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NMATOTEHETUYHE OBIPYHTYBAHHS
3ACTOCYBAHHA METOJUKMU I-PRF
IIPU JIKYBAHHI 'EHEPAJII3OBAHOTI'O
MHAPOJOHTHUTY 3A JAHUMHU
JOCJIJP)KEHHS HAYKOBOI JIITEPATYPH

Mema Oocnidicennsa. npogecmu auaniz cy4acHux Jime-
PAMYpHUX OaHUX HeoOXiOHOCmi ma OOYITbHOCMI Memo-
ouxu PRF 0na niKysawus 2eenepanizosano2o mpasma-
MUYHO20 NAPOOOHMUMY XPOHIUHO20 nepebicy. Busuenns
cynpa (cinep) xonmaxmie ma HAAGHICMb MPAGMAMUYHOT
OKIO3IL MOdICe niompumyeamu IHIYIayito XPOHIYHO2O
3aNANeHHs Y MapeiHAIbHOMY nepioOoHmi Ha ¢howi nopy-
wenHsa bap epHoi QyHKYyil enimenianbHo20 NPUKPINLEHHS
ma nowiupeHo2o NopyuwleHHs mikpoyupkynayii. Micyese
anmubaxmepianivhe MKY8aHHsL, NPOBEOeHHs NPOPeciiinoi
2i2i€HU POMOBOI NOPOICHUHU NTULLe KOPOMKOUACHO 3HIMAE
CUMRMOMU 3ananents. Y 38 3Ky 3 yum HeoOXioni 00cii-
O0JICEHHs, WO BUSHAYAIOMb MOICIUBOCTI AYMOIMYHHUX
KOMNEMEHMHUX KAIMUH, Wo Maromo IMYHOKOPEIAMUGBHL
30ibHoCmi 01 NIOMPUMKU  MICYe8020 IMYHHO20 CMa-
mycy 6 napoooumi. [lanuti kKopomxuii 0210 aimepamypu
BUKOPUCTNAHHA IMYHOKOMNEMEHMHUX KAIMUH — mpomoo-
Yumis K KIO408UX pPe2ylAmopie 3anaieHts ma iMyHope-
2YNIOIYUX (PaAKMOpi8 ycepeOuHi CYOUHHO20 20MeoCmasy
0N niompumku micyegozo imyHHoco cmamycy. [lano
cyuachy namoizionociuny OyiHKy 3acmocy8anHs Memo-
oux PRF ma i-PRF, ¢oaxmopie 3pocmanns mpomboyumis
0151 cmeopenHsi Konazeny I muny, sixuil gidiepae npogiony
ponb y penapayii. 36epmaemuca y6aza Ha me ujo MaKpo-
¢azu 6 ocepedxax 3ananents gidizparoms 0cobIU8Y poilb
¥V 8upobnenHi (pakmopie pocmy, makux K mpomooyumap-
Huti haxmop pocmy (PDGF), mpancghopmyrouuti pakmop
pocmy enoomenito (TGF), sKi € maxosic 0xcepeiom xemo-
makcucy ons cmumyasyii ancioeenesy. byno eusnaueno,
wo i-PRF moorce cnpusimu pynxyionanvuii ougepenyiayii
KAIMUH, NOOIOHUX 00 0CMeobIacmis, HINC THWI KAITMUHU
Kkposi. Kynemypa i-PRF enaueae na 30amuicms nepeuHHux
ocmeobracmis odunu 0o nponigepayii, oughepenyiayii,
Minepanizayii Komano adeesii ma micpayii. Y nopieHsaHHi
nicna esedenusi PRF ma i-PRF indyxyemuvcs mpupazoee
niosUUyeHHsL THI0OCLKUX 0Cmeobnacmie ma npoyecie npo-
nigpepayii. LIxiorueuii 6niue Ha Hcumme30amuicms Kii-
MuH, MemadboniuHy AKMUSHICMb MA MISPAYir0 KIIMUH cno-
cmepieacmucs, Konu konyenmpayis i-PRF nepesuwgysana
60%. L]i 0ocniodicenns cmocyiomscsi KIiHIYHO20 3HAYYUWOT
memu, no8 s3amne 3 IKY8AHHAM XPOHIYHO20 NAPOOOHMUNTY
i ompumana HexipypeiuHuMu Memooamu peceHepamuHux
npoyecié y napoOOHmMAaIbHOMY KOMNLEKCI, WO MA€E 3HA-
YeHHA 015 KIIHIYHOI NPAKMUKY CTHOMAMONI0ZI8.

Knrouosi cnosa: mpasmamuyunuii napoooHmum, mpomoo-
yumapHi paxmopu, PRE, i-PRF, VEGFE, micyeeuil imynimem.
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PATHOGENETIC SUBSTANTIATION
OF THE APPLICATION OF THE I-PRF
TECHNIQUE IN THE TREATMENT
OF GENERALIZED PERIODONTITIS
ACCORDING TO THE RESEARCH DATA
OF THE SCIENTIFIC LITERATURE

The purpose of the study. To conduct an analysis of
modern literary data on the necessity and expediency
of the PRF technique for the treatment of generalized
traumatic periodontitis of a chronic course.

The study of supra (hyper) contacts and the presence of
traumatic occlusion can support the initiation of chronic
inflammation in the marginal periodontium against
the background of a violation of the barrier function
of epithelial attachment and a widespread violation
of microcirculation. Local antibacterial treatment,
professional hygiene of the oral cavity only temporarily
relieves the symptoms of inflammation. In this regard,
research is needed to determine the capabilities of
autoimmune competent cells that have immunocorrelative
abilities to support the local immune status in the
periodontium. This is a brief review of the literature on the
use of immunocompetent cells — platelets as key regulators
of inflammation and immunoregulatory factors within
vascular homeostasis to support local immune status. An
up-to-date pathophysiological assessment of the use of
PRF and i-PRF techniques, platelet growth factors for the
creation of type I collagen, which plays a leading role in
repair, is given. A current pathophysiological assessment
of the stagnation of PRF and i-PRF techniques, platelet
growth factors for the creation of type I collagen, which
plays a leading role in repair, is given. It is appreciated
that macrophages in the midst of inflammation play a
special role in vibrating growth factors, such as platelet-
derived growth factor (PDGF), transforming endothelial
growth factor (TGF), which also mediates chemotaxis
to stimulate angiogenesis. It was found that i-PRF can
sense the functional differentiation of cells similar to
osteoblasts, lower blood cells. The i-PRF culture infuses
the production of primary human osteoblasts before
proliferation, differentiation, mineralization of adhesion
teams and migration. When administered regularly,
PRF and i-PRF induce a three-fold increase in human
osteoblasts and proliferation processes. A negative impact
on cell vitality, metabolic activity and cell migration is
prevented if the i-PRF concentration exceeds 60%. These
studies concern a clinically significant topic related to
the treatment of chronic periodontitis and obtained by
non-surgical methods of regenerative processes in the
periodontal complex, which is important for the clinical
practice of dentists.

Key words: traumatic periodontitis, platelet factors, PRF,
i-PRFE, VEGF, local immunity.
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Many works in the scientific literature are devoted
to the issue of treatment of generalized periodon-
titis of the initial-first degree of the chronic course
(GP). At the same time, complex treatment, which is
based on etiotropic, pathogenetic and symptomatic,
is quite multifaceted, and at the same time, it is not
specified for individual treatment. This is due to the
fact that the dominant factors that cause and support
this inflammatory process in the alveolar processes
differ in cases in terms of significance and causality.
These are difficulties for the practical dentist. Car-
rying out only professional hygiene of the oral cav-
ity, followed by daily use of means and methods of
oral cavity care, patients do not always and do not
fully solve the issue of treatment and stabilization
of inflammatory processes in the periodontium. This
is especially evident in young people aged 20-35,
without detection of general somatic diseases with
satisfactory immunogram indicators. In such situa-
tions, the question of the imbalance of indicators of
the general and local immune response is not rele-
vant. However, it should be noted that after carrying
out local antibacterial and hygienic measures of the
oral cavity by a dentist, the state of the phase of sta-
bilization and remission of the disease is not always
achieved. In this regard, a more detailed compre-
hensive local examination of patients aged 20-35
years with initial changes in periodontal tissues was
conducted. Special attention was paid to the study
of the state of super (hyper) contacts and the pres-
ence of traumatic nodes, traumatic occlusion, which
can participate and support the initiation of chronic
inflammation in the periodontium against the back-
ground of a violation of the barrier function of the
epithelial attachment due to a widespread violation
of microcirculation, changes in the endothelial sys-
tem. as well as in alveolar processes. This concept
of clinical manifestations is interpreted in the inter-
national systematization of periodontal diseases and
peri-implantitis [4, 13] (2018, Amsterdam) as trau-
matic generalized marginal periodontitis.

Taking into account the tasks of treatment of this
disease, where microcirculation disorders are the
leading factors, followed by the elimination of local
traumatic factors and antibacterial therapy, the stabi-
lization of this process requires additional non-stand-
ard methods to achieve self-regulation of the process
and remission of the disease.

This prompted a search for scientific literature
on the use of factors for local regulation of chronic
inflammation at the expense of one’s own immuno-
competent blood cells [19]. Why are platelet cells
selected and the PRF, i-PRF technique used by den-

tists? The given short scientific review of the litera-
ture will allow us to highlight the main directions of
platelet regulation mechanisms.

Recent studies show the fate of platelets as one of
the key regulators in inflammation and intravascular
immunity [11, 12, 16].

In addition to participating in the hemostasis sys-
tem, platelets perform many other functions, includ-
ing during inflammation. They contain a number of
inflammatory peptides and protein mediators, some
of which have the ability to be synthesized de novo,
while others are stored and secreted from granules
(a-granules, dense granules, lysosomes). These gran-
ules store many important platelet inflammatory and
immune mediators, which are rapidly released after
platelet activation, while the platelets increase in
size, penetrate the foci of inflammation, and release
significant amounts of proinflammatory substances
from intracellular granules.

To date, numerous trials have been published,
during which the inflammatory and regulatory poten-
tial of platelets has been investigated in detail. [14]
It has been shown that platelets induce the secre-
tion of biologically active substances and express a
significant number of receptors, soluble molecules
and signaling factors, which allow them to provide
large-scale participation in the body’s immune sys-
tem. Although the first reports of platelet aggrega-
tion around bacteria date back more than 100 years,
researchers have only recently begun to understand
the complex interactions between platelets and
innate immune cells in response to inflammation and
infection [15]. Platelets can form complexes with
neutrophils and increase their phagocytosis, pro-
duce ROS and NET formation, etc. As a result of
interaction with blood cells, bacteria and viruses are
removed from the immune system in various ways
(both directly and indirectly) [17, 18].

Platelets are increasingly recognized as immune
cells, as their role as a factor influencing the immune
system has been established.

Growth factors play an important role in the mul-
ticomponent system of cellular regulation of body
tissue repair processes. Growth factors are polypep-
tides with a molecular weight of 5-50 kDa, which
are combined into a group of trophic regulatory sub-
stances. Being biologically active substances, they
have a wide range of action — they stimulate or inhibit
differentiation different cells and serve as the main
carriers of the mitogenic signal. Growth factors
were first discovered as a result of their ability
to stimulate cell mitoses in serum-free culture in
1956 in the USA [3, 7].
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In order for growth factors to exert a positive influ-
ence on the wound process, a critical minimum con-
centration of physiologically active cytokines in the
wound is necessary. If growth factors are produced
slowly or metabolized quickly, they will not perform
their immediate functions. Growth factors are a kind
of local stimulators of physiological processes, which
also contribute to the neutralization of the inhibitory
effect of various negative factors [6]. Platelet growth
factor (PDGF) is one of the mitogenic polypeptides
found in human blood. It is a thermally stable trans-
membrane glycoprotein, the specific feature of which
is the extracellular N-terminal domain. There are
three isoforms of transforming growth factor: AA-,
BB- and AV- isoforms. They are formed depending
on the placement of two chains A and B, which are
connected by disulfide bonds and are the products
of 4 different genes that belong to the PDGF/VEGF
superfamily. All three isoforms differ both in terms of
functionality and type of secretion [12, 18].

According to modern ideas, one of the main fac-
tors of angiogenesis is the platelet growth factor. The
process of formation of new vessels is necessary for
the adaptation of tissues in case of damage. One of the
conditions for wound healing and the formation of a
normotrophic scar is the growth of new capillaries
to restore tissue oxygenation. Hypoxia and impaired
microcirculation lead to the accumulation of decay
products and inflammatory mediators, which con-
tribute to the formation of a pathological scar. In the
first 10 minutes after tissue damage, vasoconstriction
of microvessels occurs in the wound, which leads
to a gradual decrease in their tone and filling of the
wound with blood. Platelet growth factor is released
from platelets during blood clotting. All PDGF pro-
teins are synthesized in an inactive proform, which
undergoes intracellular proteolytic processing and
turns into an active form. It is activated when plate-
lets interact with thrombin, as a result of which PDGF
is released into the blood serum and stimulates the
proliferation of endothelial cells, creating conditions
for the formation of new blood vessels and the forma-
tion of a capillary network of granulation tissue that
fills the tissue defect. The release of platelet growth
factor requires a strict dosage, limited to the maxi-
mum concentration and uniform distribution in the
intercellular space, since pathological changes in the
newly formed vessels may occur with an imbalance
of its content. It can be an increase in their number,
diameter, violation of permeability, etc [1, 2].

These provisions are of practical importance for
understanding pathological processes in periodontal
tissues, for determining the inflammatory phase and

creating directed regeneration, during the treatment
of patients with generalized periodontitis, especially
in areas of excessive pressure on vessels.

Platelets directly recognize pathogens, activate
and recruit leukocytes to the site of inflammation
and infection, and modulate the behavior of leuko-
cytes, increasing their ability to phagocytose, destroy
pathogens, and stimulate unique effector functions,
such as the production of neutrophil traps. At the
same time, platelets participate in natural immunity,
play a crucial role in innate and adaptive immune
responses, and extensively interact with endothelial
cells, various pathogens, and almost all known types
of immune cells, including neutrophils, monocytes,
macrophages, lymphocytes. In addition, platelets
influence wound healing by integrating complex cas-
cades between their mediators, which include various
cytokines, transforming and platelet-derived growth
factors, vascular endothelium. Recent evidence sug-
gests that platelets play a significant role in the patho-
genesis of malignant neoplasms, forming complex,
bidirectional interactions with tumor cells.

Only part of the platelet population is required to
maintain adequate hemostasis. Their excessive num-
ber allows these cells to play a role the first and main
“circulating sentinels” to recognize foreign bodies,
activating antimicrobial defenses, determining the
presence of pathogens through their multiple immune
receptors.

Platelet-enriched fibrin — PRF — is the most com-
monly used platelet concentrate in dentistry. Of par-
ticular importance recently is i-PRF — an injectable
saturated platelet-rich fibrin, which has the properties
of increasing vascularization and helps to acceler-
ate wound healing. The advantage of i-PRF is that it
shows the release of growth factors and promotes cell
migration by announcing the expression of collagen
type 1 and transforming growth factor mRNA, which
affects osteoblasts, the connective tissue cells of the
obligate ligament [6, 8-11].

Platelet-rich plasma (PRP) is used in regenera-
tive dentistry as a supraphysiological concentrate
of autologous growth factors capable of stimulat-
ing tissue regeneration. Despite this, concerns have
been raised about the use of anticoagulants, agents
known to inhibit wound healing. This study inves-
tigated a liquid formulation of platelet-rich fibrin
(PRF), called injectable PRF (i-PRF), without the
use of anticoagulants. Standard PRP and i-PRF (cen-
trifuged at 700 rpm (60G) for 3 min) were compared
for growth factor release up to 10 days (8 donor sam-
ples). In addition, the biocompatibility of fibroblasts
after 24 hours (live/dead analysis); migration after



“Stomatological Bulletin” “Bicnux cmomamonoeii”’, Ne 3 (128), T 53-2024 59

24 hours; examined proliferation on days 1, 3, and
5, and expression of PDGF, TGF-f, and collagen] on
days 3 and 7 [5].

Growth factor release demonstrated that over-
all PRP had a longer early period of growth factor
release, while i-PRF demonstrated significantly
higher levels of total sustained release of PDGF-AA,
PDGF-AB, EGF, and IGF-1 at 10 days. PRP showed
higher levels of TGF-B1 and VEGF after 10 days.
Although both formulations showed high biocom-
patibility and higher fibroblast migration and pro-
liferation compared to control tissue culture plastic,
i-PRF induced significantly higher migration, while
PRP showed significantly higher cell proliferation.
In addition, i-PRF demonstrated significantly higher
TGF-f mRNA levels at 7 days, PDGF at 3 days, and
collagenl expression at both 3 and 7 days compared
to PRP. Conclusions: i-PRF demonstrated the ability
to release higher concentrations of various growth
factors and induced greater fibroblast migration and
expression of PDGF, TGF-B, and collagenl. Future
animal studies are now anticipated to confirm the use
of i-PRF as a bioactive agent capable of stimulating
tissue regeneration. Clinical Relevance: The results
of this study demonstrate that a potent composition
of liquid platelet concentrates can be obtained with-
out the use of anticoagulants [5].

Thus, the analysis of the obtained literature data
allows us to come to the conclusion about the need
for an in-depth study of the use of platelet factors in
the diagnosis of pathogenic changes in the periodon-
tium in patients with generalized traumatic marginal
periodontitis of a chronic course. In addition, deter-
mining the level of pro-inflammatory cytokines and
vascular endothelial growth factor contributes to the
practical and theoretical understanding of the pre-
scription of therapeutic agents, primarily the use of
the PRF, i-PRF technique in the treatment of patients
with the specified dental status.

Jlireparypa:

1. Akbari S., Haghani M., Ghobadi M., Hooshmandi E.,
Haghighi A.B., Salehi M.S,, et al. Combination Therapy
with Platelet-Rich Plasma and Epidermal Neural Crest
Stem Cells Increases Treatment Efficacy in Vascular
Dementia. Stem Cells Int. 2023. Ne 2023. P. 3784843. doi:
10.1155/2023/3784843.

2. Anitua E., Prado R., Orive G. Allogeneic Platelet-
Rich Plasma: At the Dawn of an Off-the-Shelf Therapy?
Trends Biotechnol. 2017. Ne 35(2). P. 91-93. doi: 10.1016/j.
tibtech.2016.11.001.

3. Baba K., Yamazaki Y., Sone Y., Sugimoto Y.,
Moriyama K., Sugimoto T., Kumazawa K., Shimakura Y.,
Takeda A. An in vitro long-term study of cryopreserved

umbilical cord blood-derived platelet-rich plasma
containing growth factors-PDGF-BB, TGF-f, and VEGF.
J Craniomaxillofac Surg. 2019. Ne 47(4). P. 668-675.

4. Bellagambi F.G., Baraket A., Longo A,
Vatteroni M., Zine N., Bausells J. et al. Electrochemical
biosensor platform for TNF-a cytokines detection in both
artificial and human saliva: heart failure. Sens Actuators B.
2017. Ne 251. P. 1026-1033.

5. Carvalho A., Ferreira A.F., Soares M., et al.
Optimization of Platelet-Rich Plasma Preparation
for Regenerative Medicine: Comparison of Different
Anticoagulants and Resuspension Media. Bioengineering
(Basel, Switzerland). 2024. Ne 11(3). P. 2009.

6. Cengiz LF., Oliveira J.M., Reis R.L. PRP Therapy.
Adv Exp Med Biol. 2018. Ne 1059. P. 241-253. doi:
10.1007/978-3-319-76735-2_11.

7. Chen C., Lei ], Yi X., Hua Y., Yang J. Investigation
of the effect of anticoagulants on platelet recovery,
enrichment factor, PDGF, TGF-B1 and optimal dose in
the preparation of platelet-rich plasma. Panminerva Med.
2024. doi: 10.23736/S0031-0808.24.05169-3.

8. Everts P, Onishi K, Jayaram P, Lana JF, Mautner K.
Platelet-Rich Plasma: New Performance Understandings
and Therapeutic Considerations in 2020. International
Journal of Molecular Sciences. 2020. Ne 21(20). P. E7794.
doi: 10.3390/ijms21207794.

9. Fang J., Wang X., Jiang W., et al. Platelet-Rich
Plasma Therapy in the Treatment of Diseases Associated
with Orthopedic Injuries. Tissue engineering. Part B,
Reviews. 2020. Ne 26(6). P. 571-585. doi: 10.1089/ten.
teb.2019.0292.

10. Lektemur Alpan A., Torumtay Cin G., Kizildag A.,
et al. Evaluation of the effect of injectable platelet-rich
fibrin (i-PRF) in wound healing and growth factor release
in rats: a split-mouth study. Growth Factors (Chur,
Switzerland). 2024. Ne 42(1). P. 36-48.

11. Liao X., Liang J.X., Li S.H., Huang S., Yan J.X,,
Xiao L.L., Song J.X., Liu H.W. Allogeneic Platelet-Rich
Plasma Therapy as an Effective and Safe Adjuvant Method
for Chronic Wounds. J Surg Res. 2020. Ne 246. P. 284-291.

12.Llorian-SalvadorM., Gonzalez-RodriguezS. Painful
Understanding of VEGF. Front Pharmacol. 2018.Ne 9.
P. 1267. doi: 10.3389/fphar.2018.01267.

13. Passanezi E., Campos A.P.S. Role of occlusion in
periodontal disease. Periodontology 2000. 2019. Ne 79(1).
P. 129-150.

14. Vladulescu D., Scurtu L.G., Simionescu A.A, et al.
Platelet-Rich Plasma (PRP) in Dermatology: Cellular and
Molecular Mechanisms of Action. Biomedicines. 2023.
Ne 12(1). P. 7.

15. Wang L., Zhang R., Xiong H., Peng B. The
involvement of platelet-derived growth factor-A in the
course of apical periodontitis. Int Endod J. 2011. Ne 44(1).
P. 65-71. doi: 10.1111/j.1365-2591.2010.01798 x.

16. Wiszniak S, Schwarz Q. Exploring the intracrine
functions of VEGF-A. Biomolecules. 2021;11.1:128.



60 “Stomatological Bulletin” “Bicnux cmomamonoeii”’, Ne 3 (128), T 53-2024

17. Menpamayk FO.M. Tpombornurapauit  dakrop
POCTY, SIK 1IarHOCTUYHO BXKIUBUM Mapkep (i31010TUHUX
MPOIIECIB B OpTaHi3Mi JFOMUHU. Bichuk npobrem Oionoaii i
meduyunu. 2014, Ne 3. C. 217-221.

18. Cymum 10.B, Ilerpummu O.A. IlepcrextuBu Ta
JOCSTHEHHS pereHepanii mapomoHrta. In: Modern and
global methods of the development of scientific thought.
Proceedings of the V International Scientific and Practical
Conference. Florence, Italy. 2022. P. 318-321

19. Cynix .0. Ilnasmotepamis (P-PRP-tepamis):
CyYacHWH MWIOXiJl 1O JIKyBaHHS aTpoQiuHuX pyOIiB
TOCTAaKHE. YKpaiHcbKuil sHCcypHan depmamonoeii, geHepo-
noeii, kocmemonozii. 2017. Ne 2. P. 84-88.

References:

1. Akbari, S., Haghani, M., Ghobadi, M., Hoosh-
mandi, E., Haghighi, A.B., Salehi, M.S., & et al. (2023).
Combination Therapy with Platelet-Rich Plasma and Epi-
dermal Neural Crest Stem Cells Increases Treatment Effi-
cacy in Vascular Dementia. Stem Cells Int., 2023, 3784843.
doi: 10.1155/2023/3784843.

2. Anitua, E., Prado, R., & Orive, G. (2017). Allogeneic
Platelet-Rich Plasma: At the Dawn of an Off-the-Shelf
Therapy? Trends Biotechnol, 35(2), 91-93. doi: 10.1016/j.
tibtech.2016.11.001.

3. Baba, K., Yamazaki, Y., Sone, Y., Sugimoto, Y., Mori-
yama, K., Sugimoto, T., Kumazawa, K., Shimakura, Y., &
Takeda, A. (2019). An in vitro long-term study of cryopre-
served umbilical cord blood-derived platelet-rich plasma
containing growth factors-PDGF-BB, TGF-p, and VEGF.
J Craniomaxillofac Surg, 47(4), 668-675.

4. Bellagambi, F.G., Baraket, A., Longo, A., Vatter-
oni, M., Zine, N., Bausells, J., & et al. Electrochemical
biosensor platform for TNF-o cytokines detection in both
artificial and human saliva: heart failure. Sens Actuators B.
2017. Ne 251. P. 1026-1033.

5. Carvalho A., Ferreira A.F., Soares M., & et al.
(2024). Optimization of Platelet-Rich Plasma Prepara-
tion for Regenerative Medicine: Comparison of Different
Anticoagulants and Resuspension Media. Bioengineering
(Basel, Switzerland),11(3), 209.

6. Cengiz, LF., Oliveira, J.M., & Reis, R.L. (2018).
PRP Therapy. Adv Exp Med Biol.,1059, 241-253. doi:
10.1007/978-3-319-76735-2_11.

7. Chen, C., Lei, J., Yi, X., Hua, Y., & Yang, J. (2024).
Investigation of the effect of anticoagulants on platelet
recovery, enrichment factor, PDGF, TGF-B1 and optimal
dose in the preparation of platelet-rich plasma. Panmin-
erva Med., doi: 10.23736/S0031-0808.24.05169-3.

8. Everts, P., Onishi, K., Jayaram, P., Lana, J.F., &
Mautner, K. (2020). Platelet-Rich Plasma: New Perfor-
mance Understandings and Therapeutic Considerations in

2020. International Journal of Molecular Sciences, 21(20),
E7794. doi: 10.3390/ijms21207794.

9. Fang, J., Wang, X, Jiang, W., & et al. (2020). Plate-
let-Rich Plasma Therapy in the Treatment of Diseases
Associated with Orthopedic Injuries. Tissue engineer-
ing. Part B, Reviews, 26(6), 571-585. doi: 10.1089/ten.
teb.2019.0292.

10. Lektemur Alpan A., Torumtay Cin G., Kizildag A.,
& et al. (2024). Evaluation of the effect of injectable plate-
let-rich fibrin (i-PRF) in wound healing and growth factor
release in rats: a split-mouth study. Growth Factors (Chur,
Switzerland),42(1), 36-48.

11. Liao, X., Liang, J.X., Li, S.H., Huang, S., Yan, J.X.,
Xiao, L.L., Song, J.X., & Liu, H-W. (2020). Allogeneic
Platelet-Rich Plasma Therapy as an Effective and Safe Adju-
vant Method for Chronic Wounds. J Surg Res, 246, 284-291.

12. Llorian-Salvador M., & Gonzélez-Rodriguez S.
(2018). Painful Understanding of VEGF. Front Pharmacol,
9, 1267. doi: 10.3389/fphar.2018.01267.

13. Passanezi, E., & Campos, A.P.S. (2019). Role of
occlusion in periodontal disease. Periodontology 2000,
79(1), 129-150.

14. Vladulescu, D., Scurtu, L.G., Simionescu, A.A, &
et al. (2023). Platelet-Rich Plasma (PRP) in Dermatology:
Cellular and Molecular Mechanisms of Action. Biomedi-
cines, 12(1), 7.

15. Wang, L., Zhang, R., Xiong, H., & Peng, B. (2011).
The involvement of platelet-derived growth factor-A in the
course of apical periodontitis. Int Endod J., 44(1), 65-71.
doi: 10.1111/5.1365-2591.2010.01798 x.

16. Wiszniak, S, & Schwarz, Q. (2021). Exploring the
intracrine functions of VEGF-A. Biomolecules., 11.1, 128.

17. Mel’nychuk, Ju.M. (2014). Trombocytarnyj faktor
rostu, jak diagnostychno vazhlyvyj marker fiziologichnyh
procesiv v organizmi ljudyny [Platelet growth factor as
a diagnostically important marker of physiological pro-
cesses in the human body]. Visnyk problem biologii’i med-
yeyny — Bulletin of problems of biology and medicine, 3,
217-221. [in Ukrainian].

18. Sulym, Ju.V, & Petryshyn, O.A. (2022). Perspek-
tyvy ta dosjagnennja regeneracii’ parodonta [Prospects and
achievements of periodontal regeneration]. In: Modern and
global methods of the development of scientific thought.
Proceedings of the V International Scientific and Practical
Conference. Florence, Italy, 318-321 [in Ukrainian].

19. Sulik, Ja.O. (2017). Plazmoterapija (P-PRP-tera-
pija): suchasnyj pidhid do likuvannja atrofichnyh rubciv
postakne [Plasma therapy (P-PRP therapy): a modern
approach to the treatment of atrophic post-acne scars].
Ukrai’ns’kyj zhurnal dermatologii’, venerologii’, kosme-
tologii’— Ukrainian Journal of Dermatology, Venereology,
cosmetology, 2, 84-88. [in Ukrainian].



