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Abstract

INTRODUCTION. For a long time, the inflammatory process can be asymptomatic in the periapical space.
Apical periodontitis is often associated with the presence of biofilm. The latter has a great influence on the
prognosis of endodontic treatment.

AIM. Using scanning electron microscopy, to determine the presence and localization of biofilm and micro-
flora in the roots of teeth with chronic apical periodontitis.

MATERIALS AND METHODS. Grins of 6 roots of teeth with chronic forms of apical periodontitis were studied
for detection of microflora using the scanning electron microscopy method.

RESULTS. In 100% of cases, biofilm was found in the root canals of teeth with chronic forms of apical perio-
dontitis. It was located focally, unevenly capturing different areas of both the root canal and the surrounding
dentin of the tooth root.

DISCUSSION. Biofilm is observed in the necrotic dentin of the cervical third of the root canal, covers the pulp
tissue of the tooth, penetrates into the thickness of the dentin. Microflora fills the lumen of the dentinal tu-
bules, but does not penetrate through the intact cementum of the tooth root.

CONCLUSIONS. Microfiora in the root canals of teeth with chronic forms of apical periodontitis is present not
onlyinthe form of individual cultures, but mainly in the form of biofilm, which covers not only the canal, but also
penetrates to different depths into the thickness of the dentin of the tooth root. Biofilm covers dentin unevenly
in different parts of the root.

Keywords: chronic periodontitis, microflora, biofilm, SEM

Article info: received — 30.06.2025; revised — 01.08.2025; accepted — 04.08.2025
Conflict of interest: The authors report no confiict of interest.

Acknowledgements: There are no funding and individual acknowledgments to declare.

For citation: Glinkin V.V., Chaikovskaya I.V., Kondratyev P.A., Gasbanov M.A., Glushchenko N.N., Babakha-
nov D.A. Scanning electron microscopy studies of biofilm in teeth with chronic apical periodontitis. Endodon-
tics Today. 2025;23(3):458-463. https://doi.org/10.36377/ET-0118

UccnepgoBaHuA npu noMoLyu
CKaHuMpylollei 3IeKTPOHHOU MUKPOCKONUMU BuonneHKu
B 3y6ax ¢ XpOHMUYECKMUM anUKasibHbIM NEpUOAOHTUTOM

B.B. Fnunkun' (2 <, U.B. Yaiikosckas' (), MN.A. KongpaTtbes' (2,
M.A. Nac6anos?®(?), H.H. Mrywenko?(>, A1.A. BabaxaHoB?

"'YacTHas cTomatonornyeckas npakTuka, Poccurickan denepaums
2 POCCUICKIWI yHUBEPCUTET ApYyXObl HAapoaoB uMm. Matpuca JlymymGsl, 1. Mocksa, Poccuiickaa denepauns
< vvsyz1@gmail.com

PesloMe

BBEAOEHUE. OnuTtenbHoe BpemMsi BOCNannTesNbHbIN MPOoLECC MOXeT 6eCCMMNTOMHO NpoTekaTb B OKOJI0 BEp-
XYLIEYHOM NPOCTpaHCcTBe. ANMKasibHbI NEPUOLOHTUT Yalle CBA3bIBAIOT C Hanmynem 6uonneHkn. NocnepHsas
okasblBaeT 60JblLLIOE BANSHME HA MPOrHO3 3HAOA0HTUYECKOr0 Ie4EHUS.

LLEJTb. C nomMoLblo ckaHuMpytoLwei 9N1eKTPOHHOM MUKPOCKONUN ONpeaenTb Hanmime 1 nokanmaaumto 6mo-
NAEHKN N MUKPODIOPbI B KOPHSAX 3yOOB C XPOHUYECKMM TEYEHMEM anuKanbHOro NePUOAOHTUTA.
MATEPUAJbl M1 METOAbI. M3yyeHbl wnndbl 6-T KOPHeN 3y6OB C XPOHUYeCKMU dopmamMm anmkanbHOro
NnepuoaoHTUTA Ha NpeaMeT 0OHapyXeHUs MMKPOGMNOopbI C UCNONb30BaHMEM METOAA CKaHUPYIOLLEen anek-
TPOHHOW MNKPOCKOMUN.

PE3YJIbTATbI. B 100% cny4yaeB B 3y6ax C XPOHUYECKUM GUPMaMU anmkanbHOro NepuogoHTUTA B KOPHEBLIX
KaHanax 6blna obHapyxeHa 6uonneHka. OHa pacnosaranacb 04aroBo, HEPABHOMEPHO 3axBaTblBasi pasHble
niowaam kak KOPHEBOrO KaHana, Tak U OKPYXaloLLLero AeHTUHA KOPHSA 3y6a.
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OBCYXOEHWME. BuonneHka HabnogaeTcs B HEKPOTU3NPOBAHHOM OEHTUHE NpULLIEEYHON TPETU KOPHEBOIO
KaHana, NoKpbIBaeT TKaHb NynbMnbl 3y6a, NPOHMKAET B TOMLWY AeHTMHA. Mukpodnopa 3anonHseT NpoCcBeT
OEHTUHHbIX KaHasbLIEB, HO HE MPOHUKAET Yepe3 HENOBPEXAEHHbIN LLEMEHT KOPHS 3y0a.

BbIBOAbl. Mukpodnopa B KOPHEBLIX KaHaNax 3yboB Npu XpoHUYeCKMX popmMax anmkanbHOro NnepnogoHTuTa
NMPUCYTCTBYET HEe TOJIbKO B BUAE OTAEJbHbIX KYJIbTYP, HO B OCHOBHOM B BUAe BUOMNIeHKn, KoTopasi NoKpbiBaeT
He TOJIbKO KaHasl, HO U MPOHUKAET Ha Pa3fINyHyio ry6uHY B TOJILLY AEHTMHA KOPHSA 3yba. bnonneHka nokpbl-
BaeT AEHTUH HEPABHOMEPHO B PA3JINYHbIX y4aCTKax KOPHS.

KnioueBbie cnoBa: XPOHUYECKUIA NEPUOJOHTUT, MUKpodnopa, 6uonneHka, COM

UHdopmauumna o ctaTtbe: noctynuna — 30.06.2025; ncnpasnexa — 01.08.2025; npuHara — 04.08.2025
KoH®AUKT nHTepecoB: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.

BnaropgapHocTu: G1HaHCUPOBaAHME N MHOMBUAYaJbHbIE 61arofapHOCTU 4119 AEKTapMPOBAHNSA OTCYTCTBYIOT.

Ana umtupoBaHusa: MuHknH B.B., Yalikosckas U.B., KoHgpaTees N.A., facb6aHoB M.A., myweHko H.H., Babaxa-
HoB [.A. lccnenoBaHus Npy MOMOLLY CKaHMPYHIOLLLEN S1EKTPOHHO MUKPOCKOMMM BMOMNIEHKM B 3y6ax C XPOHMNYe-
CKMM anukasnbHbIM NEPUOAOHTUTOM. SHA0A0HTUS Today. 2025;23(3):458-463. https://doi.org/10.36377/ET-0118
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INTRODUCTION

Apical periodontitis is one of the most common com-
plications of dental caries and accounts for 50-80% of
tooth extractions in clinical practice [1]. The complica-
tions associated with this condition can lead to the de-
velopment of odontogenic inflammatory processes in
the maxillofacial region [2] and may result in prolonged
disability [3]. Even in the absence of clinical symptoms,
chronic inflammation of necrotic pulp tissue and the
periapical area may persist for years [4; 5]. The human
body exists in constant interaction with a vast microbial
environment, including the oral cavity, which may har-
bor up to 100 microbial species simultaneously, often
organized into complex microbial communities [6]. In-
dependent microbiological studies of the microbial flora
(MF) isolated from root canals in various forms of api-
cal periodontitis have not identified a single pathogenic
species responsible for initiating periapical inflamma-
tion [7]. Instead, apical periodontitis is more commonly
associated with the presence of a biofilm [8], which sig-
nificantly affects the outcome of endodontic treatment.
This is largely due to the biofilm’s high resistance to
adverse environmental conditions [9]. Numerous stu-
dies have demonstrated not only the clinical but also the
social relevance of this condition [10].

AIM

To determine the presence and localization of bio-
film and microbial flora in the roots of teeth affected by
chronic apical periodontitis using scanning electron mi-
croscopy.

MATERIALS AND METHODS

To investigate the presence of microbial flora, scan-
ning electron microscopy (SEM) was employed to ex-
amine ground sections of six tooth roots affected by
chronic apical periodontitis. The reliability and objec-
tivity of the analysis were ensured through the use of
a JSM-6490LV scanning electron microscope (JEOL,
Japan) and an INCA Penta FETx3 energy-dispersive
spectrometer (Oxford, UK), equipped with certified ref-
erence standards and appropriate analytical software.

At low magnification levels (x10 to x50), the overall
topography of the root surface was assessed. Higher
magnifications (X100 to x5000) were used to evaluate

the presence and localization of biofilm and microbial
structures within the root canal and radicular dentin,
utilizing both secondary and backscattered electron
imaging modes.

For the purposes of the study, each root section was
divided into three regions: apical, middle, and cervical
thirds. During the examination, each region was com-
pared to the others to assess differences in microbial
colonization across the root surface.

RESULTS

Upon examination of the ground sections of tooth
roots affected by chronic apical periodontitis (Fig. 1),
biofilm was identified in the root canals in 100% of the
cases.

It should be noted that in all cases, the distribution of
biofilm along the root surface was uneven. Certain areas
of the root section were more extensively covered by bio-
film than others. In two cases, a larger portion of the sur-
face on one side of a single root section was covered by
biofilm compared to corresponding areas on the oppo-
site side of the same root. This heterogeneous distribu-
tion pattern was observed across all regions of the root,
with no consistent correlation or identifiable pattern.

The analysis revealed that in the apical region, nearly
the entire surface of the root canal was densely covered
with biofilm (Fig. 2). The biofilm tightly — but unevenly —
lined the lumens of the dentinal tubules. Although large
areas of radicular dentin in the apical third were ob-
scured by biofilm, some regions with exposed dentinal
tubules remained. Microorganisms were frequently
identified within the lumens of these tubules.

In the middle third of the root canal, areas free of
biofilm predominated over those with biofilm coverage
(Fig. 3). In regions where biofilm was present, it ap-
peared less dense, with visible dentinal tubule open-
ings not fully occluded. In biofilm-free zones, microbial
structures were still observed inside the lumens of indi-
vidual dentinal tubules (Fig. 4).

In the cervical third of the root canal, the biofilm also
densely, yet unevenly, covers the dentin surface. In
some areas, it exhibits a folded or wrinkled appearance
(Fig. 5). The lumens of the dentinal tubules are more
frequently filled with microbial flora; however, individual
tubules free of microorganisms were also observed.
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Fig. 9. Lumen of dentinal tubules with inclusions of microflora. SEM. Contrast in SEI. Magnification: x10,000

Puc. 9. lNpocBeT AeHTMHHbIX KaHabLEB C BKIIOYEHUSIMU MUKPOodopbl. COM. KoHTpacT B SEL.
Yeenudyenume: x10 000

Both the biofilm and isolated microbial structures
were found not only within the root canal but also ex-
tending into adjacent root areas, particularly in regions
with necrotic dentin.

As shown in Fig. 6, the biofilm forms a dense layer
along the root canal wall and penetrates into the ne-
crotic, structurally compromised dentin of the cervical
third, especially near the base of the carious cavity. It
is important to emphasize that microbial infiltration into
the dentinal tissue occurs from the root canal side out-
ward, rather than in the reverse direction. The biofilm
also covers the necrotic pulp tissue (Fig. 7). At the same
time, along the entire root surface, the biofilm does not
cross the cementodentinal junction in areas where the
cementum remains intact (Fig. 8).

To confirm that the structures observed within the
dentinal tubules were indeed of microbial origin, mor-
phometric analysis was performed. As shown in Fig. 9,
A, the diameter of the dentinal tubule in its widest por-
tion measured 2.17 um, while the lumen was occupied
by a rounded structure with a diameter of 1.69 um.
Given that cocci typically range in size from 0.5to 2 um,
it may be assumed that the observed structure is of
coccal origin.

In the lumens of other dentinal tubules, we identi-
fied oval-shaped bodies whose morphology and di-
mensions were consistent with diplococci. Additionally,
filamentous fragments were detected, morphologically
resembling fungal hyphae or mycelial threads (Fig. 9, B).

DISCUSSION

Considering the uneven, focal distribution of biofilm
within the dentin layers of the tooth root, an important
question arises regarding the underlying mechanisms
of this phenomenon. The observation that biofilm not
only covers the root canal surface but also infiltrates ne-
crotic dentin in the cervical third of the canal supports

the earlier statement by J.F. Siqueira and I.N. Rocas,
who concluded that microbial flora colonizes the ne-
crotic root canal system [11].

Microorganisms penetrate through perforations at
the base of carious lesions in the cervical third of the
root canal and enter the pulp chamber. Even when the
microbial flora infiltrates the pulp chamber via necrotic
dentin, it does not immediately spread into adjacent
healthy dentin. Instead, the microorganisms initially
localize within the pulp tissue. From there, they gra-
dually disseminate through the root canal and infiltrate
the dentin matrix, colonizing increasingly larger areas
over time.

The intact cementum acts as a natural barrier pre-
venting microbial penetration into the periapical tis-
sues. Upon reaching the cementodentinal junction,
microbial organisms do not cross beyond the boundary
of undamaged cementum, thereby failing to infect the
external root surface and the surrounding periodontal
tissues. This raises a critical question: why is microbial
colonization limited to dentin and pulp tissues, but not
extended to intact cementum?

Given that dentin can be extensively and deeply
colonized during the chronic course of the inflamma-
tory process, these findings call into question the ef-
fectiveness of current root canal disinfection protocols
and highlight potential causes of endodontic treatment
failures.

CONCLUSIONS

In teeth with chronic forms of apical periodontitis,
microbial flora is present not only as isolated cultures
but predominantly in the form of biofilms. These bio-
films cover the root canal walls and penetrate to varying
depths into the radicular dentin. The distribution of bio-
film is uneven across different regions of the root, with
the highest accumulation observed in the apical and
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cervical thirds. In the cervical third, biofilm is most com-
monly found in areas of necrotic dentin.

Using scanning electron microscopy (SEM), we con-

firmed not only the presence of microbial flora in roots
affected by destructive apical periodontitis, but also
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