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1. Introduction

Congenital pseudarthrosis of the tibia (CPT) is a
rare and severe form of tibial dysplasia and remains one
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Abstract

Congenital pseudarthrosis of the tibia is a rare but clinically significant condition that
leads to progressive deformity of the lower limb, impaired bone regeneration, repeated
fractures, and substantial long-term functional limitations in affected children.
Although the disorder has been described for more than a century, its underlying
mechanisms remain incompletely understood, and current evidence points to a
complex interaction of genetic, molecular, and biomechanical factors that contribute to
the formation of fibrous nonunion. A wide range of therapeutic strategies has been
proposed, including intramedullary fixation, circular external fixation using the
Ilizarov technique, vascularized bone grafts, combined surgical approaches, and
modern procedures aimed at creating a stable tibiofibular bone block. Despite
significant progress in surgical management, the risks of persistent nonunion, recurrent
deformity, and refracture remain considerable. Parallel to surgical advances, biological
and pharmacological methods intended to enhance bone healing—such as bone
morphogenetic proteins, bisphosphonates, platelet-rich plasma, cellular therapies, and
engineered osteogenic constructs—are being actively explored, although current
clinical evidence remains heterogeneous. Given the variability of treatment protocols
and the limited number of high-quality comparative studies, a comprehensive
synthesis of available data is essential for identifying the most effective approaches and
guiding future research. This review summarizes contemporary knowledge on the
pathogenesis, clinical presentation, and treatment strategies for congenital
pseudarthrosis of the tibia and highlights the need for standardized protocols and
multicenter studies to improve long-term outcomes in pediatric patients.

Keywords: congenital pseudarthrosis of the tibia, Ilizarov apparatus, intramedullary
rod, cross-union.

of the most challenging conditions in pediatric
orthopedics due to its resistance to treatment and high

PARASSATKZ


https://doi.org/10.52889/1684-9280-2025-76-3-jto002
https://doi.org/10.52889/1684-9280-2025-76-3-jto002
https://orcid.org/0009-0002-5413-5237
https://orcid.org/0000-0001-9551-5354
https://orcid.org/0009-0004-2105-1584
mailto:arsen930525@gmail.com
https://doi.org/10.52889/1684-9280-2025-76-6-jto032
https://doi.org/10.52889/1684-9280-2025-76-6-jto032

Trauma & Ortho Kaz, 2025, 76 (6)

recurrence rates [1,2]. The condition typically presents
with anterolateral tibial bowing that progresses to
spontaneous or low-energy fractures and nonunion,
ultimately leading to functional impairment and limb
deformity [1,3,4]. Reported incidence ranges from 1 per
140,000 to 1 per 250,000 live births [1].

A strong association between CPT and
neurofibromatosis type 1 (NF1) has been well
documented, with NF1 present in 38-90% of affected
children [5-12]. Recent genetic and molecular studies
have demonstrated that dysregulation of the rat
sarcoma-mitogen-activated protein kinase kinase—
extracellular signal-regulated kinase (RAS-MEK-ERK)
signaling pathway, NF1 germline mutations, somatic
mosaicism, and altered osteoblastic differentiation play
a central role in CPT pathogenesis [13-17].
Histologically, CPT is characterized by a fibrous
and high
osteoclastogenic potential, explaining the high risk of

hamartoma with low osteogenic
nonunion even after adequate surgical management
[18-24]. Furthermore, several studies have revealed
alterations in serum growth factor profiles, periosteal
proteomics, and exosome-mediated signaling, which
contribute to impaired bone regeneration in these
patients [18,25,26].

Clinically, CPT manifests with progressive tibial
deformity, limb shortening, ankle valgus, and

2. Methodology

This review involves data collected from various
studies, and some of the references have been taken
from articles published in journals like PubMed,
Scopus, and Web of Science and utilized the keywords
to sensitize or search: congenital pseudarthrosis of the

3. Etiology and Pathogenesis

CPT is recognized as a genetic disorder with
incompletely understood pathogenetic mechanisms.
According to Agrawal et al. and Yang G et al., in 38—
90% of cases, the disease is associated with NF1, and
fibular anomalies are observed in 60-90% of cases [9-
11]. The findings of Zhu et al. further support a strong
association with NF1: among 75 patients with CPT, up
to 84% showed clinical signs of NF1 [12]. Mutations in
the NF1 gene lead to increased activation of the RAS
pathway and subsequent clinical consequences.
Elevated levels of active RAS protein trigger the MEK-
ERK signaling cascade [13]. Single-cell sequencing of
samples obtained from pseudarthrosis sites and iliac
crest bone identified expression signatures indicating

functional impairment, while bilateral involvement
remains extremely rare [10,11,27-29]. In addition to
orthopedic complications, CPT imposes a significant
psychosocial burden on children and their caregivers
[8].

Despite advances in orthopedic surgery, achieving
durable bone union and preventing refracture remain
challenging. Numerous surgical strategies have been
proposed, including intramedullary fixation, circular
external fixation wusing the Ilizarov method,
vascularized bone grafts, combined fixation techniques,
and the more recent cross-union protocol [30-57]. The
introduction of biological and pharmacological
adjuvants - such as bisphosphonates, bone
morphogenetic proteins, platelet-rich plasma, and
osteogenic organoids—has expanded therapeutic
possibilities; however, available evidence remains
heterogeneous and is based mostly on small, non-
comparative studies [58-81].

Given the variability in treatment protocols and
the limited number of high-quality studies, a structured
synthesis of current evidence is needed. Therefore, the
objective of this review was to summarize
contemporary surgical and Dbiological treatment
strategies for CPT in children, compare their reported
outcomes, and identify factors associated with
treatment success and refracture.

tibia, Ilizarov apparatus, intramedullary rod, cross-
union. We excluded the article that was incomplete, not
in the English language, or duplicate. Studies have been
made on patients presenting with CPT.

MAPK
pseudarthrosis-derived cells [14].

upregulated pathway  activity  in

Zheng et al. reported the presence of somatic
mosaicism in this patient population: monoallelic NF1
inactivation was found in 21% of patients without NF1,
whereas biallelic inactivation was detected in 83.3% of
patients with NF1-associated CPT in pseudarthrosis
tissue. These findings highlight that both germline and
somatic alterations in NF1 may play critical roles in
disease pathogenesis [15].

The study by Wang et al. expanded current
knowledge of the genetic background of CPT. In a
cohort of 159 patients, whole-exome sequencing
identified rare loss-of-function (LoF) variants affecting
NF1, GLI3, MRC2, PTH1R, RYR1, NPR2, and ITGA11.
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These mutations are associated with disturbances in
osteogenesis and ossification processes, suggesting
their contribution to the complex molecular network
underlying CPT [16]. Xu et al. identified a novel p.E291*
mutation resulting in the loss of multiple functional
domains, including CSRD, GRD, TBD, SEC14-PH, CTD,
and NLS, which may explain the severe clinical
manifestations observed in CPT [17].

Liu et al. reported proteomic differences in CPT
patients: 347 proteins were differentially expressed in
NF1-associated cases, and 467 in non-NF1 cases, with
231 proteins overlapping between the two groups,
suggesting shared pathogenic mechanisms [18]. The
remaining differences support the existence of multiple
pathogenic phenotypes that require further clarification
[19]. Lee D.Y. et al. demonstrated that circ_0000888
suppresses miR-338-3p activity and enhances PTN
expression, thereby increasing the viability and
osteogenic differentiation capacity of CPT-dPMSCs
[22]. Perrin showed that combined MEK-SHP2
inhibition prevents fibrous nonunion in an NF1 model
[14]. Novel regulators of osteogenesis have been
identified, including METTL3 (enhancing MSC
differentiation through the HOXDS8/ITGAS5 axis), miR-
30a  (inhibiting osteogenesis by  suppressing
HOXD8/RUNX2), and circ_0000888/miR-338-3p/PTN
(modulating osteogenic activity) [21].

The primary lesion in CPT is a hamartoma, a
dysontogenetic formation characterized by low

4. Clinical manifestations

CPT is most commonly localized in the middle or
distal third of the tibia, while bilateral involvement is
exceptionally rare [10,11,27]. The primary clinical sign
is anterolateral bowing of the tibia (ALBT), which
manifests as varus—procurvatum deformity of the distal
third of the diaphysis combined with valgus-
recurvatum deformity of the proximal third. In
newborns and infants, the condition may present as a
marked limb deformity or leg shortening, which
becomes apparent at birth or within the first months of
life. As the child grows, particularly with the onset of

osteogenic and high osteoclastogenic potential.
Hamartoma develops due to aberrant growth of
periosteal cells that fail to undergo terminal osteoblastic
differentiation and arrest at a specific stage of this
process [22]. Diaz-Solano et al. conducted histological
studies of hamartomas and found spindle-shaped
mesenchymal cells, but no osteoblasts, osteoclasts,
chondrocytes, or adipocytes responsible for
osteogenesis were detected [23].

Several studies indicate that mesenchymal stem
cells (MSCs) are not the primary cause of impaired bone
regeneration in CPT patients [10,22]. Cho et al.
investigated the immunophenotype of hamartoma cells
compared to periosteal cells from non-CPT patients and
analyzed mRNA expression of BMP-2, BMP-4, and their
receptors using reverse transcription PCR. They found
that hamartoma cells did not undergo osteoblastic
differentiation in response to BMP stimulation and
exhibited higher osteoclastogenic potential compared
to control periosteal cells [24].

Patients with CPT demonstrate low bone
regenerative capacity, serum TGF (transforming
growth factor) imbalance, and impaired collagen
synthesis [25]. Differences in serum-derived exosomal
proteins (SDEs) have also been noted between healthy
children, CPT patients, and those with NF1. These
differentially expressed proteins in CPT-SDEs worsen
trabecular bone microarchitecture by inhibiting bone
formation and promoting bone resorption [26].

walking, the deformity tends to progress, frequently
resulting in spontaneous or pathological fractures that
form a pseudarthrosis and lead to loss of weight-
bearing function of the affected limb.

Combined fractures of the fibula and tibia often
lead to proximal migration of the distal fibular
fragment, contributing to valgus deformity and
instability of the ankle joint [4,28]. Valgus deformities of
the knee and ankle are observed in 38.11% of patients,
while limb shortening occurs in 35.69% of cases [29].
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Figure 1 — X-ray of the right lower leg and foot in two projections shows anterolateral tibial deformity, fibular

pseudarthrosis, and valgus deformity of the ankle joint

ALBT leads to reduced tone of the posterior
compartment muscles of the lower leg, which in turn
contributes to the development of calcaneocavus
deformity of the foot. The combination of deformity,
impaired muscle function, and lack of weight-bearing
results in slowed tibial growth and limb shortening
[29,30]. In response, compensatory hypertrophy of the
ipsilateral femur and valgus deformity of the femoral
neck may develop, which can ultimately lead to
secondary hip dysplasia [31].

Diagnosis

The “gold standard” for diagnosing CPT is
standard radiography of the affected limb. Radiographs
typically reveal bowing of the tibia and fibula, thinning
of the cortical bone, sclerosis of the bone, or signs of
stress fracture. In newborns, marked deformity with
limb shortening may already be evident. Over time, a

5. Classifications of CPT

Several classification systems for CPT have been
proposed, but the most widely used remains the
Crawford classification, which is based on radiographic
appearance:

Crawford Classification (1986):

Type 1: Anterior bowing with increased cortical
density and a narrow medullary canal.

Type 2: Anterior bowing with sclerotic bone and a
narrow elongated medullary canal.

Type 3: Anterior bowing associated with a cyst.

Type 4: Anterior bowing with an obvious fracture
and pseudarthrosis involving both the tibia and fibula
[34].

In clinical practice, the Paley classification is also
used. This system takes into account the integrity of the
tibia and fibula, the presence or absence of proximal
migration of the distal fibula, and the size of the bone
defect. These factors influence the treatment protocol
for CPT [30].

6. Treatment

Conservative Treatment

Conservative treatment of CPT involves orthotic
management of the limb, aimed at preventing fractures
and the progression of deformity [37,38]. Physical
therapy is prescribed to maintain the range of motion
and strengthen the muscles, while ensuring adequate
levels of vitamin D, calcium, and phosphorus is also
recommended.

Surgical Treatment

pseudarthrosis  forms, often accompanied by
calcification of the fibrous tissue. The distal third of the
tibia is most commonly affected, and the fibula is almost
always involved [3].

Densitometry data show a statistically significant
reduction in cortical bone density in the affected tibia of
all CPT patients prior to treatment. Following
treatment, bone density approaches normal values [32].

Magnetic resonance imaging (MRI) plays an
important role in preoperative planning by accurately
defining the resection margins and detecting subtle soft
tissue changes. Additionally, intravenous contrast
administration allows visualization of bone perfusion,
which can be useful for assessing vascularization
defects and determining the appropriate resection
volume [33].

Paley Classification (2019):

Type 1: Both tibia and fibula are intact with
anterolateral bowing.

Type 2: Tibia intact, fibula fractured.

2A: Fibula remains in place (no migration).

2B: Fibula fractured with proximal migration.

Type 3: Tibial fracture with intact fibula.

Type 4: Both tibia and fibula fractured.

4A: Both bones fractured, but fibula remains in
place.

4B: Both bones fractured with proximal migration
of the fibula.

4C: Both bones fractured, with a significant tibial
defect and proximal fibular migration.

Other classifications, including those proposed by
El-Rosasy, Boyd, and Anderson, also exist but are less
commonly used in clinical practice [2,3,74].

Surgical treatment remains the mainstay of
therapy for CPT, with the goals of achieving bone
union, restoring limb function, and preventing
refracture. The best outcomes are achieved when
surgery is performed before the age of three and in the
absence of previous surgical interventions [39]. A
variety of surgical techniques have been employed,
including intramedullary fixation, use of the Ilizarov
apparatus, combined methods, plate and screw
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fixation, vascularized bone grafting, and the cross-
union technique.

The use of intramedullary rods was introduced in
the mid-20th century. However, its effectiveness has
been limited by high rates of nonunion [40,41].
According to a systematic review by Aiona et al.
including 22 studies, the mean primary union rate with
intramedullary fixation was 64%, while refracture rates
reached 35-40% [42]. Similarly, Ong et al. reported a
low rate of stable union (22.2%) with isolated
intramedullary fixation during long-term follow-up
[43].

Vascularized fibular bone grafting with
microvascular anastomoses was first described by Judet
and Gilbert in 1978 [44]. In a meta-analysis by Madhuri
et al. of 14 studies, union rates ranged from 87% to 95%,
although stress fractures of the graft occurred in
approximately 20% of patients [39,45,46]. Costa et al.
and Soldado et al. confirmed that this technique offers
the best outcomes in younger children but is technically
demanding and carries a significant risk of donor-site
morbidity [47,48].

The Ilizarov method remains one of the most
commonly used techniques for surgical correction of
CPT, providing stability and the possibility of limb
lengthening. In a meta-analysis by Zhu et al. including
over 200 patients, the mean union rate ranged from 82%
to 85% [49]. A major advantage of the Ilizarov method
is the ability to address limb shortening, with a
recommended distraction rate of 0.5 mm per day
[50,51].

Among traditional techniques, the combination of
intramedullary fixation with the llizarov apparatus has
been shown to be the most effective. A systematic
review by Tan et al. and a meta-analysis by Jing et al.
demonstrated primary union rates of 88-92% and
refracture rates reduced to 15-20%. This combined
approach has a higher level of evidence (Level II) and is

recommended as the standard treatment, especially for
revision cases [52-56]. Popkov et al. evaluated the use of
hydroxyapatite-coated intramedullary nails combined
with the Ilizarov method in six patients with CPT and
reported no refractures during a mean follow-up of 2.1
years, indicating promising outcomes [57].

In recent years, a promising surgical approach has
been the cross-union technique, developed by Paley.
This protocol involves creating a tibiofibular synostosis
to enhance stability and biological healing. \

The procedure includes:

. Preoperative zoledronic acid infusion;

e  Excision of hamartomatous tissue around the
tibia and fibula with interosseous membrane resection;

e  Tibial fixation using a telescopic growing rod
and fibular fixation with a Kirschner wire;

e  Harvesting of cancellous bone graft;

e  Placement of a three-layer graft consisting of
(i) periosteum around the pseudarthrosis site, (ii)
cancellous bone between and around the tibia and
fibula, and (iii) BMP-2 anteriorly and posteriorly,
covered by soft tissues.

Initially, external fixation with the Ilizarov
apparatus is applied to provide compression and
rotational stability, although the smooth, unlocked
telescopic rod only provides angular support. In 2017,
the external fixator was replaced with an internal
locking plate. In Paley’s study, the primary union rate
was 100%, with refractures occurring in less than 25%
of cases [30]. The use of biological adjuvants, such as
bone morphogenetic proteins (BMP), platelet-rich
plasma (PRP), and bisphosphonates, has been shown to
enhance the effectiveness of surgical treatment [58-63].
However, authors emphasize that current evidence is
based mainly on case series and medium-term follow-
up (up to 10 years). Large multicenter randomized
controlled trials are needed to confirm the long-term
efficacy of these combined protocols [30,64].

Table 1 — Comparative characteristics of surgical methods for the treatment of CPT

Method Primary  Final Time to  Nonunion
union union union rate

Intramedullary nailing  67,7% 76,5% 12,6 months 17,0%
(IMN)

llizarov apparatus 84.2% 81,5% 9,3 months 13,6%
IMN + Ilizarov apparatus 83.7% 92,4% 5,3 months 6,0%
Vascularized bone graft 65.3% 87,1% 9,5 months 7,9%
Cross-union technique 100% 100% 4,5 months

During surgery, proper positioning of the operated treatment process. Seo et al. emphasize the importance

limb is crucial to avoid new complications during the of early stabilization and preservation of ankle joint
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mobility during and after surgery, which is considered
critical for maintaining joint function in patients with
CPT [65].

ALBT is regarded as a distinct pre-fracture
condition. Recent studies have demonstrated that
guided growth techniques can improve alignment,
reduce the risk of fracture, and, in many cases, prevent

7. Biological Therapy and Cellular Technologies

Given the complexity of treating CPT, a
comprehensive therapeutic approach is essential.
Numerous studies have investigated the impact of
orthobiological and pharmacological agents on the
treatment process of tibial pseudarthrosis. Evidence
enhance the
proliferation and osteogenic differentiation of MSCs in
CPT through activation of the p38/ERK1/2 signaling
pathways and modulation of the RANKL/OPG axis
[16]. However, some studies have reported that

suggests  that  bisphosphonates

bisphosphonates used in monotherapy are insufficient
to induce complete osteogenesis [70]. The Paley
protocol incorporates the use of bone BMPs; however,
the application of thBMP-2 and BMP-7 has yielded
mixed results. While consolidation was achieved in
some patients, several studies have described
complications and high recurrence rates [71-76]. In a
meta-analysis, Kesireddy et al. found no significant
advantage of BMP use compared to combined Ilizarov
fixation and intramedullary nailing [77]. In a
randomized controlled trial, Das et al. evaluated the
efficacy of recombinant human BMP-7 (thBMP-7) in the
treatment of CPT and concluded that BMP-7 combined
with autologous bone grafting offers no clear benefit
over autologous grafting alone [78].

8. Discussion

This review summarizes current surgical and
biological strategies for managing CPT. Despite
advances in operative techniques, achieving reliable
union and preventing refracture remain major
challenges.

Across the included studies, isolated
intramedullary fixation demonstrated the lowest union
rates and the highest risk of refracture, confirming that
it should not be used as a standalone treatment. The
llizarov method showed better outcomes due to
controlled compression, deformity correction, and
stimulation of osteogenesis; however, complications
such as pin tract infection and joint stiffness remain

common.

the development of pseudarthrosis. The principle of
this technique involves temporary tethering of the
lateral column of the distal tibial physis using a plate,
staples, or screws. This is a minimally invasive, simple,
and effective corrective procedure that can delay or
even prevent the progression to CPT [66-69].

The use of vasoactive intestinal peptide (VIP) has
also been explored in combined CPT treatment
protocols. VIP was found to inhibit osteoclast
differentiation via the RANKL/OPG and NF-xB
pathways, making it a potentially attractive therapeutic
option that warrants further investigation [79].

Additionally, organoids  (OstO)
composed of allogeneic bone marrow MSCs, PRP clot,

osteogenic

and collagen microgranules have been investigated.
Their application during surgery led to union of CPT
within six months [80]. Meselhy et al. studied the use of
induced biomembrane techniques in 19 patients with
recurrent CPT and reported successful consolidation in
all patients, each of whom had previously undergone
unsuccessful surgical interventions [81].

Thus, a variety of biological agents have been
explored as part of the comprehensive management of
CPT, many of which show promising potential for
future research and clinical application. Nevertheless, a
wide range of known orthobiological compounds
remain unstudied in the context of CPT treatment,
highlighting the need for further investigation in this
area.

Combined fixation using intramedullary nails
together with the Ilizarov apparatus consistently
produced higher primary and final union rates and
lower refracture rates than either technique alone. This
approach currently represents one of the most reliable
treatment options, especially in recurrent cases.

Vascularized bone grafting demonstrated high
union rates, particularly in younger children, though its
complexity and donor-site morbidity limit its use. The
cross-union technique (Paley protocol) achieved the
most favorable outcomes, including 100% primary
union in several studies, likely due to enhanced
mechanical stability and a broad biological
environment for healing.
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Biological adjuvants such as bisphosphonates,
BMPs, PRP, and cellular technologies have shown
variable results. While some studies report enhanced
osteogenesis, the overall evidence remains
heterogeneous and largely limited to small case series.

Factors associated with better outcomes include
younger age at surgery, stable fixation, intact or
reconstructed fibular alignment, and prolonged

postoperative protection. Refracture continues to be a

9. Conclusions

CPT remains one of the most difficult conditions in
pediatric orthopedics due to its complex biological
background and high risk of recurrent nonunion.
Modern surgical approaches—particularly combined
intramedullary fixation with the Ilizarov method and
the cross-union technique—demonstrate the most
consistent and reliable outcomes, offering high union
rates and reduced refracture risk. Biological adjuvants
such as bisphosphonates, BMPs, PRP, and cellular
technologies may enhance healing but require further
validation. Long-term protection, correction of
associated deformities, and careful follow-up through
skeletal maturity remain essential components of
successful treatment. Continued development of
standardized protocols and prospective multicenter
studies is necessary to further improve long-term
outcomes for children with CPT.
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Tya OGiTkeH acBIKTHI XKiaiKTiH >kaaraH OybiHbL: Kasipri eMaey crparernsiaapbl MeH
HITIXeAepi. OgeOmeTKe MOy
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Tyiingeme
Tya OiTkeH achIK KiZiKTiH >XaaraH OyBIHBI — CUpeK Ke3geceTiH, OipaK KAMHUKAABIK TYPFBIAAH MaHBI3ABI
aTOAOTVSIABIK, >KarAaii. Oa aaxTeIH yaeMmeadi JAedpopManuschiHA, CYJeK pereHepalusACHIHBIH OyY3bLAybIHA,

KaliTalaHaTBIH CBIHBIKTAapFa >KoHe Oasdasapda y3ak Mep3iMai QyHKIIMOHAAABIK LIEKTeyAepTe aablll keaedi. bya aypy
>KY3 >KbIAJaH acTaM yaKbIT OYpBIH CUIIaTTaAFaHbIMEH, OHBIH JaMy TeTiKTepi TOABIK 3epTTeamereH. Kasipri FoLabIMm
JAepeKTep TeHeTMKAAbIK, MOJAeKyJalblK >KoHe OMoMexaHMKAAblK ¢aKTopAapAblH Kypdedl esapa opekerTecyi
pubpo3AbIK Oipaecyain KaablllTacyblHa BIKIIAA eTeTiHiH kepceTesi. EMaeyain keH ayKbpIMABl TociaAepi YCBIHBIAFaH,
0JapA4bly immmiHge cyliekTi imki ¢puxcanmsasay MHTpaMeAyAAsSpABIK OekiTy, /1an3apos TeXHUKaChIH KOAAaHa OTBIPHII
CBIPTKBI IIeHOepAai ¢ukcaius, TaMBIpABI CYJeK TpaHCIIAaHTAaTTaphl, OipiKTipidreH XMPYpPTUAABIK dAiCTep >KoHe
TYpaKThl TUOMOPUOYASIPABIK CyJieK OAOIBIH KYpyFa OarbITTaAfaH 3aMaHayu Taciagep Oap. XMpypIrusAblK aaicTepaiy
JAaMybIHa KapaMacTaH, TYPaKThl XKa3blAMay, AepopMallMsIHBIH KaliTa Ialiga 00AybI KoHe KaiiTalaMa CBIHBIKTap KayIli
>KOFaphl 0OOABIN Kada Oepeai. XUpPypIuAABIK >KeTiCTIKTepMeH KaTap CY/eKTiH cayBIFybIH KylllelTyre OaFbpITTaAFaH
O10A0TMAABIK >KoHe (apMaKOAOIVAABIK dAicTep — cylieK MoOpQOreHeTMKaAbIK akKyb3Aapel, Oucdocdonarrap,
TpoMOoIMTKe Oail Ida3Ma, >KacyllaAblK TepanusAlap >KoHe OCTeOreHAiK MHXKeHepaiK KypblabiMap — OeaceHAl
3epTTeayae, alaiija KAMHUKAABIK AepeKTep 24i Ae OipbiHFaill eMec. EMaey xaTTaMadapbIHBIH 9pTypAidiri MeH camaas
Ca/AbICTRIPMaAbl 3epTTeyAepAiH a3AbIFbl KOAXKETiMAI JepekTepai Xylteai TaadayAbl KakeT eTegi, Oya eH TuMiMAi
TaCiAdepAl aHBIKTayFa >kKoHe OoJalllak 3epTTeylepre OarblT Oepyre MYMKiHAik Oepeai. bya moay Tya OiTkeH achIK
KiZIKTiH >KaAfaH OYBIHBIHBIH IIaTOTeHe3i, KAMHMKAABIK KOpiHicTepi >KoHe eMmaey cTpaTermslapbl >KeHiHJeri Kasipri
MaJdiMeTTepai >KMHaKTall, XxaTTamaJdapAbl CTaHAapTH3alisaday >KoHe KOeNOPTaAbIKTBIK 3epTreydep >Kypridy
Ka>KeTTiAiTiH epeKille aTall KepceTeai.

TyitiH cesaep: Tya OiTKeH acBIKTHI XKiAiK cylieriHiH >KaafaH OybIHbI, VAn3apos anmapatsl, UHTpaMeAy AASPABIK,
o3€K.
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Pesiome

BpoxaeHHBIiT 2105KHEIN cycTas 00AbIIe6epIIoBOli KOCTU IIpeacTaBAsieT cOOO0M pejKoe, HO KAMHITIEeCK! 3Ha9MOoe
3aboaesaHne, IIpUBOAsAINEe K IIporpeccupyiomeii depopManmy HIDKHEN KOHEYHOCTH, HapyIIeHUIO KOCTHOIM
pereHeparnuy, MOBTOPHEIM IIepeAOMaM U BHIPa’KeHHBIM AOATOCPOYHBIM (PYHKI[MOHAABHBIM OTPAaHUYEHUSIM Y AeTeill.
Hecmotps Ha TO, uTOo 9TO 3ab0aeBaHye ommcaHo 0oJee CTa AeT Has3ad, €TO MATOTEHEe3 OCTAIOTCHA HEeIOAHOCTBHIO
U3yYeHHBIMU, a COBpeMeHHbIe JaHHbIe YKa3hIBalOT Ha CAOXKHOE B3alIMOJENCTBUE IeHeTUYeCKNUX, MOAEKYASPHBIX I
O6uomMexaHmuecknx (PakTOpPOB, CIIOCOOCTBYIOIIMX (POpMuUpOBaHUIO (GuOposHOro HecpameHus. Jas AedeHNs
IIpeAAOXeH IIUPOKUIT CIEKTp TepaneBTUIecKuX II0AXOAOB, BKAIOYasl BHYTPUMKOCTHYIO (UKCAIUIO, KPYTOBYIO
BHEIITHIOI (PUKCAIIMIO C MCIOAb30BaHMEM TeXHMKM lamsapoBa, BacKyAsSpU30BaHHbIE KOCTHBIE TPAaHCILAAHTATEHI,
KOMOMHIPOBaHHEIE XMPYPTUYECKIIe METOABI I COBpeMeHHbIe ITPOoIelyphl, HallpaBAeHHEIE Ha CO3JaHle CTabUABLHOTO
TubmopudyasspHoro kocrHoro 6aoka. HecMmoTpss Ha 3HAYMTEABHBII IIPOTrpecC B XUPYPTUMUECKOM JAedeHNH,
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COXPaHSIOTCS BBICOKMII PUCK CTOVIKOTO HecCpallleHNs, peluAuBupyomeil ge¢popMalny U IIOBTOPHBIX II€PeA0MOB.
Hapsay c xupypruyecKuMm MeTOAaMM aKTVMBHO U3y4aloTcsa Omoaormueckme u apMaKOAOIMIEeCKNe METOABI,
HallpaBJeHHbIe Ha yCUAeHNe KOCTHOTO 3a’KIMB/AEHNs], TaKue KaK KOCTHbIe Mop¢oreHeTdeckne 6eaxu, 6ucdocdoHaTsl,
oboraIieHHyI0 TpoMOOIINTaMI I11a3Ma, KAE€TOYHbIE TEXHOJAOTUM U VHKEHEpHbIE OCTeOreHHBle KOHCTPYKIIMM, XOTsI
MMeIoIecs: KAVMHNYEeCKNe JaHHBIe OCTAalOTCSI HEOAHOPOAHBIMIL. YUUTEIBas BapuaOeAbHOCTh A€4eOHBIX IIPOTOKOAOB I
OrpaHMYeHHOe KOAMYECTBO KadyeCTBEHHBIX CPaBHUTEABHBIX MCCARAOBAHNI, KOMILAEKCHBINM aHaAM3 AOCTYIIHBIX 4aHHBIX
Heo0X04UM AAsl olipejeaeHns HanOoee 9PpPeKTUBHBIX II0AX0A0B U HallpaBAeHMI1 OyAyIInx nccaeAoBaHnii. JaHHBIN
00630p 0600IIIaeT COBpeMeHHBIE CBeA€HNsI O IIaTOreHe3e, KAMHIYECKIX ITPOsBAEHIIX M METOAAX Ae4eHNs BPOKAEHHOTO
AOXHOIO cycTaBa O0/bIIeOeprioBOl KOCTM M IIOJYEepPKMBAaeT HEeOOXOAMMOCTb CTaHAAPTMU3allMM IIPOTOKOAOB U
IIPOBEAEHNSI MHOTOLIEHTPOBBIX MCCACAO0BAaHUIN 4451 YAYYIIEHUs 40ATOCPOYHEIX pe3yAbTaTOB.

Kaiouesble caoBa: BpOXJAEHHBII AOXKHBIM cycTtaB 0OoablneOeprioBoil KocTy, amnmapaTt Vlausaposa,
VMHTpaMeAyAASPHBIN CTeP>KeHb.
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