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ABSTRACT. The aim of this study is to investigate modern techniques for improving bone tissue regeneration. To achieve
this goal, we reviewed sources from domestic and international scientific medical literature. Results. Maxillary bone loss
can result from chronic dental diseases, trauma, or tumor resection. Bone resorption, most often caused by infection or
inflammation, can lead to discomfort, deformity, and complications during dental implant placement. While implants can
restore oral function, many patients lack sufficient bone volume for their placement. Therefore, several techniques are used
to address this problem. Guided bone regeneration promotes the growth of new bone in damaged areas of the jaw. Despite
its effectiveness, this method can be time-consuming to achieve sufficient bone volume. The PASS principle (Primary clo-
sure, Angiogenesis, Space maintenance, and Stability) is considered fundamental for successful guided bone regeneration.
Guided tissue regeneration utilizes two main types of barrier membranes: resorbable and non-resorbable membranes. Recent
advancements in titanium mesh technology include individually pre-bent meshes tailored to specific defect geometries.
Distraction osteogenesis offers significant advantages over traditional bone grafting techniques, eliminating the need for
donor bone and avoiding complications associated with donor site morbidity. Despite its advantages, distraction osteogen-
esis is associated with certain challenges. Platelet-rich plasma (PRP) is gaining popularity in dentistry due to its ability to
accelerate healing and promote tissue regeneration. PRP's capacity to release high concentrations of growth factors makes
it an effective tool in stimulating stem cell activity, promoting tissue healing, and enhancing bone and soft tissue regenera-
tion. Stem cell therapy holds significant promise for the regeneration of teeth, bone tissue, and periodontal structures, making
it a key area in modern dental tissue engineering. Conclusion. A review of the scientific literature reveals some inconsist-
encies regarding the effectiveness of the aforementioned guided bone regeneration techniques and an understanding of the
situational variations in bone tissue reconstruction across different clinical scenarios. Modern techniques for improving bone
tissue regeneration aim to create optimal conditions for natural bone regeneration through the use of biocompatible materi-
als, guided surgical techniques, biologically active factors, and individualized approaches based on a deep understanding of
bone tissue histoarchitecture. A significant number of scientific works, both experimental and clinical, are dedicated to the
study of osteoregeneration; however, under current conditions, a correct understanding of the sequence and timeframes of
osteogenic regenerative processes is of particular importance. Therefore, the pursuit of further research into modern tech-
niques and their associated dynamics of histoarchitectural remodeling during bone defect healing is justified. This will allow
for the development of personalized osteoregeneration strategies tailored to the needs of the individual patient.
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Jawbone loss can be a result of chronic dental
diseases, as well as a result of trauma or tumor resec-
tion. Bone resorption, which in most cases is caused
by infection or inflammation, can lead to discomfort,
deformity and complications when placing dental im-
plants. Although the latter can restore oral function,
many patients lack sufficient CT volume for their
placement. Therefore, a number of methods are used
to solve this problem [1].

Guided bone regeneration promotes the growth
of new bone in damaged areas of the jaw. This tech-
nique is primarily aimed at the regeneration of bone
defects around dental implants and is used together
with bone grafts. It consists in creating a space devoid
of cells of epithelial and connective tissue. At the
same time, the cells of the periodontal ligament grad-
ually populate the surface of the root, and the CT cells
begin to sprout into the damaged area [2]. Despite its
effectiveness, this method can take a long time to
achieve a sufficient volume of bone tissue.

The need for controlled bone regeneration is
largely determined by the size of the bone defect. If
all the bone walls are intact after the implant is placed,
this technique may not be necessary, as the natural
healing of the bone is efficient. However, as the de-
gree of CT loss increases, so does the need for regen-
eration. In particular, large defects or significant bone
wall loss are clear indications for the procedure [3].

The PASS principle (P:primary closure, A: angi-
ogenesis, S: space maintenance, S:stability) is consid-
ered fundamental for successful guided bone regener-
ation (GBR) [4]. Ensuring initial wound closure helps
prevent complications, such as infection, that could
compromise the procedure. Angiogenesis, or the de-
velopment of a powerful blood supply in the trans-
plant area, promotes bone healing. Maintaining the
necessary space for bone regeneration, as well as sta-
bilization of the graft and membrane, are crucial for
proper bone growth and integration with the implant.

There is some controversy regarding the neces-
sity and benefit of barrier membranes. While some
studies suggest that the use of a membrane has no sig-
nificant effect on clinical outcomes, others emphasize
its advantages in providing minimal soft tissue inter-
vention and preserving space for CT regeneration [5,
6]. The periosteum itself has been proven to act as a
functional barrier with osteogenic properties, and
some studies support its use as an alternative to syn-
thetic membranes [5].

In controlled cell regeneration, two main types
of barrier membranes are used: resorbable mem-
branes and non-resorbable membranes. Resorbable
membranes include collagen membranes and syn-
thetic alternatives [7-9]. The advantage of resorbable
membranes is a reduced risk of infection after wound
healing, but the lower rigidity of such membranes
makes them less suitable for vertical bone augmenta-
tion. However, they are often used in combination
with graft materials to preserve space during bone re-

generation. Nonabsorbable membranes such as tita-
nium mesh and polytetrafluoroethylene provide ex-
cellent space preservation and predictable bone for-
mation, making them suitable for cases requiring ver-
tical or horizontal bone augmentation [10-12].

Nonabsorbable membranes such as titanium
mesh and polytetrafluoroethylene provide excellent
space preservation and predictable bone formation,
making them suitable for cases requiring vertical or
horizontal bone augmentation [10-12]. However,
they are more prone to infection if the wound dehis-
cence occurs. Titanium mesh, in particular, is very ef-
fective in stabilizing bone grafts and resisting infec-
tion, making it a popular choice for large bone defects
[13]. Recent advances in titanium mesh technology
include individual pre-bent meshes that correspond to
specific defect shapes [10, 14, 15].

Research in the field of controlled cell regenera-
tion is moving towards more complex tissue engi-
neering solutions. Functional barrier membranes in-
cluding bone substitutes, growth factors, and stem
cells are being developed to improve CT regeneration
[3]. These innovations promise to create more pre-
dictable and effective outcomes in complex implant
cases. Guided cellular regeneration is a valuable tech-
nique in implantology, especially for the treatment of
large bone defects. Its success depends on the adher-
ence to key principles such as the concept of PASS
and the selection of an appropriate membrane based
on the clinical scenario.

Distraction osteogenesis is a regenerative bone
engineering technology used to reconstruct or
lengthen bones. It uses the body's innate ability to re-
generate bone tissue, which makes it unique, as it pro-
vides a shorter operation time, less blood loss, no
need for bone grafts, and simultaneous distraction of
bone, soft tissues, and nerves [16]. The process of dis-
traction osteogenesis begins with an osteotomy of the
area that needs lengthening. After a short latent pe-
riod, a distractor is applied, which gradually stretches
the ends of the bone, stimulating the growth of new
bone in the gap. This phase is known as the distraction
period, when the bone regenerates through natural
processes. After that, during the consolidation period,
the newly formed bone is allowed to mature, that is,
to mineralize and remodel to achieve stability and
strength [17, 18].

Distraction osteogenesis has significant ad-
vantages over traditional bone grafting techniques as
it eliminates the need for donor bone, preventing
complications such as donor site morbidity. This
technique is widely used for the treatment of various
diseases, ranging from limb lengthening and cranio-
facial reconstruction to alveolar ridge augmentation
in dentistry [18].

Distraction osteogenesis is used in many medi-
cal disciplines, including orthopedics, maxillofacial
surgery, and plastic surgery. It is often used to treat
congenital or acquired diseases of the limbs, bone de-
fects due to tumors, injuries or infections, as well as
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craniofacial deformities [19-21]. In severe cases of
congenital malformations, where a bilateral LV de-
fect contributes to obstructive sleep apnea, distraction
osteogenesis can improve airway function, poten-
tially avoiding the need for tracheostomy in infants
[22, 23]. This technique showed promise in improv-
ing the quality of life of patients with micrognathia
(small jaw) by expanding the LV and improving
breathing and jaw function [24].

Distraction devices can be both internal and ex-
ternal, and each of them has its own advantages and
disadvantages [25]. Internal distraction devices are
more predictable, accurate and comfortable for pa-
tients. They are invisible from the outside and allow
full use of the jaw during treatment, minimizing the
risk of damage to the device. External distraction de-
vices are more bulky and can cause discomfort, espe-
cially in young patients. They are easily damaged,
which can interrupt the treatment. In addition, these
devices often leave visible scars on the patient's
cheek. Other advances include intraoral curvilinear
distraction devices that allow more precise control of
the direction of bone regeneration, making them po-
tentially better for treatment [26].

Distraction osteogenesis is also used in dentistry
to reconstruct the alveolar ridge. After all, injuries,
periodontal disease or removal of large jaw cysts or
tumors can cause CT deficiency. Alveolar ridge de-
fects prevent proper placement of dental implants, re-
quiring CT augmentation for successful implantation.
Alveolar distraction osteogenesis not only increases
the height of the bone, but also contributes to the sim-
ultaneous expansion of the surrounding soft tissues,
ensuring better integration of the newly formed bone.
This technique has a lower risk of resorption and re-
currence, contributing to a more stable long-term re-
sult compared to autogenous bone plastic [27, 28]

Despite its advantages, the technique of distrac-
tion osteogenesis is associated with certain problems.
The long period of consolidation required for bone
maturation increases the risk of complications such as
infection, nonunion, and patient discomfort [17].
These complications, along with psychological and
economic ones, are a burden for long-term treatment
and limit the wide application of distraction osteogen-
esis [29]. To partially minimize these problems, it is
possible to combine distraction osteogenesis with
bone tissue engineering technologies such as exoge-
nous scaffolds, stem cells, and growth factors. The
role of immune regulation in CT regeneration is also
being studied in order to develop auxiliary treatment
methods that could optimize the process of distraction
osteogenesis and shorten the treatment time [18].

Platelet-enriched plasma is often used to accel-
erate healing and regeneration of tissues, especially in
procedures such as regeneration of the lower and up-
per jaws, treatment of periodontal defects, installation
of implants and other surgical interventions in the oral
cavity [30]. It is obtained from the patient's own
blood, which is processed to concentrate platelets and
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other biologically active substances that contribute to
tissue regeneration. Plasma can be used both alone
and in combination with autogenous bone, inorganic
bone minerals and bone substitutes [31] It is believed
that growth factors, in particular, transforming
growth factor beta, platelet-derived growth factor,
platelet-derived epidermal growth factor, platelet-de-
rived angiogenesis factor, insulin-like growth factor,
and others, which are present in platelet-rich plasma,
promote bone healing [32, 33]. In addition, blood pro-
teins such as fibrin, fibronectin, and vitronectin im-
prove osteoconduction and facilitate bone formation
in various ways [34, 35].

Platelet-rich plasma is becoming increasingly
popular in dentistry due to its ability to accelerate
healing and promote tissue regeneration. This method
was used in regenerative endodontics, periodontology
and maxillofacial surgery [36, 37]. The ability of
platelet-rich plasma to release a high concentration of
growth factors makes it an effective tool in stimulat-
ing stem cell activity, promoting tissue healing, and
enhancing bone and soft tissue regeneration [38, 39].

In endodontics, platelet-rich plasma has shown
itself as a promising tool for the regeneration of dam-
aged or necrotic tissues of the pulp-dentin complex,
such as dentin, pulp, and root structures [39]. After
proper disinfection, platelet-rich plasma creates a fa-
vorable environment that stimulates the development
and differentiation of dental stem cells, which leads
to tissue regeneration. It serves as an environment to
support the growth of stem cells in the root canal [40].
This is a key factor in the treatment of immature teeth
with compromised structural integrity, such as ne-
crotic immature teeth, because it promotes further
root development [41, 42]. Platelet-enriched plasma
has been shown to be a viable framework for endo-
dontic regeneration, although the results of treatment
do not differ significantly from traditional methods of
creating a framework from blood clots [43, 44]. De-
spite the promising results, the lack of a standardized
treatment protocol using platelet-rich plasma and the
need for long-term clinical studies remain relevant in
regenerative endodontics [45].

Platelet-enriched plasma is also used in the treat-
ment of periodontal defects. This allows to reduce
bleeding, accelerates healing and improves the results
of surgical interventions [46, 47]. In addition, plate-
let-rich plasma is widely used in maxillofacial sur-
gery for procedures such as tooth extraction, CT sur-
gery, and implant placement. A high concentration of
growth factors accelerates the healing of surgical
sites, reduces the risk of postoperative complications,
and improves CT regeneration around implants [35,
48]. This is particularly useful for reducing healing
time and promoting tissue regeneration in areas where
bone grafting or other surgical interventions are re-
quired [49].

The use of platelet-rich plasma has many ad-
vantages in dental procedures. It effectively acceler-
ates the healing of both soft and hard tissues. As an
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autologous product, it reduces the need for expensive
biomaterials, lowering the overall cost of regenera-
tive therapy. Platelet-rich plasma has good anti-in-
flammatory properties, which helps minimize postop-
erative complications and pain. In addition, the autol-
ogous nature of the material excludes the risk of im-
mune reactions or disease transmission [45]. How-
ever, despite its promising field of application, the use
of platelet-rich plasma in dentistry faces certain prob-
lems, in particular, the lack of standardization of pro-
tocols for the preparation and application of the ma-
terial, which leads to inconsistent clinical results [50].

Stem cell therapy has become a promising direc-
tion in dentistry, especially for the regeneration of
dental tissues and restoration of structural defects.
The regenerative capacity of the dental pulp, due to
the presence of stem cells in it, has increased the in-
terest of researchers in studying its therapeutic poten-
tial. Stem cells have significant prospects for the re-
generation of teeth, CT and periodontal structures,
which makes them a key area in modern dental tissue
engineering [51].

Mesenchymal stem cells derived from bone mar-
row are used in clinical trials to effectively treat bone
defects. However, bone marrow harvesting is a rather
painful and complex procedure for the donor, which
can make it difficult for general practitioners to use it.
In addition, mesenchymal stem cells are a heteroge-
neous group of cells, and their ability to proliferate
and differentiate depends on factors such as age, gen-
der of the patient, or systemic diseases such as diabe-
tes or hypertension [52]. Therefore, stem cell popula-
tions that have been found in various parts of the
tooth, including the pulp, periodontal ligament and
dental papilla, are quite promising for therapy.

About 20 years ago, stem cells from extracted
human milk teeth were described [53]. They are
highly efficient and can differentiate into various cell
types, including osteoblasts, odontoblasts, adipo-
cytes, and nerve cells. These cells have shown great
potential for maxillofacial bone regeneration and can
be used in the treatment of neurological and cardio-
vascular diseases [53, 54].

Stem cells of the apical papilla originate from

the surface cells of the dental papilla during the his-
togenesis of the tooth tissues. These cells have
demonstrated the ability to differentiate into odonto-
blast-like cells, contributing to root formation and
dentin regeneration [55, 56].

Stem cells of the periodontal ligament partici-
pate in the regeneration of periodontal tissues, which
makes them important for the treatment of periodon-
tal defects and improvement of the general health of
the oral cavity [57].

Stem cell therapy in dentistry has enormous po-
tential. Current research is aimed at harnessing the re-
generative capabilities of dental and non-dental stem
cells for a wide range of applications [58]. Dental
stem cells can accelerate the healing of soft tissue in-
juries, shortening the recovery time of patients. Den-
tal pulp stem cells [59] and stem cells from extracted
primary teeth [53] have the properties of mesenchy-
mal stem cells, including self-renewal and the ability
to differentiate into different cell types. Both popula-
tions can generate dental and bone tissue, with stem
cells from extracted primary teeth showing a higher
proliferation rate and easier accessibility compared to
bone marrow-derived mesenchymal stem cells. This
makes them a promising option for CT regeneration
based on autologous stem cells.

High-frequency accelerations are proposed to be
used as a non-invasive and affordable method for pre-
serving and improving the quality of the cellular area
of the jaws under both physiological and pathological
conditions [60]. This technique contributes to the for-
mation of CT not only in the removal area, but also in
the adjacent areas, including areas of bone located at
different distances around the neighboring teeth.
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dexyna I1., Croii O., Yennanosa 1.B. CyyacHa MeT0/10J10Tisl IOKPAalLleHHs pereHepauii KicTKoBOI TKa-
HHHHU B CTOMATOJIOTII.

PE®EPAT. MeTta — IOCIITUTH CydacHI METOIMKH MOKpAIEHHS pereHepaiii KicTkoBoi TKaHWHU. J[s mo-
CSITHEHHSI TTOCTaBIICHOT METH HaMH OYJIO OTIpanboBaHO JKepeiia HAyKOBOI MEMYHOI BITIM3HSAHOI Ta CBITOBOI Ji-
teparypu. Pe3yabTaTu. Brpata 1ienenHoi KicTKA MOXe OYTH SIK HACIIKOM XPOHIYHUX CTOMATOJIOTIYHUX 3aXBO-
PIOBaHb, TaK 1 HACIIJIKOM TPaBM YM pe3eKiii myxiuH. Pe3opOiis KicTkH, sika y OLIBLIOCTI BUIIAIKIB 3yMOBJIEHA
iH(ekuisaMu a00 3anajeHHsIM, MOXKE IPU3BECTH 10 JUCKOM(OPTY, AedopMalii Ta yCKIa HEeHb IPU BCTAaHOBJICHHI
3yOHUX IMIUIaHTaTiB. X04Ya OCTaHHI MOXXYTh BIZTHOBUTH (DYHKIIIFO POTOBOT HOPOKHHHU, OaraTboM MarjieHTam opa-
Kye pocratHporo 00'emy KT mmst ixuporo BcraHoBieHHs. ToMy [uist BUpilLIEHHS 1i€l MPOOJIeMH BUKOPUCTOBYIOTh
psn metonuk. KepoBaHa KicTKOBa pereHepallist Cipusie pocTy HOBOI KICTKH B IOIIKO/PKEHUX JUISHKAX LIEJICIH.
HesBakaroun Ha e()eKTHBHICTb, JAHHH METOJ MOXE 3alHATH 06arato 4acy AJsl JOCATHEHHS JOCTaTHHOTO 00'eMy
kictkoBoi TkaHuHH. [TpuaTn [TA3C (IlepBunHE 3aKpuTTA, AHTioreHes, 30epexeHHs mpocTopy i CTabiIbHICTE)
BBa)XKA€THCSI OCHOBHUM IS YCITIIITHOTO MIPOBEACHHS KEPOBAHOI KiCTKOBOI pereHeparii. Y KepoBaHIl KITITHHHINA
pereHepariii BUKOPUCTOBYIOTbCS [IBa OCHOBHHMX THIH Oap'epHHX MeMOpaH: MeMOpaHH, 110 PO3CMOKTYIOTHCS i
MeMOpaHH, 10 HE PO3CMOKTYIOThCsl. OCTaHHI TOCATHEHHS B TEXHOJIOTI] THTAHOBUX CITOK BKJIIOYAIOTH B cede iH-
JIUB1TyalbHI MOTIEpeHBO 3ITHYTI CITKH, SIKi BiIOBITaI0Th KOHKPETHUM (popMam nedekTiB. AucTpakuiiHui ocTe-
OreHe3 Ma€ 3HauHI NepeBark HaJl TPAAMLIHHUMH METOJaMU KiCTKOBOT TPaHCIUIAHTALI], OCKUIBKU YCYBa€ MOTpedy
B JJOHOPCBKI#l KIiCTIIi, 3a1100iraour TakoMy yCKJIaJHEHHIO, SIK 3aXBOPIOBaHICTh JOHOPCHKOI NinsiHkH. He3paxarouu
Ha CBOT IepeBar, MeToIMKa TUCTPAKIIIHHOTO OCTeOreHe3y MOB's3aHa 3 eBHUMHU Ipodsiemamu. Tpusanuii nepioa
KOHCOJIi 1atii, HeoOXiTHUM AJIsl 103pIBaHHS KiCTKH, 301JIbILIYE PU3HK TAKHX YCKIJIAJHEHbD, SIK iH(QEKIis, He3POIIECHHS
ta quckoMdopTt s namienTa. LI yekiaaHeHHs, pa3oM i3 IMCUXOJIOTIYHUMHU Ta CKOHOMIYHUMHE € OOTSKSHHAM ISt
TPUBAJIOTO JIIKYBaHHS Ta 0OMEXYIOTh IIUPOKE 3aCTOCYBAHHS AUCTPAKIIHHOIO ocTeoreHe3y. 36araueHa TpomMoo-
IIUTaMH IUT1a3Ma CTa€ Bce OLIBII MOITYIISIPHOIO B CTOMATOJIOTT 3aBASKM CBOIH 3/[aTHOCTI IPUCKOPIOBATH 3arO€HHS
1 CIPUATH BiTHOBJICHHIO TKaHWH. 3/1aTHICTh 30araueHoi TpPOMOOIMTaMH TIa3MH BUBUIBHITH BHCOKY KOHIICHTpA-
1ito GakTopiB pocTy poOHTS i1 eEKTHBHUM IHCTPYMEHTOM Y CTUMYJIAIII aKTHBHOCTI CTOBOYPOBUX KIIITHH, CIIPHU-
SIHHI 3aTOEHHIO TKaHWH Ta IMOCHWJICHHI pereHeparii KiCTOK 1 M'AKUX TKaHUH. Teparis cToBOypOBHMHU KJTiITHHAMH
Ma€ 3HavHi ePCIeKTUBY TSI pereHepaiii 3y0iB, KICTKOBOI TKAHUHH Ta CTPYKTYP MAPOJOHTY, IO pOOUTH iX KITIO-
YOBHM HAIIPSIMKOM Y CydacHii imkeHepii 3yoHnx TkanuH. Ilincymoxk. ITincymMoByr04YN HAyKOBY JIiTEpaTypy BUSIB-
JIEHO TIE€BHI CYNEPEYHOCTI MOI0 €(PEeKTUBHOCTI BUIE3TaJaHUX METOIUK KEPOBAHOT KiCTKOBOI pereHepariii Ta po-
3yMIHHS CHTYaTHUBHHX Bapialiii peKOHCTPYKIIl KiCTKOBOT TKaHWHH HPHU Pi3HUX KIIHIYHHUX cueHapisx. CywacHi
METOJIUKH MOKPAIIEHHS pereHepaiii KicTKOBOT TKAHHHH CIPSIMOBaHI Ha CTBOPEHHS ONTUMAJIbHUX YMOB JIJIsI IPU-
POIHOTO BiTHOBJIEHHS KiCTKM IIUIIXOM BHKOPHCTaHHS 0i0CYMICHHX MaTepiaiiB, HAIPABIECHUX XiPypPridHUX TeX-
HiK, 010JIOT19HO aKTUBHHUX (PAKTOPIB Ta IHAMBITyali30BaHUX MiIX0/IiB, 3ACHOBAHUX HA TIIMOOKOMY PO3yMiHHI Tic-
TOAPXITEKTYPH KICTKOBOI TKaHWHH. 3HA4Ha KUIBKICTh HAYKOBHX IIpalb K €KCIIEPUMEHTAIBHUX, TaK 1 KIITHIYHUX
MPUCBSTYEHA JIOCIDKEHHIO OCTeOpereHepailii, IpoTe B Cy4aCHUX YMOBaX 0COOJIMBOIO 3Ha4EHHs HA0YBarOTh BipHi
YSIBJICHHS TIPO HOCIIiTOBHICTH 1 YaCOB1 paMKH OCTEOT€HETHYHHX PETeHepaTOpHUX mporecis. ToMy BUITpaBaaHuM
€ TIparHeHHs /10 BUBUCHHS CyYaCHUX METOJMK Ta IOB’S3aHMX 3 HUMH JAMHAMIK TiCTOapXiTEeKTypHHX NepedynoB,
1110 BiOYBaIOThCA MiJ/ Yac 3aro€HHs KiCTKOBHUX JE(EKTiB, 110 JI03BOJIUTH PO3POOIISATH IIEpCOHANI30BaHI cTparerii
ocTeopereHepailii, a1aNToBaHi 10 MOTPed KOHKPETHOTO Malli€HTa.

Ku1104oBi ci1oBa: KicTKOBa TKAHWHA, OCTEOPETeHEPAIlis, PEMOJICITIOBAHHS.
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