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ABSTRACT

Widespread use of dental rehabilitation through dental implantation has stimulated researchers' interest in the
processes of implant integration with bone tissue. This study aims to analyze and systematize domestic and foreign data on
the osseointegration of titanium implants. A review of the literature shows that the development of research technologies
and an interdisciplinary approach in recent years have significantly changed traditional views on this process. Information
on the physiological mechanisms and cellular interactions at the implant-bone interface at various stages of integration
has been summarized. The results indicate the need to revise ideas about the bioinertness of titanium structures and
to consider osseointegration in an immunological context. For adequate bone tissue regeneration in diseases of the
maxillofacial region, traumatic injuries, and implantation, the balance of neural, endocrine, and immune mechanisms
regulating osteogenesis is essential. This is mediated by a number of biologically active mediators, such as beta-endorphin,
serotonin, and others. Today, dental implantation is widely used for orthopedic rehabilitation of patients with various types
of dental defects. International experience in prosthetics based on dental implants demonstrates the possibility of applying
this technology in a wide variety of clinical conditions - both for fixed structures and to increase the stability of removable
prostheses — with predictable and stable treatment results.
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AHHOTALNA

|_|JI/IpOKO€ MCMOMb30BaHNE [eHTaNIbHOW pea6vm|/|Ta|_u/||/| C MOMOLLbKD [AEHTaIbHOW MMMAAaHTaLmUm CTMynmpoBano
nHTEPEC nccnenoBatenem K npoueccamM MHTerpauny MMniaHTata C KOCTHOW TKaHbto. Llenb gaHHoOro nccneaoBaHna —
MPOaHaIn3npPoBatb 1 CUCTEMATU3NPOBATL OTEeYeCTBEHHbIE U 3apy6e>|<Hb|e HOaHHble 00 occeomHTerpaymnm TMTaHOBbIX
VIMASIAHTATOB.  AHanu3 NINTEPATYPHbIX WCTOUYHWMKOB TMOKa3asl, YTO pPa3BuTre ncaienoBate/ibCknx TEXHONOMUA 1"
Me>|<)J,I/ICLI,VII'IJ'IVIHaprII;l noaxon B nocneaHme rogbl 3Ha4nTeNbHO M3MEeHWIN TPpaaAnUMOHHbIE MpeacTaBieHna 06 3TOM
npoduecce. O606LLI,€HbI cBefeHnA o d)VISl/IOJ'IOI'l/IL-{eCKl/IX MeXaHM3MaXx 1 KNEeTOYHbIX B3aMMOAENCTBMAX Ha rPaHnLe «MMMIaHTaT
— KOCTb» Ha Pa3finyHbIX 3Tarax MHTerpaunn. Pe3yanaTb| YKa3bIBatOT Ha HeO6XO,ElI/IMOCTb nepecmMoTpa I'Ipe)ZI,CTaBJ'IeHI/IVI
0 6I/IOI/IHepTHOCTI/l TUTAHOBbIX KOHCprKLI,l/IlZ N PaCCMOTPEHNA OCCeoUHTerpaun B MMMYHOJIOTMYECKOM KOHTEKCTE.
[nAa apekBaTHOM pereHepaunn KOCTHOM TKaHW npw 3a001eBaHNAX YetOCTHO-NLIEBOM O6J'IaCTl/I, TPaBMaTn4eCcKkmx
NMOBPEXAEHNAX N VMMNAHTAUVW BaXXHO MOAAEPXMBATb 6anaHc HEPBHbIX, SHOOKPUHHBIX N MMMYHHbIX MEXaHM3MOB,
Perynmpyrowmnx octeoreHes. J10T rnpouecc onocpeayetrca paaom 6ronorMueckin akTBHbIX MeaAnaTopPOB, TakKMX KaK
6eTa-9H,ElOpd)MH, CEePOTOHVH 1 Opyrue. Mem,uyHapo,quM OnbIT MPOTE3NPOBAHNA Ha OCHOBE A€HTa/lbHbIX VMMMJ/1aHTATOB
OEeMOHCTPUPYET BO3MOXHOCTb MPpUMEHEeHNA 3TOW TEXHONMOT B CaMbIX pa3Hoo6pa3Hb|x KNNHNYECKNX YCNOBMAX Kak AnaA
HECHEMHbIX KOHCprKLlI/lI;l, TakK /1 And NOBbIEeHNA CTabUNbHOCTM CbEMHbIX MpoTe30B C NpeacKkasyembiMn yCTOVI‘—II/leIMI/l
pe3ynbrataM NeYeHnA.
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INTRODUCTION

In recent decades, the steady growth in the
popularity of dental implantation has sparked
increasing interest among researchers in
studyingthe mechanisms of interaction between
the implant and bone tissue. The most favorable
form of this process is traditionally considered
to be osseointegration, which P-I. Branemark,
the founder of modern dental implantology,
defined as "the apparent direct (immediate)
attachment or connection of living bone tissue
to the implant surface without an interposed
layer of connective tissue" [2]. Achieving
osseointegration is considered a prerequisite for
the long-term success of implant prosthetics [1,
6,]. The phenomenon of osseointegration was
accidentally discovered by P-I. Branemark while
studying microcirculation in bone tissue using a
miniature optical camera surgically implanted in
thetibia of arabbit. Inthe more than four decades
since this discovery, a significant amount of
scientific data describing the mechanisms of
implant integration with bone tissue has been
accumulated and continues to expand [3-6].

According to A. A. Kulakov, the process of
implant integration into bone tissue should
be viewed as a dynamic interaction between
biological and inert components, in which
a balance of compensatory-adaptive and
homeostatic mechanisms is achieved. This
equilibrium ensures the coexistence of living and
non-living components in a single system. The
authors cite the following criteria for success: the
absence of inflammatory, necrotic, and allergic
reactions in the peri-implant tissues (i.e,, signs of
rejection), the formation of morphofunctional
characteristics of the integration process (in
dental implantation — osteo-like or bone tissue)
in the contact zone between the implant and
bone tissue, and the preservation of the stability
of these characteristics over time [7,10].

According to the literature, there are several
types of tissue organization at the implant/bone
interface. Osteointegration, as interpreted by P.
|. Branemark, is the direct contact of bone tissue
with the implant surface. Fibro-osseointegration
is characterized by the presence of a connective
tissue layer between the bone and the implant,
containing collagen fibers and coarse-fibrous
connective tissue. Connective tissue integration
occurs when the implant surface is completely

surrounded by fibrous connective tissue. In the
literature, the first two options are described as
a normal bone response to the implant, while
the latter is considered a manifestation of its
rejection.

Foralongtime,thebloodclotretractiontheory
remained widely accepted [10, 16]. According
to this theory, the process of osseointegration
begins with the osteoconduction phase, which
consists of the migration and adhesion of
mesenchymalcellsand osteoblaststotheimplant
surface through the remnants of the thrombus.
The next stage, osteoinduction, involves the
formation of new bone and the deposition of
mineral salts in the developing bone matrix. The
final stage of regeneration is remodeling, which
is a long process of alternating resorption and
formation of bone tissue around the implant.

The implantation itself is considered a
surgical trauma, accompanied by inflammation,
initial signs of resorption, and the initiation of
a cascade of vascular-tissue reactions leading
to regeneration. The condition of the vascular
bed and the level of blood supply in the area
of intervention are important in this process:
ischemia increases the likelihood of fibrous or
cartilaginous tissue forming instead of normal
bone structure [1,5,11,8].

It has been established that even when the
implantis twisted at high speed and high primary
stability is achieved during its installation, a gap
of up to 60 um remains between the implant
surface and the adjacent bone. Depending on
the traumatic nature of the operation, this gap
can increase locally to 100-500 um. The space
is filled with blood and tissue fluid, which serve
as a source of biologically active substances and
proteins necessary to initiate osseointegration.
Although the characteristics of the implant
surface can modify the composition and
spatial organization of adsorbed proteins, cell
membrane receptors interact with the titanium
surface, ensuring their initial attachment [19, 20].

In the early stages of osseointegration,
the extracellular protein fibronectin  and
transmembrane heterodimers—integrins—
are actively involved in the process of cell
recognition and adhesion to the implant surface
[21,22]. Blood from the bone bed vessels forms a
clot containing platelets, fibrin, vascular growth
factors, transforming growth factor, insulin-

https.//idmfs.uz



https://idmfs.uz/

MHmeepamusHaﬂ Cmomamaorsioeud u YeJincmHyo-iuyesas xupypeus

Tom 4 | Beinyck 3-4(11-12) | 2025

like growth factor, and other mediators. These
components stimulate neoangiogenesis and
bone tissue healing [13,18, 23].

The fibrin network ensures the migration
of osteogenic cells to the implant surface
under the action of growth factors produced
by platelets. The latter attract fibroblasts and
other undifferentiated cells to the fibrin matrix
zone and stimulate their differentiation [15]. The
characteristics of this stage largely determine
the further course of implant integration. The
tight attachment of the blood clot to the surface
and the formation of fibrin "bridges" between
the implant and viable bone create conditions
for the proliferation of osteogenic cells along the
fibrin strands to the implant and the subsequent
formation of bone tissue.

It is now clear that in the early stages of
dental implant integration, the area and density
of attachment of bone tissue cell elements and
blood components to its surface are of key
importance.Inthisregard, thereisnodoubtabout
the need to create a pronounced topography
and developed micro-relief of the intraosseous
part of the implant. Various technologies are
used to create a complex relief with optimal
roughness for , which are conditionally divided
into two main groups:

1. Physicochemical surface treatment —
sandblasting, acid etching, laser modification,
etc,

2. Application of biologically active coatings
that stimulate bone formation processes
(hydroxyapatite, tricalcium phosphate, amino
acids, etc) [3,9,19].

At the same time, implant integration solely
due to contact osteogenesis is rather an idealized
model. Most likely, both contact and distant
osteogenesis processes occur simultaneously in
different areas of the "bone-implant" zone.

The latter is characterized by the formation of
bone tissue not on the surface of the implant,
but on the surface of the surrounding bone:
osteogenic cells of the implant bed synthesize
bone matrix towards the surface of the implant.

Already in the first days after implant
placement, osteoblastsattachtoitssurface. These
cells synthesize osteogenesis marker proteins —
osteopontin, osteocalcin, sialoprotein — which
promote the adhesion of osteogenic cells to the
implant and the fixation of mineral compounds

in the newly formed organic bone matrix. The
next stage is the formation of a collagen matrix
directly on the implant surface, followed by
the deposition of an osteoid substance that
transforms into bone tissue [19].

Mineralization of the bone matrix is
associated with the accumulation of calcium
and phosphorus ions and is ensured not only
by calcium-binding proteins, but also by the
participation of phospholipids and chondroitin
sulfate of the ground substance [4,17].
Subsequently, young bone tissue undergoes
a long-term structural reorganization. This
stage—remodeling—combines two opposing
processes: bone resorption and new bone
formation. Resorption of immature bone tissue
is mainly carried out under the action of matrix
metalloproteinases secreted by osteoclasts,
which is accompanied by an increase in acid
phosphatase activity. At the same time, the
formation of new bone in the direction of the
implant surface is ensured by the high functional
activity of osteoblastic cells and is accompanied
by the expression of alkaline phosphatase [22].
The remodeling process is closely dependent
on the load conditions on the implant and
ultimately leads to the replacement of immature
bone with a more mature and functionally
complete structure.
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