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Abstract

INTRODUCTION. Patients with various forms of periodontitis account for 30-40% of all clinic visitors. Among
chronic forms of periodontitis, destructive forms predominate. Among those seeking emergency dental
care, patients with acute or exacerbated chronic periodontitis account for 75%. Long-term inflammation of
the periodontal tissues is the most common cause of tooth loss and the formation of odontogenic infection
foci. The presence of an infection foci poses a risk due to the progressive increase in pathogens and bacte-
riotoxins in the oral fluid. The quality of treatment outcomes depends on the medicamental and instrumental
treatment of the root canals and the complete obturation of the root canal system.

AIM. To study the microfiora of the apical granuloma and develop a treatment protocol.

MATERIALS AND METHODS. The study was conducted on 83 rabbits. Clinical, radiographic, and microbio-
logical methods were used in the experiments. The animals were divided into two groups: the main group
(n=43) and the control group (n =40). The main group received treatment according to the protocol de-
veloped by the authors, using a stromal-vascular fraction in combination with an osteogenesis stimulator.
The control group received standard therapy, which included endodontic root canal treatment followed by
extraapical filling.

RESULTS. Before treatment, high levels of microbial contamination of the apical granuloma were detected in
the animals: Gram-positive cocci were 2.8 X 107 CFU/ml, Gram-negative cocci — 1.9x 107 CFU/ml. After treat-
ment, the main group demonstrated a decrease in the number of Gram-positive and Gram-negative cocci
by 0.7% 108 CFU/ml (p < 0.001). Six and 12 months after therapy, the results remained stable, and a further
decrease in the number of pathogenic microorganisms was noted. In the control group, the titers of microbial
contamination of the apical granuloma contents decreased by 0.2 x 105 (p < 0.001) after treatment. However,
after 6 months, microbial contamination returned to baseline levels. Twelve months after treatment, an in-
crease in contamination by 0.3 x 106 CFU/ml was observed.

CONCLUSION. An analysis of the results of treatment for apical destructive forms of periodontitis using
a stromal-vascular fraction and an osteogenesis stimulator under experimental conditions demonstrated
high therapeutic efficacy in 99.9% of cases. Furthermore, an evaluation of the treatment protocol proposed
by the authors confirmed a reduced incidence of complications and a stable therapeutic effect over a long-
term observation period.

Keywords: stromal-vascular fraction, root canal, apical periodontitis, apical granuloma, microfiora, osteo-
genesis stimulator, animals, experiment

Article information: received — 10.12.2025; revised — 30.01.2026; accepted — 09.02.2026
Conflict of interests: The authors declare no conflict of interests.
Acknowledgments: There are no funding and individual acknowledgments to declare.

For citation: Chuykin S.V., Khaibullina R.R., Darsht S.V., Shangina O.R., Danilko K.V., Tukhvatullina D.N.,
Kuznetsova L.l., Sorokin A.P. Assessment of the microbiological picture of the apical granuloma content
against the background of treatment with the stromal-vascular fraction of adipose tissue and an osteo-
genesis stimulator in the experiment. Endodontics Today. 2026;24(2):382-387. https://doi.org/10.36377/
ET-0200

© Chuykin S.V., Khaibullina R.R., Darsht S.V., Shangina O.R., Danilko K.V., Tukhvatullina D.N., Kuznetsova L.I., Sorokin A.P., 2026

9Hdodornmus Volume 24, no. 2 / 2026


https://doi.org/10.36377/ET-0200
https://orcid.org/0000-0002-8773-4386
https://orcid.org/0000-0002-9839-3492
https://orcid.org/0009-0001-1030-7589
https://orcid.org/0000-0003-1686-1254
https://orcid.org/0000-0002-4374-2923
https://orcid.org/0000-0003-4166-2601
https://doi.org/10.36377/ET-0200
https://doi.org/10.36377/ET-0200
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.36377/ET-0200&domain=pdf&date_stamp=2026-05-30

3583

OueHKa MMKpPo6Mosoruueckom KapTuHbI

COAEPXXMMOro anuKkasbHOM rpaHysneMbl Ha ¢oHe fleueHUn
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Pe3iome

BBELOEHMUE. MauneHTsl ¢ padnuiHeiMn popmamu nepnoafoHTuta coctasnaioT 30-40% ot obero yncna o6-
paTMBLUMXCS B KIIMHUKY. Cpean XpoHnYecknx Gopm nepnogoHTuTa npeobnagaoT 4ECTPYKTUBHbIE HGOPMBI.
Cpenm 06paTUBLUMXCS 32 HEOTIOXKHOM CTOMATOJIONMYECKO NOMOLLLbIO, MALMEHTbLI C OCTPLIM UK 060CTPUB-
LWMMCSI XPOHUYECKMM MEPUOAOHTUTOM COCTaBASAT 75%. AnnTenbHOe BOCMaNeHne TKaHer NepuogoHTa
aBnseTcsa Hanbosiee 4acTon NPUYNHOLM NoTepn 3y60B U GOPMUPOBAHUSA 04AroB OAOHTOrE€HHON MHPEKLUN.
Hannune ovara nHdekunn NnpeacTaBiseT ONnacHOCTb 3a CHET NPOrPECCUPYIOLLETO YBENNYEHNS NMATOreHOB
1 6aKTEPUOTOKCUHOB B POTOBOW XMAKOCTU. KauecTBO pe3ynbTaToB IeYEHMS 3aBUCUT OT MeANKAMEHTO3HOW,
VHCTPYMEHTasbHO 06paboTkm KaHanoB 3y00B 1 MOJIHOLLEHHOM 06TYypaLnm CUCTEMbI KOPHEBLIX KAHAJI0B.
LLESTb. N3yunTb MUKpOGIOpY COAEPXMMOro anukanbHOM rpaHynemsl n paspaboTatb NPOTOKOJ JIEYEHUS.
MATEPWAJblI N METOAbI. ccnepoBaHme NPpoOBOANIOCH HAa XUBOTHbLIX — Kponukax (n = 83). B akcnepumMmeHTax
NPUMEHSINNCH KIIMHNYECKNE, PEHTIEHONOMMYeCKNe N MMkpoburonornyeckme Mmetoapl. XXMBoTHble Obinv pas-
LEeneHbl Ha ABe rpynnbl: OCHOBHYIO (N = 43) 1 koHTponbHYO (N = 40). OcHoBHas rpynna nosiy4yana feveHume, no
pa3paboTaHHOMY aBTOpPaMM MPOTOKOY, C UCMONb30BAHUEM CTPOMASIbHO-COCYAMCTOM GpakLmnm B COHETAHUN
CO CTUMYNATOPOM ocTeoreHesa. KoHTponbHasa rpynna nosiyyana ctaHgapTHYIO Tepanuio, KoTopas BKovana
9HAOAOHTMYECKYI0 06paboTKy KOPHEBbLIX KAHANOB C MOCEAYIOLNM 3KCTPaanmkabHbIM NIoMOMPOBaHNEM.
PE3YJIbTATbI. [Jo Hayana nevyeHns y XXMBOTHbIX Obli 0OHAPYXEHbI BICOKME YPOBHU MUKPOBHOIO 3arpss-
HEHUS COAEPXUMOr0O anunkasnbHOM rpaHyfnemMbl: FPaMnoNoXnUTeNbHbIE KOKKK cocTasnann 2,8 x 107 KOE/mn,
rpamoTpuuaTenbHble Kokkn — 1,9x 107 KOE/mn. NMocne neyeHns B OCHOBHO rpynne Habnio4anocb CHUXe-
HME KONMYEeCTBa rPamrnooXuUTENbHbIX M rpaMmoTpuLLaTesnbHbiX KOKKOB Ha 0,7 x 108 KOE/mn (p < 0,001). Yepes
6 1 12 mecsiueB nocne Tepanum pesynbTaTbl 0OCTaBaIMCh CTabUbHBIMY M OTMEYaNI0Ch AalfibHENLLEE CHUXE-
HMEe KONMMYEeCTBA NATOreHHbIX MUKPOOPraHM3MOB. B KOHTPOJIbHOM rpynne TUTPbl MUKPOBHOMO 3arpsi3HEHMS
COOEPXUMOro annkasibHOM rpaHynemMbl nocne nevyeHns cHmamnmnck Ha 0,2x10% (p < 0,001). OgHako 4yepes
6 mecsueB MUKPOBOHOE 3arpsi3HeHNe BEPHYIOCh K UCXOAHOMY YPOBHIO. Yepe3 12 mecsiLeB nocne nevyeHus
Habnoganock yBenndeHne sarpasHeHns Ha 0,3 x 108 KOE/man.

SAKJTIOHEHUE. AHann3 pe3ynbTaToB le4eHNs annukanbHbIX 4eCTPYKTUBHbIX GOPM NEPUOAOHTUTA C UCMONb-
30BaHNEM CTPOMAJIbHO-COCYANCTON PpakLmMmn n CTUMYNSATOPa OCTEOreHes3a B 9KCNePMMEHTaSIbHbIX YCI0BU-
S1X NoKa3a BbICOKYIO TepaneBTn4eckyio adpdekTMBHOCTL B 99,9% cnyyaeB. Kpome TOro, oueHka pesynbra-
TOB, NPEAIOXKEHHOIO aBTOPaMM NMPOTOKOJA NEYEHUS, NOATBEPAMIA CHUXEHME YAaCTOTbl OC/TIOXHEHUI N CTa-
OUNbHbI TepaneBTUYECKUN 3PP EKT B TEHEHUE ANNTENBHOrO Nepruoaa HabnaeHus.

KnioueBble cnoBa: CTpoManibHO-BackynapHas opakums, KOPHEBOM KaHan, annkasnabHbli NEPUOLAOHTUT, anu-
KanbHas rpaHynemMa, Mmkpodnopa, CTUMyNaTop OCTEOreHe3a, XMBOTHbIE, 9KCMEPUMEHT

UHdopmauma o ctatbe: noctynuna — 10.12.2025; ncnpasnena — 30.01.2026; npuHara — 09.02.2026
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLa0T 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: PrHaHCUPOBAHWE U MHAMBUAYANIbHbLIE 6N1aroAapHOCTU ANS AEKIAPMPOBAHUS OTCYTCTBYIOT.

Ana umtupoBaHusa: YyiikuH C.B., Xanbynnuna P.P., JapwT C.B., lWaHrmnHa O.P., Aanunko K.B., Tyxsatynnu-
Ha [.H., KysHeuoBa J1.U., CopokuH A.T. OueHka MMKPOBMOIOrMyeckoli KapTUHbI COAEPXMUMOro anmKabHOM
rpaHynembl Ha GoHE NeveHns CTPOMasibHO-BACKYNAPHON dpakunen XMpPOBOM TKaHN N CTUMYASTOPOM OCTe-
oreHesa B akcnepumenTe. 9HA0a0HTUS Today. 2026;24(2):382-387. https://doi.org/10.36377/ET-0200

INTRODUCTION

Improving the quality of treatment for patients with
periodontitis remains a pressing clinical challenge. The
primary cause of unfavorable outcomes in the manage-
ment of teeth with chronic apical periodontitis is inad-
equate debridement and disinfection of the root canal
system [1-3].

The diversity of therapeutic approaches to chronic api-
cal periodontitis contributes to variability in clinical deci-

sion-making among dental practitioners. These strategies
are aimed at eliminating exudative and destructive inflam-
mation in the periapical tissues, achieving detoxification,
stabilizing immune mechanisms, and preventing disease
recurrence. Accordingly, there is a clear need for com-
parative evaluation of existing treatment modalities, as
well as for continued scientific efforts to refine established
methods and to develop novel comprehensive therapeu-
tic approaches for chronic apical periodontitis [4—6].
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Stem cells were first described by the Russian scien-
tist, histologist, and professor, head of the Department
of Histology and Embryology at Petrograd University,
and founder of the unified concept of hematopoiesis,
A.A. Maximov [7]. In 1891, the renowned French scien-
tists Charles-Edouard Brown-Séquard (physiologist and
neurologist) and Jacques-Arséne d’Arsonval (physiolo-
gist, physicist, and pioneer of biophysics) attempted to
treat a patient with leukemia through oral administration
of bone marrow extract, anticipating its hematopoietic
therapeutic effect. This represented the first attempt to
utilize bone marrow-derived stem cells, however, the ex-
periment was unsuccessful.

Stem cells facilitate the regeneration of various
tissue defects by activating the intrinsic reparative
capacity of the organism, thereby promoting the res-
toration of damaged organs and tissues. At present,
particular attention is focused on the ability of stromal
stem cells to differentiate into osteogenic lineages,
which is of significant relevance for bone tissue rege-
neration [3; 8-11].

A current priority in modern dentistry is the experi-
mental and clinical substantiation of the efficacy of po-
rous osteoconductive materials enriched with the stro-
mal vascular fraction of adipose tissue for the recon-
struction of alveolar ridge defects in the management
of destructive processes.

AIM

The aim of this study was to normalize the micro-
flora of the apical granuloma contents in periodontitis
through the experimental application of the stromal
vascular fraction and an osteogenesis stimulator.

MATERIALS AND METHODS

Clinical, radiological (periapical radiovisiography),
and microbiological methods were employed in the ex-
perimental animals.

A total of 83 animals with experimentally induced
apical periodontitis were treated using the stromal vas-
cular fraction in combination with an osteogenesis stim-
ulator. The stromal vascular fraction was isolated from
autologous adipose tissue.

The biomaterial Alloplant is a decellularized tissue
matrix characterized by a defined fibroarchitectonics,
mechanical properties, and histochemical composi-
tion, and is processed by radiation sterilization and laser
modeling (Registration Certificate No. FSR 2011/12012,
dated February 3, 2015).

Initially, experimental periodontitis was induced in
the animals, followed by microbiological analysis of
the apical granuloma contents. Microbiological as-
sessment included determination of the total microbial
load, represented by associations of Gram-positive
and Gram-negative microorganisms, enabling evalua-
tion of the nature of the purulent-inflammatory process
and the effectiveness of the treatment. Sampling was
performed through the root canal using sterile pa-
per points and a sterile instrument, with subsequent
placement into AMIES transport medium (APEXLAB).
To quantify microbial content in the studied biotope,

dHdodoHmus
————TLT

0.1 mL of microbial suspension from serial dilutions was
inoculated onto culture media, including 5% blood agar
and Endo agar.

Intergroup comparisons of mean values were per-
formed using Student’s t-test. All parameters were re-
corded at baseline (day 1), at the completion of treat-
ment, and at 6- and 12-month follow-up intervals.

Following radiological assessment, the animals with
periapical periodontitis without fistula were allocated
into two groups: the main group (n = 43) and the control
group (n =40).

The main group received the treatment protocol de-
veloped by the authors. All procedures were performed
under ether anesthesia. After endodontic preparation,
the stromal vascular fraction and the osteogenesis
stimulator were combined and delivered into the apical
granuloma and the root canal of the central incisors of
rabbits using a lentulo spiral. Prior to application, the
osteogenesis stimulator was preconditioned in 0.9%
sodium chloride solution at a 1:1 ratio. The tooth was
then sealed with a temporary restoration. The proce-
dure was performed three times at 1-month intervals.

The control group received conventional therapy,
which included endodontic preparation of the root ca-
nals followed by extra-apical application of Metapex.

RESULTS AND DISCUSSION

The microflora of the apical granuloma contents is
highly diverse, with a predominance of coccal forms.
In addition to leukocytes and bacteria, this biological
substrate contains desquamated epithelial cells, the
number of which increases in the presence of inflam-
mation.

Prior to treatment, high levels of microbial contami-
nation of the apical granuloma contents were detected:
Gram-positive cocci accounted for 2.8 x10” CFU/mL,
and Gram-negative cocci for 1.9 x 10 CFU/mL (Table 1).
These values demonstrated statistically significant dif-
ferences compared with the control group at all levels
of significance.

According to the results of the microbiological
analysis performed prior to treatment, high titers of
pathogenic microorganisms were identified in the api-
cal granuloma contents, including Porphyromonas
gingivalis, Actinobacillus actinomycetemcomitans, Tan-
nerella forsythensis (Bacteroides forsythus), Prevotel-
la intermedia, and Treponema denticola.

Table 1. Microflora indicators of exudate

of the periapical region of teeth animals

main and control groups before treatment, CFU/ml
Ta6nuua 1. MNokasatenn MUKpodIopbl 3KccyaaTa

nepuanmkanbHom 061acTn 3y60B XKMBOTHbIX
OCHOBHOW 1 KOHTPOJIbHOM rpynn Ao neyenus, KOE/mn

Periapical periodontitis without

Microorganisms fistula formation (n = 83)

Gram-positive cocci 2.8x10"-7.6x107

Gram-negative cocci 1.9x10"-8.3x 108
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Table 2. Microfiora indices of exudate from the periapical region of teeth in patients
with periodontitis at different stages of treatment during the experiment, CFU/ml

Ta6nuua 2. MokasaTenn MUKPodIopbl aKCccyaaTa nepuanmkanbHoii 061acT 3y60B Y XKUBOTHbBIX
C NepuoaoHTUTOM Ha PasHbIX CTaAUNAX fIe4eHns B nepunom, nposeneHns akcnepumenta, KOE/mn

Gram-positive cocci Gram-negative cocci
Stage of treatment
Main group (n=43) | Control group (n =40) | Main group (n =43) ‘ Control group (n = 40)
Prior to treatment 2.8x10-7.6x107* 1.9x107-8.3x 10%*
p=0.234 p=0.324
After treatment 0.7 x 1Q#***** 1.2x105** 0.6x 10****** 1.1x 105***
p <0.001 p <0.001 p <0.001 p <0.001
p <0.001 p <0.001
6 months after completion 0.9x 104 - *** 1.3x105** 0.8x 108%™ *** 1.2x10%*
of treatment p <0.001 p <0.001 p <0.001 p=0.018
p <0.001 p <0.001
12 months after completion 1.1 x 105*%*** 1.6x10%** 1.1x105%*** 1.7x10%**
of treatment p <0.001 p <0.001 p=0.048 p <0.001
p <0.001 p<0.001

Note. *, ** significance of differences compared with baseline values at p < 0.05 and p < 0.001, respectively (Wilcoxon test);
*** indicates statistically significant differences between the main and the control groups (Mann-Whitney U test) at p < 0.001

* Kk

lMpumeyarue. *,
BETCTBEHHO (N0 KpnTepuio BunkokcoHa);
(cornacHo kputeputo Mana-YutHu) npu p < 0,001

*k Kk

The findings demonstrated that, in animals with pe-
riapical periodontitis without fistula formation, microbial
titers in the apical granuloma contents were elevated by
1-2 orders of magnitude (p < 0.001), indicating a sub-
stantial microbial load and its key role in the initiation
and maintenance of the chronic inflammatory process
in this condition.

Immediately following the proposed treatment pro-
tocol involving the stromal vascular fraction of adipose
tissue and an osteogenesis stimulator, a statistically
significant reduction in microbial counts was ob-
served Gram-positive cocci and Gram-negative cocci
decreased by 0.7x10° CFU/mL (p < 0.001). At 6 and
12 months after therapy, the results remained stable,
with further reductions noted (Gram-positive cocci
decreased by 0.5x10% CFU/mL and 0.3 x 10°® CFU/mL,
respectively (p <0.001); Gram-negative cocci by
0.7x10° CFU/mL and 0.2x105 CFU/mL, respectively
(p < 0.0%5)). These findings indicate a sustained, long-
term therapeutic effect (Table 2).

After conventional baseline therapy, the control
group demonstrated a reduction in microbial con-
tamination titers of the apical granuloma contents by
0.2x10° (p < 0.001). However, after 6 months, microbial
contamination returned to baseline levels. At 12 months
post-treatment, a further increase in contamination was
observed, by 0.3x10% CFU/mL (p < 0.001) (Table 2).

Intergroup differences in the microbiological para-
meters of apical granuloma contents in animals with api-
cal periodontitis were statistically significant (p < 0.001)
immediately after treatment and remained significant at
both 6 and 12 months of follow-up, confirming the effec-
tiveness of the proposed therapeutic approach.

In all groups, both the main and control cohorts, the
level of microbial contamination demonstrated relatively
high titers ranging from 2.9 to 3.7x10% CFU/mL. Course

3Ha4YMMOCTb PasnNnyuii nokasaTenein no cCpaBHEHUIO C NCX0AHbIM 3HadeHnem npu p < 0,05 n p < 0,001 cooT-
3HAYMMOCTb Pas3NUynin NokasaTenen Mexay OCHOBHOWM 1 KOHTPOJILHON rpynnamMm

application of the stromal vascular fraction contributed to
a statistically significant reduction in both Gram-positive
and Gram-negative cocci by two orders of magnitude
and one order of magnitude, respectively (p < 0.001),
both immediately after treatment and during follow-up at
6 and 12 months. However, immediately after treatment,
the number of Gram-positive cocci in Groups 1 and 2 was
significantly lower (p < 0.05) compared with the control
group. For Gram-negative cocci, a statistically significant
reduction immediately after treatment in the main group
compared with the control group (p < 0.05) was observed
only in animals with apical periodontitis without fistula.

Thus, the high efficacy of the proposed endodontic
treatment method for apical periodontitis using stromal
vascular fraction of adipose tissue and an osteogenesis
stimulator has been objectively demonstrated in the ex-
perimental model.

CONCLUSION

Analysis of long-term outcomes of treatment of api-
cal destructive forms of periodontitis using the stromal
vascular fraction and an osteogenesis stimulator in an
experimental setting demonstrated a therapeutic effi-
cacy of 99.9% of cases. The application of the stromal
vascular fraction in combination with an osteogenesis
stimulator in the management of apical periodontitis
showed high effectiveness, contributing to a reduction
in microbial contamination titers within the apical gra-
nuloma contents in experimental animals.

Evaluation of both immediate and long-term out-
comes of the proposed treatment protocol based on
the stromal vascular fraction and osteogenesis stimu-
lator in an experimental model of apical periodonti-
tis confirmed its high efficacy, a reduced incidence of
complications, and a stable therapeutic effect in the
long-term follow-up period.
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