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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 
chitosan is used, 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 

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.

 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 

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 
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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Ұзын түтікшелі сүйектердің сүйек тінінің репаративті регенерациялық бұзылыстарын емдеудегі 
жасушалық технологиялардың эволюциясы

Байдарбеков М.Ө.
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Түйіндеме
Аутотрансплантаттар, алло- және ксенотрансплантаттар ұзын сүйектердегі сүйек тінінің репаративті 

регенерациясының бұзылыстарын емдеудің заманауи стандарты болып табылады. Алайда бұл тәсілдердің сүйек тінінің 
трансплантация  үшін қолжетімділігінің шектеулі болуы немесе  иммундық жауаптардың орын алуы секілді  кейбір кемшіліктері 
бар. Сондай-ақ, қазіргі қолданылып жүрген пластмассалық материалдар in vitro және in vivo зерттеліп, биоүйлесімділік 
және биомеханикалық  қасиеттері  бойынша  оң нәтижелер  көрсеткен. Сүйек  тінін қалпына  келтіру үшін қолданылатын 
имплантаттар да сүйектің тұнуы мен минералдануын жеңілдету үшін өзара әрекеттесе алатын дәрілік заттармен, өсу 
факторларымен  және  мезенхималық дің жасушаларымен үйлескенде  оң нәтиже көрсетті.  Нано- және микробөлшектерді 
тиімді емдік концентрацияда пайдалану олардың уақыт өте келе теріден босап шығарылу қасиетін арттыруға мүмкіндік береді. 
Бұл жүйелер остеогенез процесін күшейтіп, сүйек регенерациясын жылдамдатады. Дегенмен, клиникаға дейінгі зерттеулердің оң 
нәтижелеріне қарамастан, бұл жүйелерді пайдалану әлі де болса қосымша клиникалық сынақтардан өтуді қажет етеді.

Түйін сөздер:  жасушалық технологиялар, репаративті регенерация бұзылыстары, ұзын түтікшелі сүйектер, сүйек тіндері, 
аутотрансплантат, аллогрансплантат, ксеногрансплантат.
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Эволюция  клеточных технологий  в лечении нарушений репаративной регенерации костной ткани 
длинных  трубчатых  костей
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Резюме 
Аутотрансплантаты, алло- и  ксенотрансплантаты  являются  текущими  стандартами  лечения  нарушений 

репаративной регенерации костной ткани длинных трубчатых костей, но эти подходы все еще имеют некоторые недостатки, 
такие как  ограниченная доступность  костной ткани  для  трансплантации  или  иммунные реакции.  Современные  
пластмассовые материалы изучались как in vitro, так и in vivo, и показали многообещающие результаты  с точки зрения  
биосовместимости и биомеханических свойств.  Кроме того,  имплантаты,  применяемые  для восстановления  костной  
ткани,  показали  положительные результаты в сочетании с лекарствами, факторами роста и мезенхимальными стволовыми 
клетками, которые могут взаимодействовать, облегчая отложение и минерализацию костной ткани. Использование нано- и 
микрочастиц дает возможность повысить эффективность и контролируемое высвобождение вещества из кожи  с течением 
времени при соответствующих  терапевтических концентрациях. Эти системы контролируемой  доставки могут  эффективно 
стимулировать остеогенез и  ускорять регенерацию костей без значительных побочных эффектов. Однако, несмотря на 
многообещающие результаты доклинических исследований, применение данных систем требует дополнительных клинических 
испытаний.

Ключевые слова: клеточные технологии, нарушения репаративной регенерации, длинные трубчатые кости, костная 
ткань, аутотрансплантаты, аллотрансплантаты, ксенотрансплантаты. 


