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Abstract

Autografts, allo- and xenografts are current treatment standards of reparative regeneration disorders of bone tissue in long tubular
bones, but these approaches still show some disadvantages, such as limited availability of bone tissue for transplantation or immune reactions.
Modern plastic materials have been studied in both in vitro and in vivo studies, showing promising results in terms of biocompatibility and
biomechanical properties. In addition, bone repair implants have shown promising results in combination with drugs, growth factors and
mesenchymal stem cells, which can interact to facilitate the deposition and mineralization of bone tissue. Among the various approaches to
drug delivery, techniques with embedded nano - and micro particles containing drugs or biologically active substances occupy a special place.
These innovative drug delivery systems have a number of advantages that differentiate them from other systems. In addition, the use of nano
- and microparticles makes it possible to increase the efficiency and controlled release of the drug from the skin over time at appropriate
therapeutic concentrations. These controlled delivery systems can effectively stimulate osteogenesis and accelerate bone regeneration without
significant side effects. However, despite the promising results of preclinical studies, the implementation of the developed drug delivery systems
requires additional clinical trials.
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Introduction

Currently, the problem of the treatment of long
tubular  bones repair bone regeneration disorders
remains a current problem in modern traumatology and
orthopaedics [1,2]. According to modern data, in the
structure of the consequences of injuries to long tubular
bones, defects and pseudarthrosis of the femur reach
10.7-30.8% of cases, of the lower leg bones - 15-50.6%,
of the humerus - 0.4-30%. The resulting anatomical and
functional disorders of the limb in the form of its shortening
and deformation, persistent contractures of interfacing
joints and neurotrophic disorders reach 11.6-44.9% of
cases [3,4,5] and cause permanent disability, prolong
hospitalization and rehabilitation of patients, which in turn
leads to a significant economic problem [6,7,8].

Bone tissue has a high ability to recover from injury
through complex and highly regulated biological processes.
Although in some cases, such as extensive bone resections

due to oncoprocesss, osteoporosis, osteomatization,
osteomyelitis, AVN and atrophic degeneration, bone
regeneration can be impaired [9].

A variety of existing methods of surgical treatment
pseudo arthrosis of long bones has not solved the problem
of the bone structures regenerative capacity due to the fact
that the use of open surgical methods involves additional
trauma to soft tissues, damaged limbs and possible
complications, which is their disadvantage [10].

The aim of the review: to describe the modern
aspects of the application of cell technologies in the
treatment of reparative regeneration disorders of bone
tissue in long tubular bones.

Autografts, Allogenetic grafts or Xenografts

In the development of cellular technology in the
treatment of disorders of repair bone tissue regeneration,
the introduction of bone defect replacement alternative
methods for stimulation of bone regeneration has played a
decisive role.

Affected bones can be reconstructed to normal using
autografts, allogenetic grafts or xenografts [11].

Autologous grafts are the gold standard (Cypher
and Grossman, 1996) in bone regeneration due to
biocompatibility and osteoinductive and osteoconductive
properties. However, autografts still show some
disadvantages due to the limited amount of bone available
for transplantation and the trauma associated with graft
retrieval.

Allogeneic grafts or xenografts are an alternative to
bone transplants, as they are similar to human bone tissue
and do not require transplant removal from the patient
[12]. Disadvantages of allograft are that chemical agents
aggressive to bone tissue are often used in their cleaning
processes [13]. Although there are, various processes
for clearing allogeneic bone that provide security for all

transplantation, the risk of immune response and disease
transmission remains.

Xenografts are bones of animal origin, most often
xenografts are cattle, horses and pigs. According to studies,
bovine cancellous bone grafts are the closest xenograft to
human bone to be regenerated, second only to autografts
[14-17].

However, allo- and xenografts have disadvantages
such as high cost, risk of infection, or immune reaction
[18,19]. In addition, the processes of purification and
sterilization of starting materials of animal origin lead
to a deterioration in both mechanical and biological
characteristics [20-23].

In addition to the above-mentioned biological grafts,
various other implants are used in modern traumatology
and orthopedics.

Porous implants have good biocompatibility with
human bone tissue [24,25]. But their drawback is the need

to stimulate and deliver growth factors to the damaged site
[26].

Synthetic polymers are also promising materials

Synthetic polymers are also promising materials
for bone stimulation due to their biomechanical and
biodegradable properties. The best-studied synthetic
polymers for bone regeneration are aliphatic polyesters
such as polylactic acid, polycaprolactone and polyglycolic
acid and their derivatives. Other synthetic polymers
include polymethyl methacrylate, poly-e-caprolactone,
polyhydroxybutyrate, polyethylene, polypropylene,
polyurethane. These polymers are hydrolyzed in vivo and
have the advantage of being easily adapted to different
shapes according to the mechanical requirements of
the specific bone defect being treated [27-29]. However,
synthetic polymers have disadvantages such as the
biodegradability of the material, which reduces their
mechanical strength in vivo. Some polymers, such as
polypropylene fumarate, have demonstrated a high
resistance to compression, but their absorption results in
the release of toxic acid compounds [30].

Modern literature also describes the use of

natural polymers in stimulating human bone tissue,
ensuring differentiation of mesenchymal stem cells into

osteoblasts. Their advantage lies in their similarity to the
native extracellular matrix due to their osteoinductive
properties and biocompatibility. By chemical composition,
natural polymers are divided into proteins (collagen,
gelatin, fibrinogen, elastin) and polysaccharides
(glycosaminoglycans, cellulose, amylose) [31,32]. Several
ways have been proposed for the manufacture of natural
polymeric materials: they can be obtained by cells, which
are induced to form a native extracellular matrix, or directly
obtained from decellularized bone tissue [33]. However,
the mechanical properties and biodegradability of natural
polymers are inferior to those of synthetic polymers [34].
In order to reduce the toxic effect of the drug and expand
its activity, a deacetylated chitin derivative (chitosan) is
used as a carrier for drug delivery, which can enhance the
absorption of hydrophobic macromolecular drugs due to
its mucoadhesive cationic nature [35]. Most often, modified
chitosanisused, which is comparable in structure to heparin,
which can favorably bind to the basic amino acids BMP-2
(Bone Morphogenetic Proteins). By improving sustained
release, this interaction can enhance the biological activity
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of BMP-2 for bone regeneration [36].

Inorganic implants are divided into metal and
ceramic implants. In turn, metal implants are represented
by silicon, gold and diamond nanoparticles. Silicon
nanoparticles have a porous structure, which makes it
possible to accelerate the release of a medicinal agent by
increasing the resistance to diffusion of a medicinal agent.
These nanoparticles are able to deliver anticancer drugs in
a targeted manner and release them on demand in order
to increase their cellular uptake without any premature
release [37]. They can accelerate bone formation by
increasing osteoblast activity and reduce bone resorption
by decreasing osteoclast activity; for this reason, they are
still a great option for treating osteoporosis [38]. Gold
nanoparticles are suitable for controlled drug delivery,
treatment and diagnosis of cancer processes [39]. These
nanoparticles can inhibit the formation of osteoclasts, the
function of the promoter of osteoclastogenesis and reduce
the level of reactive oxygen species [40]. Gold nanoparticles
can also be used to transport narcotic drugs. To induce
osteogenic differentiation, they are able to provide
mechanical stress on the membranes of mesenchymal
stem cells in order to mitogenic-activated protein
kinases [41,42]. Diamond nanoparticles are octahedral
nanoscale carbon implants that are intracellular carriers
of bioactive compounds due to their properties, such as:
biocompatibility, small size and chemical interaction with
a large surface [43]. These nanoparticles are expected to
play a positive role in the proliferation and differentiation
of osteoblasts [44].

Ceramic implants are valuable in the regeneration
of bone tissue, as it contains an inorganic extracellular
matrix composed of almost 70% hydroxyapatite and
30% collagen [45]. Calcium phosphate nanoparticles
have excellent biocompatibility, biodegradability and
structural similarity to the inorganic composition of
bone minerals [46]. The most studied nanoparticles of
calcium phosphate are hydroxyapatite, beta-tricalcium
phosphate and biphasic calcium phosphate [47]. These
nanoparticles are able to integrate into bone tissue and
stimulate osteoblast differentiation, osteoblast growth
and inorganic matrix deposition. However, the clinical
use of nanoparticles of calcium phosphate is limited by
their fragility, irregular absorption rates, and overall poor
clinical results. In this way, the new bone tissue formed in
the ceramic framework cannot withstand the mechanical
load in the same way as the natural bone. More recently, it
has been shown that doping a calcium phosphate backbone
with various compounds can improve mechanical stability,
biocompatibility and absorption rate [48,49].

The disadvantages of various osteoplastic materials
and implants prompt researchers to search for new
methods of bone grafting and bone graft substitutes.
Currently, the main direction is the development and
implementation into practice of composite biomaterials
with osteogenic and osteoinductive properties, which
include human stem or osteoprogenitor cells, as well as
growth factors [50]. In this connection, in the field of tissue
engineering, research is being actively pursued to create a
new generation of osteoconductive biomaterials based on

Conclusion

Disorders of reparative regeneration of bone tissue
of long tubular bones remains an urgent problem and
requires improvement of treatment methods. Autografts,
allo and xenografts are current treatment standards, but
these approaches still show some disadvantages, such as

the use of bone morphogenetic recombinant proteins that
have been approved (Food and Drug Administration) FDA is
still in use in clinical practice to repair permanent fractures.
Bone morphogenetic proteins (BMP) are one of the key
factors in the reconstruction and restoration of damaged
bone tissue. They have been shown to have powerful
osteoinductive effects and are able to stimulate the
formation of new bone tissue through the differentiation of
mesenchymal stem cells into osteoblasts [52].

However, despite the high efficiency of recombinant
BMPs, there are still some problems associated with their
clinical use. First of all, this is due to the short life span of the
BMP. The proteins injected into the site lose their biological
activity in a short period of time and therefore use large
doses of recombinant BMPs to achieve therapeutic effect
in clinical practice [53]. For example, the effective dose
for bone regeneration is 1.5 mg/ml of defect, which is 4-5
times the endogenous dose. Such high doses of recombinant
BMP may diffuse from the injury site and cause side effects,
including pathological bone growth and immune response
[54]. In order to avoid these problems, there is a need to
develop transport delivery systems with a controlled
release of osteoconductive growth factors into bone
damage. Although a number of polymer-based delivery
systems have been developed for the treatment of bone
defects, only a few have reached clinical use.

There are currently several commercial carriers
for the delivery of osteoinductive growth factors such
as OP-1, INFUSE®, InductOS® and AUGMENT® [8]. A
number of prospective, randomized, multicenter studies
have shown that OP-1 is safe, effective, and accelerates
bone regeneration in the treatment of open tibial fractures
[55,56].

As a result of numerous clinical trials from 2002
to 2017 to assess the safety, efficacy and dose-dependent
effects of INFUSE® implantation in interbody fusion
using recombinant BMP-2 and a collagen sponge had
a significantly higher fusion rate compared to patients
without recombinant BMP-2 [57,58].

Studies by Triplett, R.G et. all 2009, the use of
recombinant BMP-2 and collagen sponge for maxillary
sinus plasty compared with autogenous bone graft in
160 patients, efficiency and acceleration of bone tissue
regeneration were noted, as well as the number of
complications, such as prolonged paresthesias and pain
in the area of graft collection [59]. In addition, the use of
recombinant BMP-2 and a collagen sponge of two doses (1.5
mg/ml) in 80 patients showed an increase in bone tissue in
the alveolar process [60].

Like BMP, platelet growth factor also plays an
important role in bone regeneration [61]. Clinical studies
have shown that injectable bone graft (Augment®, Wright
Medical Technologies) is effective in ankle atrodesis
[62,63], significantly reduces the fusion time (14.3-8.9
weeks) compared with an autograft (19.7-11,5 weeks).
Good clinical results reached 91%.

In this way, existing polymer-based delivery systems
available to accelerate osteanagenesis, have demonstrated
good therapeutic potency in various clinical use.

limited availability of bone tissue for transplantation or
immune reactions. Modern plastic materials have been
studied in both in vitro and in vivo studies, showing
promising results in terms of biocompatibility and
biomechanical properties. In addition, bone repair implants
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have shown promising results in combination with drugs,
growth factors and mesenchymal stem cells, which can
interact to facilitate the deposition and mineralization
of bone tissue. Among the various approaches to drug
delivery, techniques with embedded nano- and micro
particles containing drugs or biologically active substances
occupy a special place. These innovative drug delivery
systems have a number of advantages that differentiate

and controlled release of the drug from the skin over time at
appropriate therapeutic concentrations. These controlled
delivery systems can effectively stimulate osteogenesis
and accelerate bone regeneration without significant
side effects. However, despite the promising results of
preclinical studies, the implementation of the developed
drug delivery systems requires additional clinical trials.
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¥3bIH TYTiKIIeJIi cyleKTep/iH cylieK TiHiHiH penapaTuBTi pereHepanysibIK Gy3blIbICTAPbIH eMAeYy/eTi
JKacylajblK TEXHOJIOTMs/IapAbIH 3BOJIIOLUACHI

Baiinap6ekoB M.O.

Nel mpaemamosozus 6eaimweciniy Meyzepywici, Akademuk Bamneros H.2K. ambIHOaFbl yAmmblK FbLALIMU MPABMAMOA02US HCIHE
opmonedust opmasbiFbl,

Hyp-Cyaman, Kazakcman. E-mail: baidarbekov_m@nscto.kz

Tyninaeme

AymompaHcnaaumammap, aA/a0- JcaHe KceHompascniaHmammap y3blH  cyllekmepdeai cyliek miHiHiy penapamusmi
pezeHepayusiCbiHblY 6Y3bLAbICMAPbIH emdeydiy 3amaHayu cmaHdapmoel 604bin mabvliadsl. Aaaiida 6ysn moacindepdid cyllek MmiHiHIY
mpaxcnaaHmayusl Ywin Koaxcemimoinieiniy wekmeyi 601yvl Hemece UMMYHObIK Jcayanmapdbly OpblH aaybl cekindl kelibip kemwinikmepi
6ap. Condali-a, Kasipzai K0/0QHbIAbIN JCypeeH NAACMMACCAAbIK Mamepuaaoap in vitro xcaHe in vivo 3epmmeain, 6uoytaecimoinik
JHoHe GUOMeXaHUKA/MbIK Kacuemmepi 6olibiHwa OH Homudscenep kKepcemkeH. Cyliek mMmiHiH KaANbiHA Keamipy ywiH KOAOaHbIAGMbIH
umnaaumammap da cyllekmiy MyHybl MeH MUHepa/10aHyblH dceHindemy yuwliH e3apa apekemmece a/namuiH 0apinik 3ammapMmeH, ecy
dakmopaapbiMeH JHcaHe Me3eHXUMAbIK OiH dHcacywanapblMeH ylieckeHde OH Hamudce kepcemmi. HaHo- scaHe mukpobewexkmepdi
muimoi em0ik koHyeHmpayusida natidanaHy 01apdbly yaKsim eme Kese mepideH 60can WoiFapulay Kacuemin apmmulpyra MyMKiHOIK 6epedi.
By scytiesnep ocmeozeHes npoyeciH Kywetimin, cyliek pezeHepayusicblH sxcvladamoamadsl. [lezeHmeH, KAuHUKara deliiHei 3epmmeynepdit oy
HomuoicesepiHe Kapamacmau, 6y scylieaepdi natidanaHy aai de 60.1ca KOCbIMUA KAUHUKAbIK CblHaKmapdax emyoi Kascem emeoi.

TyliiH ce30ep: Hcacywanblk mexHo/s02UsAap, penapamusmi peceHepayusi 6y3blabicCmapbl, y3blH mymikwesi cyliekmep, cytiek mindepi,
aymompaHcnaaHmam, aa/102paHcnaaHmam, KCeHo2paHcnaaHmam.
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JBOJIIOIUA KJIETOYHBIX TEXHOJIOTUH B JIeYeHUHU HApyILIeHNH penapaTUBHON pereHepanuy KOCTHOH TKaHU
AJIMHHBIX TPYGYaThIX KOCTei

Baitnap6exos M.Y.

3asedyroujuli omoeneHuem mpasmamosoauu N°1, HayuonansHblll HaQyyHblll yeHmp mpasmamo.io2uu U opmoneduu UMeHu
akademuka bamnenosa H./]., Hyp-CyamaH, Kazaxcman. E-mail: baidarbekov_m@nscto.kz

Pe3ome

AymompaHcnaaumamyl, aA/410- U KCEHOMPAHCNAAHMAMbl  SIGASIKOMCA  MEeKyWuMu — cmaHdapmamu  JiedeHust HapyuweHutl
penapamusHoll peceHepayuu KOCMHOU MKAHU OAUHHbIX mpy6yamblx Kocmell, HO 3mu nodxodbl 8ce ewe UMEM HeKomopble HedoCMamku,
makue Kak 02paHuy¥eHHdas 0OCMynHOCMb KOCMHOU MKAHu 058 MpaHCnAaHmayuu Uuau  UMMyHHble peakyuu. CospemeHHble
n/acmmaccogvle Mamepua/bl U3y4aaucs Kak in vitro, mak u in vivo, u nokasaau MHozoo6ewjaroujue pe3yabmamsl ¢ MOYKU 3peHusl
6uocogmecmumocmu u GuomexaHuyeckux ceolicme. Kpome mozo, umniaHmamvl, npumeHsiemvle 0/ 80CCMAHOB/AEHUSI KOCMHOU
MKaHU, NOKa3a/au no/ojcumesibHbule pe3yJbmamsl 8 COUeMAaHuu ¢ 1eKapcmeamu, akmopamu pocma U Me3eHXUMAAbHbIMU CMB0.108bIMU
KJemKamu, Komopble Mo2ym 83aumodelicmeogams, 061e24asi 0mJoiceHue U MuHepaau3ayuro Kocmuol mkavu. Hcnosv3osanue HaHo- U
Mukpoyacmuy daem 803MOACHOCMb NOBbICUMb IPPHEKMUBHOCMb U KOHMPOAUPYeMOe 8blC8060JNCIEHUE 8ewecmad U3 KOXCU C mevyeHueMm
8peMeHU Npu coomeemcmaylwWux mepanesmuyeckux KOHyeHmpayusix. Imu cucmemvl KOHMpoaupyemoli docmasku mozym 3ggdekmugHo
cmumMy/aupo8amsv ocmeozeHe3 U YCKOpsimb pezeHepayuio Kocmel 6e3 3HaYUMenbHbIX N060YHbLIX 3Pdekmos. O0HaKo, HecMompsi Ha
MHO2006ewaroujue pe3yabmamsl JOKAUHUYECKUX UCC/e008aHUll, npuMeHeHue JaHHbIX cucmem mpeGyem JonoAHUMENbHbIX KAUHUYECKUX
ucnbimauti.

Katouesble csno6a: kaemouHble mexHo/a102UU, HapyuweHus penapamueHoﬁ pezeHepayuu, O/IUHHbBIE mpy6lmmble Kocmu, KocmHas
MKAaHb, aymompaHcn/iaHmameaul, a/1/10mpaHcn/iaaHmamsl, KCeHompaHcn/aaHmameal.
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