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Abstract

INTRODUCTION. In the view of significant changes in the pharmacotherapy of dental diseases, bioceramic
sealers, which have recently been used for root canal obturation and differ significantly in composition from
the widely used epoxy sealers, are of scientific and practical interest.

AIM. To develop a domestic calcium-silicate bioceramic material for endodontic treatment and to evaluate the
biocompatibility of periapical tooth tissues in a comparative aspect with various sealers under experimental
conditions on laboratory animals.

MATERIALS AND METHODS. Laboratory studies were conducted on 12 male chinchilla rabbits weighing
3.5%0.1 kg. After the material was removed into the periodontal tissues of the animals on the 7" and 30™ days
of the experiment, fragments of the jaws with an experimental incisor were obtained, which were studied
histologically. The study determined the biocompatibility of modern sealers: epoxy AH Plus (Dentsply Sirona,
USA) and bioceramic sealers: TotalFill BC Sealer (FKG, Switzerland) and a new developed bioceramic
composition Bioceramin (VladMiVa).

RESULTS. The biocompatibility of sealers had a statistically significant difference between the study groups
during the 7-day observation period (p < 0.01). In the epoxy sealer group, reactive changes in the periapical
tissues of the teeth were present throughout the observation period. At the same time, in the bioceramic sealer
groups, proliferation of loose highly cellular fibrous tissue with rare small mononuclear inflammatory infiltrates
was detected during the 7-day observation period, and reactive changes with periosteal osteogenesis in
30 days after the start of the experiment.

CONCLUSIONS. According to the results of the study, the calcium-silicate material of foreign manufacture
and the newly developed bioceramic calcium-silicate sealer of domestic manufacture showed high
biocompatibility with periodontal tissues of laboratory animals’ teeth (p<0.05). At the same time, toxicity of
the epoxy sealer on periodontal tissues was revealed in 7- and 30-day observation periods.
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Pe3iome

BBELOEHMVE. BBuay cyLleCTBEHHbIX U3MEHeHUI B papmakoTepanmm CToMaTonornyeckmnx 3abonesaHuii, Ha-
y‘-IHO-I'IpaKTI/I‘-IeCKVII7I nHTEepecC npeacTaBndaloT 6|/|0KepaM|/|quKV|e cunepbl, KOTOPble C HegaBHEro BpeMeHun
NPUMEHSAIOTCS NpY 00Typauum KOPHEBBLIX KAHANOB U 3HAYUTENbHO OT/IMYAIOTCS MO COCTaBy OT LUMPOKO UC-
NMoJib3yeMbIX 3MOKCUAHbIX CU1EepPOoB.

LIEJIb NCCNTEAOBAHUSA. PazpaboTaTb OTEHECTBEHHbIN KaNbLMA-CUNNKATHLIN BMOKEpaMUYECKN MaTepuan
ANda 9HOO0O00HTUYECKOro ie4eHnd N OLLeHUTb 61MOCOBMECTUMOCTb nepuvanmkanbHbIX TKaHen 3y63 B CpaBHUTEJ1b-
HOM acnekTe C PasfMyHbIMU CUePaMU B YCIIOBUSIX SKCNEPUMEHTA Ha Ta60PaTOPHbIX XXMBOTHbIX.
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MATEPUANBI U METOAbI. NabopaTopHble MCCneaoBaHus NpoBOAMINCL Ha 12 kponukax-camuax nopoasbl
wurHwmnna, maccon 3,5+0,1 kr. lNocne BbiBeAeHUs maTepuana B TKaHW NepuoaoHTa XXNUBOTHbIX Ha 7 1 30 cyTkun
aKcnepuMeHTa ObIN NoJly4eHbl pparMeHTbl YHeNOCTEN C OMbITHLIM PE3LIOM, KOTOPbIE OblIN U3Y4eHbl TMCTONO-
rmyeckun. B nccneposaHmm 6Geina onpegeneHa 6MO0COBMECTUMOCTb COBPEMEHHbBIX CUIEPOB: 3MOKCUAHbIX AH
Plus (Dentsply Sirona, CLLA) n 6uokepamunyeckmx: TotalFill BC Sealer (FKG, Switzerland) n HoBoi pa3paboTaH-
HOWM BrokepamMmn4eckom KOMNo3unLmMm oTe4ecTBEHHOIro npomn3esoacTea bruokepammH (BnagMuBa).
PE3YJILTATbI. BMUOCOBMECTUMOCTL CUIEPOB UMENA CTAaTUCTUHECKU 3HAYMMYIO Pas3HULY MexXay rpynnamm nuc-
cnefoBaHuvs B nepuopg 7 gHen HabmogeHus (p < 0,01). B rpynne anokcmaHoOro cunepa npucyTcTBoBanm pe-
aKTUBHbIE U3MEHEHUS NepuanmkanbHbIX TKaHel 3yO0B Ha BCEM NPOTSXeHUM HabntoaeHuin. Mpu aTom, B rpyn-
nax Gruokepammnyeckmx cnunepoB ObINO BbIIBNEHO pa3pacTaHne pbixJoi BbICOKOKNETOYHOM GUOPO3HOMN TKaHU
C peaknMm MenkuMm MOHOHYKJIeapHbIMU BOCHANNTENbHbIMU MHPUALTPaTaMn B NePUOA 7 AHen HabntoaeHni,
1 peakTUBHbIE N3MEHEHUS C NEPMOCTAsIbHBIM OCTeoreHe3oM yeped 30 gHel Noce Havana aKkCnepmMmeHTa.
BbIBOAbI. Mo pesynsratam uccnenoBaHus KanbUun-CUANKATHBIN MaTtepuan 3apybexHoro npoM3BoacTea
1 HOBBIA pa3paboTaHHbIi BMoKepaMmnYeCcKUin KanbUMn-CUNINKaATHbBIN cunep oTe4eCTBEHHOro NPON3BOACTBA
nokasaJsim BbICOKYI0 OBMOCOBMECTMMOCTb C NepMOAOHTaNIbHBIMU TKaHAMKW 3y00B abopaTopHbIX XUBOTHbIX
(p < 0,05). Mpu aTOM, BbISIBNIEHA TOKCUYHOCTb 3MOKCMAHOI0 cunepa Ha TKaH nepruoaoHTa B 7- n 30-aHEeBHbIN
nepunoabl HabnaeHUs.

KnioueBblie cnoBa: 61okepaMmnyeckuii cunep, KanbLuunii-CUankKaTHbIN LEMEHT, UMNOPTO3aMeLLLeHNE, POCCUIA-
cKnin BuokepamMmnyecknii Mmatepuarn, o6Typauns KOPHEBbLIX KaHa10B, BMIOCOBMECTUMOCTb

UHdopmauumsa o ctatbe: noctynuna — 07.04.2025; ucnpasneHa — 14.05.2025; npunara — 29.05.2025
KoHAUKT uHTepecoB: aBTOPbI CO06LLaI0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.
BnarogapHocTu: GMHAHCUPOBaHME U MHAMBUOYaNbHblE 61aroaapHOCTV ONs AeKNapupoBaHus OTCYTCTBYIOT.
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INTRODUCTION

The success of endodontic treatment is determined
by the quality implementation of the endodontic treat-
ment triad: shaping-irrigation—obturation of the root
canal system [1]. A key and indispensable stage of this
treatment is the hermetic filling of the root canal with
a material that possesses the necessary biological (bac-
tericidal activity, biocompatibility), physical (resistance to
dissolution in tissue fluids, adhesion to canal walls), and
practical properties (radiopacity, ease of insertion and
removal) [2]. Biocompatibility is a critical property of the
sealer used, as the filling material is in direct contact with
the periapical tissues, including through the physiologi-
cal apex of the tooth root [3]. Biocompatibility refers to
the ability of a material to prevent an acute local immune
response in the periodontal tissues, which is achieved by
the sealer’s molecular composition being similar to that
of the surrounding periodontal tissues [3; 4].

At the same time, irritation of the surrounding perio-
dontal tissues can impair periapical healing and dis-
rupt bone regeneration when the material is extruded
beyond the root apex through the apical foramen during
obturation or the sealing of root perforations [5].

Currently, various types of materials are used in en-
dodontics for root canal filling. Due to significant chan-
ges in the pharmacotherapy of dental diseases, bioce-
ramic sealers—recently introduced for root canal obtu-
ration and markedly different in composition from wide-
ly used epoxy resin-based sealers—are of considerable
scientific and clinical interest [6]. According to interna-
tional literature, several in vitro studies have shown that
bioceramic sealers do not exhibit cytotoxic effects on
the tooth-periodontium complex [7].

Earlier studies have noted that three-dimensional
obturation of the root canal system with bioceramic

dHdodoHmus
————TLT

sealers prevents microleakage and reinfection, while
also creating favorable conditions for the regeneration
of periodontal tissues [8; 9].

However, data on new bioceramic materials — par-
ticularly those of domestic origin — remain limited,
which highlights the relevance of ongoing research. The
development of a domestic composition of a biocom-
patible and bioactive sealer for root canal obturation us-
ing bioceramic technologies may represent a significant
scientific breakthrough in Russian dental science. To
identify and confirm the effectiveness of the developed
bioceramic sealer formulations, a series of experimen-
tal and clinical-laboratory studies (both in vitro and in
vivo) must be conducted - one of which may be the pre-
sent research project.

AIM

The aim of the present study is to develop a domes-
tically produced calcium silicate-based bioceramic
material for endodontic treatment and to evaluate the
biocompatibility of periapical tooth tissues in a com-
parative aspect with various sealers under experimental
conditions in an animal model.

MATERIALS AND METHODS

The design of the in vivo laboratory study, conduct-
ed as part of the development of a new bioceramic
material for root canal obturation, consisted of two
stages:

- the experimental stage, involving the evaluation of
the materials’ biocompatibility with periodontal tissues
in rabbits under laboratory conditions;

—and the pathomorphological stage, involving histo-
logical examination of bone fragments with the treated
incisor.

Volume 23, no. 2/ 2025


https://doi.org/10.36377/ET-0098

Experimental Stage

Animal experiments were carried out at the NIMSI la-
boratory in accordance with Directive 2010/63/EU of the
European Parliament and the Council of the European
Union. The laboratory study was conducted on 12 male
Chinchilla rabbits weighing 3.5+0.1 kg, in two stages.

In the first stage, experimental endodontic treat-
ment was performed on the mandibular incisors of the
animals (Fig. 1). The procedures were carried out under
general anesthesia using Zoletil 100, with premedica-
tion using Meditin at a dose of 0.2 ml/kg. Anesthesiare-
versal was achieved with Antisedan.

The in vivo experiment consisted of opening the pulp
chamber, forming endodontic access, creating a lateral
root wall perforation, and subsequently obturating with
the test sealer, ensuring partial extrusion beyond the apex
to promote tight contact with periapical tissues. One of the
tested materials was introduced into the canal according
to the division into three experimental groups. Radio-
graphic verification of the canal filling was performed to
confirm proper material placement and apical extrusion.

C
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In the second stage, the sealer was injected sub-
cutaneously into the thigh area to further assess the
material’s biocompatibility with soft tissues. Following
general anesthesia (as described above), the fur was
shaved from the injection site using an electric clipper.
The area was disinfected with 0.05% chlorhexidine so-
lution, and the injection site was marked with brilliant
green dye. Each material was injected in equal volume
(0.4 ml). The animals were randomly assigned to one of
three groups, according to the sealer used for root ca-
nal obturation.

Pathomorphological Stage

The evaluation of the condition of the periapical tis-
sues was conducted on days 7 and 30 of the experi-
ment. In the first phase of the morphological assess-
ment, a 2x3 cm section of mandibular bone containing
the treated incisor and surrounding gingival soft tissues
was isolated from each animal. As a negative control,
biological samples were collected from the contralat-
eral side of the jaw or the thigh.

Fig. 1. Stages of modeling endodontic treatment of incisors in laboratory animals:

A - resection of the lower jaw incisor; B — creation of access to the root canal;

C - radiographic control of the injection of the test material into the periapical tissues;
D — application of a filling made of light-curing composite material

Puc. 1. 3tanbl MogennMpoBaHus 3HAOO0HTUYECKOIO Ie4eHUst Pe3LLOoB Y 1abopaToOPHbIX XNUBOTHbIX:

A — peseKkums pe3ua HUXHel yentocTtu; b — cosgaHne JocTyna kK KOPHEBOMY KaHany 3y6a;

B — peHTreHoI0rM4eckunini KOHTPOJb BbIBEAEHMS UCCNEAYEMOro MaTepuana B nepmanmkasbHble TKaHn 3y6a;
I — HanoxeHne niaomObl N3 CBeTooTBEepXaaemMoro KoMno3anmTHOro matepumana
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In the preparatory stage, the samples with the tooth
were fixed in formalin for 24 hours, followed by decalcifi-
cation using SoftyDec solution (BioVitrum) over 7 days.
In the second phase, histological evaluation was per-
formed on the thigh area where the material was subcu-
taneously injected. All samples were embedded in pa-
raffin using standard protocols, and histological sec-
tions 7-8 um thick were prepared. These sections were
then stained with hematoxylin and eosin.

Tissue samples were assessed using the following
scoring systems:

1. Inflammatory response: 0 — none; 1 — mild; 2 -
moderate; 3 — severe.

2. Macrophage infiltration: 0 — fewer than 10 cells;
1-10to <30 cells; 2 — 230 cells.

3. Fibrous capsule thickness: 0 — absent; 1 — thin
capsule; 2 — thick capsule.

4. Vascular changes: 0 — none; 1 — mild; 2 — moder-
ate; 3 — severe.

Statistical Analysis

Data were analyzed using the Mann-Whitney U
test to compare values between the two observation
periods within each group, and the Friedman test with
Bonferroni correction to compare values between the
experimental groups at a single time point. Differences
were considered statistically significant at p < 0.05.

RESULTS

The results of the histological analysis demonstrated
that wound healing showed statistically significant dif-
ferences between the experimental groups and obser-
vation periods (p < 0.05). At the same time, the material
samples remained at the injection site throughout the
observation period. In Group 1, surgical wounds healed
with signs of material rejection, whereas in Groups 2
and 3, no signs of infection or rejection were observed.
Table 1 presents the most relevant scoring results for all
evaluated variables in both observation periods, based
on the assessment of periapical tooth tissues, along
with the outcomes of the statistical analysis.

MccneposaHus / Scientific researches

Histological Analysis of Periapical Tissues
in Animals

Macroscopic examinations conducted after 7 days
of observation revealed reactive changes in the ad-
jacent alveolar bone in Group 1. The bony trabeculae
were lined with a layer of active, weakly polymorphic os-
teoblasts. In the intertrabecular spaces and periosteal
region, there was proliferation of loose, highly cellular
fibrous tissue with sparse small mononuclear inflamma-
tory infiltrates. A pronounced inflammatory response
was observed, with accumulation of segmented neu-
trophils, mononuclear inflammatory cells, and mac-
rophages, as well as moderate to severe vascular oc-
clusion (Fig. 2, A). After 30 days, a mild chronic inflam-
matory reaction was detected, accompanied by a well-
developed fibrous capsule.

In Group 2, a small focus of foreign material was
surrounded by mononuclear inflammatory infiltrate
and immature loose fibrous tissue. Reactive changes
were present in the adjacent alveolar bone (Fig. 3, B).
On day 7, a mild inflammatory reaction and moderate
vascular changes were observed. A thin, poorly de-
fined capsule was present, and macrophage infiltra-
tion was assessed as moderate to severe, with active
phagocytic features noted in the cells. After 30 days,
the chronic inflammatory response was absent or mild,
and a thin connective tissue capsule was present.
Macrophage infiltration decreased from severe to
moderate, and the vascular network appeared normal
in most samples.

In Group 3, reactive changes with periosteal os-
teogenesis were present in the adjacent alveolar bone
(Fig. 4, C). On day 7, a fibrous capsule with immature
collagen connective tissue fibers and a mild acute in-
flammatory reaction—mainly involving neutrophils and
macrophages—was observed. Vascular changes ranged
from none to mild. After 30 days, the inflammatory re-
sponse had resolved, and a mature, thin, dense con-
nective tissue capsule with signs of periosteal osteo-
genesis was noted. Vascular changes and macrophage
infiltration were minimal or absent.

Table 1. Results of the biocompatibility assessment of sealers at days 7 and 30 of observation
Ta6nuua 1. Pe3ynsrathl OLEHKNU GBUOCOBMECTUMOCTU CUNEPOB C NepuanmkanbHbiMy TKaHAMN 3y6a

Ha 7 n 30 oHW HabnoaeHun

Inflammatory reaction

Macrophage infiltration

Thickness of the fibrous Vascular changes

(0/1/2/3) (0/1/2) capsule (0/1/2) (0/1/2/3)

7day | 30day | P 7day |30day| P | 7day |30day| P | 7day 30day | P
AHPlus  |0/0/0/100|0/25/50/0(0.005*| 0/25/75 |75/25/00.025* 25/50/25|0/75/25|0.018*| 0/15/45/40 | 15/50/25/10 | 0.018*
g%asl,lgg:er 0/50/50/0| 75/25/0/0 |0.045%| 10/15.8/74.2| 50/50/0 | 0.184 | 0/50/50 | 0/100/0|0.025*| 50/50/0/0 | 50/50/0/0 | 0.342
Biokeramin| 0/25/75/0|100/0/0/0|0.002%| 0/50/50 |75/25/0| 0.053 | 0/85/15 | 0/100/0 | 0.145 |50/25/25/0| 65/35/0/0 | 0.125
Povalue | 0.025* | 0.010 0.045* | 0.132 0255 | 0.123 0.035* 0.005*

Note: Values are presented as relative frequencies (percentages) for each parameter. Asterisks (*) indicate statistically signifi-

cant differences.

lNMpumeyvarue: 3HaueHus npeacTaBfieHbl KAk OTHOCUTENbHbIE YACTOTbl (MPOLEHTHI) KaXA40ro nokasarens. * Ctatnctuyeckmn

3Ha4YMMble pPa3ninyund.
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Fig. 2. Histologic specimen of the fragment of lower jaw bone of a laboratory animal: A — with epoxy sealer;
B — with bioceramic sealer TotalFill BC Sealer; C — with the developed composition of calcium silicate sealer;

Puc. 2. Tuctonornyeckuii npenapat pparMeHTa KOCTU HUXHER 4entocTn nabopaTopHOro XNUBOTHOIO:
A — C 3anokcuaHbIM cunepom; B — ¢ buokepamundeckmm cunepom TotalFill BC Sealer; C — ¢ paspaboTaHHoi
KOMMNO3ULUMEN KaNbLUUNCUANKATHOrO cunepa

Fig. 3. Histologic specimen of a soft tissue fragment of the laboratory animal upper leg: A — with epoxy sealer;
B — with bioceramic sealer TotalFill BC Sealer; C — with the developed composition of calcium silicate sealer
Puc. 3. lucTtonornyeckuii npenapat pparMmeHTa MArkux TkaHe 6eapa nabopaTopHOro XUBOTHOrO:

A — ¢ anokcuaHbiM cunepom; B — ¢ Buokepamundeckum cunepom TotalFill BC Sealer;

C - ¢ pa3paboTaHHO KOMMNO3MLMENr KanbUMACUINKATHOIO cuiepa

Fig. 4. Clinical photo of the subcutaneous injection of epoxy (A) and bioceramic (B) sealers area
into the laboratory animal’s upper leg 7 days after injection

Puc. 4. KnuHuyeckas ¢oTtorpadusa obnactm BBeaeHNs anokecmaHoro (A) n buokepammyeckoro (B) cunepos
NOAKOXHO B 6eapo N1abopaTopHOro XXMBOTHOMO Yepes 7 AHeN Nocne BBEAEHUS

Tom 23 N2 2 / 2025 ‘ Endodontics
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Histological Analysis of Soft Tissues
in the Animal Thigh

Histological examination of the soft tissues in
Group 1 revealed an abscess formation consisting of
dense accumulations of destructive eosinophils, neu-
trophils, and macrophages (Fig. 3, A).

In Group 2, a pseudocystic cavity without internal
contents was detected in the thigh region. It was sur-
rounded by highly cellular, well-vascularized immature fi-
brous tissue with multiple foci of mineralization (Fig. 3, B).

The domestically produced calcium silicate-based
sealer demonstrated the least pronounced infiltration
by immune cells (Fig. 3, C).

Figure 4 show clinical photographs of the soft tis-
sue reaction in the animal thigh to the injection of epoxy
and bioceramic sealers. In the case of the epoxy sealer,
ulceration was observed at the material injection site,
while no signs of inflammation were noted at the injec-
tion site of the newly developed bioceramic sealer.

DISCUSSION

It was established that the tested calcium silicate-
based sealers — both domestic and foreign — exhibited
no toxic effects on periapical tooth tissues. The obtained
results confirm the biocompatibility of the newly devel-
oped domestically produced calcium silicate-based
sealer, which opens the prospect for its clinical applica-
tion in root canal obturation for the treatment of pulp and
periodontal tissue diseases, provided that further scien-
tific and clinical studies yield positive results [10-12].

The results also demonstrated that the epoxy res-
in-based sealer AH Plus induces significant reactive
changes in both periodontal and thigh soft tissues,
which is considered a disadvantage of this class of ma-
terials. Moreover, unlike calcium silicate-based sealers,
epoxy sealers do not contribute to the stimulation of re-
parative processes [13; 14].
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The developed composition of the single-compo-
nent bioceramic sealer for root canal filling is charac-
terized by high early strength, controlled setting time,
excellent biocompatibility, and osteoinductive activity.
These properties enhance both the convenience and
quality of treatment for patients with diseases of the
pulp and periapical tissues. The sealer is designed to be
used in conjunction with gutta-percha cones containing
bioceramic nanoparticles, thereby enabling the forma-
tion of a hermetic, monolithic root filling through the use
of advanced bioceramic technologies.

CONCLUSION

A 100% biocompatibility of both domestic and fo-
reign bioceramic sealers was established during the
7- and 30-day observation periods. In contrast, the
epoxy-based sealer exhibited toxic effects in all cases,
accompanied by signs of necrosis in the surrounding
tissues.
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compatibility of the newly developed sealer composi-
tion with the periapical tissues of teeth, as well as its
pronounced osteogenic effect. The theoretical and
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duced calcium silicate-based sealer in the treatment
of pulp and periapical tissue diseases has been con-
firmed. This material is currently undergoing certifica-
tion under the name Biokeramin and has no analogues
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Summarizing the findings of the laboratory study, it
should be emphasized that, within the context of im-
port substitution, the domestic material Biokeramin,
protected by patent, is demonstrably competitive in
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The Russian-developed material showed high quality
on par with well-known next-generation foreign bioce-
ramic sealers.
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