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Abstract

INTRODUCTION. The complexity of the prognosis in the early and late stages of the conservative method of
pulpitis treatment has limited its wide application. The article is aimed at studying and analyzing the potential of
regenerative dentistry, which consistsinrestoring the function and structure of the dental pulp using innovative
technologies. Itis considered how biomaterials, fibrin framework (PRF) can be used to achieve this goal based
on an experimental study and morphological assessment of the effect of these materials on the dental pulp.
Platelet-rich fibrin (PRF) is a concentrate of platelets, which in recent years has become increasingly popular
for regenerative procedures. An analysis of the materials used with appropriate conclusions is carried out.
AIM. To conduct a comparative morphological assessment of the use of modern bioactive materials and fibrin
(PRF) as a scaffold in the treatment of pulp hyperemia.

MATERIALS AND METHODS. The experimental part of the study was performed on 8 white laboratory rats of
64 molars of teeth, Wistar lineage, of both sexes, with a body weight of 350-600 g, quarantined for at least
10-14 days, and kept in standard vivarium conditions of the Federal State Budgetary Educational Institution
of Higher Medical Education of the Ministry of Health of the Russian Federation. The animals were divided
into 4 groups - 2 individuals and 16 teeth in each group. Group 1 animals used fibrin (PRF) + “Trioxident”
“Vladmiva”, Group 2 collagen membrane Geistlich Bio-Gide®+ “Biodentine”, Group 3 fibrin (PRF) + “Biodentine”
“Septodont”, Group 4 “Dycal” “Dentsply”. The experiment was conducted under anesthesia (protocol of the
Ethics Committee of the Federal State Budgetary Educational Institution of Higher Education of the Ministry of
Health of the Russian Federation No. 125 dated 09/12/2023). On the chewing surfaces of the 1stand 2" molars,
diamond carbide spherical borons were used to open the tooth cavity with partial pulp exposure. The formed
cavity was treated with 0.05% chlorhexidine solution and dried. The test materials were then applied to the
autopsy area. Experimental animals were removed from the experiment on days 3, 14, and 30. The resulting
biological material was fixed in a 10% neutral formalin solution, decalcified, then poured into a histological
medium and stained with hematoxylin and eosin according to Van Gieson. The sections were obtained on an
Accu-Cut SRM 200 rotary microtome.

RESULTS. In the course of an experimental study in group 1 using fibrin (PRF) + Trioxidant in the area of contact
with the therapeutic material, activation of reactive and compensatory processes in the tooth pulp tissue
was detected while maintaining its viability for 30 days, which indicated the most pronounced regenerative
potential among all the studied groups. As a result of a morphological assessment of micro-preparations of
pulp with direct coating with “Dycal” material, group 4 showed that on the 30" day the pathological process
developed in the pulp is irreversible, because morphological changes were most pronounced: inflammatory
infiltration with the presence of lymphocytes and neutrophils in the infiltrate, sclerotic changes, as well as
granulation tissue and necrosis focus in the area of contact with the therapeutic material were noted.
CONCLUSIONS. The results of an experimental study conducted to compare histological changes in the pulp
state with the use of various groups of materials in the near and long-term follow-up periods showed that the
combined use of bioactive materials and fibrin (PRF) for direct coating of pulp increases the effectiveness of
dental treatment with diagnoses of pulp hyperemia, and is also a promising direction in regenerative dentistry,
due to the high the potential to influence the stimulation of reparative processes in the tooth pulp.
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Pe3ioMe

BBEOEHMWE. CnoxHOCTb NPOrHo3a B paHHWE 1 OTAANIeHHbIE CPOKM KOHCEPBATUBHOIO METOAA JIEHYEHUS MyJib-
nuTa OrpaHNYn ero LWNMpPokoe npumMmeHeHne. Ctatbs Hanpas/ieHa Ha N3y4eHne N aHann3 NoTeHumana pere-
HepaTUBHOW CTOMATOJNIOrNK, KOTOPbLIA 3aKN04aeTCsl B BOCCTAHOBNEHUN DYHKLMN U CTPYKTYpPbI NyNbMbl 3y6a
C NMOMOLLbIO MHHOBALMIOHHbIX TEXHONOrNA. PaccMoTpeHo, kak buomartepuansl, pudpuHoBbii kapkac (PRF)
MOryT ObITb MCMOJIb30BAHbI A1 JOCTUXEHWS 3TOM LLeNIM HA OCHOBAHUM SKCMEPUMEHTANbHOro nccnenoBa-
HUS 1 MOPDONOrMYECKOM OLEHKN BAUSHUS OaHHbBIX MaTepmnanoB Ha Nynbny 3yba. boratein TpomboumnTaMmm
dunbpuH (PRF) npenctaBnsieTr coboi KOHLEHTPAT TPOMOOLMTOB, KOTOPLIV B MOCNEAHNE roAbl CTAHOBUTCS
BCe 6onee nonynsipHbIM A8 pereHepaTmMBHbIX npouenyp. lNposeneH aHann3 Ncnosib3yeMbIX MaTeprasoB C
COOTBETCTBYIOLLMMM BbIBOAAMMN.

LLEJIb. MNpoBecTn cpaBHUTENbHYIO MOP@OIOrN4ecKyio OLUEHKY NPUMEHEHUSI COBPEMEHHbIX BMOaKTUBHbIX
mMaTtepuanos 1 GubpuHa (PRF) B kauecTBe kapkaca npu 1e4eHUM runepemMmm nynbrbl.

MATEPWAJIbl U METO/bl. SkcnepumeHTanbHas 4acTb UCCNeaoBaHUs BbiMosiHeHA Ha 8 6enbix nabopaTtop-
HbIX Kpbicax 64 MonsipoB 3y6oB, nuHUKM BucTap, o6oero nona, ¢ maccoi tena ot 350-600 r., npoLeawmx ka-
paHTUH He MeHee 10-14 gHeln, HaxXoAALIMXCSA B CTaHAAPTHbIX ycnosuax sBusapus PreQy BO KyolrMY MuHs-
npasa Poccun. )XMBOTHbIX pasaenunm Ha YeTbipe rpynmnbl — no 2 0cobu 1 16 3y60B B kaxaon rpynne. Y xu-
BOTHbIX 1-1 rpynnbl npumeHsanuck — dnbpuH (PRF) + «TpnokcnaeHT» «BnagmMmuear, 2-i rpynnbl — KOsiareHo-
Bas membpaHa Geistlich Bio-Gide® + «Biodentine», 3-i rpynnsl — ¢pubpuH (PRF) + «Biodentine» «Septodont»,
4-in rpynnbl — «Dycal» «Dentsply». QkcrnepuMeHT NnpoBoAuaCSa Nod Hapko30M (MPOTOKOJT 3TUYECKOro KO-
Mmuteta Pre0y BO Ky6IrMY Munsgpasa Poccum N2125 ot 12.09.2023 r.). Ha xeBaTenbHbIX MOBEPXHOCTAX
1 1 2 MONAIPOB afIMa3HbIM TBEPLOCMIABHbIMU LLIAPOBUAHBIM 60paMu NPON3BOAMAN BCKPbITME NOSOCTH 3y0a
C 4aCTMYHbIM OBHaxkxeHneM nynbnbl. CHopMMpoBaHHYO NonocTb obpabarteiBanu 0,05% pacTBopom Xxop-
rekcuanHa, BbicylumBanu. 3atemMm Ha 061aCTb BCKPbITUS HAHOCWIM UCCNeayeMble MaTepuasbl. OKCNepPUMEH-
TasbHbIX XVBOTHbIX BbIBOAUAN N3 akcnepumeHTa Ha 3, 14 n 30-e cyTku. MNonyyeHHbili GBuonornyeckunii mate-
pvnan ¢ukcuposanm B 10% HenTpanbHOM pacTBope ¢popmManuHa, nogsepranv gekanabLUHUPOBAHWUIO, 3aTEM
3anvMBanu B rMCTOJIONMYECKYIO CPeay M OKpallMBany reMaToKCUINHOM 1M 303MHOM No BaH-Tm3oHy. Cpesbl
rnoJsly4yann Ha poTaunoHHoOM MukpoTome Accu-Cut SRM 200.

PE3YJIbTATbI. B xone aKkCnepvMeHTanbHOro uccnenoBaHva B 1-il rpynne npu mcnonb30BaHuu GubpuH
(PRF) + «TpnokcunaeHT» B 30HEe KOHTakTa ¢ fle4ebHbIM MaTtepuanom Oblsia oOHapyXeHa akTuBM3aunsa peak-
TUBHbIX N KOMMNEHCATOPHbIX MPOLLECCOB B TKAHW Mynbnbl 3y6a C COXPaHEHUEM ee XM3HECNOCOOHOCTU Ha
30 cyTKK, 4TO CBMAETENLCTBOBAJIO O Hanboee BbipaXXeHHOM pereHepaTMBHOM MOTEHLMANEe CPean BCEX UC-
cnenyemsblix rpynn. B peaynstate MOpdON0Orniyeckoin oueHkM MUKPONpenapaToB MyJsibhbl NPy NPSMOM Mo-
KpbITUN MaTepuanom «Dycal» 4-i rpynne, nokasan, 4to Ha 30 CyTkM pa3BUBLUUIACS B MyJbMe naTtoaormieckum
NPOLLECC HOCUT HeOBpPaTUMBIN XapakTep, Tak kak MOPdONornieckme n3MeHeHus 6bim Hanbonee Bbipaxe-
Hbl: OTMeYanacb BocnanutesnbHas MHPUAbTPaUUS C HaNU4YMem B MHGunbTpaTe nMMEOOoUNTOB U HENTPODU-
0B, CKNEPOTUYECKNE N3MEHEHMS, a TaK Xe onpeaensnach rpaHynsaLMoHHasa TKaHb 1 04ar HEKPO3a, B 30He
KOHTaKTa C ie4ebHbIM MaTepmanom.

BbIBOZbl. Pe3ynbtathl NpOBEAEHHOIO 9KCNEPUMEHTANIbHOMO NCCIEA0BAHUS C LLEbI0 CPABHUTENBHOIO aHa-
n3a r’MCTONIONMYECKNX UBMEHEHUI COCTOSIHUS MYSbMbl B 30HE NMPUMEHEHUS Pa3/IMYHbIX FPYNM MaTepmasnos
B Gnvxanume n otaaneHHble CPokM HabNaAeHWa nokasanu, YTO COYETaHHOE NMPUMEHEHNE BMOaKTUBHBIX
maTepuanos u dubpuHa (PRF) ona npsamMoro nokpbiTys nynbhbl NOBbIWAT 9(PEdOEKTUBHOCTb JIEHEHUS 3Yy-
0O0B C AnarHo3am runepemMus nynbnbl, a Tak Xe SBASTCS NepCneKTUBHLIM HanpaBiieHNEM B pereHepaTus-
HO CTOMAaTOJION N, B CBSA3M C BbICOKMM NOTEHLMANOM BANSIHUS HA CTUMYASLMIO penapaTBHbIX MPOLECCOB
B nynbne 3yoa.

KnioueBble cnoBa: nynbna 3y6a, GUOPMHOBBIN Kapkac, rmnepemMuns nysnbrbl, pereHepaTMBHas CTOMaToN0rus
UHdopmaumna o ctatbe: noctynuna — 30.04.2025; ncnpasnena — 13.06.2025; npuHata — 18.06.2025
KoH®AUKT nHTepecoB: aBTOPbLI CO0OLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U MHANBUAYANbHbIE 6N1arofapHOCTY A5 AEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana uutuposanua: Knupw K.[., 3anopoxckasa-Abpamosa E.C., Anamunk A.A., NBawieHko B.A., Tavpos B.B.,
Hotnaesa Y.A., CtatyeHko B.M. Mopdonormyeckas ougHka puOpMHOBOro kapkaca npu nedeHmnmn runepemMmmm
nynbnbl 3yba: aKcnepuMeHTanbHOe uccnepoBaHue. SHgoaoHTus Today. 2025;23(3):357-365. https://doi.
org/10.36377/ET-0106
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INTRODUCTION

Despite the introduction and widespread use of
modern preventive and therapeutic strategies aimed
at the prevention and management of pulp hyperemia,
this dental condition remains one of the most preva-
lent pathologies worldwide [1]. The primary treatment
approach for early (reversible) forms of pulpitis typi-
cally involves endodontic procedures accompanied
by complete pulp removal. However, such interven-
tions often have an adverse impact on the physiologi-
cal properties of the tooth, including disruption of its
protective, trophic, and reparative functions, which
ultimately compromises the tooth’s viability, increa-
ses the risk of complications in periapical tissues, and
may result in tooth loss [1; 2]. For this reason, bio-
logical approaches to pulpitis management — based
on the regenerative capacity of the dental pulp — are
increasingly regarded as promising alternatives [3].
Currently, the main conservative method for treating
pulp hyperemia involves the use of “therapeutic” lin-
ers and bioactive materials [4; 5].

The advancement of regenerative dentistry and
the development of modern bioactive materials have
necessitated the exploration of novel treatment mo-
dalities for pulp inflammation. In most published stu-
dies, regenerative procedures involve the applica-
tion of autologous platelet-rich fibrin (PRF), which can
be readily prepared in dental settings with minimal
ex vivo manipulation. PRF is rich in growth factors —
including transforming growth factor-beta (TGF-B),
tumor necrosis factor (TNF), insulin-like growth fac-
tors, and angiogenic growth factors-that stimulate
collagen synthesis, angiogenesis, and cellular dif-
ferentiation. Moreover, PRF does not undergo rapid
degradation and forms a stable three-dimensional
fibrin matrix [6-9]. Its 3D architecture retains bioac-
tive molecules that support stem cell proliferation and
differentiation, thus enhancing wound healing. Con-
sequently, the clinical application of PRF is increa-
singly viewed as a promising direction in regenerative
dentistry [10; 11].

Another material used in regenerative dentistry
is the collagen membrane Geistlich Bio-Gide®. This
resorbable bilayer membrane is designed for guided
bone regeneration and is composed of highly puri-
fied type I and lll collagen. Among its advantages are
active hemostasis and chemotaxis of fibroblasts. Its
unique structure ensures excellent biocompatibil-
ity and minimizes the risk of inflammatory responses.
Furthermore, its ability to be combined with various
therapeutic fillers makes its use particularly attractive
and promising in dental practice.

A comparative analysis of the literature on materials
and methods for treating pulp hyperemia — aimed at
preserving pulp vitality — highlights the need for deve-
loping precise diagnostic criteria to better understand
the morphological changes in the pulp. It also under-
scores the importance of continued research into no-
vel treatment modalities and their rational implemen-
tation in clinical practice.
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AIM

To conduct a comparative morphological evaluation
of the application of modern bioactive materials and
platelet-rich fibrin (PRF) as a scaffold in the treatment of
pulp hyperemia.

MATERIALS AND METHODS

The experimental part of the study was conduc-
ted on 8 Wistar-line white laboratory rats (both sexes),
weighing between 350-600 g. All animals underwent
a quarantine period of no less than 10-14 days and were
housed under standard vivarium conditions at the Fe-
deral State Budgetary Educational Institution of Higher
Education “Kuban State Medical University” of the Min-
istry of Health of Russia. A total of 64 molars were ex-
amined. The animals were randomly divided into four
groups, each comprising 2 rats and 16 molars.

Group 1: Platelet-rich fibrin (PRF) + “TrioxyDent”
(VladMiVa).

Group 2: Collagen membrane Geistlich Bio-Gide® +
“Biodentine”.

Group 3: Platelet-rich fibrin (PRF) + “Biodentine”
(Septodont).

Group 4: «<Dycal» (Dentsply).

All surgical procedures were performed under gen-
eral anesthesia using “Zoletil” at a dose of 20 mg/kg,
a veterinary-approved anesthetic. After induction, the
animals were fixed on a custom surgical table. Upon
completion of the experiment, euthanasia was per-
formed in accordance with Directive 2010/63/EU of the
European Parliament and of the Council on the pro-
tection of animals used for scientific purposes. Tissue
sampling for histological analysis was carried out fol-
lowing intravenous or intracardiac administration of so-
dium pentobarbital (Nembutal) at a dose of 200 mg/kg
using an 18% (200 mg/mL) solution.

The experiment was conducted under acute surgi-
cal conditions and was approved by the Ethics Commit-
tee of Kuban State Medical University (protocol No. 125
dated September 12, 2023).

Due to the naturally rapid coagulation of rat blood,
all materials were prepared in advance, and the centri-
fuge was pre-configured. The centrifuge used (CM-6M,
ELMI, Latvia; rotor 6M, 12 x 15 mL) was set at 2300 rpm
(400 g) for 8 minutes, in accordance with the estab-
lished protocol. To maintain balance, three Vacutainer
tubes filled with sterile saline were used as counter-
weights during PRF preparation. Blood for PRF was col-
lected via cardiac puncture, a method chosen to obtain
a sufficient volume for fibrin production. Before applica-
tion, the Geistlich Bio-Gide® collagen membranes were
pre-soaked in sterile saline.

On the occlusal surfaces of the first and second mo-
lars, cavities were prepared using high-speed diamond-
tungsten carbide burs (200,000 rpm) under physiologi-
cal saline cooling to expose the coronal pulp surface.
The cavities were disinfected with 0.05% chlorhexidine
solution and gently dried with sterile cotton pellets. The
following materials were then applied:

— PRF + «TrioxyDent» (VladMiVa);

— Geistlich Bio-Gide® membrane + “Biodentine”;
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- PRF + «Biodentine» (Septodont);

— «Dycal» (Dentsply).

All cavities were subsequently sealed with tempo-
rary filling material.

The animals were euthanized at 3-, 14- and 30-days
post-procedure. Harvested tissues were fixed in 10%
neutral buffered formalin, then decalcified in a 10%
Trilon B solution for three days. Specimens were em-
bedded in Histomix paraffin using a TISSUE-tek TEC5
embedding station. Serial sections (5-15 um thick)
were prepared using a rotary microtome (Accu-Cut
SRM 200). The histological slides were stained with
hematoxylin and eosin, and van Gieson’s stain, and ex-
amined under a Nikon Eclipse 80i microscope.

RESUTLS AND DISCUSSION

Histological examination of specimens from Group 1
(PRF + TrioxyDent, VladMiVa) on Day 3 revealed the
presence of a delicate loose fibrous matrix in the area
of material contact. Moderate interstitial edema and
dilated blood vessels were observed, accompanied
by mild disorganization of the odontoblastic layer and
a minimal lymphocytic inflammatory infiltrate. These
findings indicate a low-grade pulpal inflammatory re-
sponse at Day 3 in the group treated with PRF + Tri-
oxyDent (Fig. 1, A).

Histological analysis of Group 1 specimens (PRF +
TrioxyDent) on Day 14 revealed that, in the area of con-

tact with the applied material, the pulp tissue was com-
posed of loose fibrous connective tissue. There was
evidence of granulation tissue formation, a mild inflam-
matory infiltrate, and initial formation of a dentin bridge.
Additionally, irregular alignment of odontoblasts was
observed, suggesting only minor inflammatory chang-
es. These findings indicate the early onset of regenera-
tive processes, as demonstrated by granulation tissue
development and dentin bridge formation (Fig. 1, B).

On Day 30, histological examination of Group 1 re-
vealed a well-defined presence of granulation tissue,
pronounced reparative dentinogenesis with formation
of dentin bridges and focal areas of dentinogenesis,
and a clearly organized layer of odontoblasts aligned
along the walls of the root canal (Fig. 1, C). These fea-
tures signify marked regenerative processes. By Day
30, an activation of reactive and reparative processes
was noted in the dental pulp tissue, alongside preser-
vation of pulp vitality under the influence of PRF + Tri-
oxyDent. These regenerative signs were characterized
by increased metabolic activity and enhanced cellular
responses within the pulp tissue, including noticeable
activation of pulp defense mechanisms aimed at re-
solving inflammation and restoring functional integrity.
Evidence of thisincludes an active fibroblastic response
and replacement of inflammatory foci with granulation
tissue, serving as a scaffold for subsequent substitution
by mature connective tissue.

Fig. 1. Root pulp of a rat tooth treated with platelet-rich fibrin (PRF) + TrioxyDent (hematoxylin and eosin staining,
x100 magnification): A — on the 3 day from the start of the experiment: 7 — edema, 2 - dilated vessels,

3 — weak disorganization of the odontoblast layer, 4 — a delicate loose fibrous matrix and a minimally pronounced
inflammatory infiltrate; B — on the 14" day after the start of the experiment: 7 — loose fibrous connective tissue,

2 — granulation tissue, 3 — formation of a dentinal bridge, 4 — mild inflammatory infiltrate, 5 — disorganization

of the odontoblast layer; C — on the 30t" day from the start of the experiment: 7 — granulation tissue, 2 — formation
of dentinal bridges, 3 — formation of foci of dentinogenesis, 4 — the presence of a layer of odontoblasts along the

walls of the root canal

Puc. 1. KopHeas nynbna 3yba KpbIChl B YCNOBUSAX NPUMEHEHUs npenaparta ¢nbpuH (PRF) + «TpuokcuaeHT»
(oKpacka reMaTtoKCUAMH-3031MHOM, yB. 100x): A — Ha 3-1 CyTKM OT Ha4ana akcnepumeHTa: 1 — oTex,

2 — paclumpeHHble cocyabl, 3 — cnabas aesopraHmsaums Cnost O40HTO6NACTOB, 4 — «HEXHbIN» PbIXJIOro
BOJIOKHUCTbIN MaTPUKC 1 MUHUMasibHO BblPaXXeHHbIN BOCNaNUTENbHbIN MHOUNLTPAT; B — Ha 14-e CyTku

OT Hayasna aKkcnepumeHTa: 1 — pbixJias BONOKHUCTas COeANHUTENbHAS TKaHb, 2 — rPaHyASaLMOHHAs TKaHb,

3 — popmMupoBaHmne AeHTUHHOIrO MOCTUKA, 4 — cnaboBbIpaXXeHHbIN BOCnannTebHbli MIHOWALTPAT,

5 — pesopraHusauns cnos ogoHtobnacTos; C — Ha 30-e CyTKM OT Hayana aKkcnepmMeHTa: 1 — rpaHynsuMoHHas
TKaHb, 2 — 06pa3oBaHme AEHTUHHbLIX MOCTUKOB, 3 — 06pasoBaHne o4aroB AeHTUHOreHe3a, 4 — Hann4me cnos

0J0HTO61aCTOB BAOJIb CTEHOK KOPHEBOIro kaHana

dHdodoHmus
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Histological analysis of Group 2 specimens
(Geistlich Bio-Gide® membrane + Biodentine) on Day
3revealed, inthe contact area, alarge number of blood
vessels with stasis within the pulp chamber, disorgani-
zation, and partial loss of the odontoblastic layer. Ad-
ditionally, a dense fibrous matrix was noted, along with
a moderately expressed lymphocytic inflammatory in-
filtrate (Fig. 2, A).

In Group 2 (Geistlich Bio-Gide® membrane + Bio-
dentine), histological analysis on Day 14 revealed irreg-
ular alignment of odontoblasts, the presence of loose
fibrous matrix, and a large number of fibroblast-like
cells. A minimal lymphocytic inflammatory infiltrate was
observed, which may be interpreted as moderately ex-
pressed inflammatory changes (Fig. 2, B).

By Day 30, the morphological features of the pulp tis-
sue in Group 2 were characterized by residual signs of
inflammation, pronounced reparative dentinogenesis,
the presence of granulation tissue, sclerotic changes,
and the formation of dentin bridges and focal areas of
dentinogenesis (Fig. 2, C).

Histological examination of Group 3 specimens
(PRF + Biodentine) on Day 3 showed a high number of
blood vessels with stasis in the pulp chamber, moder-
ate disorganization of the odontoblastic layer, a dense
fibrous matrix, and a moderately expressed inflamma-
tory infiltrate (Fig. 3, A).

Histological analysis of specimens from Group 3
(PRF + Biodentine) on Day 14 revealed the absence of
odontoblasts in the pulp chamber, the presence of ane-
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crotic focus, and a pronounced polymorphonuclear in-
flammatory infiltrate with neutrophilic leukocytes in the
infiltrate (Fig. 3, B).

On Day 30, the morphological features of the pulp
tissue in Group 3 were characterized by more prominent
signs of pulp inflammation and moderately expressed
reparative dentinogenesis. A mild lymphocytic infiltrate
was observed, along with the presence of granulation
tissue and formation of a dentin bridge (Fig. 3, C).

Histological evaluation of Group 4 specimens (con-
trol group, Dycal) on Day 3 demonstrated pulpal tissue
edema, dilated blood vessels with stasis, moderate
disorganization of the odontoblastic layer, presence of
loose fibrous matrix, and a mild lymphocytic inflamma-
tory infiltrate (Fig. 4, A).

Examination of specimens from Group 4 (con-
trol group, Dycal) on Day 14 revealed the absence of
odontoblasts in the pulp tissue, presence of necrotic
foci, sclerotic changes, granulation tissue, and a pro-
nounced polymorphonuclear inflammatory infiltrate
with neutrophilic leukocytes (Fig. 4, B).

On Day 30, the morphological pattern of the pulp tis-
sue in Group 4 was characterized by more pronounced
signs of pulp inflammation, sclerotic alterations, and
moderately expressed reparative dentinogenesis.
A dense inflammatory infiltrate containing both lym-
phocytes and neutrophils was observed. In the area of
contact with the applied material, granulation tissue,
necrotic foci, sclerotic changes, and formation of dentin
bridges were also present (Fig. 4, C).

Fig. 2. Root pulp of a rat tooth under conditions of application of the drug Membrane Geistlich Bio-Gide® +
“Biodentine”, experiment (hematoxylin-eosin staining): A — on the 3" day after the start of the experiment

(in V. 400x): 1 — disorganization and loss of the odontoblast layer, 2 — numerous dilated vessels with rhinestones,
3 - dense fibrous matrix, 4 — moderate inflammatory infiltrate; B — on the 14" day from the start of the experiment
(for c. 100 x): 7 — disorganization of odontoblasts, 2 — dense fibrous matrix, 3 — a large number of fibroblast-like
cells, 4 — minimal lymphocytic inflammatory infiltrate; C — on the 30" day from the start of the experiment

(in V. 400x): 1 — granulation tissue, 2 — dentinal bridge, 3 — foci of dentinogenesis

Puc. 2. KopHesas nynbna 3y6a KpbiCbl B YCOBUSAX NPpUMeHeHns npenapata Mem6pana Geistlich Bio-Gide® +
«Biodentine», akcnepnmeHTa (Okpacka reMaToKCUIMH-303UHOM): A — Ha 3-1 CYTKM OT Hayasna akCnepumMeHTa
(yB. 400x): 1 — nesopraHmsaums v noTeps cnos 0AoHTo61acToB, 2 — MHOFOUYMC/IEHHbIE PaCLLUMPEHHbIE Cocyabl
CO cTadamu, 3 — NAOTHbIN BOIOKHUCTbIN MaTPUKC, 4 — YMEPEHHO BblPaXXEHHbIN BOCAANNTENbHbIA MHOUALTPAT;
B — Ha 14-e cyTku OT Havyana akcnepumeHTa (yB. 100x): 7 — nesopraHmaaumsa oaoHTo61acToB, 2 — NAOTHbIN
BOJIOKHUCTBIM MaTpUKC, 3 — 60JbLLIOE KONMYeCcTBO Gnbpo6n1acTo-nofobHbIX KNETOK, 4 — MUHUMAJSIbHbIN
nuMm@ounTapHbIi BOcnanutTenbHbli nHunsTpaT; C — Ha 30-e cyTkm OT Havana akcnepumeHTa (yB. 400x):

1 — rpaHynaLMOHHAs TKaHb, 2 — AEHTUHHbBIA MOCTUK, 3 — o4aru oeHTUHOoreHesa
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Fig. 3. Root pulp of a rat tooth under the conditions of using the drug fibrin (PRF) + “Biodentine” (hematoxylin-
eosin staining, uv. 100 x): A — on the 3" day after the start of the experiment: 7 — disorganization of the odontoblast
layer, 2 — numerous dilated vessels with rhinestones, 3 — dense fibrous matrix, 4 - moderate inflammatory
infiltrate; B — on the 14" day after the start of the experiment: 1 — absence of odontoblasts, 2 — foci of necrosis,

3 - pronounced polymorphic cellular inflammatory infiltrate with the presence of neutrophilic leukocytes in the
infiltrate; C — on the 30™ day from the start of the experiment: 7 — mild lymphocytic inflammatory infiltration,

2 — granulation tissue, 3 — necrosis site, 4 — the presence of dentine bridges

Puc. 3. KopHeas nynbna 3yba KpbIiChl B yCOBUSX NpUMeHeHNs npenapaTa ¢ubpuH (PRF) + «Biodentine»,
(okpacka remMaToKCUNINH-303nHOM, YB. 100x): A — Ha 3-1 CYyTKM OT HaYana akcnepumMmeHTa: 1 — gesopraHmaaums cnosi
0[0HTOBNACTOB, 2 — MHOrOYUCNEHHbIE PACLUMPEHHbBIE COCYAbI CO CTadamu, 3 — MIOTHbIV BONIOKHUCTbIA MATPUKC,

4 — yMepPEHHO BbIPaXXEHHbIN BOCNANNTeNbHbIN MHGUNLTPAT; B — Ha 14-1 CyTKM OT Ha4asna aKCnepumeHTa:

1 — oTCyTCTBME OAOHTOBMACTOB, 2 — o4arn Hekpo3a, 3 — BblPaXkeHHbIN NOJMMOPdHbIN KNIETOUHbI BOCHANNTENbHbIN
MHPUALTPAT C HaNn4YMeM B MHGUILTPaTe HeMTPOdUNbHbLIX NenkoumToB; C — Ha 30-e CyTKM OT Havana aKkCnepuMeHTa:
1 — cnaboBbipaxkeHHas nuMdounTapHas BocnanuTenbHas MHOULTpaums, 2 — rpaHynsauMOHHas TKaHb,

3 — ovar Hekpo3a, 4 — Hann4ne AEHTUHHbBIX MOCTMKOB

Fig. 4. Crown and root pulp of a rat tooth under the conditions of using the drug “Dycal” (hematoxylin-eosin
staining): A — on the 3" day from the start of the experiment, (for B. 100 x): 7 — disorganization of the odontoblast
layer, 2 — edema of the pulp, 3 — dilated vessels with stasis, 4 — loose fibrous matrix, 5 — weakly expressed
lymphocytic inflammatory infiltrate; B — on the 14™ day from the start of the experiment, (in B. 400x): 7 — absence
of odontoblasts, 2 — foci of necrosis, 3 — pronounced polymorphic cellular inflammatory infiltrate with the
presence of neutrophil leukocytes in the infiltrate; C — on the 30™ day from the start of the experiment (in V. 400x):
1 — Inflammatory infiltration with the presence of lymphocytes and neutrophils in the infiltrate, 2 — granulation
tissue, 3 — necrosis site, 4 — sclerotic changes, 5 — the presence of dentine bridges

Puc. 4. KopoHkoBasi n kKOpHeBas nysbna 3yba KpbIChl B YCIIOBUSIX MPUMeHeHMs npenapara «Dycal», (okpacka
remMaToKCUINH-3031HOM): A — Ha 3-U CYTKKM OT Havyana akcnepmMmeHTa, (yB. 100x): 1 — nesopraHmaaums cnos
0J0HTO6NACTOB, 2 — OTEK NyJblbl, 3 — pacLUMPEHHbIE COCYAbl CO CTasamu, 4 — pbixJiblii BOJIOKHUCTbI MaTPUKC,

5 — cnaboBbipaxKeHHbIN TMMOOLNTaPHLI BOCNANUTENbHbIN MHGUNLTPaT; B — Ha 14-e cyTKn OT Havana
akcrnepumeHTa, (yB. 400x): 7 — oTCcyTCTBME OA0OHTOBACTOB, 2 — 04arn HeKpPo3a, 3 — BblpaXkeHHbI NOMMOPQHbI
KJIETOYHbI BOCNANUTENbHbIA MHOUNBTPAT C HANUYMEM B UHOUNBTPATE HENTPODUBHBIX NENKOLUTOB;

C - Ha 30-e cyTkuM OT Ha4Yana akcnepumMmeHTa, (yB. 400x): 7 — BocnanutenbHas MHOUALTPALWS C HANNYNEM

B MHOUALTPATe NMM@POLUTOB U HEMTPODUNOB, 2 — FPaHYNIALMOHHASA TKaHb, 3 — o4ar HEKpOo3a,

4 — cknepoTn4ecKme NSMEHEHUS, 5 — HanM4YMe AeHTUHHbBIX MOCTUKOB
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CONCLUSION

Itis evident that the search vector for the “ideal” ma-
terial and application technique for improving the effec-
tiveness of treatment for pulp hyperemia is directly de-
pendent on advances in understanding the morphologi-
cal features of dental pulp and their clinical application.
Based on the findings of the present experimental study
aimed at a comparative histological evaluation of pulp
tissue response to different material groups and the use
of platelet-rich fibrin (PRF) as a scaffold, the following
conclusions can be drawn:

The combination of modern bioactive materials for
direct pulp capping significantly enhances the effective-
ness of treatment in cases diagnosed with pulp hypere-
mia. One of the most promising directions in stimulating
reparative processes in the dental pulp is the combined
use of bioactive materials with PRF. The experimental
morphological evaluation of pulpal responses demon-
strated that the combination of PRF with the bioactive
materials “TrioxyDent” and “Biodentine” resulted in the
lowest inflammatory response and the highest biocom-
patibility with pulp tissue, while also promoting repara-
tive activity at the site of direct pulp contact.

Among the two bioactive materials tested in com-
bination with PRF, “TrioxyDent” produced the most fa-
vorable outcomes, possibly due to its unique formula-
tion — specifically, the inclusion of calcium-copper hy-
droxide as an active bacteriostatic additive, which may
enhance its biological properties.
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