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Introduction. A variety of categories of 
osteogenesis-activating materials are available 
to clinicians: autologous, allogeneic, xenogeneic 
and artificial. Their osteoinductive and 
osteoconductive properties, as well as tissue 
compatibility, differ. Choosing the appropriate 
osteoplastic agent from the wide range of 
available options to stimulate bone 
regeneration is a challenging task for the 
clinician. It is important to consider not only the 
composition, particle size and quality of the 
materials, but also the specific condition of the 
implantation site (type of injury, defect volume, 
surrounding bone density) as well as the 
individual characteristics of the patient in order 
to accurately select the osteoregeneration 
stimulant for each clinical case. 

The use of osteoplastic materials in 
dentistry represents a key area of research 
aimed at bone regeneration, which is one of the 
most significant areas in modern medicine. Lack 
of bone mass in the maxillofacial region can be 
caused by a variety of factors, including trauma, 

inflammation and complications from surgical 
procedures such as dental implants and bone 
grafting. 

Physiological bone regeneration is not 
always able to provide the necessary amount of 
new bone tissue and can take a significant 
amount of time. Localised bone deficiency can 
lead to long-term negative consequences such 
as deformity and loss of bone structure, 
exposure of tooth roots and development of 
neuritis. It can also make implantation 
impossible and require additional surgical 
interventions. Surgical operations on the bones 
of the facial skeleton have their own 
peculiarities due to the high probability of 
infection, especially when treating 
inflammatory diseases. Infected bone defects 
such as cysts and cystogranulomas often 
contain bacteria, which reduces the 
regenerative potential of the surrounding 
tissues. Therefore, it is important to choose 
materials that have both osteoplastic and 
antibacterial properties. 
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There are four main groups of 
osteoregenerative materials: 

- Autogenous: materials obtained from the 
patient himself. 

- Allogenic: materials obtained from 
another person. 

- Xenogenic: materials derived from 
animals. 

- Synthetic: artificially created materials. 
These materials have varying degrees of 

osteoinductive potential and can be classified as 
osteoinductive (promoting bone cell 
differentiation), osteoconductive (creating a 
structure for bone cell growth) and 
osteoneutral (inert space-filling materials). 
However, this classification is tentative, as many 
materials have both osteoconductive and 
osteoinductive properties at the same time. 

Materials with osteoplastic characteristics 
should fulfil certain criteria: be well tolerated by 
tissues, not induce immune responses; have a 
suitable porosity for integration with bone; 
provide complete and moderately fast 
biodegradation corresponding to the rate of 
bone growth; the possibility of sterilisation 
without deterioration of properties and be 
affordable. 

Autogenous materials are considered one 
of the most effective and widely used groups of 
osteoplastic materials. Their advantages 
include complete compatibility with the 
receiving bed, minimal risk of rejection, absence 
of immune reactions and risk of infection. 
However, they also have disadvantages such as 
limited amount of available material, additional 
trauma to the patient and rapid resorption. 

Allogeneic materials, representing the 
next group, also have significant osteoinductive 
potential, which depends on specific methods of 
their preparation and preservation. The main 
disadvantages are the risk of immune reaction, 
the possibility of transmitting infections such as 
hepatitis and HIV, and difficulties with legal and 
ethical aspects. 

Xenogenic materials derived from bovine 
bone are the most common among all types of 
osteoplastic materials. Their use may be limited 
due to high immunogenicity associated with the 
presence of species-specific proteins. 
Manufacturers address this problem by 
removing all proteins that may trigger an 
immune response, which turns these materials 
into natural hydroxyapatite with the natural 
structure preserved. There are chemical and 

physical methods to purify the material of 
residual proteins. 

Synthetic osteoplastic materials are an 
economical alternative to natural 
hydroxyapatite. Their development began in the 
1970s and they have evolved considerably since 
then. Initially, artificial hydroxyapatite was an 
inert ceramic with no osteoinductive 
properties, but due to scientific advances, 
synthetic hydroxyapatite and tricalcium 
phosphate were created and used as bone 
substitutes in the 1980s. 

Studies have shown that changing the 
ratio of calcium to phosphorus in 
hydroxyapatite allows you to control its 
properties, including its ability to retain blood 
clots and promote bone growth. Hydroxyapatite 
has osteotropic properties, activating 
osteogenic cell division and differentiation, and 
osteointegrative properties, creating a strong 
bond to bone. 

There are two main types of 
hydroxyapatite: 

1. Resorbable hydroxyapatite - 
resorbs quickly in the body and has a high 
sorption capacity. An example is OsteoGen. 

2. Non-resorbable hydroxyapatite - 
high temperature ceramics produced by heating 
to 800-1000 °C, has chemical stability and low 
water solubility. Examples are Reppa Ridge, 
Interpore, OsteoGraft D, Capse. 

Hydroxyapatite is effective for temporary 
filling of dental root canals and in apical and 
periodontal surgery, contributing to increased 
bone volume after surgery. 

Modern hydroxyapatite-based 
biocomposite materials may contain additional 
components such as antibiotics, antiseptics, 
regeneration stimulators, anti-inflammatory 
and antioxidant agents. 

The addition of collagen to the 
hydroxyapatite composition improves its 
properties by making the material more elastic 
and resistant to bioresorption, and enhances 
the osteoinductive effect due to the P-15 
peptide, which promotes osteoblast 
proliferation. The combination of collagen with 
hydroxyapatite matrix significantly increases 
the proliferation of osteoblasts. 

Collagen, as a protein, can indeed cause 
immune reactions and be potentially toxic, 
creating a risk of implant rejection. Special 
treatment of collagen can minimise these risks, 
but it is not possible to eliminate them 
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completely. Incorporation of 
glycosaminoglycans such as chondroitin-4- and 
chondroitin-6-sulfate, dermatan sulfate and 
keratan sulfate into the structure of osteoplastic 
materials can modulate cell differentiation and 
improve metabolic processes. 

Hyaluronic acid and chondroitin sulfate, in 
particular, play an important role in the 
formation of bone and cartilage tissue, 
accelerating the bone repair process. Their use 
can stimulate osteoregeneration at different 
stages, especially when combined with 
hydroxyapatite. 

Regeneration stimulators such as growth 
factors, morphogenetic proteins, and 
bactericidal components can be used to enhance 
the osteoinductive potential of the materials. 
The introduction of bone marrow stromal cells 
can also enhance the osteoinductive properties 
of the materials. The ideal osteoplastic material 
should have a porous structure similar to bone 
tissue, with a pore size of 100 to 300µm for 
optimal osteoinduction. The high crystallinity of 
hydroxyapatite favours adhesion and 
differentiation of osteogenic cells, and the 
presence of collagen enhances this ability. 

Porous hydroxyapatite-based ceramics 
combined with bone marrow cells can undergo 
fibrovascular transformation and form lamillar 
bone tissue under experimental conditions. 
Ectopic bone formation, the process of 
connective tissue ossification after injury, has 
also been studied and it was found that porous 
hydroxyapatite can stimulate the formation of 
immature bone tissue in experimental animals. 

A number of conditions must be fulfilled 
for the successful realisation of the 
osteoregeneration process: 

1. The presence of osteogenic stem 
cells of bone and cartilage tissue, which are the 
key elements in the formation of new bone 
tissue. 

2. Optimal concentration of calcium and 
phosphorus ions, which stimulate proliferation 
and differentiation of osteogenic precursors, 
turning them into specialised cells of newly 
formed bone tissue. 

3 The presence of a specific cellular 
composition in the regeneration area, including 
osteogenic precursors and supporting cellular 
elements such as lymphocytes, macrophages 
and endothelial cells. 

Hydroxyapatite, when introduced into the 
body, interacts with these cells to create a 

specific bone microenvironment. This favours 
the binding of calcium phosphates to 
morphogenetic proteins, increasing their 
concentration locally and creating conditions 
for calcium phosphate biodegradation. This, in 
turn, provides the necessary concentration of 
calcium and phosphorus ions that promote 
proliferation and differentiation of osteogenic 
cells. 

Tricalcium phosphate used in synthetic 
materials has two main crystalline 
modifications: alpha-TCP and betta-TCP. Both 
modifications have a high biodegradation rate, 
but differ in solubility and rate of conversion to 
hydroxyapatite. 

Alpha-TCF with its high resorption rate 
and antibacterial properties is used in dentistry, 
while betta-TCF is used in dental surgery due to 
its macroporosity and osteoconductivity. 
However, resorption of betta-TCF can be 
unpredictable, which may lead to early 
destruction of the material before new bone 
formation. To address this problem, the use of a 
polylactide matrix, whose biodegradation rate 
depends on its molecular weight and porosity, 
has been proposed. 

Calcium sulphate added to autogenous 
and allogenic material increases the rate of 
regeneration of bone defects and has found 
wide application in traumatology due to its 
osteoregenerative properties. 

The production of bone calcium-
phosphate cements is indeed a promising area 
in the development of synthetic osteoplastic 
materials. These cements, produced by mixing 
calcium phosphate powders with water or other 
setting fluid, have unique properties that make 
them an excellent choice for many clinical 
applications. The transition from paste to solid 
state allows them to provide stable support and 
promote bone regeneration. 

The variety of available osteotropic 
materials allows clinicians to choose the most 
appropriate option for each specific case, taking 
into account the structure and properties of the 
material, as well as the clinical needs of the 
patient. 

Biocomposite materials containing both 
basic tissue components and active growth 
factors can significantly improve 
osteoinductivity and promote more efficient 
connective tissue regeneration. In particular, 
bone morphogenetic proteins (BMPs) and their 
recombinant forms (rhBMPs) fixed on different 
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carriers may play a key role in stimulating bone 
formation. 

In conclusion, although bone tissue can 
regenerate on its own after surgery, the use of 
regeneration stimulators and osteoconductive 
materials can significantly accelerate and 
improve this process. When selecting 
osteoplastic materials, it is important to 
consider not only their chemical composition 
and physical properties, but also the 
characteristics of the host site, including the 
nature of the injury and the size of the defect. 

Conclusions: Thus, an individualised 
approach to each clinical case and careful 
treatment planning are key to achieving optimal 
results in osteoplasty. The optimal osteoplastic 
material should combine a number of positive 
properties, such as reducing postoperative 
oedema and pain, anti-inflammatory effects, 
accelerating filling of the bone defect and 
ensuring stability of the functional load. 
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