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Abstract. Relevance. Bone tissue regeneration and the development of methods for directed influence on the processes of
bone healing are of the most urgent problems of modern medicine. Defects in the jaw bones are widespread, which in turn leads
to the search for modern bone — replacing materials that meet the basic characteristics of the bone. Information was searched
based on the PubMed and E-library databases, using the keywords: “bone tissue” AND “bone regeneration” AND “osteoplastic
materials” AND “osteoinduction” AND “osteoconduction”. Autologous bone is considered the clinical gold standard and the
most effective method of bone regeneration. It is the autograft that has three main characteristics: osteogenicity, osteoinductive
and osteoconductive. The autograft has limitations due to the limited amount of bone tissue and the soreness of the donor site.
A viable alternative to autologous bone is an allograft. The most widely used allograft is demineralized freeze — dried bone
allograft (FDBA). The freeze — drying process promotes damage to osteoblasts, which limits its osteoinductive potential, but it is
a profitable alternative in terms of convenience, abundance of choice and absence of pain due to the absence of additional surgical
intervention. The main component of xenogeneic materials is collagen, which has the ability to resorb in tissues and stimulate
regenerative processes. The material has osteoconductive properties and is capable of bone ingrowth, with the formation of a new
bone directly from the xenomaterial bed with the deposition of bone cells on its surface. Subsequently, the xenomaterial undergoes
resorption with complete replacement with new bone tissue. Alloplastic materials are fully synthetic materials synthesized from
inorganic sources. Alloplastic materials have the property of osteoconduction, and when various growth factors are added to
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their composition, the property of osteoinduction is added to osteoconductive. The clinical use of bone substitutes is limited by
their fragility as well as their unpredictable rate of resorption, which render these materials generally less favorable in clinical
outcomes. Conclusion. Until now, a scientific search for various materials capable of replacing an autogenous transplant is
being carried out. At the moment, none of the currently available materials has all the desired characteristics and the choice of
materials directly depends on the specific clinical situation in the oral cavity.

Key words: bone tissue, bone regeneration, osteoplastic materials, osteoinduction, osteoconduction

Funding. The authors received no financial support for the research, authorship, and publication of this article.
Autor contribution: Salekh K.M. — literature review, text writing; Dymnikov A.B., Mukhametshin R.F., Ivashkevich S.G. —

preparing and editing the manuscript. All authors made a significant contribution to the development of the concept and manuscript
writing, read and approved the final version before publication.

Conflict of interest statement. The authors declare no conflict of interest.

Acknowledgements — not applicable.
Ethics approval — not applicable.
Consent for publication — not applicable.

Received 17.05.2023. Accepted 06.07.2023.

For citation: Salekh KM, Dymnikov AB, Mukhametshin RF, Ivashkevich SG. Modern osteoplastic materials. RUDN
Journal of Medicine. 2023;27(3):368—378. doi: 10.22363/2313-0245-2023-27-2-368-378

Introduction

Bone tissue is one of the few body tissues capable
of restitution, to complete regeneration with the resto-
ration of the original structure [1]. Bone remodeling
entails a genetically determined process in which bone
ages or is then lost, replaced by osteoclasts, and replaced
by new bone formed by osteoblasts. There is a close
relationship between bone formation and resorption to
ensure that bones are resistant to changes in bone mass
or quality after each remodeling [2].

The problem of bone tissue regeneration and
the development of methods for directed influence
on the processes of bone healing are one of the most
urgent problems of modern medicine [3,4]. Defects
of the jaw bones are widespread and can be caused
by trauma resulting from the growth of odontogenic
cysts, benign tumors, the consequence of osteomy-
elitis processes, congenital malformations, infections
and surgical interventions. Even though bone has
a great capacity for self — healing, some defects or
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fractures are too large to regenerate. To initiate bone
regeneration, bone growth must be induced by a range
of bioactive implantable materials, cell types, and
intracellular and extracellular molecular signaling
pathways. Because mesenchymal stem cells (MSC)
and their differentiation during remodeling processes
play an important role in bone regeneration, under-
standing the involved molecular signaling pathways
is believed to be critical for the development of bone
replacement materials and cell — based scaffolds for
bone regeneration [5-7].

The need to create new osteoplastic materials for
maxillofacial surgery and surgical dentistry is due to
the fact that about 4 million operations are performed
annually in the world [8]. Based on this, the choice of
osteoplastic materials that satisfy the basic properties
of bone tissue becomes relevant.

The modern range of osteoplastic materials for
surgical dentistry and maxillofacial surgery is divided
into several groups presented by figurel.
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Fig.1. Osteoplastic materials used in dentistry

Autogenous materials

An ideal bone graft has three characteristics: oste-
oinduction — the ability to provide a scaffold for bone
regeneration, osteoconduction — the content of growth
and regulation factors that produce bone formation, and
osteogenic— have cells that promote bone formation [9, 10].

Autologous bone or autograft with its inherent
osteogenic, osteoinductive and osteoconductive prop-
erties is still considered clinically the “gold standard” in
bone regeneration, in comparison with other groups of
osteoplastic materials. Only autologous bone contains
viable osteoblasts and stem cells. Autogenous bone
does not contain antigens, which leads to the absence
of an immune response. The use of an autograft at
the defect site promotes the creation of a bone matrix
with the differentiation of local stem cells into bone
tissue cells — all this demonstrates the manifestation of
a combination of osteoinductive and osteoconductive
properties [11-14].

The site of autograft sampling can be both from
intraoral sites — maxillary tubercle, retromolar area,
oblique branch of the lower jaw, and extraoral sites —
rib and iliac crest [15].

However, the limited amount of bone and ten-
derness of the donor site are the most important dis-
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advantages of autotransplantation. In view of these
shortcomings, improved biomaterials are needed to
match the characteristics of the autograft, as it continues
to outperform other groups of bone materials [16, 17].

Allogenic materials

Advances in allografts over the past decades have
contributed to the creation of viable alternatives that
allow them to be equated with autografts. The most
widely used allograft is the demineralized freeze — dried
bone allograft (FDBA), which is freeze — dried during
manufacture to reduce its antigenicity. Lyophilization
is a stabilizing process in which the substance is first
frozen and then the amount of solvent is reduced first
by sublimation (primary drying) and then by desorption
(secondary drying) [18].

However, osteoblasts are damaged during this
process, which limits its osteoinductive capacity and
participation in the process of osteogenesis. Due to the
inevitable immune response associated with FDBA, the
period of integration with surrounding tissues is longer
than that of autologous bone material [19].

Bone allograft is a beneficial alternative to autograft
in terms of convenience, abundance, and absence of
pain in patients associated with additional surgery at
the donor site. Variants of allografts include structural
shape, particle shape, and demineralized bone matrix.
Commonly used allografts include synthetic calcium
sulfate/phosphate materials — these grafts provide their
osteoconductive properties. In addition, various growth
factors, including bone morphogenetic proteins released
during the demineralization process, can accelerate the
healing process of bone defects [20-23].

Xenogeneic materials

Another area of research is the search for xeno-
geneic materials that satisfy the basic properties of
bone tissue. As previously described, autografts and
allografts have inherent limitations despite their excel-
lent success rates in bone grafting practice. Therefore,
natural bone substitutes have been developed to stim-
ulate the improvement of osteogenic, osteoconductive
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and osteoinductive potentials by creating a favorable
microenvironment for bone growth. Xenografts are
materials obtained from a genetically unrelated species,
in particular, deproteinized bovine bone is a common
source of materials for xenografts in dentistry [24].

One of the groups of xenogeneic materials is the
materials whose main basis is collagen. Collagen is
synthesized by fibroplastic cells. Of all the types of
collagens, it is type 1 collagen that is used to interact
with the bone. Collagen materials have the ability to be
resorbed in tissues and stimulate regeneration processes.

Materials based on collagen have been successfully
used in medical practice since the second half of the
20th century [25].

Collagen materials have the ability to be resorbed in
tissues and stimulate regenerative processes, including
bone. In the process of deep cleaning of the matrix,
natural collagen is preserved, which is a supporting
protein that provides physiological bone regeneration.
However, the negative property of collagen materials
is their immunogenicity, which, as already empha-
sized earlier, increases the period of integration with
surrounding tissues.

Another group of xenogeneic osteoplastic mate-
rials is deproteinized materials, which are the mineral
component of the bone, completely purified from all
organic elements. Most often, xenogeneic materials
from bovine bone are used, which have undergone
special processing, as a result of which there is
a decrease in immunogenicity and the likelihood of
rejection of the material in the body. The material has
osteoconductive properties and is capable of bone
ingrowth, with the formation of a new bone directly
from the xenomaterial bed with the deposition of bone
cells on its surface. Subsequently, the xenomaterial
undergoes resorption with complete replacement by
new bone tissue [26—-30].

Alloplastic materials

Alloplastic materials belong to the group of fully
synthetic materials synthesized from inorganic sourc-
es. Materials that include calcium or phosphate, or
a combination of them, are the main synthetic materials,
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because. they are the chemical constituents of natural
bone and are known to promote bone regeneration,
although they do not necessarily resemble its natural
structure. Alloplastic materials are osteoconductors and
differ in the degree of dissociation.

Since the regenerative abilities of alloplastic
materials are weak, they are often used with vascular
endothelial growth factors that have the ability to in-
duce human endothelial cells and neoangiogenesis, as
well as with ions of micro — and macroelements that
affect the regenerative potential, as a result of which
an osteoinductive property is added to the property of
osteoconductive [31-34].

Synthetic alloplastic materials have varying degrees
of dissociation and resorption, which are inextricably
linked with the formation of interstitial fluid and os-
teoclast activity. Materials having low dissociation
and resorption include some preparations of synthetic
hydroxyapatite. Highly dissociated materials include
TCP and sulfates; studies indicate a high degree of
metabolic activity of these substances [35].

The general advantages of alloplastic bone materials
are the standardized quality of the product, the absence
of the risk of infectious diseases compared to allogeneic
and xenogeneic bone grafts. Also, the advantages of
alloplastic materials lie in their biological stability and
volume maintenance, which ensures bone remodeling.
Synthetic alloplastic materials based on calcium sulfate,
calcium phosphate, bioactive glass, and combinations
thereof are the most common synthetic bone substitutes
currently available. They are of particular interest be-
cause they are similar in composition to native bone.
The use of calcium phosphate — based materials has
received little attention for bone applications due to
its biocompatibility, biodegradability, and similarity in
structure to the inorganic composition of bone minerals.
Materials based on hydroxyapatite, beta— tricalcium
phosphate and their combinations have demonstrated
the ability to partially integrate into natural bone tissue.
Based on the fact that hydroxyapatite is the main mineral
of bone tissue, it exhibits osteoconductive ability when
implanted into a bone defect, stimulates osteoblast
differentiation, osteoblast growth, and inorganic matrix
deposition.

371



Salekh K.M. et al. Bectaux PYJTH. Cepusi: Memuiuna. 2023. T. 27. Ne 3

However, the clinical use of bone substitutes is
limited by their fragility compared to bone, as well as
their unpredictable rate of absorption and the inability
to maintain defect volume, making these materials
generally less favorable clinical outcomes. Thus, new
bone tissue cannot withstand the mechanical load
compared to natural bone, and such biomaterials are
mainly used and used to fill bone cavities with low
load [36-38].

Combined materials with growth factors
and morphogens

Among the bone graft materials that are not part
of the general classification, numerous studies have
developed combined materials with the addition of
growth factors and various substances that enhance
osteoinductive properties. Due to the fact that autograft
remains the gold standard and other materials have
their own advantages and disadvantages, and mostly
possess osteoconductive properties, the search for the
most effective bone graft material remains a relevant
problem.

One direction in bone engineering is the creation of
various carriers for placing factors that promote bone
tissue induction. In particular, the use of VEGF and
BMPs is a promising direction.

VEGF — vascular endothelial growth factor regen-
erates bone tissue by influencing osteogenesis processes,
stimulating angiogenesis. BMPs — bone morphogenetic
proteins regulate the growth and differentiation of cells,
particularly osteoblasts. So, let’s examine each of the
factors in more detail.

BMPs are extracellular multifunctional signaling
cytokines and members of the TGF-3 superfamily,
which are powerful growth factors that influence
bone formation. These pleiotropic growth factors
play a crucial role in bone formation and remodeling.
The use of BMPs has become clinically accessible
for enhanced bone regeneration and predictable re-
sults in complex cases. They are one of the potential
growth factors inducing osteogenic differentiation
and bone formation. Based on studies of osteogenic
mechanisms in fracture models, it has been proven
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that growth factors and cytokines interact with BMPs
to participate in its recovery. All of this serves as the
basis for incorporating BMPs into synthetic bone
graft materials, which serve as a delivery platform for
BMPs to the site of bone defects, ensuring prolonged
release of target molecules throughout the remodeling
period [39, 40].

VEGEF plays a key role in the early stages of os-
teogenesis and a significant role in the mechanisms
underlying skeletal growth and recovery. The pro-an-
giogenic activity of VEGF affects endothelial cells,
promoting increased vessel permeability and cell mi-
gration. The interaction of VEGF with BMPs initiates
the mechanism of bone tissue repair by stimulating
osteogenic processes, increasing cell migration, and
inducing angiogenesis [41-44].

In a study by Senatov F. et al. (2022), scaffolds
were recreated with the inclusion of recombinant
BMP-2 and erythropoietin, followed by studying their
properties in vivo on a model of critical-sized cranial
defects in mice. The study demonstrated that the intro-
duction of BMP-2 leads to the induction of new bone
formation. The introduction of erythropoietin leads to
enhanced angiogenesis in the implantation area of the
scaffold. Thus, scaffolds with recombinant proteins
can be used as bone implants for the reconstruction
of bone defects [45].

In another study by Vasyliev A.M. et al. (2019),
the biocompatibility and osteoinductive properties of
a hydrogel based on highly purified collagen and fi-
bronectin, impregnated with BMP-2, were demonstrat-
ed. In vitro cultures of human mesenchymal stem cells
(MSC) using PCR and in vivo ectopic osteogenesis
models in male Wistar rats showed that the minimum
effective dose of BMP-2 is 10 pg/ml. Analysis of
cytotoxicity on MSC cell cultures showed high cyto-
compatibility of the material in vitro. The absence of
inflammation on subcutaneous injection of the material
to rats also indicated high biocompatible properties of
the material in vivo. The collagen-fibronectin hydrogel
containing BMP-2 showed pronounced osteogenic
properties and by the end of 28 days was replaced by
newly formed bone tissue by 8 £4 % of its volume
when subcutaneously implanted in the area of the
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withers, by 17+ 10 % when intramuscularly implanted
in the triceps muscle of the thigh, and by 26+ 11 %
when intracortically implanted in the area of critical
defects of the temporal bones. The optimal combina-
tion of biocompatibility and osteogenic properties of
the collagen-fibronectin hydrogel impregnated with
BMP-2 allows considering this material as a promising
basis for creating new generation bone graft materials
in dentistry [46].

Regarding VEGF, Zha Y. et al. (2021) developed
a cell-free tissue engineering system using functional
exosomes. Gene-activated engineered exosomes were
used to encapsulate the VEGF gene. The results of
this study showed that the constructed exosomes play
a dual role as an osteogenic matrix inducing osteo-
genic differentiation of MSC and as a gene vector for
controlled release of the VEGF gene for remodeling
the vascular system. Under natural conditions, eval-
uation also confirmed that constructed bone scaffolds
mediated by exosomes can effectively induce a large
part of vascularized bone regeneration. The authors
demonstrated a new bone restoration technology using
exosomes that provide vascularized bone restoration
for segmental bone defects [47].

Equally promising is the development of materials
based on various biocomposites for creating advanced
bone graft materials. Creating biocomposite bone graft
materials in dentistry is one of the most promising areas
in the development of modern medicine. Biocomposites
have high biocompatibility, which helps to avoid the
risk of allergic reactions and other complications.

In an article by Profeta A.C. et al. (2016), the use
of bioactive glass in maxillofacial surgery is discussed.
The potential benefits of using bioactive glass in bone
regeneration, wound healing, and implant coatings
are emphasized. The authors suggest that bioactive
glass could become a valuable alternative to traditional
materials in this field [48].

In another article, Apanasevich V. et al. (2020)
investigated the potential of a synthetic biocompos-
ite CaSiO3/HAp, made from calcium silicate and
hydroxyapatite powder, for bone regeneration. The
authors conducted a study to assess the morphological
characteristics of the biocomposite and its ability to
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support osteoplastic activity. The results showed that the
biocomposite has a porous structure, which is favorable
for bone regeneration as it provides cellular infiltration
and vascularization. Additionally, the biocomposite
demonstrated good osteoconductivity, meaning it sup-
ports the growth of new bone tissue.

The authors concluded that the synthetic powder
biocomposite CaSiO3/HAp has potential for use in
maxillofacial surgery, especially in cases where tradi-
tional materials may not be suitable [49].

In another study by Dunaev M.V. et al. (2014),
a comparative analysis and clinical experience of using
osteoplastic materials based on non-demineralized bone
collagen and artificial hydroxyapatite for closing bone
defects was described.

The study revealed that the use of both types of
materials allows for effective closure of bone defects.
However, the use of materials based on non-demin-
eralized bone collagen showed higher effectiveness
in bone tissue regeneration. It was also noted that the
use of osteoplastic materials based on non-demineral-
ized bone collagen does not cause negative reactions
from the body, making it more preferable for surgical
interventions.

Thus, the use of osteoplastic materials based on
non-demineralized bone collagen is an effective meth-
od for bone tissue regeneration when closing bone
defects [50].

The saturation of bone grafting materials with
VEGF in combination with BMPs, as well as the crea-
tion of composite bone grafting biocomposite materials,
can significantly modulate the processes of reparative
bone tissue regeneration, allowing for the development
of tissue engineering in recreating and using combined
bone grafting materials.

Conclusion

Tissue engineering of bone continues to devel-
op steadily. A vast number of materials have shown
excellent results in the restoration of bone defects,
but each material group has its own advantages and
disadvantages, as presented in Table.
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Comparative characteristics of osteoplastic materials

Material Definition Advantages Disadvantages Examples References
Excellent biocompatibility, | An additional operation
Autogenous contains live osteoblasts | is required, causing pain Cortical or cancellous
bgne Patient’s own bone and bone stem cells. in the postoperative bone [12,13,17]
There are no antigenic period. There may be
proteins complications
A transplant taken from Presence of growth
. - - - h Immune response. Long .
Allogeneic a genetically different factors, including bone eriod of intearation with Cortical or spongy bone of [19, 20, 22]
bone member of the same morphogenetic proteins. P Surrounding tissues a corpse. FDBA e
species No additional operation ¢
Xenogeneic Transplants derived from Large volume of material
bogne animals (particularly gbone conduction ’ High antigenicity Bio — Oss [24,27,29]
cattle)
. Wide choice, similar in . .
Alloplastic Synthetic materials from composition to native Brittleness, unpredictable Calcium sulfate, calcium
(synthetic) ’ inorganic sources P bone absor' tio[; rate phosphate, TCP, synthetic | [32, 33, 36]
bone 9 . . o P hydroxyapatite, etc.
biological stability !

Currently, there is an active direction in the recrea-
tion of completely new bone graft materials that include
growth factors and morphogens in their composition,
which promote bone tissue induction. Additionally, the
creation of biocomposite materials is also a promising
direction in bone engineering. At present, there is no
perfect option for bone graft material, and its selection
depends directly on specific conditions, factors, and
clinical situations in the oral cavity.
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AnHoTanus. PereHepauysi KOCTHOW TKaHU U pa3paboTKa METO/[OB HAMPABIEHHOTO BO3AEHCTBHUS Ha MPOLIeCCHI 3a)KUB/IEHUS
KOCTel SIBJISTIOTCS aKTyaIbHbIMU 1Tpo6JieMaMy COBpeMeHHOH MeJULIMHEL. [le(eKThl UeTFOCTHBIX KOCTeH IMPOKO PacrpocTpa-
HEeHBI, 4TO, B CBOIO O4Yepe/ib, 00y C/IaB/IMBaeT MOMCK COBPEMEHHBIX KOCTHO3aMellarLUX MaTepHasIoB, OTBEUYAIOIINX OCHOBHBIM
XapaKTepUCTHKaM KoCTH. [Tonck nH(opMaLyy IpoBogu/IM Ha ocHOBe 0a3 fanHbiX PubMed u E-library mo k/roueBeiM ciioBaM:
«bone tissue» AND «bone regeneration» AND «osteoplastic materials» AND «osteoinduction» AND «osteoconduction». AHam3
JIMTepPaTyPHBIX JJaHHBIX TI0Ka3aJsl, YTO ayTONIOTHYHAs KOCTh CUMTAETCS KJIMHIYeCKH 30JI0TBIM CTaHZApTOM U Harbosiee 3 deKTrB-
HBIM METOZIOM KOCTHO# pereHeparjuy. VIMeHHO ayTOTpaHCIUIaHTaTy MPHUCYIIY TPYU OCHOBHBIX XapaKTepPUCTUKH: 0CTeOTeHHOCTh,
OCTEOMHAYKTUBHOCTb M OCTEOKOHZYKTUBHOCTb. AyTOTPaHCII/IaHTaT MMeeT HeIOCTaTKY B CBSI3U C OIPAaHUUEHHBIM KOTMUeCTBOM
KOCTHOM TKaHHU U 00J1e3HEHHOCTBIO JOHOPCKOTO yuacTKa. YKu3HecrmocoOHOH abTepHaTUBON ayTOIOTMYHOM KOCTHU SIB/ISIETCST
asioTpaHcIviaHTar. Harbosiee IMPOKO MCTIO/B3yeMbIM a//IOTPAHCIUIAHTATOM SIBJIeTCS JeMUHepaIM30BaHHbBIN JTHOGUIM3POBaHHBIHN
KOCTHBIN amnorpaHcrnanTar (JJIKA). TTpouecc muodunmsarmy crocobCTBYeT MOBPeXXIeHUI0 0CTe001acToB, UTO OrPaHUYMBAET
€ro OCTeOMHZAYKTHUBHBIN MOTEeHUal, OHAKO UMEHHO OH SIB/ISI€TCSl BBITOAHOW a/IbTepHATUBOM TI0 YA0OCTBY, 00MIHI0 BEIOOpa
Y OTCYTCTBUS O0/Ie3HEHHOCTH MOCJIe JOTIOJTHUTEILHOTO OTIePaTUBHOTO BMellare/ibCTBa. OCHOBHOM COCTaB/ISTIOILel KCeHOTeHHBIX
MaTepHyasioB sIB/ISIeTCS KOJIIareH, 00/1aaroliii CrioCOOHOCTBIO pe30pOHpOBaThCs B TKAHSIX U CTUMY/IMPOBAaTh pereHepaTHBHbIe
nipoLjeccel. Matepuai 06/1a/jaeT 0CTeOKOHAYKTHBHBIMU CBOWCTBaMH, M CIIOCOOEH K KOCTHOMY NPOpACTaHHIo, ¢ 00pa3oBaHHeM
HOBOW KOCTH HeIoCpe/ICTBEHHO OT JIoKa KCeHOMarepHaJia C OT/I0KeHHeM Ha ero MoBepXHOCTH KOCTHBIX KJIeToK. B anbHeliem
KCeHOMarepHaJl Io/jBepraeTcsl pacCachIBaHUIO C TIOJIHBIM 3aMelljeHHeM HOBOW KOCTHOW TKaHbI0. AJUIOIUIaCTHYeCKre MaTeprasibl
TI0JTHOCTBI0 CHHTeTHUeCKHe MaTepHaJsibl, CHHTe3UpyeMble U3 HeOpraHMueCKNX UCTOYHHKOB. AJIIOIJIaCTUYeCKHe MaTepHasibl
00/1a1at0T CBOWCTBOM OCTEOKOH/YKLIMH, a ITPH BHECEHHH B UX COCTAaB Pa3/TUUYHbIX (paKTOPOB POCTa K OCTEOKOHAYKTHBHOCTH
TIPHUCOe/IMHSIETCS] CBOMCTBO OCTeOMHAYKUMH. KiHIueckoe MpUMeHeHre KOCTHBIX 3aMeHHTesIel OrpaHM4YeHO MX XPYIIKOCTbIO,
a TakKe WX HerpeZcKa3yeMol CKOPOCTBIO pe30pOIuy, UTo HaJiesisieT 3TH MaTepHasbl B 1IeJIoM MeHee 0/1arornpysiTHBIMU K/TH-
HUUYEeCKUMU pe3ysbTaTaMu. Bbigoobl. 1o CHX TIOp MPOBOJUTCS HAayUHbIH MOUCK Pa3/IMUHbIX MaTeprasioB, CIIOCOGHBIX IO CBOUM
XapaKTeprCTUKaM 3aMeHWThb ayTOTeHHbIN TpaHCIiaHTatr. Ha jaHHBI MOMEHT HU OJMH W3 [JOCTYIHBIX B HACTOsII[ee BPeMst
MaTeprasioB He 00/laZjaeT BCeMH KeJlaTe/IbHbIMHU XapaKTepUCTHKaMH, U BLIOOD MaTepurasia HarpsiMyIo 3aBUCUT OT KOHKPETHOMH
KJIMHAYEeCKOM CUTYal[{ B TTOJIOCTH PTa.

KiroueBble €/10Ba: KOCTHas TKaHb, KOCTHAsI pereHepariyist, KOCTHOI/IACTHYeCKHe MaTepraJibl, 0CTEONHYKLMS, OCTeOKOH YKL

Hudopmanus o hpuHAHCUPOBaHUH. ABTOPEHI 3asiB/ISIIOT 06 OTCYTCTBHUM BHELTHero (pUHAHCHPOBAHHSI.

Bkuap aBropoB: Canex K.M. — 0630p /iMTeparypsbl, HaricaHue TekcTa; JeiIMHUKOB A.B., MyxamerumH P.®., Vsamkesny C.I. —
TIOZITOTOBKA Y peJJaKTIPOBAHHE PYKOIMCH. Bce aBTOPBI BHEC/H CyIIleCTBeHHBIN BK/Ia/| B Pa3pabOTKy KOHLIETIL[UHU, [TOATOTOBKY
CTaTby, TIPOWIN U 0[00pH/IN (HGHHATBEHYIO BEPCHIO Tiepes My O/mKarye.

Hudopmanus 0 KOHGIMKTe HHTEPeCcoB. ABTOPHI 3asB/ISTFOT 00 OTCYTCTBUY KOH(/IMKTa UHTEPECOB.

JTHYecKoe yTBep)KAeHne — HelIPUMEeHUMO.

bsarogapHoCcTH — HENpYMeHHMO.

HudopmupoBaHHoe coryiacue Ha My0/IMKALUI0 — HETPUMeHUMO.
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