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Annotation

The review summarizes the data of domestic and foreign literature on osteoplastic
materials (OPM), provides classifications of materials depending on the origin,
composition, production technology and behavior in the body, as well as the
mechanisms of the effect of OPM on bone regeneration processes.
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Introduction

The level of modern surgery, armed with various technical means, makes it possible
to transfer many types of operations into the category of organ-preserving ones. But
it is impossible to fully realize the biological potential of the body in the form of
reparative tissue regeneration only due to perfect equipment and tools. Regenerative
aspects in surgery are not yet dominant, so scar healing is considered a normal result
of surgery [7, 8]. It remains problematic to achieve full tissue regeneration in an adult
organism. It is quite natural that the prospect of further development of surgery
should be the regenerative direction, i.e. surgery, providing a full structural and
functional restoration of organs due to effective stimulation of regeneration.

In this regard, the issue of materials for osteoplastic operations is topical [1-6, 8-10,
15-19, 21, 22]. To replace bone tissue defects in traumatology, orthopedics, surgical
dentistry and periodontal surgery, autotissues, allottissues, glass ceramics, synthetic
hydroxyapatites, apatite silicates and other materials are used. The best plastic
material for replacing bone defects in the implementation of arthrodesis, various
types of spondylodesis is compact spongy autobone [1, 4-6, 9]. At the same time, when
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replacing extensive bone defects, especially in the epimetaphyseal zone, for example,
after tumor resection, the autoplasty method remains too traumatic, requiring
additional surgical trauma, which results in a painful donor site, as well as the
probability of transferring pathologically altered tissue from the donor site to the
defect area (tumors, osteomyelitis, tuberculosis). It turns out to be impossible to carry
out full-fledged bone autoplasty in children, the elderly and people with systemic
changes in bone tissue, osteoporosis [1, 4, 9].

For the successful development of osteogenesis processes, the properties of the
implant placed in it are essential. An ideal implant should have the following
characteristics [4, 6, 8, 16, 21]:

1. High osteogenic potency,

2. Lack of antigenicity,

3. Ease of obtaining,

4. Convenient for clinical use geometric shape,

5. Constant availability,

6. The ability to biodegrade,

7. Do not interfere with bone formation.

Existing materials that meet the specified requirements to one degree or another can
be divided into the following groups according to their composition:

Bioorganic - various types of bone autografts, native and demineralized bone
allografts, collagen, fibrin glue, fibrin-collagen paste;

Ceramic - tricalcium phosphate ceramics, hydroxyapatite, allo- and xenogenic
deproteinized spongy and cortical fragments, coral, Paris patch (calcium sulfite), etc.
Synthetic polymers - polylactic acid, polyactide-polyglycolide copolymer,
polyanhydride and polyorthoester;

Composite - combining the properties of materials of different groups presented
above.

According to their properties, biomaterials for bone cavity replacement can be divided
into two groups: bioinert materials, bioactive materials [1, 5].

Since there is always an interaction between the biomaterial and the physiological
environment, bioinert materials are materials that do not have either a positive or
negative effect on bone tissue growth. However, they minimize the formation of a
fibrous cap.

Bioactive materials are a matrix for the formation of bone tissue on their surface, i.e.
have osteogenic properties (osteoconductive and/or osteoinductive).
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Bone allografts are increasingly used due to the increasing availability [8-10, 15, 18].
They are used in the form of small fragments, whole, props, segmental and bone-
cartilage grafts, which can be obtained from donors and special donors [10, 15, 18].
Tissue transplantation can become one of the tools of regenerative surgery as a
biological method for stimulating reparative regeneration [8]. However, tissue
grafting is traditionally considered by surgeons primarily as a way to replace defects
resulting from the excision of pathologically altered tissues. Therefore, various aspects
of tissue transplantation are developed mainly by specialists in the field of plastic and
reconstructive surgery. Numerous studies are devoted to maintaining the viability of
transplanted tissues and overcoming the barrier of tissue incompatibility. Hence the
great variety of methods of tissue preservation, the purpose of which is the long-term
preservation of the native structure of grafts and the reduction of their antigenic
properties.

The first successful attempt to generalize knowledge on tissue transplantation was the
monograph by P.P. Kovalenko (1975), which is a systematic presentation of the
theoretical principles and practical aspects of transplantation. Since the publication
of this monograph, a large number of scientific reports have appeared in the literature,
clarifying ideas about the fate of transplanted tissues and indicating the ambiguity of
the results of operations using tissue transplantation [7, 8].

It is currently believed that preserved allografts undergo gradual resorption and are
replaced by newly formed tissue. However, there is still a certain diversity in the
interpretation of this process due to differences in theoretical approaches, the lack of
a morphological analysis of the properties of transplanted tissues and the main factors
affecting the nature and timing of graft resorption and replacement [7, 8, 15, 18].
Varieties of composite materials are also used in the form of granules, ribbons, blocks,
etc., consisting, for example, of a mixture of HAP (from 30 to 50%) and binding
biopolymers, mainly collagen [1, 2, 5, 10]. The main advantage of such materials is the
convenience of working with them - the possibility of adjusting the dimensions
directly in the operating room, the plasticity of such material when filling bone defects
with it, etc. At the same time, collagen is also partially used by the body as a building
material of the organic component of the bone. The disadvantages of composite
preparations are related to the fact that the amount of the organic component,
selected based on the conditions for obtaining convenient physical and chemical
properties, is usually much larger than necessary for bone synthesis, and the quality
of collagen does not correspond to the optimal one from the point of view of the body's
immune responses. Therefore, when using composite materials, including
biopolymers, the manifestation of immune immunity on the part of the body is
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possible, and the therapeutic effect of such drugs is somewhat less than that of pure
HAP, although it is sometimes more convenient to work with them.

With regard to the effect of a graft or implant on bone regeneration processes,
according to current knowledge, there are four main mechanisms: Osteoblastic
osteogenesis stimulated by transplantation of the so-called determined osteogenic
prodromal cells (DOPCs), which have their own bone-forming potential. This
principle has long been known in connection with transplantation of autologous
cancellous bone [11].

Osteoplastic materials, depending on the effect they have on the surrounding tissues,
can be divided into 4 groups: 1) non-toxic biologically active materials - form a direct
connection with bone tissue; non-toxic bioinert materials - cause the formation of a
fibrous capsule on their surface; non-toxic biodegradable materials - are replaced by
bone or fibrous tissue; toxic materials - lead to tissue death.

For the first time, a generalized description of morphological transformations during
tissue allotransplantation was given by P.P. Kovalenko, who singled out four periods
in this process. The first period is characterized by a polymorphocellular reaction to
the graft and the beginning invasion of the recipient's cells along the fibers and vessels
of the graft. The second period is characterized by differentiation of cells that have
penetrated into the graft and neovascularization. The third period is the period of
tissue differentiation. In the fourth period, the final tissue differentiation and the
formation of a new tissue, the regenerate, take place [7, 8].

The factor initiating graft resorption is the reaction of cellular immunity with the
participation of mononuclear cells and lymphocytes, due to which the graft is
destroyed and a regenerate is formed in its place. It follows that the structure of the
regenerate formed at the site of the allograft largely depends on the degree of immune
inflammation [8]. The above dependence can explain the various outcomes of
operations, the extreme of which are: a) fibrosis (scarring) as a result of severe
immune inflammation and rapid graft lysis, b) the formation of a coarse fibrous
capsule around transplants that are not subject to lysis (for example, preserved in
aldehydes).

Graft union is a complex process and depends on the characteristic initial differences
in the composition and properties of osteoplastic materials: autologous, allogeneic,
xenogenic, synthetic or composite material. Therefore, the issue of systematization of
literature data on various types of bone-plastic materials and their ability to complete
organotypic restructuring, confirmed by morphological studies, is topical. However,
such a comparison is not always possible due to different models and testing times
used in the experiment.
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The solution to this problem is at the intersection of fundamental and clinical
disciplines - cytology, histology, cell biology, materials science, traumatology and
orthopedics. The friendly use of the creative potential of specialists in these disciplines
will make it possible to find new effective ways to correct various injuries of the
skeletal organs.
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