanar deformities may occur in the future. 
Deformity treatment and lower leg shortening in 
case of consolidated pseudoarthrosis is extremely 

problematic, as there are potential risks of refracture, 
in addition to recurrence of pseudoarthrosis and 
deformity. We have found only 3 publications 
devoted to this problem in literature.

Inan et al. [26] reported 16 analyzed cases of pa-
tients with shortenings and deformities of the lower 
leg along with consolidated pseudoarthrosis. In this 
study lengthening was performed only in 3 cases; in 
other cases, temporary epiphysiodesis of the bones 
of a healthy limb was performed to shorten  it. 

Fig. 3. Preoperative planning for deformity correction in a patient 
with cCPASB using specialized software: а — anterior-posterior view; 

b — lateral view

а b
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It  should be noted that in 2 of 3  cases, there were 
complications in the form of a  pseudoarthrosis.

Cho et al. [10] provided the results of 27  ca ses 
of tibia lengthening in 22 patients with consolida-
ted pseudoarthrosis, who underwent a  single-level 
osteo tomy in the proximal third and tibia lengthe-
ning. The magnitude of the elongation amounted 
to 3.7  cm (1.0–9.1 cm). The average EFI was 
89 days/cm, which was two-fold higher than that 
in pediatric patients with the consequences of 
injury  [8].

G. Zhu et al. [9] reported 11 cases of lower 
extremity lengthening in patients with consolidated 
pseudoarthrosis. In all cases, the osteotomy of the 
upper third of the shin bones and lengthening 
were also performed. The text of the article did 
not clarify whether only shortening was performed, 
or deformities were corrected as well. In addition, 
the deciding factor in the choice of osteotomy level 
was not clearly stated. Based on the radiographs 
presented, the surgeons did not state the objective 
for eliminating all the components of the deformity 
and sought only to lengthen the segment. The 
publication also draws attention to the extremely 
high EFI of 63.1 days/cm, slightly differing from the 
EFI obtained by us (64.3 ± 40.6 days/cm). Such high 
EFI indicates a slow maturation of the distraction 
regenerate, which can be completely explained by 
the pathological process underlying this disease.

In the literature, we could not find a single 
 publication devoted to the accuracy of defor-
mity  correction and the choice of osteotomy 
level(s). It  was only mentioned that osteotomy 
in  the area  of the deformity apex, most often lo-
cated at the level of consolidation of the pseudo-
arthrosis, can lead to lysis of the ends of bone 
fragments in the region of osteotomy and pseudo-
arthrosis [8].

Fig. 6. Radiographs of the patient after the disassembly 
of the external fixation device and the application of 
hemiepiphysiodesis to correct the recurrence of deformities: 

а — anterior-posterior view; b — lateral view

а b

Fig. 7. Radiographs of the patient after removing the plate 
and screws according to hemiepiphysiodesis: а — anterior-

posterior view; b — lateral view

а b

Fig. 5. Photographs of the patient after the disassembly 
of the external fixation device and the application 
of hemiepiphysiodesis to correct the recurrence of 

deformities: а — frontal view; b — lateral view

а b
4 cm 4 cm
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Considering these data and our own experience 
of several years, we performed 2 osteotomies 
of the shin bones, located as high and low as 
possible, outside the zone of consolidation of the 
pseudoarthrosis and the pathologically -changed 
bone, determined radiologically. In conjunction with 
the use of the Ortho-SuV transosseous unit with 
computer navigation properties, highly accurate 
deformity correction was achieved, which was 95% 
for deformities in the frontal plane and 80% for 
deformities in the sagittal plane. Our hypothesis, 
that regardless of the accuracy of deformity 
correction for eliminating the difference in the 
lengths of the lower extremities, the deformities 
will recur as the child grows, was confirmed in 
100% of cases. unfortunately, no data on correction 
of these deformities is available. Therefore, the 
question about the timing of recurrence of 
deformities is of interest. In the pediatric patients 
analyzed by us, the recurrence of deformities in all 
cases was noted at the time of disassembly of the 
transosseous apparatus. Meanwhile, in all cases, the 
segment length achieved as a result of transosseous 
osteosynthesis was maintained.

We would also like to talk more specifical ly 
about the aspects of the method of hemiepiphy-
siodesis. Despite the extremely high popularity 
of this method in the treatment of lower limb 
deformities in a  growing child against various 
diseases [11–15], we did not find any systemic 
review of hemiepiphysiodesis in patients with 
deformities in cases of consolidated congenital 
pseudoarthrosis of the lower leg. In  a  publication 
by P. Stevens [12], the author described the 
method and provided radiographs of a child with 
consolidated pseudoarthrosis and described how 
hemiepiphysiodesis was used for correction of 
secondary deformities. However, the low injury rate 
of hemiepiphysiodesis, the presence of functioning 
growth zones, the absence of difference in the lengths 
of the lower extremities after the first stage served as 
a prerequisite for the second part of our study. Our 
results confirm that hemiepiphysiodesis is highly 
efficient in treating the recurrence of deformities.

Conclusion

The analysis shows that in 100% of cases, there 
is a recurrence of deformity as a child grows, 
regardless of the accuracy of deformity correction 

in cases of consolidated pseudoarthrosis of the 
shin bone. Hence, hemiepiphysiodesis could be an 
effective treatment for this complication.

additional information

Source of funding. The study was supported 
by the Turner Scientific Research Institute for 
Children’s Orthopedics within the framework of the 
research.

Conflict of interest. Author V.A. Vilensky 
declares that he is an employee of the company 
Ortho-SuV. The remaining authors declare no 
obvious and potential conflicts of interest related to 
the publication of this article.

Ethical review. Patients and their representatives 
consented to the processing and publication of 
personal data.

Contribution of the authors
E.A. Zakharyan developed the research metho-

dology, drafted all sections of the article, collected 
and processed the literature, and performed surgery 
on 19 patients.

A.P. Pozdeev managed and participated in the 
development of the study methodology.

V.A. Vilensky participated in data processing, 
participated in discussions regarding the drafting 
of the manuscript, and updated the Materials and 
Methods section.

references

1. Shah H, Doddabasappa SN, Joseph B. Congenital 
pseudarthrosis of the tibia treated with intramedullary 
rodding and cortical bone grafting: a follow-up study 
at skeletal maturity. J Pediatr Orthop. 2011;31(1):79-88. 
doi: 10.1097/BPO.0b013e318202c45d doi: 10.1097/
BPO.0b013e318202c45.

2. Pannier S, Pejin Z, Dana C, et al. Induced membrane 
technique for the treatment of congenital pseudarthro-
sis of the tibia: preliminary results of five cases. J Child 
Orthop. 2013;7(6):477-485. doi: 10.1007/s11832-013-
0535-2.

3. Thabet AM, Paley D, Kocaoglu M, et al. Periosteal graf-
ting for congenital pseudarthrosis of the tibia: a prelimi-
nary report. Clin Orthop Relat Res. 2008;466(12):2981-
2994. doi: 10.1007/s11999-008-0556-1.

4. Borzunov DY, Chevardin AY, Mitrofanov AI. Manage-
ment of congenital pseudarthrosis of the tibia with the 
Ilizarov method in a paediatric population: influence 
of aetiological factors. Int Orthop. 2016;40(2):331-339. 
doi: 10.1007/s00264-015-3029-7.

5. Кутиков С.А., Борзунов Д.Ю., Дьячкова Г.В., и др. 
Лечение врожденного ложного сустава костей 



ORiGinAl PAPERS 35

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. issue 4. 2018

голени // Вестник хирургии имени И.И. Грекова.  – 
2016.  – Т. 175.  – № 4.  – С. 53–58. [Kutikov SA, Bor-
zunov DY, D’yachkova GV, Chevardin AY. Treatment 
of congenital pseudarthrosis of the tibia. Vestn Khir im 
I.I. Grek. 2016;175(4):53-58. (In Russ.)]

6. Поздеев А.П. Ложные суставы и дефекты костей 
у детей (Этиология, клиника, лечение): Дис. … 
д-ра мед. наук.  – СПб., 1998. [Pozdeev AP. Lozhnye 
sustavy i defekty kostey u detey (Etiologiya, klini-
ka, lechenie). [dissertation] Saint Petersburg; 1998. 
(In  Russ.)]

7. Захарьян Е.А. Комплексное лечение деформаций 
нижней конечности у пациентов с врожденным 
ложным суставом костей голени: Дис. … канд. мед. 
наук.  – СПб., 2017. [Zakhar’yan EA. Kompleksnoe 
lechenie deformatsiy nizhney konechnosti u patsientov 
s vrozhdennym lozhnym sustavom kostey goleni. [dis-
sertation] Saint Peterburg; 2017. (In Russ.)]

8. Cho TJ, Choi IH, Lee KS, et al. Proximal tibial length-
ening by distraction osteogenesis in congenital pseud-
arthrosis of the tibia. J Pediatr Orthop. 2007;27(8):915-
920. doi: 10.1097/bpo.0b013e31815a6058.

9. Zhu GH, Mei HB, He RG, et al. Effect of distrac-
tion  osteogenesis in patient with tibial shorten-
ing  after initial union of Congenital Pseudarthrosis 
of  the   Tibia (CPT): a preliminary study. BMC Muscu
loskelet Disord. 2015;16:216. doi: 10.1186/s12891-015-
0680-5.

10. Choi IH, Cho TJ, Moon HJ. Ilizarov treatment of con-
genital pseudarthrosis of the tibia: a multi-targeted ap-
proach using the Ilizarov technique. Clin Orthop Surg. 
2011;3(1):1-8. doi: 10.4055/cios.2011.3.1.1. 

11. Stevens PM. The role of guided growth as it relates to 
limb lengthening. J Child Orthop. 2016;10(6):479-486. 
doi: 10.1007/s11832-016-0779-8.

12. Stevens PM. Guided growth for angular correc-
tion: a preliminary series using a tension band plate. 
J Pediatr Orthop. 2007;27(3):253-259. doi: 10.1097/
BPO.0b013e31803433a1.

13. van Oosterbos M, van der Zwan AL, van der 
Woude HJ, Ham SJ. Correction of ankle valgus by 
hemiepi physiodesis using the tension band principle 
in patients with multiple hereditary exostosis. J Child 
Orthop. 2016;10(3):267-273. doi: 10.1007/s11832-016-
0742-8.

14. Burghardt RD, Herzenberg JE. Temporary hemiepi-
physiodesis with the eight-plate for angular deformi-
ties: mid-term results. J Orthop Sci. 2010;15(5):699-
704. doi: 10.1007/s00776-010-1514-9.

15. Danino B, Rodl R, Herzenberg JE, et al. Guided growth: 
preliminary results of a multinational study of 967 phy-
ses in 537  patients. J Child Orthop. 2018;12(1):91-96. 
doi: 10.1302/1863-2548.12.170050.

16. Виленский В.А., Захарьян Е.А., Поздеев А.А., и  др. 
Лечение детей с врожденными деформациями 
длинных костей нижних конечностей путем по-
следовательного использования управляемого ро-
ста и чрескостного остеосинтеза (предварительное 
сообщение) // Ортопедия, травматология и восста-

новительная хирургия детского возраста.  – 2018.  – 
Т. 6.  – № 3.  – С. 12–24. [Vilensky VA, Zakharyan EA, 
Pozdeev AA, et al. Treatment of congenital long-bone 
deformities in children using the consequtive applica-
tion of guided growth and external fixation: prelimi-
nary report. Pediatric traumatology, orthopaedics and 
reconstructive surgery. 2018;6(3):12-24. (In Russ.)]. 
doi:  10.17816/PTORS6312-24.

17. Paley D. Principles of deformity correction. Ex-
ercise Workbook. New York: Springer-Verlag;  
2002. 

18. Normal lower limb alignment and joint orientation. 
Ed.  by D. Paley. Principles of Deformity Correction. 
Berlin, Germany: Springer-Verlag; 2005. P. 1-18.

19. Виленский В.А., Поздеев А.А., Зубаиров Т.Ф., и др. 
Лечение детей с деформациями длинных трубчатых 
костей нижних конечностей методом чрескостного 
остеосинтеза с использованием аппарата Орто-СУВ: 
анализ 213  случаев // Ортопедия, травматология и 
восстановительная хирургия детского возраста.  – 
2016.  – Т. 4.  – № 4.  – С. 21–32. [Vilensky VA, Poz-
deev AA, Zubairov TF, et al. Treatment of pediatric 
patients with lower extremity deformities using soft-
ware-assisted Ortho-SuV Frame: analysis of 213  cases. 
Pediatric traumatology, orthopaedics and reconstructive 
surgery. 2016;4(4):21-32. (In Russ.)]. doi: 10.17816/
PTORS4421-32.

20. Соломин Л.Н., Щепкина Е.А., Виленский В.А., 
и др. Коррекция деформаций бедренной кости 
по Илизарову и основанным на компьютерной 
навигации аппаратом «Орто-СУВ» // Травматология 
и ортопедия России.  – 2011.  – № 3.  – С. 32–39. 
[Solomin LN, Schepkina EA, Vilensky VA, et al. Cor-
rection of femur deformities by Ilizarov method and 
by apparatus Ortho-SuV based on computer naviga-
tion. Travmatologiia i ortopediia Rossii. 2011;(3):32-39. 
(In Russ.)]

21. Скоромошко П.В. Оптимизация лечения больных 
с диафизарными деформациями бедренной кости 
на основе использования чрескостного аппарата со 
свойствами пассивной компьютерной навигации 
(экспериментально-клиническое исследование): 
Дис. … канд. мед. наук.  – СПб., 2014. [Skoro-
moshko PV. Optimizatsiya lecheniya bol’nykh s dia-
fizarnymi deformatsiyami bedrennoy kosti na osnove 
ispol’zovaniya chreskostnogo apparata so svoystvami 
passivnoy komp’yuternoy navigatsii (eksperemental’no-
klinicheskoe issledovanie). [dissertation] Saint Peters-
burg; 2014. (In Russ.)]

22. Определение референтных линий и углов длинных 
трубчатых костей: пособие для врачей.  – СПб.: 
РНИИИТО им. Р.Р. Вредена, 2010. [Opredelenie ref-
erentnykh liniy i uglov dlinnykh trubchatykh kostey: 
posobie dlya vrachey. Saint Petersburg: RNIIITO im. 
R.R. Vredena; 2010. (In Russ.)]

23. Соломин Л.Н., Виленский В.А. Практическая клас-
сификация деформаций длинных трубчатых ко-
стей  // Травматология и ортопедия России.  – 
2008.  – № 3.  – С. 44. [Solomin LN, Vilenskiy VA. 
Prakticheskaya klassifikatsiya deformatsiy dlinnykh 
trubchatykh kostey. Travmatologiia i ortopediia Rossii. 
2008;(3):44. (In Russ.)]



36 ORiGinAl PAPERS

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. issue 4. 2018

24. Vargas Barreto B, Caton J, Merabet Z, et al. Complica-
tions of Ilizarov leg lengthening: a comparative study 
between patients with leg length discrepancy and short 
stature. Int Orthop. 2007;31(5):587-591. doi: 10.1007/
s00264-006-0236-2.

25. Inan M, El Rassi G, Riddle EC, Kumar SJ. Residual 
deformities following successful initial bone union 
in congenital pseudoarthrosis of the tibia. J Pedi
atr Orthop. 2006;26(3):393-399. doi: 10.1097/01.
bpo.0000217716.64986.f0.

Information about the authors

Ekaterina A. Zakharjan  — MD, PhD, Researcher of the 
Department of Bone Pathology. The Turner Scientific 
Research Institute for Children’s Orthopedics, Saint 
Petersburg, Russia. ОRCID: https://orcid.org/0000-0001-
6544-1657. E-mail: zax-2008@mail.ru.

Екатерина Анатольевна Захарьян  — канд. мед. наук, 
научный сотрудник отделения костной патологии 
ФГБУ «НИДОИ им.  Г.И. Турнера» Минздрава России, 
Санкт-Петербург. ОRCID: https://orcid.org/0000-0001-
6544-1657. E-mail: zax-2008@mail.ru.

Alexander P. Pozdeev  — MD, PhD, Professor, Chief 
Researcher of the Department of Bone Pathology. 
The Turner Scientific Research Institute for Children’s 
Orthopedics, Saint Petersburg, Russia. ORCID: https://
orcid.org/0000-0001-5665-6111. E-mail: prof.pozdeev@
mail.ru.

Александр Павлович Поздеев  — д-р мед. наук, про-
фессор, главный научный сотрудник отделения кост-
ной патологии ФГБУ «НИДОИ им. Г.И. Турнера» Мин-
здрава России, Санкт-Петербург. ORCID: https://orcid.
org/0000-0001-5665-6111. E-mail: prof.pozdeev@mail.ru.

Victor A. Vilensky  — MD, PhD, Senior Researcher of 
the Department of Bone Pathology. The Turner Scientific 
Research Institute for Children’s Orthopedics, Saint 
Petersburg, Russia. ORCID: https://orcid.org/0000-0002-
2702-3021. E-mail: vavilensky@mail.ru. 

Виктор Александрович Виленский — канд. мед. наук, 
старший научный сотрудник отделения костной пато-
логии ФГБУ «НИДОИ им. Г.И. Турнера» Минздрава 
России, Санкт-Петербург. ORCID: https://orcid.org/0000-
0002-2702-3021. E-mail: vavilensky@mail.ru.


