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Hay4HO-npakTn4eckui xypHan gis CToMaTosioroB, Bbilnyckaemblii 4 pasa B rof,
OnekTpoHHas Bepcus XypHana «9HaoaoHTus Today»: www.endodont.ru
MoanucHo nnaekc: 15626 (B o6beanHeHHoM kaTanore «Mpecca Poccumn — 2023-2024»)

XXYPHAJ1 BKJIIOYEH B POCCUUCKUA UHAEKC HAYYHOIO LUTUPOBAHUSA

SHA0A0OHTMA Today — 9TO Hay4HbIN PELLEH3MPYEMBIN XXyPHAUT, BKITIOYEHHBIN B [TepedeHb BAK peueH3npyemMbix HayqHbIX M3AaHNIA, B KOTOPbBIX AOKHbI
ObITb ONY6AMKOBaHEI OCHOBHbBIE PE3YbTaThl AMCCEPTaLIMA HA COUCKAaHVE YHEeHOV CTENEHN KaHaMaaTa Hayk, Ha COMCKaHUe y4eHo CTeneHr oKTopa
Hayk, B COOTBETCTBUM C TpeboBaHuAMM Npukasa MuHobpHaykm Poccun. XypHan asnseTcs nHdopMaumoHHbIM napTHepoM CToMaTonorn4eckom
Accoupnauunn Poccnm

XKypHan SHponoHTMa Today 9BNSeTCs XypHaNoM C OTKPbIThIM AOCTYNOM, YTO MO3BOAAET Hay4HOMY COOOLLECTBY W LUMPOKOM OOLECTBEHHOCTM
nosy4ate HEOrPaHNYEHHbINM, CBOOOOHBIV 1 HEMEANEHHbBI AOCTYN K CTaTbaM 1 CBOOOOHO MCMONb30BaTb KOHTEHT. B xXypHane nyGnvkyloTcs Ctatbu
NPaKTVIKYIOLLVIX BPaYer-CTOMAaTONOroB 1 Hay4YHbIX COTPYAHKOB, MOArOTOBAEHHBIE MO MatTepuanam OpuUriHanbHbIX HaydHbIX CCNeaoBaHnii, 0630p0B
Hay4HOW UTEPaTypbl 1 KIMHMYECKUX ClydaeB B 0ONacTX TepaneBTUHECKON CTOMAaTONOMMM U XVPYPrU4eckor SHOOAOHTMYECKOM CTOMAaTONomm
a TaKkxe paboTbl CMEXHbBIX CTOMATONOMMYECKVX CneupanbHOCTEN. HaydHas KOHLENLUMS XypHana Nno3BONAET kak Bpadam-CcToMaronoram, Tak 1 Bpadam
06X NPOhUNEN y3HaBaTb O OBbIX 1 NEPeaOBbIX KOHLEMLWMAX B IEHYEHNN KOPHEBBIX KAHANOB 1 NOCAEAHNX AOCTVKEHNSAX B 001ACTN 3HAOAOHTUN.
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UccnepoBaHus
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Prevalence and morphological evaluation of dens invaginatus
with associated palatogingival groove in maxillary anterior teeth
using cone-beam computed tomography:
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Abstract

INTRODUCTION. Developmental anomalies like dens invaginatus (DI) and palatogingival groove (PGQG)
increase susceptibility to pulpal and periradicular diseases, complicating root canal treatment. Advanced
imaging modalities such as cone-beam computed tomography (CBCT) provide enhanced visualization, aiding
in accurate diagnosis and treatment planning.

AIM. This study aimed to determine the prevalence and characteristics of DI and associated PGG in maxillary
anterior teeth among an Indian population.

MATERIALS AND METHODS. A retrospective cross-sectional study was conducted on 586 CBCT scans recorded
for clinical purposes, of which 228 met the inclusion criteria. CBCT images were analyzed for DI and associated
PGG using Oehler’s and Gu'’s classifications. Data were statistically analyzed, with significance set at p < 0.05.
RESULTS. DI was observed in 33 teeth (2.41%), predominantly in lateral incisors (6.14%). Oehler’s Type | was
the most common variant (78.8%). PGG was present in 8 teeth (24.24%), all of which classified as Gu’s Type
| in the teeth where DI was detected. Unilateral involvement of DI (56.5%) was more frequent than bilateral
involvement (43.5%). No significant gender differences were noted for DI or PGG prevalence.
CONCLUSIONS. The prevalence of DI and associated PGG highlights the need for advanced diagnostic tools
like CBCT to facilitate early detection and management. CBCT'’s three-dimensional imaging capabilities are
indispensable for diagnosing these anomalies and improving treatment outcomes.

Keywords: dens invaginatus, palatogingival groove, cone-beam computed tomography, prevalence, indian
population, Oehler’s classification, Gu’s classification
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PacnpocTpaHeHHOCTb U MopdosioruyecKkan oueHKa MHBarmHauum
AeCHbl C CONyTCTBYIOWei HE6GHO-aAecHeBOW 6opo3aKon

Ha nepeaHux 3ybax BepxHel 4enloCTU C NOMOLLbIO
KOHYCHO-/ly4eBOMA KOMNbIOTEpHOW ToMorpadum:

peTpocneKTUBHOe uccnegoBaHMe Ha BbibopKe u3 BocTouHor UHaun
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Pesiome
BBELEHVE. AHomanun pa3sutus, Takue kak nHearmHaTyc (DI) n HebHo-anHreansHas 6oposaa (PGG), noBblI-
LIalT BOCNPUMMYMBOCTb K MY/bMO3HLIM 1 NEPUPAANKYSIPHBIM 3200/1€BaHMSM, YCIIOXHSS JIeYEHNE KOPHEBBIX
KaHanoB. [lepenoBble METOABI BU3yanm3aLumnm, Takme Kak KOHYCHO-y4eBasa KoMnbloTepHas Tomorpadus (KJ1KT),
ob6ecneyunBaloT yNy4LLIEHHYO BU3yann3aumio, NoMoras B TOMHOM ANarHOCTUKE U NIaHUPOBaHNM JIe4eHMs.
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LIEJIb. onpenenutb pacnpoCTpaHEHHOCTb U xapakTepucTukn DI n cesazaHHOro ¢ HUM PGG Ha nepenHux 3y-
Oax BepxXHen 4entcTn cpeam MHAWNCKOro HaceNeHuns.

MATEPUAJIbI N METOAbI. PeTpocnekTyBHOE NMonepeyHoe UccnenoBaHne Obi1o NPOBEAEHO HA OCHOBE
586 cHumkoB KJIKT, caenaHHbIX B KIIMHUYECKUX LLeNsiX, N3 KOTOPbIX 228 COOTBETCTBOBAIMN KPUTEPUAM BKJIO-
yeHus. CHumkun KJIKT Obinn npoaHanmanpoBaHbl Ha Hannydme O n ceasaHHoro ¢ Hum MIT ¢ ncnonb3oBaHu-
em knaccudukaunin Anepa n lNy. JaHHble Obis NOABEPrHYThl CTATUCTUYECKOMY aHann3y, 3Ha4MMOCTb Obina
ycTaHoBeHa Ha ypoBHe p < 0,05.

PE3YJIbTATbI. W 6bin o6HapyxeH B 33 3ybax (2,41%), npenmyLiecTBeHHO B 60KOBbIX pe3uax (6,14%). Tun |
no Anepy 6611 HaMbonee pacnNPOCTPaHEHHbIM BapuaHTom (78,8%). PGG npucyTcTBoBan B 8 3ybax (24,24%),
1 BCe OHM BbInu knaccuduumpoBaHbl kak Tun | no Ny B 3y6ax, B KOTOPbIX ObiN BbisiBsieH DI. OgHOCTOPOHHEee No-
paxeHue DI (56,5%) BcTpeyanocs yalle, 4eM OBYCTOPOHHee (43,5%). 3HaUNTEeNbHbIX FTEHAEPHbIX PA3SINYNIA
B pacnpocTtpaHéHHocTN DI unn PGG oTMeyeHo He Oblfo.

BbIBObl. PacnpocTpaHEHHOCTb AMCCEMUHNPOBAHHOIO MHMUALTPATA 1 CBA3AHHOIO ¢ HUM PGG noayvépku-
BaeT HeoOX0AMMOCTb B MePefoBbIX ANArHOCTUYECKNX MHCTPYMEHTax, Takmx kak KT-nepdyausa, ans obner-
YeHWsi pPaHHero BbISIBNIEHUS U neveHus. BoamoxHocTy KT-nepdysnm ona nonyyeHns TPEXMepPHbIX n3obpaxe-
HUI HE3aMEHVMbI 4151 ANArHOCTUKM 3TUX aHOMAJIUIA U yATyHLIEHNS Pe3ynbTaToB JIEYEHNS.

KnwoueBble cnoBa: BarMHalbHbI OEHTUH, HEOHO-AecHeBas 60P034a, KOHYCHO-yYeBas KOMMbIOTEPHAA TO-
Morpadus, pacnpocTpaHEHHOCTb, MHAONMCKOE HaceneHne, knaccudukaumsa dnepa, knaccndukauma Ny

UHdopmauumna o ctatbe: noctynuna — 03.01.2025; ncnpasnexa — 08.03.2025; npunara — 16.03.2025
KOHGAUKT MHTepecoB: aBTOPbI CO0OLLA0T 06 OTCYTCTBUN KOHMIMKTA UHTEPECOB.
BbnaropaapHocTu: GMHAHCUPOBaHNE N MHAMBMAYaNbHbIE O/1larofapHOCTY 19 AeKNapupOBaHUsS OTCYTCTBYIOT.

Ana umtuposanua: Mongan ., Muctpu K., Nayn T., Caxa K.K., ac ., Aac C. PacnpocTpaHeHHOCTb 1 MOpP-
donornyeckas oLeHKa MHBaArMHaLnmM ECHbI C CONMYTCTBYOLWWEN HEBHO-AeCHEBO BHOPO3AKON HA NepeaHNX
3ybax BEpPXHel 4entocTu C MOMOLLbID KOHYCHO-/Ty4EBOW KOMMbIOTEPHOM TOMOrpadumn: peTpocrnekTUBHoe
nccnenoBaHme Ha Bblbopke n3 BocTtouHor UHaun. SHgoaoHTus Today. 2025;23(2):175-181. https://doi.

org/10.36377/ET-0083

INTRODUCTION

Developmental anomalies increase susceptibility
to pulpal and periradicular diseases, often complica-
ting root canal treatment [1]. These anomalies can alter
the thickness and mineralization of tooth hard tissues,
reduce pulpal volume, create areas difficult to clean
with routine oral hygiene, and provide an environment
conducive to microbial colonization, ultimately affec-
ting disease progression and treatment outcomes [2; 3].
Two commonly encountered developmental anoma-
lies are dens invaginatus (DI) and palatogingival groove
(PGG). These conditions disrupt the normal relationship
between enamel, dentin, cementum, and the periodon-
tal ligament, with a notable predilection for maxillary
lateral incisors, making them significant considerations
in endodontic and periodontal practice [3]. The deve-
lopmental abnormality known as dens invaginatus (DlI),
or dens in dente, mostly affects the permanent teeth.
Although its exact cause is unknown, enamel is gene-
rally believed to invade the nearby dental papilla during
tooth growth [4]. The crown is, where DI typically ap-
pears, however, occasionally the root or both the crown
and the root may be affected. Clinically, Dl can vary from
minor enamel invaginations that marginally decrease
pulp chamber capacity to more extensive invaginations
that extend into the root, giving the radiological image
of a “tooth within a tooth” [5].

The reported prevalence of DI varies from 0.3% to
10%, with a notable tendency for symmetry - its pre-
sence on one side of the arch increases the likelihood of
occurrence on the opposite side [6]. In the Indian popu-
lation, the prevalence of DI in maxillary lateral incisors
is approximately 2.4-13.5% [3; 7]. Another commonly
disregarded dental abnormality that may be a factor in
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endodontic treatment failure is the PGG. On the palatal
surface of maxillary incisors, PGG is a funnel-shaped
depression first identified by Black in 1908 as a radicu-
lar groove (RG) [8]. It usually starts close to the cingu-
lum and spreads apically toward the root surface and
cementoenamel junction (CEJ).

Occasionally, the pulp chamber may extend into
the periodontal space [1]. In some instances, the
groove can be so extensive that it results in a bifurca-
tion, along with a small additional proximal root. Earlier
reports have indicated that the prevalence of PGGs
ranges from 0.5% to0 9.58% [3; 9-15]. Numerous inves-
tigations worldwide have explored the frequency of DI
and PGG across varied populations and ethnic groups
[7; 12; 16]. However, considering the influence of these
conditions on treatment outcomes, there is a continual
need to enhance existing knowledge by adopting ad-
vanced diagnostic tools and examining diverse popu-
lation samples.

A non-invasive imaging modality, three-dimensional
cone-beam computed tomography (CBCT), provides
detailed anatomic visualization that simplifies diagno-
sis, classification, and treatment planning, ultimately
leading to improved therapeutic outcomes. However,
the use of CBCT to establish the prevalence of these
two anomalies is not extensively documented in the li-
terature. Notably, there is also scarcity of studies eva-
luating the association between PGGs and dens invagi-
natus, emphasizing the need for further research in this
area. Hence, the present study was designed to deter-
mine the prevalence of Dl and associated PGG in maxil-
lary anterior teeth, and categorize them based on the
degree of invagination, associated with these entities in
an Indian population [3; 14; 15].

Volume 23, no. 2/ 2025


https://doi.org/10.36377/ET-0083
https://doi.org/10.36377/ET-0083

MATERIALS AND METHODS

Thisretrospective cross-sectional studywas carried
out in the Endodontic Department of a tertiary dental
college following approval from the Institutional Ethics
Committee (RADCH/EC/59/2024). A previous study [3]
reported a 13.5% prevalence of dens invaginatus
in an Indian population. Using the Daniel’s formula
N = 4PQ/d? where P is 0.135, Q equals 100 — P, and
d is minimum error precision which set at 5% of P,
the minimum sample size required was calculated
to be 189 CBCT scans (or screening approximately
1134 maxillary teeth) at a 95% confidence level.

Atotal of 586 CBCT scans of maxillary anterior teeth,
recorded between September 2023 and July 2024,
were retrieved from the department archives. These
scans were originally obtained for various clinical rea-
sons unrelated to this investigation, ensuring that no im-
ages were captured exclusively for research purposes.
All scans were anonymized before evaluation, and the
requirement for written informed consent had been ful-
filled as part of the routine CBCT acquisition protocol in
the institution.

CBCT imaging was performed using a MyRay (Sky-
View Imaging, Imola,ltaly) machine operating at 90 kVp
with a pulsed beam current of 1-10 mA, while expo-
sure times were automatically adjusted according to
the scanned region. An experienced maxillofacial ra-
diologist performed the acquisitions according to the
manufacturer’s protocol, and the resulting datasets
were viewed using the proprietary NNT viewer soft-
ware. Only those scans displaying highquality images
of fully formed permanent maxillary anterior teeth, with
minimal motion artifacts and no metallic restorations or
prosthetic components, were considered suitable. Any
scans showing poor image resolution, incomplete root
formation, or the presence of posts, implants, or large
restorations were excluded from the analysis. Applica-
tion of these inclusion and exclusion criteria yielded
228 eligible scans out of the initial 586.

Two calibrated examiners (MP and MK) examined
all images independently, assessing axial, coronal, and
sagittal sections for evidence of dens invaginatus and
PGGs. In instances of disagreement, consensus was
achieved through discussion or by consulting a third
senior examiner (DS).

DI was classified according to Oehler’s criteria [17],
which distinguishes four main types based on how far
the invagination extends and whether it communicates
with the periodontal ligament (PDL). Type | remains
confined to the crown, not crossing the CEJ or the pulp
chamber. Type Il crosses the CEJ and may involve the
pulp but does not establish a pathway to the PDL. Type
Illa extends through the root to connect with the PDL,
yet typically spares the pulp. Type lllb also traverses the
root but communicates with the PDL via the apical fora-
men, sometimes altering the tooth’s anatomy even if it
does not directly involve the pulp.

PGGs were categorized using Gu’s classification
[18], which evaluates groove depth and length relative
to the coronal third of the root. Type | remains short
and shallow, ending within the coronal third. Type Il
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runs beyond the coronal third but is relatively shallow.
Type lll also extends past the coronal third but is cha-
racterized by a deeper groove that often reaches far-
ther into the root.

Statistical Analysis

Data were organized in Microsoft Excel 2021 and
analyzed using IBM SPSS Statistics for Windows, Ver-
sion 27.0 (Armonk, NY: IBM Corp). Descriptive statis-
tics described categorical variables by frequencies and
percentages and reported continuous variables using
measures of central tendency (mean or median), dis-
persion (standard deviation or interquartile range), and
minimum and maximum values. The chi-square test was
applied to evaluate categorical data, with a significance
level set at a five percent level.

RESULTS

The mean age of all study subjects was 26.8 years,
while for those with DI, it was slightly higher at
27.6 years. The median age for all subjects was
25 years (IQR: 19-33), and for those with DI, it was
27 years (IQR: 21.3-30.8). Among all study subjects,
124 (54.4%) were females and 104 (45.6%) were
males. Among those with DI, 12 (54.5%) were males,
and 10 (45.5%) were females.

Table 1 summarises the study findings. Out of the
1368 teeth examined in 228 CBCT scans, DI was ob-
served in 33 (2.41%) teeth. Among these, 5 (1.09%)
of 456 central incisors and 28 (6.14%) of 456 lateral
incisors were affected, while no cases were found in
456 canines (p < 0.0001). Type | was more prevalent,
observed in 26 (78.8%) cases, compared to Type Il in
7 (21.2%) cases (p < 0.0001). Unilateral involvement
was noted in 13 (56.5%) cases and Bilateral involvement
in 10 (43.5%) cases (p = 0.532).

Table 1. Descriptive summary of the study findings

Ta6nuua 1. OnucartenbHoe pe3toMe pe3ynbLTaToB
nccecnegoBaHuA

Parameter Total number Frequency
of teeth examined (%age)
Teeth-Wise Prevalence
Central Incisor 5(1.09%)
Lateral Incisor 1368 28 (6.14%)
Canine 0 (0%)
Type of Dens Invaginatus
Type | (%) 26 (78.8%)
Type Il (%) % 7(21.2%)
Laterality
Unilateral (%) 10 (43.5%)
Bilateral (%) % 13 (56.5%)
Palatogingival Groove 33 8 (24.24%)
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Fig. 1. Cone beam computed tomography images showing Oehler’s Type | dens invaginatus with palatogingival
groove in left maxillary lateral incisor in (A) axial, (B) coronal and (C) sagittal sections
Puc. 1. I306paxeHus, Nofly4eHHble C MOMOLLbIO KOHYCHO-/Ty4EBOW KOMMbIOTEPHO TOMOrpaduu,

OEeMOHCTpUpYloLLMe nHBarmHauuio 3ybHoro psaa |l Tuna 9nepa ¢ HEGHO-aecHeBOW 60po3aKoN
B 1eBOM ODOKOBOM pe3Lie BEPXHEN 4entocTn Ha (A) akcruanbHoM, (B) kopoHanbHOM 1 (C) carnttanbHOM cpe3ax

T

C

Fig. 2. Cone beam computed tomography images showing Oehler’s Type Il dens invaginatus with palatogingival
groove in right maxillary lateral incisor in (A) axial, (B) coronal and (C) sagittal sections
Puc. 2. N1306paxxeHnst, Nosly4eHHbIe C MOMOLLbIO KOHYCHO-JTy4E€BOW KOMMbIOTEPHO TOMOrpadun,

NEeMOHCTpUpYloLLMe nHBarmHauuio aeHtunHa ll Tuna no dnepy ¢ HEOGHO-AecHeBoOW 60pPO3aKOMN
B NpaBOM OOKOBOM pe3Lge BEpPXHEN YentocTu Ha (A) oceBoM, (B) kopoHanbHOM 1 (C) carnTranbHOM cpe3ax

Among males, DI affected 5 (29.4%) central incisors
and 12 (70.6%) lateral incisors. Among females, no cen-
tral incisors were affected, while 16 (100%) lateral inci-
sors were involved (p = 0.02). Type | was observed in
14 (82.4%) teeth among males and in 12 (75.0%) among
females, while Type llwas foundin 3 (17.6%) teethamong
males and 4 (25.0%) among females (p = 0.61). Among
males, 4 (33.3%) cases showed unilateral involvement,
while 8 (66.7%) were bilateral. Among females, 6 (60.0%)
were unilateral, and 4 (40.0%) were bilateral (p = 0.21).
The PGG was presentin 8 of 33 (33.33%) cases, all clas-
sified as Gu’s Type |. Figure 1 illustrates a case of Type |
DI with PGG and Figure 2 depicts a case of Type Il DI
with PGG.PGG was seen only in lateral incisors and had
1 bilateral presence. Figure 3 shows a case with bila-
teral occurrence of PGG.

The inter-rater reliability for DI was found to be 0.92
and for PGG, it was 1.

DISCUSSION

Advancements in radiographic diagnostics have
significantly enhanced the management of develop-
mental dental anomalies, allowing patients to preserve
their natural dentition for extended periods. Historically,
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Fig. 3. Cone beam computed tomography
images showing a case with bilateral presence
of palatogingival groove in axial section

Puc. 3. N3006paxeHnst KOHYCHO-y4eBOW
KOMMbIOTEPHOM TOMOrpadun, LEMOHCTPUPYIOLWNE
cryyar ABYyCTOPOHHEro Hanm4msa HEGHO-AEeCHEBOW
60p03abl B akcuanbHOM cpese
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the etiology of DI was poorly understood, and extrac-
tion was often the only treatment option due to the lack
of viable endodontic techniques. The introduction of
cone-beam computed tomography (CBCT) has revolu-
tionized this approach, enabled detailed visualization of
tooth structures and facilitated successful endodontic
interventions in complex cases [19]. Conventional radio-
graphs, while useful for detecting the broad outline of
anomalies, fail to provide the three-dimensional detail
necessary for accurate diagnosis and treatment plan-
ning [20]. CBCT has become essential in such cases,
allowing clinicians to visualize the intricate anatomy of
affected teeth and tailor their interventions accordingly.

Athorough understanding of anatomical variations is
critical for successful outcomes in managing conditions
like Dl and PGG. These anomalies pose significant chal-
lenges for both endodontic and restorative procedures
and are relatively common [3]. Studies employing clini-
cal examinations, microscopic analyses, and two-di-
mensional radiographs have provided valuable insights
into their prevalence, yet these methods are limited in
capturing their three-dimensional complexity.

In the present study, the prevalence of DI was 2.41%,
with the highest occurrence in lateral incisors (6.14%),
followed by central incisors (1.09%), and no cases ob-
served in canines. This aligns with previous studies re-
porting variable prevalence rates due to differences in
study populations. For instance, Capar et al. [21] found
a prevalence of 10.7% using CBCT, while Varun et al. [3]
reported 13.5% in an Indian cohort, both higher than the
findings of this study. Conversely, earlier studies by Ar-
dakani et al. [22] and Poyton and Morgan [23] reported
much lower prevalence rates of 0.8% and 0.25%, re-
spectively, further highlighting population differences.

Gender distribution in the present study revealed
no significant differences, consistent with findings from
Varun et al. [3], Kfir et al. [24], and Cakici et al. [25] Ho-
wever, it contrasts with studies by Glindliz et al. [26] and
Haghanifar et al. [27], who reported a higher prevalence
inwomen, and Chen et al. [28] and Colak et al. [29], who
noted a higher prevalence in men. Additionally, unila-
teral DI was more common (56.5%) than bilateral cases
(43.5%), which aligns with some studies but contrasts
with others reporting bilateral prevalence rates ranging
from 25% to 82% [16; 28—31]. Oehler’s Type | Dl was the
most prevalent type (78.8%), consistent with studies
by Varun et al. [3] and Cakici et al. [25], but contrasting
with Mabrouk et al. [30], who found Type Il to be more
common. These discrepancies likely stem from diffe-
rences in population demographics and study metho-
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zability of the findings. Third, while inter-rater reliability
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CONCLUSION

This study demonstrated a prevalence of 2.41% for
DI, out of which 24.24% were detected with an associat-
ed PGG in maxillary anterior teeth within an Indian pop-
ulation. DI was most frequently observed in lateral inci-
sors, with Oehler’s Type | being the most common clas-
sification. PGG was exclusively classified as Gu’s Type
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CBCT in diagnosing and managing these anomalies due
to its ability to provide detailed three-dimensional imag-
ing. Future research with larger, more diverse popula-
tions is recommended to further understand the preva-
lence, etiology, and clinical implications of these devel-
opmental anomalies.
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Effect of TUG-BACK on tightness of filling root canal apex
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Abstract

AIM. To evaluate the effect of tug-back on the apical seal of root canal fillings.

MATERIALS AND METHODS. Root canal treatment and filling were performed in 20 removed single-root teeth.
The teeth were divided into 2 groups, with and without the tug-back effect. The cuts were made at the level of
1 and 3 millimeters from the apical constriction. The microstructure of the samples was studied using a JEOL
JSM-6610LV scanning electron microscope.

RESULTS. The amount of siler at the level of 1Imm from the apex in the group with the tug-back effect averaged
25.05%, and in the group without the tug-back effect — 30.9%. At the 3 mm level, these figures were 28.98%
and 33.19%, respectively. The number of pores in teeth with a tug-back effect at the level of 1 mm was 10.5%
of the circumference of the root filling, and in teeth without a tug-back — 19.4%. At the 3 mm level in teeth with
tug-back — 4.7%, without tug-back — 12.4%.

CONCLUSIONS. Presence of tug-back effect does not improve tightness of root channel apical part.

Keywords: root canal, tightness, endodontics, tug-back
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BnuaHue TUG-BACK 3¢ PpeKTa Ha repMeTUHHOCTb NOMbMpoBaHUA
anUKaJIbHOM YacTU KOPHEBOIro KaHana
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Pesiome

LLEJIb NCCNEOOBAHUA. OueHnTb BNusHue tug-back adpdekta Ha repMeTn4HOCTb anukasabHOW YacTu KOp-
HEeBOW NIOMObI.

MATEPUAbI M METOZbI. B 20 yaaneHHbIX 0OHOKOPHEBbIX 3ybax Obiia npoeeaeHa o6pabdoTtka n niomonpo-
BaHVe KOpHeBbIx kaHanoB. 3yObl pasaenunu Ha ABe rpynnbl — ¢ Hanuynem n 6e3 tug-back apdekta. Cnunebl
Oblnn caenaHbl Ha ypoBHe 1 1 3 MunanmMeTpa oT anmkanbHOro cyXXeHus. MUKpocTpykTypa 06pasLoB nccne-
[0Basiacb Ha PacTPOBOM 3N1EKTPOHHOM Mukpockone JEOL JSM-6610LV.

PE3YJIbTATbI. KonnyecTtBo cunepa Ha ypoBHe 1MM OT anekca B rpynne ¢ tug-back agpdektom coctaBu-
no B cpeaHem 25,05%, a B rpynne 6e3 tug-back addekta — 30,9%. Ha ypoBHe 3MM 3Tn nokazaTtenu 6biam
28,98% 1 33,19% cooTBeTcTBEHHO. KonnyecTBo nop B 3ybax ¢ tug-back apdpektom Ha ypoBHe 1 MM cocTa-
Buno 10,5% OT OKpPY>XHOCTW KOPHEBOW NioMObI, a B 3ybax 6e3 tug-back — 19,4%. Ha yposHe 3 MM B 3ybax
c tug-back - 4,7%, 6e3 tug-back — 12,4%.

BbIBObl. Hannune tug-back adpdekTa He ynyyiaeT repMeTU4YHOCTb anmMKasibHOM YaCTU KOPHEBOW NOMObI.
KnioueBble cnoBa: KOPHEBOW KaHasl, repMEeTUYHOCTb, SHAOA0HTUS, tug-back

UHdopmauumna o ctatbe: noctynuna — 01.03.2025; ncnpasneHa — 17.04.2025; npunata — 24.04.2025
KoH)AUKT HTepecoB: aBTOPbI CO0OLLLa0T 06 OTCYTCTBUM KOHMINKTA UHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U MHANBUAYANbHbIE 6N1arofapHOCTY 5 AEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana uutuposBaHua: JlapmnikuH U.0., YecTtHbix E.B., MBaHoBa A.N., 3uHbkosckas E.M., KypuusiHa W.1O.,
Mepngepes [.B., Llenskosa H.B., 3axaposa E.J1., lOcydosa M.B., Kynukosa K.B. BnuaHne TUG-BACK ad-
dexkTa Ha repMeTUYHOCTb NIOMOUPOBAHUSA anukanbHOM YacTu KOPHEBOro kaHana. 9HaoaoHTms Today.
2025;23(2):182-187. https://doi.org/10.36377/ET-0093
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INTRODUCTION

According to the Russian Dental Association, sup-
ported by numerous epidemiological studies, approxi-
mately 30% of dental visits are related to endodontic
treatment [1; 2]. One of the key factors influencing the
success of endodontic therapy is the quality of root ca-
nal filling. Given the impossibility of completely sterili-
zing the complex root canal system, the tightness of
obturation may be a decisive factor in the treatment
outcome. However, high-quality root canal filling,
which is usually assessed radiographically, does not
always prevent the development of chronic periodon-
titis [3]. The progression of secondary apical perio-
dontitis is associated with the activity of intracanal mi-
croorganisms that release toxins through endodontic
spaces into the surrounding periodontal tissues. In
such cases, maintaining the seal of the apical portion
of the root filling may significantly enhance the success
of endodontic treatment.

It is well known that vital pulpectomy leads to
acute inflammation of the periodontal ligament and
bone, caused by the formation of a lacerated wound
at the apical constriction and accompanied by ede-
ma. V.V. Afanasyev established that the first signs of
periapical tissue regeneration appear approximately
30 days after endodontic treatment [4]. Increased tis-
sue fluid pressure in the apical region of the tooth root
may interfere with the polymerization of sealer at the
apex of the root canal.

According to contemporary endodontic protocols
described in academic literature, during the selection of
a master cone for lateral condensation technique, it is
recommended to achieve a slight binding of the cone tip
in the canal, known as the tug-back effect. It is believed
that this approach provides an apical seal by creating
a “plug” of gutta-percha at the apical constriction.

AIM

The aim of the study was to evaluate the influence of
the tug-back effect on the sealing ability of the apical
portion of the root canal filling.

MATERIALS AND METHODS

A pilot comparative laboratory study was conducted
on 20 extracted single-rooted teeth (incisors, canines,
and premolars) with straight root canals, preserved an-
atomical integrity of the root, and intact apical constric-
tion. The teeth were randomly assigned into two groups
of 10 samples each. Teeth with cracks, fractured instru-
ments, or inadequate filling quality were excluded and
replaced prior to the study.

In all specimens, a straight-line access cavity was
prepared, followed by mechanical instrumentation and
obturation of the root canals. In Group 1 (with tug-back
effect), root canal shaping was performed manually
using K-files and H-files following the Step-Back tech-
nique. In Group 2 (without tug-back effect), shaping
was carried out using rotary instruments (Profile sys-
tem) with the Crown-Down technique. In both groups,
canals were instrumented up to size ISO 35 master file
and irrigated following a standardized irrigation proto-
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col (3% NaOCI, 17% EDTA, distilled water). Root canal
obturation in both groups was performed using lateral
condensation of gutta-percha with 2Seal epoxy resin
sealer.

Master cones were pre-calibrated with a gauge ruler
(Maillefer) and trial-fitted in the canal. The presence of
tug-back was confirmed clinically; if absent in Group 1,
samples were reassigned to Group 2, and vice versa.
As a result, Group 1 included teeth shaped to ISO size
35 with confirmed tug-back for the master cone, and
Group 2 included teeth without tug-back.

Immediately after obturation, the teeth were
mounted on a stand and placed in an ultrasonic bath,
ensuring they did not touch the walls or bottom, and
were immersed halfway into an isotonic solution. The
bath was activated for 5 minutes, followed by storage
in the solution for 24 hours. After complete sealer set-
ting, radiographs were taken to evaluate root canal fill-
ing quality.

Longitudinal sections were prepared at 1 mm and
3 mm from the apical constriction. As the samples
were dielectric, a 20 nm conductive platinum layer
was sputter-coated using a JFC-1600 sputter coater
to prevent charging. Microstructural analysis was per-
formed using a JEOL JSM-6610LV scanning electron
microscope in secondary and backscattered electron
modes at the Shared Research Equipment Center of
Tver State University. The microscope operated at an
accelerating voltage of 5-15 kV under high vacuum
conditions.

Statistical analysis was performed using StatTech
v.2.6.5. Data with normal distribution were compared
between groups using the student’s t-test. Non-nor-
mally distributed data were analyzed using the Mann-
Whitney U-test.

RESULTS

The amount of sealer within the structure of the root
canal filling was determined during the study (Table 1).

At 1 mm from the apex, the sealer percentage in the
tug-back group was 25.05%, compared t0 30.9% in the
non —tug-back group. At 3 mm, these values increased
to 28.98% and 33.19%, respectively. The percentage
of voids at 1 mm in the tug-back group was 10.5% of
the root filling circumference, compared to 19.4% in
the non-tug-back group. At 3 mm, the void percent-
ages decreased in both groups: 4.7% in the tug-back
group and 12.4% in the non-tug-back group. However,
no statistically significant differences were found be-
tween the groups for any of the evaluated parameters.

DISCUSSION

In root canals without the tug-back effect, the tip of
the gutta-percha master cone remains loose within the
canal. As a result, more space is left for sealer, the vol-
ume of which, according to modern endodontic proto-
cols, should not exceed 5% when using the lateral con-
densation technique (Fig. 1).

Theoretically, binding of the cone tip indicates the
formation of a “plug” that completely seals the root ca-
nal lumen at the apical level (Fig. 2).
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Table 1. Assessment of the tightness of the root seal depending on the presence of the tug-back effect
Ta6nuua 1. OugHka repMeTUYHOCTU KOPHEBOI NMIOMObI B 3aBUCUMOCTM OT Hanuyus tug-back apdekTa

MccneposaHus / Scientific researches

Indicator Categories Me Q1-Q3 n P
Number of pores atthe 1 mm |APSence of tug-back 69.96 45.00-95.45 L 0.158
level (n°) Presence of tug-back 39.5 0.00-91.70 16
Number of pores atthe 3 mm Absence of tug-back 44.8 12.69-57.00 7 0.240
level (n°) Presence of tug-back 17 0.00-41.37 16
Amount of sealer at the 1 mm |Absence of tug-back 80.9 25.70-40.20 I 0.165
level from the apex (%) Presence of tug-back 25.05 16.00-35.73 16
Categories M=SD 95% DI n P
Amount of sealer at the 3 mm | Absence of tug-back 33.19£10.73 27.68-38.71 17 0.316
level from the apex (%) Presence of tug-back 28.98+13.00 22.06-35.91 16

Note: determine the indicators of statistical significance at p < 0.05

lMpumeyvaHmne: pasnnyus nokasartenen ctatucTuiyeckm sHaqdmmbl npu p < 0.05

Fig. 2. The “cork” effect, in the presence
of a tug-back effect

Puc. 2. 9¢pdeKT «npobku», Npn Hann4mm
tug-back adpdekTta

Fig. 1. The space filled with sealer around
the pin without a tug-back effect

Puc. 1. [pocTpaHCTBO, 3aN0JIHEHHOE CUNTIEPOM
BoKpyr wtndTa 6e3 tug-back apdekTa

Fig. 4. Minimum amount of strength in the absence
of a tug-back effect

Puc. 4. MyHManbHoe KONM4ecTBO cunepa
npu otTcyTCTBMN tug-back addekTa

Fig. 3. The absence of a “cork” effect in the presence
of a tug-back effect

Puc. 3. OtcytcTBUe addekTa «Npodkim»
npu Hann4mm tug-back adpdekTa
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Fig. 5. Particles of sealer filler free from the matrix

Puc. 5. Hactuubl HanonHUTeNs cunepa,
cBOOOAHLIE OT MaTPULbI

However, in clinical practice, this ideal obturation
pattern is not always achieved. When the root canal is
prepared up to an ISO size 35 master file, the tug-back
effect at the apex may occur due to the gutta-percha
cone contacting the canal walls at only 2-3 prominent
points rather than along the entire canal circumference
(Fig. 3). This suggests an insufficient apical prepara-
tion diameter to achieve the expected obturation of
the apical constriction. Conversely, some teeth without
the tug-back effect demonstrated a minimal amount of
sealer around the master cone tip (Fig. 4).

In a simulated model of periapical tissue edema fol-
lowing primary endodontic treatment, fluid penetration
into the structure of the root canal filling was observed.
Micrographs of some tooth sections revealed gaps
between the sealer and dentin, as well as filler parti-
cles located on the surface of the polymerized epoxy
resin (Fig. 5). The loose arrangement of filler particles
indicates the presence of fluid during the polymeriza-
tion process.

Sections were also obtained in which the tip of the
gutta-percha cone tightly sealed the canal lumen at the
apical constriction and was free of sealer at the apical
end (Fig. 6). However, the intracanal portion of the root
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Fig. 6. The tip of the gutta-percha pin,
free from the sealer

Puc. 6. KoHuuk rytTanepyeBoro wtndTa,
cBOOOAHbLIN OT cunepa

filling was fully polymerized. This finding provides prac-
tical evidence supporting the theoretical possibility of
obturating the apical constriction with a gutta-percha
master cone to isolate the intracanal filling mass and
promote better polymerization.

CONCLUSION

The study revealed that the presence of the tug-back
effect during the preparation and filling of single-rooted,
single-canal teeth does not consistently improve the
sealing ability of the apical portion of the root canal fill-
ing. This is likely due to insufficient apical enlargement
of the root canal. Numerous studies have shown that the
cross-sectional shape of the apical constriction in an-
terior teeth is often not geometrically round and tends
to be oval in approximately 60% of cases. The larger di-
mension of the constriction corresponds to the recom-
mended apical preparation diameter, which is ISO size
60 for maxillary incisors and ISO size 40 for mandibular
incisors, canines, and premolars [5-8].

A promising area for further research would be to as-
sess the influence of the cross-sectional configuration
of the prepared root canal on the sealing ability of the
apical portion of the root canal filling.

The prevalence of apical periodontitis in the adult
population in Belgorod region. Challenges in Modern
Medicine. 2022;45(2):198-206. (In Russ.). https://doi.
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Prevalence of mineralization in the pulp chamber
in patients according to CBCT data

Victoria A. Molokova(®), Irina N. Antonova(®), Vera A. Osipova(> <
Pavlov First Saint Petersburg State Medical University, St. Petersburg, Russian Federation
< veraosipova@mail.ru

Abstract

INTRODUCTION. Pulp calcifications, first described as denticles by Norman and Johnson in 1921, are clas-
sified as pulp stones, calcifications, or obliterations of the tooth cavity. These conditions are often asymp-
tomatic and detectable only by imaging, with cone-beam computed tomography (CBCT) offering high-
resolution, three-dimensional visualization. Pulp canal calcifications complicate endodontic treatment by
increasing the risk of perforation and making canal negotiation difficult. Although various etiological factors
have been proposed — including aging, genetics, trauma, restorations, and systemic conditions — the exact
causes remain unclear. Data on the prevalence of pulp calcifications in the Russian Federation, particularly
in the Northwest region, are currently lacking.

AIM. This study aimed to retrospectively investigate the occurrence of pulp canal obliteration and calcific de-
posits within the tooth cavity through cone-beam computed tomography (CBCT) analysis.

MATERIALS AND METHODS. The study included 102 patients (3078 teeth) aged 18 to 65 years. When evalu-
ating the CBCT results, the presence of calcifications and obliteration of the pulp chamber were taken into
account. The prevalence of these lesions was analyzed depending on gender, age, tooth type, dental status
and periodontal diseases. The median and interquartile range were used to describe the quantitative data.
Comparison of quantitative variables was performed using the nonparametric Kruskal-Wallis and Mann-Whit-
ney tests. Categorical variables are presented as absolute values and percentages and their comparison was
performed using Fisher’s exact test or the Chi-squared test. The nonparametric Spearman rank correlation
test was used to assess the correlation. The statistical significance of differences was accepted at p < 0.05.
RESULTS. Calcifications were detected in 63 (61.76%) patients in 276 (8.96%) teeth. Obliteration of the pulp
chamber was detected in 86 (84.31%) patients in 445 (14.46%) teeth. A statistically significant positive cor-
relation was found between age and obliteration of the pulp chamber (r = 0.44; p-value < 0.001), as well as the
amount of calcifications (r = 0.24; p-value = 0.015). Analysis of cases of obliteration and calcifications depen-
ding on gender, the presence or absence of periodontal diseases, and dental status did not reveal statistically
significant differences.

CONCLUSIONS. Calcifications and obliteration of pulp chamber were found in more than half of the patients.
Their number increases with age, and in women occurs more often than in men. They were most often detec-
ted in the first molars. For a dentist, data on the prevalence of calcifications and mineralization of pulp cham-
ber are one of the key aspects for planning high-quality root canal treatment.

Keywords: calcifications, denticles, obliteration of the pulp chamber, CBCT
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PacnpocTpaHeHHOCTb MUHEpanu3aLum B NnosocTu 3yba
Nno AaHHbIM KOHYCHO-/ly4eBOW KOMNbIOTEPHOWU ToOMOrpadpum

B.A. MonokoBa(>, U.H. AHTOHOBa (", B.A. Ocunosa’> <

Mepsbli CaHkT-MNeTepbyprckuii rocyaapCTBEHHbIN MeAULNHCKUI YHBEPCUTET UMeHW akagemuka W.I1. MNaenoga,
r. CaHkT-lNeTepbypr, Poccuiickaa Peaepaums

< veraosipova@mail.ru

Pesiome

BBEAEHMWE. KanbundukaTbl Nynbnbl, BNIEPBbIE ONMCaHHbIE Kak 4eHTUKAN HopmaHoMm n IxxoHcoHOM B 1921 T,
KnaccnduLMpyIoTCs Kak NynbnapHble KaMHU, Kanbuudukatel Unm o6nmtTepaums noaocTy 3yba. 3Tn cocto-
SIHNS YaCTO NPOTEKaloT 6€CCMMNTOMHO U BbIIBASIIOTCHA TONBKO C MOMOLLbIO METOA0B Iy4EBOW ANArHOCTUKM,
npu 3TOM KOHYCHO-Ny4eBas komnbioTepHas Tomorpadus (KJIKT) obecneunBaeT nonyyeHne BbICOKOKAYe-
CTBEHHbIX TPEXMEPHbIX N300paXeHni C BbICOKUM pa3pelleHnem. Kanbundurkaumsa kKaHanos nybrbl OCA0X-
HSeT NpoBeAEeHME SHAOAOHTUYECKOrO Ie4eHs, NoBbILLAaa puck nepdopaumm n 3aTpyaHAS NPOXOXAEHNE Ka-
HanoB. XOoTsa 6Gblnv NpeanoXeHbl pa3nnyHble 3TUooryeckne dakTopbl, BKOYast CTapeHne, reHeTUYECKYHo
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npeapacnofioXeHHOCTb, TPABMY, PeCTaBpaLum 1 CUCTEMHbIE 3a001IEBAHNS, TOYHbIE MPUYMHBI UX BO3HUKHO-
BEHMSA OCTalOTCA HeACHbIMU. [JaHHbIe O pacnpOoCTPaHEeHHOCTU KanbLUMdUKaToB Nynbhbl B Poccuiickoi Pepe-
pauuu, B HacTHocTM B CeBepo-3anafHOM permoHe, B HACTOsILLLEE BPEMSI OTCYTCTBYIOT.

LIEJIb. MpoBecTn peTpoCneKkTUBHbLIN aHanM3 Hann4msa obnutepaumn n KanbumMdukaToB B Nos0CcTU 3yda no
[aHHbIM KOHYCHO-/Ty4€BOM KOMMbloTepHON ToMmorpadum (KJIKT).

MATEPWAJIbI U METObI. B nccneposaHmne 6binn BkntodeHbl 102 naumeHTta (3078 3y6oB) B Bo3pacTe OT
18 no 65 nert. Npwu oueHke pesynstatoB KJIKT yynTbiBanock Hanvumne kanbundukaTtos 1 obnutepaymm no-
noctu 3yba. bbin nponsBeneH aHann3 pacnpoCTPaHEHHOCTU AaHHbIX 00pa30BaHMin B 3aBUCUMOCTM OT NNona,
BO3pacTa, Tuna 3yba, CTOMAToNOrM4eckoro ctatyca u 3abonesaHuii napofoHTa. [na onucaHus Konuye-
CTBEHHbIX JaHHbIX UCMNOMb30BANNCh MeAMaHa U MeXKBapTUibHbIA pa3max. CpaBHEHNE KONNYECTBEHHbIX
NnepeMeHHbIX BbIMOJIHANOCH C UCMONb30BaHWEM HenapameTpudeckmx kputepmes Kpackena-Yonnuca n Man-
Ha-YnTHU. KateropuanbHble NEPEMEHHbIE NPEACTABEHbI B BUAE aOCOMIOTHBIX 3HAYEHUA N MPOLLEHTOB, UX
CpaBHEHME OCYLLLECTBASANIOCH C MOMOLLbIO TOYHOIO KpuTepus duiuepa unu Kputepus xm-keaapart. ns oueH-
KM KOPPEensaumMn ncnonb30Bann HenapaMmeTpuyeckmnini KpUTepuin paHrosomn koppenaumn Cnmpmena. Ctatum-
CTn4eckas 3Ha4YMMOCTb Pa3nMynii NnpuHnManace npu yposHe p <0.05.

PE3YJIbTATbI. KanbuydukaTbl BbisiBfieHbl y 63 (61,76%) nauneHToB B 276 (8,96%) 3ybax. Obnntepaums nono-
cTn 3yba obHapyxeHa y 86 (84,31%) nauneHToB B 445 (14,46%) 3ybax. BoisBneHa ctaTucTuyeckn aHa4nmas
MoNIoXuTeNbHasa KOPPEeNAUMOHHasa 3aBUCUMOCTb MeX Ay BO3pacToM 1 obnutepaumein nonoctm ayoda (r=0,44;
p-value < 0,001), a Takxe cymmoit kanbundukatos (r = 0,24; p-value = 0,015). AHann3 cnyyaeB 06HapyXxeHus
obnnTepaunm 1 kanbuMdUKaToB B 3aBUCUMOCTM OT Nona, Hann4ymsa nam OTCyTCTBUS 3ab60EeBaAHMNIN MAPOLOH-
Ta, OT CTOMATOJIONMYECKOro CTaTyca CTaTUCTUYECKM 3HAYUMBbIX PA3INYUIA HE BbISIBUI.

BbIBOAbl. KanbuudukaTtbl 1 06nmTepaumsa nonocTtm 3yba obinn obHapy>XeHbl 60/bLie, Y4eM Y NOSOBUHbI Na-
LMEHTOB. VX KONNM4eCTBO YBENNUYMBAETCS C BO3PACTOM, MPUYEM Y XEHLLUMH YaLlle, YEM Y MYX4UMH. Halle Bcero
BbISIBASINCB B MEPBbIX Monsipax. [N Bpadya-cToMaToiora AaHHble 0 PacnpoCTPaHEHHOCTU KanbUnpukaToB
1 obnnTepaumm NonocTun 3yba SBNSITCA OAHUM U3 KJIOYEBbIX aCNEKTOB A5 NMIaHUPOBAHWNS KQYECTBEHHOIO
JNIe4eHNss KOPHEBbLIX KAHAO0B.

Knwouesbie cnoBa: kanbunbunkaTsl, 4EHTUKAU, 00nMTepaumsa nonoctn 3yda, KJIKT

UHdopmauuma o ctatbe: noctynuna — 25.03.2025; ncnpasneHa — 03.05.2025; npuHaTta — 07.05.2025
KoHGAUKT nHTepecoB: aBTOPbLI CO0OLLAI0T 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U MHANBUAYASIbHbIE 6N1arofapHOCTY A5 OEeKNapUPOBaHNS OTCYTCTBYIOT.

Ana uutupoBaHua: Monokosa B.A., AHToHoBa W.H., Ocunosa B.A. PacnpocTpaHeHHOCTb MUHepanu-
3auuun B NonocTn 3y6a no AaHHbIM KOHYCHO-JIy4EBOW KOMMbIOTEPHON ToMorpadun. SHaoa0HTUsS Today.
2025;23(2):188-194. https://doi.org/10.36377/ET-0091
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INTRODUCTION

Pulp calcifications were first identified as dental
pulp nodules by Norman and Johnson in 1921 and later
termed “denticles” [1]. The earliest report of internal
calcification within the pulp of permanent teeth was pre-
sented by S. James A. Salter in 1856 [2]. Today, this pro-
cess is well-documented in the scientific literature and
classified as pulp stones, calcifications, denticles, or
partial to complete obliteration of the tooth cavity [3; 4].

Narrowing of the pulp cavity and the presence of
calcifications often do not cause pulp disease or clinical
symptoms and are typically diagnosed only by radio-
graphic imaging. Cone-beam computed tomography
(CBCT) has gained increasing popularity for detecting
denticles and obliterations due to its high sensitivity,
ability to eliminate the problem of overlapping struc-
tures, and capacity to provide high-resolution images in
axial, coronal, and sagittal planes [5].

Conventional endodontic treatment in the presence
of obstructions such as calcifications or severely oblite-
rated canals significantly increases the risk of treatment
failure [6]. Management of root canals affected by pulp
calcifications and obliteration poses significant chal-
lenges for clinicians, including the risk of perforating the
pulp chamber floor during removal attempts, difficulty
in locating canal orifices, and challenges in negotiating
and preparing the canals to their full working length [7].

Multiple etiological factors have been proposed for
the formation of pulp calcifications and narrowing of the
pulp cavity, including aging, genetic predisposition, pro-
longed exposure to irritants (such as caries, large resto-
rations, chronic inflammation, and attrition), orthodontic
tooth movement, trauma, periodontal disease, use of
certain medications (e.g., statins), anemia, atheroscle-
rosis, acromegaly, and Marfan syndrome. However, the
exact causes remain unknown and widely debated [8; 9].

No statistical data on the prevalence of this condition
in the Russian Federation, and particularly in the North-
western region, were found in the available literature.

AIM

To conduct a retrospective analysis of the pre-
sence of obliteration and calcifications within the
tooth cavity based on cone-beam computed tomog-
raphy (CBCT) data.

MATERIALS AND METHODS

We present the results of a retrospective radio-
graphic analysis of patients examined at the Clinic of
the Research Institute of Dentistry and Maxillofacial
Surgery of Pavlov First Saint Petersburg State Medi-
cal University (Pavlov University). The study design
was a retrospective observational analysis. CBCT data
obtained from 2016 to 2024 were evaluated.
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Fig. 1. CBCT-image (axial, frontal, sagittal view): A — maxilla first molar with calcification; B — mandible first molar

with partial obliteration

Puc. 1. KJIKT-n3obpaxeHue (akcnanbHag, GpoHTanbHas, carmtranbHas niockocTb): A — NepBOro Monspa
BEPXHEWN YeNoCTU C KanbUndumkaTtom; B — HUXKHEro NepBoro Mossipa ¢ 4acTU4HOW obnuTepaumen

Inclusion criteria: patients aged 18-65 years; high-
quality CBCT images; teeth with fully developd roots.
Exclusion criteria: teeth with filled root canals, post-re-
tained restorations, root resorption, poor image quality,
or CBCT scans with artifacts.

The study included data from 102 patients
(8078 teeth), aged between 18 and 65 years (mean age:
32.86+9.56 years), of whom 61 were female (59.8%)
and 41 were male (40.2%). The total number of teeth
evaluated in occlusion was 2981.

CBCT scans were performed using a PLANMECA Pro
Max 3D Mid (Finland), serial number TFMP10327, with the
following settings: continuous scan mode of 12.001 sec-
onds, image size of 8.0x5.0 cm, and voxel size of 200 um.

The presence of calcifications and obliteration
within the tooth cavity was assessed in sagittal, axial,
and coronal planes of the CBCT images. A tooth was
classified as having calcifications if one or more radio-
paque structures larger than 200 um were detected in
the pulp chamber. Obliteration was defined as partial
or complete closure of the pulp cavity space (Fig. 1).

The following parameters were recorded and ana-
lyzed: patient age and sex, dental status, and periodon-
tal disease.

Statistical analysis was performed using R software,
version 4.4.1. Quantitative data were described using
the median (Me) and interquartile range (IQR). Com-
parisons of continuous variables were conducted us-
ing non-parametric Kruskal-Wallis and Mann-Whitney
U tests. Categorical variables were presented as abso-
lute numbers and percentages; their comparisons were
performed using Fisher’s exact test or the chi-squared
test, as appropriate.

Spearman’s rank correlation coefficient was used to
assess correlations between variables. Statistical sig-
nificance was set at p<0.05.

RESULTS

According to the CBCT data, denticles were detect-
edin 63 patients (61.76%) and in 276 teeth (8.96%). Pulp
cavity obliteration was identified in 86 patients (84.31%)
and in 445 teeth (14.46%).

Seventeen patients (16.7%) showed no evidence
of either calcifications or obliteration. In 22 patients
(21.6%), only pulp cavity obliteration was observed.

dHdodoHmus
—————TLT

Thus, obliteration of the pulp cavity was found more
frequently than calcifications—84.31% vs. 61.76% in the
patient group and 14.46% vs. 8.96% in the total number
of teeth examined.

These findings were supported by correlation analy-
sis, which revealed a positive correlation between oblit-
eration and denticle presence with a statistically signifi-
cant level of p < 0.001 (Spearman’s r = 0.68).

The mean age of male and female patients did
not differ significantly (females: 33+ 11 years; males:
31x7 years). Correlation analysis confirmed an age-
related increase in pulp cavity obliteration in both males
(p<0.05) and females (p<0.001), with a stronger cor-
relation observed in the female group (Fig. 2).

According to the results of the correlation analysis,
age showed a moderate positive correlation with pulp
cavity obliteration (r=0.44; p<0.001) and a weak posi-
tive correlation with the total number of calcifications
(r=0.24; p=0.015) (Table 1).

Calcifications were most frequently detected (>230%)
in the first molars of both the maxilla and mandible. They
were slightly less common (18-25%) in the second mo-
lars of both jaws (Fig. 3).

°
Men
15 Spearman: 0.31
p=0.0463
Women
°® Spearman: 0.53
c p <0.001
210+
o
9
5
(@]
5_
0 L—ocegooo—oo—o

20 30 40 50 60
Age at the time of the study

-o—Women —o— Men

Fig. 2. Correlation between obliteration of the pulp
chamber and age

Puc. 2. Koppensuuns mexay obnmtepaumern nonoctm
3yba 1 BO3pacTom
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The frequency of calcification detection between
the maxilla and mandible showed no statistically sig-
nificant differences, although a trend toward a higher
prevalence in maxillary teeth was observed (53.3% vs.
46.7%). No statistically significant differences were
found between the right and left sides; however, teeth
on the right side were slightly more frequently affected
(52.2 vs. 47.8%).

The analysis of tooth topography with pulp cavity
obliteration yielded results similar to those observed
for teeth with calcifications. As shown in the diagram
(Fig. 4), pulp cavity obliteration was most frequently
detected (= 55%) in the first molars of both the maxilla
and mandible. It was somewhat less common, occur-
ring at a frequency of 30-40%, in the second molars
of both jaws.

No statistically significant differences were found in
the presence of pulp cavity obliteration between maxil-
lary and mandibular teeth, or between the right and left
sides (Fig. 4).

Table 1. Mean value of calcifications
and mineralization in groups of men and women

Ta6nuua 1. CpegHue 3HaYeHus KanbuupukaTos
1 obnauTepaumm B rpynmnax My>KUmH 1 XeHLuH

Mccneposanus / Scientific researches |

Values

Females
n=61

Males
n=41

Mean + SD;

Median (IQR)

P
(Wilcoxon
rank-sum test)

Calcifications

2.62+2.94
2.00
(0.00; 5.00)

2.83+2.97
3.00
(0.00; 4.00)

0.8

Obliteration

4.26+3.44
4.00
(2.00; 6.00)

4.68+3.09
4.00
(3.00;7.00)

0.4

Tooth number

191

A correlation analysis was conducted to assess the
relationship between pulp calcifications and oblitera-
tion with the patients’ dental status. The results of the
analysis examining the association of calcifications and
pulp cavity obliteration with the DMFT (Decayed, Mis-
sing, and Filled Teeth) index are presented in Table 2.

No statistically significant correlations were found
between pulp calcifications or obliteration and the
DMFT index, caries, or the number of dental restora-
tions; all correlations were negative.

Periodontal disease was diagnosed in 91 patients.
Among them, 44 patients had periodontitis of va-
rying severity and 47 patients had periodontosis of va-
rying severity. The degree of severity for periodontitis
and periodontosis was not considered in the analysis
(Table 3).

The analysis of pulp cavity obliteration and the total
number of denticles among patient groups without peri-
odontal disease, with periodontitis, and with periodon-
tosis revealed no statistically significant differences.

Tooth number

0 2'0 40 60
Frequency
Fig. 4. Frequency of detection of obliteration

Puc. 4. YacTtoTa BbisiBNeHust obnmutepawmm B 3ybax
BEPXHEN N HUXKHEN YeNoCTun

Table 2. Spearman correlation coefficient values
and statistical significance of differences

Tabnuua 2. 3HadeHns KoadppuLmMeHTa Koppensaumm
CnupmeHa (r) n crtatmctmyeckasi 3Ha4MMOCTb Pasnnyui

0 10 20 30 40
Frequency

Fig. 3. Frequency of detection of calcifications
Puc. 3. YacToTa BbiiBieHUs KanbLndumkaToB B 3ybax

Values PMFT Caries | Restoration Carles_+
index restoration
-0.16 | -0.0283 -0.11 -0.177
Denticles
0.119 0.81 0.26 0.092
-0.063 | -0.095 -0.041 -0.055
Obliteration
0.532 | 0.343 0.68 0.584
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Table 3. Average calcification and obliteration rates in two group of patients
Ta6nuua 3. CpegHue nokasatenu kanbLundrKkaToB 1 06anMTepaLmMm B rpynnax nauueHToB

Without periodontal disease Periodontitis Periodontosis p
Characteristics n=11 n=44 n=47 (Wilcoxon
Mean = SD; Median (IQR) rank-sum test)

3.09£3.05; 5.05+3.39; 417+3.21;

Obliteration 2.00 5.00 4.00 0.13
(1.00; 4.00) (3.00; 7.00) (2.00; 6.50)
2.18+2.40; 2.66+3.06; 2.87+2.98;

Sum of calcifications 2.00 2.00 2.00 0.8
(0.00; 4.00) (0.00; 4.00) (0.00; 5.00)

However, a trend toward a lower number of pulp
cavity obliterations was observed in patients without
periodontal disease (3.09+3.05) compared to those
with periodontitis (5.05+3.39) and periodontosis
(4.17£3.21).

DISCUSSION

In our study, calcifications were found in 8.96%
(276 of 3078) of the examined teeth and in 61.76% (63
of 102) of all examined patients. Pulp cavity oblitera-
tion was detected in 14.46% (445 of 3078) of teeth and
in 84.31% (86 of 102) of patients. Among the patients,
pulp cavity obliteration was more common than calci-
fications (84.31% vs. 61.76%), as was the case among
the examined teeth (14.46% vs. 8.96%).

The obtained results are consistent with those re-
ported by other researchers. In the study by M. Tas-
soker et al., denticles were detected in 7.7% (434 of
5656) of teeth and in 52% (105 of 202) of patients [9].
W. Zhang et al. reported a prevalence of 7.4% of teeth
(8373 of 5066) and 49.0% of patients [10]. L. M. Kenawi
et al. observed a higher prevalence of calcifications:
15.92% (1644 of 10,326) of teeth and 78.97% (308 of
390) of patients [11].

Pulp cavity obliteration generally increases with
age, and it has been reported that approximately 90%
of individuals aged 50 years and older exhibit varying
degrees of pulp calcification [12]. Age is considered the
most significant factor for pulp cavity obliteration due
to the progressive deposition of secondary and tertiary
dentin, which leads to a reduction in the size of the pulp
chamber [13].

In our study, a statistically significant positive cor-
relation was found between age and pulp cavity oblite-
ration (r = 0.44; p < 0.001) as well as the total number
of calcifications (r = 0.24; p = 0.015), with a stronger
correlation observed for obliteration. The correlation
between age and obliteration was more pronounced in
females (p < 0.001) than in males (p < 0.05).

Our findings are consistent with the results reported
by S.S. Zahran and R.A. Alamoudi, who found that pulp
cavity obliteration was most common in individuals over
the age of 40 [3]. However, studies by A. Alsweed et al.
and R.A. Alamoudi et al. reported a higher prevalence
of calcifications in younger patients, which may be ex-
plained by the inclusion of dental patients with systemic
diseases in their study samples [14; 15].

dHdodoHmus
—————TLT

In accordance with our data, no statistically signifi-
cant gender differences were found in the prevalence
of either calcifications or pulp cavity obliteration. These
findings align with the conclusions of M. Tassoker et al.,
N.Yemenoglu etal., and S.S. Zahran and R.A. Alamoudi,
who also did not observe gender-related differences in
the prevalence of denticles and pulp cavity oblitera-
tion [3; 9; 16]. However, studies by W. Zhang et al. and
G.P. Sezgin et al. reported a significantly higher preva-
lence of denticles in females, with gender identified as
arisk factor [10; 17].

The conflicting results across studies may be at-
tributed to geographic differences, cultural factors,
variations in imaging techniques, and differences in
study sample characteristics.

The results of our study confirmed the widely recog-
nized observation that pulp cavity obliteration and pulp
calcifications are most frequently detected in the first
and second molars. No statistically significant diffe-
rences were found between the maxilla and mandible,
although a trend toward a higher prevalence of denti-
cles in the maxilla was noted (53.3 vs. 46.7%). No diffe-
rences were detected between the right and left sides
of the jaws.

Other studies have reported a statistically sig-
nificant predominance of calcifications in maxillary
teeth [17-19]. Mirah et al. and F. Tung¢ et al. found
that denticles occurred more frequently on the right
side [18; 20], which may be associated with the prefe-
rential use of the right-side during mastication.

In our study, negative correlations between pulp
cavity obliteration, calcifications, and the DMFT index
and its components were not statistically significant.
Similarly, S. Ravanshad et al. reported no relation-
ship between the condition of the tooth crown and the
presence of pulp calcifications [21]. However, F. Tung
et al. observed a higher frequency of calcifications in
teeth with intact crowns compared to restored or cari-
ous teeth [20], which supports our findings of negative
correlations and suggests thatirritation is not a primary
factor in pulp calcification.

Conversely, other studies have reported statistically
significant associations between crown condition and
pulp calcification [9; 22]. da Silva et al. noted that calci-
fications were more common in teeth with restorations
placed for deep caries [23], and Sezgin et al. repor-
ted a higher incidence in teeth with moderately deep
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restorations [17]. S.S. Zahran and R.A. Alamoudi found
an association between caries and the type of calcifi-
cation (p = 0.013), but not with restoration status [3].

The periodontium and pulp are closely linked struc-
tures that interact physiologically through various path-
ways and pathologically through cracks and fractures.
While the impact of pulp pathology on periodontal tis-
sues is well recognized, the reverse relationship re-
mains unclear and controversial [24].

In our study, patients without periodontal disease
exhibited only a trend toward lower pulp cavity oblitera-
tion (3.09%3.05) compared to patients with periodonti-
tis (5.05+3.39) and periodontosis (4.17 £3.21).

Aradiographic study by V. Nissrin et al. also found no
association between attachment loss and pulp cavity
calcifications [22]. Similarly, A.S. Algahtani reported no
association between periodontitis and denticles using
logistic regression and multivariate odds ratio adjust-
ment [24]. S.S. Zahran and R.A. Alamoudi reported that
most teeth with denticles (76%) or obliteration (93%)
had healthy, intact periodontium [3].

These results are consistent with the histological
study of Sabeti et al., which compared 35 intact teeth
extracted due to severe bone loss with teeth extracted
for orthodontic reasons. The authors concluded that
severe periodontitis had no significant effect on pulp vi-
tality or calcification [25].

However, opposing results were reported by
M. Kuzekanani et al., who found a correlation between
attachment loss and pulp calcification [26], and by
N.Yemenodglu et al., who in a retrospective radiographic
study observed an association between periodontitis
severity and the presence of denticles [16].
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Abstract

AIM. To compare and evaluate the clinical and antimicrobial efficacy of Silver Diamine Fluoride (SDF) and
Silver Modified Atraumatic Restorative technique (SMART) in carious primary teeth in children with special
needs.

MATERIALS AND METHODS. Sixty-six children aged 3-9 years with carious primary molars were randomly
divided into two groups. Group | was assigned SDF treatment, and Silver Modified Atraumatic Restorative
Treatment (SMART) in Group Il. At the baseline and after six months, plaque samples were collected from
the buccal and lingual aspect of tooth surface from both the groups using a disposable foam tipped ap-
plicators and was transferred into 1 ml of thyoglycolate broth and was incubated at 37°Cin Mitis salivarius
bacitracin agar plates and Streptocococcus Colony forming units (CFU) were calculated. The participants
were recalled after six-month intervals and were evaluated clinically to check the caries adjacent to the
restoration by using visual and tactile evaluation and microbiologically to check the status of reduction of
CFU in Streptococcus Mutans. SDF was reapplied in Group | and further follow up, re application of SDF
in Group | and assessment is being carried out for both the groups. The behavioural assessment of the
patient and the acceptance of SDF by the parents as well as the patients were assessed using Likert scale
questionnaire.

RESULTS. Silver Diamine Fluoride was well accepted by the parents since it provided a minimally invasive
treatment approach and caries arrest to the special children. In the present study, SMART’s microbiological
and clinical success rate was comparatively higher than SDF. After statistical analysis, with the significant
p-value being 0.001 in Group Il, it was found that the results obtained were statistically significant and was
found that SMART as a better treatment modality.

CONCLUSIONS. SMART has gained significant traction due to its effectiveness in arresting the caries. The
study promised both clinical and microbiological success rates of SMART when compared with SDF alone.

Keywords: silver diamine flouride, silver modified atraumatic restorative technique (SMART), Nyvad’s criteria,
special children
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Pe3sioMe

LLE/Nb. MpoBecTn cpaBHUTENbHbIN aHANN3 KIMHUYECKOM U aHTUMUKPOOHO adpPekTUBHOCTM pTopuaa ce-
pebpa gmamuHa (SDF) n mogmnduumpoBaHHOM cepebpom aTpaBMaTUYECKO peCcTaBPaLMOHHON METOANKN
(SMART) npu neveHnn Kapno3HbIX BPEMEHHbIX MOASIPOB Y AeTel C 0COObIMY NOTPEOHOCTAMM.

MATEPUAbI U METObI. B nccnepnoBaHue Bkto4eHO 66 getei B Bo3pacte oT 3 Ao 9 neT, KoTopble 6bin
pPaHOOMU3NPOBaHbl HAa ABe rpynnbl: rpynne | npoBoaMnock nedveHune ¢ ncnonb3osaHnem SDF, rpynne Il — me-
TonoM SMART. O6pa3ubl HaneTa ¢ BECTUOYNSAPHOM 1 A3bI4HOM MOBEPXHOCTEN KAPUO3HbIX 3y60OB cOBUpanmchb
Ha MCXOAHOM 3Tane u 4yepes 6 Mecsaues, MHKyOMpoBanuch B arape Mitis salivarius bacitracin, nocne yero
NoACYMUTBIBANINCE KOJNOHMeoOpasyowme eanHnubl Streptococcus mutans. KnuHmnyeckas oueHka npoBo-
aunacbk BU3yasnbHO U TakTubHO, SDF noBTOpHO NpumeHsancs B rpynne |. JlononHuTensHo 6bla nposeneHa
OLeHKa NoBeAeHNSA NaLNeHTOB N MPUHATUSA JIeHeHUS C MOMOLLbIO aHKEThI MO LwKarne JlarkepTa.
PE3YJIbTATbIl. MeToauka SDF nonyymna nonoxXmTesnbHY0 OLUEHKY CO CTOPOHbI poauTenein kKak MUHUMaslbHO
WHBA3WBHbI 1 npuemneMsblii nogxon. OaHako, N0 AaHHbIM KIIMHUYECKOM 1 MUKPOONONOrMYECKON OLLEHKN,
adppekTnBHOCTE SMART 6bIn1a LOCTOBEPHO BhiLle (p = 0,001).

BbIBOAbl. MeTognka SMART npoaeMoHcTpupoBana 60nee BbiICOKY KIMHUYECKYIO U aHTUMUKPOOHYIO ad-
GEKTUBHOCTbL MO CPaBHEHMIO C MPUMEHEHMEM OAHOro Nnllb dTopuaa cepebpa auaMmmnHa, U MOXeT paccma-
TPMBATbLCS KaK NPeAnoyYTUTENbHbIA BAPUAHT IeYeHNs kapueca y aetei ¢ 0CoObIMY MOTPEBHOCTAMM.

KnioueBblie cnoBa: cepebpsiHblli AnamuH GTopua, MoaMduUMpPOBaHHAsa aTpaBMaTUYHas pecTtaBpaTuBHas
meToauka (SMART), kputepumn HioBag 1 et ¢ ocobbiMu noTpebHoCcTaMN

UHdopmauuma o ctatbe: noctynuna — 14.02.2025; ncnpasneHa — 26.04.2025; npuHata — 30.04.2025
KOHGAUKT MHTepecoB: aBTOPbI COOOLLA0T 06 OTCYTCTBUN KOHMIMKTA UHTEPECOB.
BbnaropaapHocTu: GMHAHCUPOBaHNE U MHAMBMAOYaNbHbIE O/1arofapHOCTY 19 AeKNapupOBaHUS OTCYTCTBYIOT.

Ana umtupoBanua: CacuHgpaH A., Ypc I., Canepa H.K., Kangakkun ®.H., CensaH A., Hyp T., TabHax A.K.,
Censapagx C. CepebpsaHbiii anamuH ptopua: SMART-pelleHre ansg ctToMaTtonornm y aetei ¢ ocobbiMu No-
TpebHocTaMU. SHA0AOHTUS Today. 2025;23(2):195-204. https://doi.org/10.36377/ET-0090

INTRODUCTION

Early childhood caries affects millions of preschool
children worldwide, and currently, it is one of the sig-
nificant global health problems [1]. Children with Spe-
cial Health Care Needs (SHCN) have poor oral hygiene
due to the prevalence of gingival diseases, periodontal
problems, and dental caries than the general popula-
tion [2]. Due to limitations with health disabilities that
can also contribute to dental issues, children with spe-
cial health care requirements frequently miss out on re-
ceiving dental treatment at the proper time [3-6]. They
have an increased prevalence of dental caries due to
uncoordinated chewing in certain conditions, such as
cerebral palsy, in which the patients may pouch the food
in the mouth due to poor tongue or musculature coordi-
nation [7].

The minimally invasive restorative technique is es-
sential in dentistry for such a group of children. Silver

dHdodoHmus
—————TLT

diamine fluoride (SDF) with a high fluoride ion con-
centration is used to promote remineralization of the
decalcified tooth structure, which is constantly under
acid challenge and the children with special health care
needs finds difficult to maintain good oral hygiene due
to the underlying health condition. SDF, being a minimal
invasive treatment choice would be beneficial in those
children to arrest the decay. SDF arrests and slows
down the rate of caries progression by promoting ca-
ries arrest. Silver Diamine Fluoride has been used to
deal with the high prevalence of caries by arresting or
slowing down the rate of caries progression [8].
Several studies have proved the efficacy of SDF, and
recent advances include the SMART (silver-modified
atraumatic restorative treatment) [9-11]. This tech-
nique included sealing the decayed tooth with SDF and
placing Glass ionomer cement over it on the same day,
which cuts the nutrient source to any surviving bacteria,
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further helping in the arrest of decay. The fluoride-
releasing property of the GIC adds a beneficial effect
to SDF, providing remineralization and a chemically
tight seal [12]. The technique’s benefits include ef-
fective placement of a chemically sealed and bonded
GIC repair, partial or complete caries removal on deep
caries lesions approaching a vital and asymptomatic
pulp, and caries arrest caused by SDF’s antimicrobial
and demineralizing properties [12]. Chu and his col-
leagues concluded that the antimicrobial efficacy of
SDF resulted in a significant reduction of Streptococ-
cus mutans in carious lesions [13]. SDF had a strong
antibacterial and antiplaque effect when compared to
APF gel and had proven to reduce Streptococcus mu-
tans count [14].

The study was formulated to compare the antimi-
crobial and clinical effectiveness of caries arrest after
Silver Diamine Fluoride application and Silver Modi-
fied Atraumatic Restorative Technique in 3-9-year-
old children with special needs with various disabili-
ties. The research also focused on parents’ accep-
tance of SDF.

MATERIALS AND METHODS

The study involved 66 kids between 3 and 9 years
who attended special needs schools in Bangalore. Writ-
ten consent was obtained from the parents/guardians
of all the patients. Ethical approval from the ethical com-
mittee of Krishnadevaraya College of Dental Sciences
was obtained (KCDS/165/2018-19). According to the
inclusion and exclusion criteria, sixty-six subjects were
selected using the Simple Random Sampling technique
and were divided into two groups. The status of the ca-
ries was assessed by following Nyvad Criteria. Nyvad
classification, which is a visual-tactile caries diagnos-
tic system, focuses on the assessment of both activity
status and the severity of caries lesions. Its emphases
early detection and potential for non-invasive manage-
ment. Surface texture, color and hardness of the le-
sion is observed and assessed for the diagnosis of the
caries. Nyvad classification is considered as clinically
proved efficient caries detection tool for under-stan-
ding caries as a dynamic process rather than a static
condition [15].

Fig. 1. Collection of plaque
sample

Puc. 1. C6op obpasua
3ybHOro Haneta
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Fig. 2. Application of SDF

Puc. 2. lNpymeHeHne gnammHa
dTopupa cepebpa (SDF)
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Study participants

Inclusion and exclusion criteria: 3-9 years old Spe-
cial children and participants with dental caries with
Level 1 or 2 Nyvad criteria were included in our study.
Patients with history of pain, teeth associated with ir-
reversible pulpitis, teeth indicated for extraction or with
physiological mobility, presence of any gingival or perio-
ral ulcerations and known sensitivity to silver or heavy
metal ions were excluded in our study.

Pre-treatment plague sample 1 (s1) was collected
from the buccal and lingual aspect of the tooth surface
by a pre-sterilized foam-tipped applicator (Fig. 1), and it
was transferred to 1 ml of thioglycolate broth, and micro-
biological evaluation [Streptococcus Mutans] was done.

Group I: (n = 32) Caries excavation was done follo-
wing the Atraumatic Restorative Technique, and Vase-
line application was carried out on the gingiva and mu-
cosa to prevent staining of the mucosa. The cavity was
appropriatelyisolated, and the lesion was saturated with
silver diamine fluoride (Fagamine R) with a micro brush
in a scrubbing motion for one minute (Fig. 2). Color
changes were observed on the lesion after complete
reaction of silver ions with carious dentin. Patients were
instructed to follow post operative instructions and not
to eat or drink for thirty minutes to one hour.

Group II: (n = 34) Caries excavation was done follo-
wing the ART technique, and Vaseline was applied to the
gingiva and mucosa to prevent staining of mucosa from
SDF. The cavity was appropriately isolated, and the le-
sion was saturated with silver diamine fluoride for one
minute. After the color change was observed, Glass
ionomer cement (Ketac Molar TM) was placed imme-
diately over the silver diamine fluoride (Silver Modified
Atraumatic Restorative Technique, SMART), and Vase-
line was applied (Fig. 3).

The University of California San Francisco’s (UCSF)
adaptation of the SDF application procedure involves
isolating and drying the affected teeth prior to treat-
ment, and the carious dentin is saturated for one to
three minutes to improve absorption and any surplus
or leftover material is re-moved with the cotton roll.
According to the research, the application period may
range between 3 to 5 minutes, and there is no evidence
linking it to clinical outcomes [7].

Fig. 3. Placement of GIC over SDF
treated tooth (SMART)

Puc. 3. HaHeceHne cTek10MOHOMEPHOI 0
uemeHTa (GIC) Ha 3y0, 06paboTaHHbIN
nmammHom ¢ptopuaa cepedpa (SDF)
(TexHuka SMART)
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Each subject’s behaviour was observed and clas-
sified according to Frankl’s classification with Wright’s
modification [16]. A Likert scale questionnaire was car-
ried out to determine the parents’ satisfaction and at-
titude regarding the acceptance of the procedure [17].
Patients were followed up at six months, post plaque
sample 2 (s2) was collected, and the microbiological
evaluation was carried out for Groups | and Il. Secondary
caries assessment was done by visual and tactile evalu-
ation for Group |, and the presence of any surface decay
was checked in Group Il (SMART) [18; 19]. Reapplica-
tion of Silver diamine fluoride was done at six months for
Group |, which further increased the caries arrest.

Statistical Analysis

SPSS version 22 was used to carry out statistical
analysis. Comparison of pre- and post-microbial load
among the two groups was analysed using paired and
unpaired T-tests.

RESULTS

In our present study, parents were more concerned
about caries arrest and the minimally invasive treatment
approach than the staining of the primary teeth. Few

Table 1. Percentage of patients with disabilities
in Group land I

Ta6nuua 1. MpouUeHT NauMeHToB C OrpaHMYeHHbIMA
BO3MOXHOCTsiMM B rpynne | v rpynne |l
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parents expressed their aesthetic concerns about SDF,
and many reported that their children were too young
to care about the black staining after SDF application;
instead, they were happy about when the sensitivity had
stopped. The present study included 37.5% female and
62.5% malein Group land 32.4% female and 67.4% male
in Group Il. Children with various disabilities including
Autism, Hearing Impaired, Cerebral Palsy, Blind, Down
Syndrome, Intellectually Impaired, Intellectual disabili-
ty, and ADHD were included. In Group |, Autistic patients
were 40.6%, and in Group I, the Intellectually impaired
had the highest percentage of 40.7% (Table 1).

Nyvad | (34.4% in Group | and 2.9% in Group Il), Ny-
vad Il (65.6% in Group | and 97.1% in Group Il) (Table 2).
The mean pre-microbiological load was assessed and
compared between Group | and Group Il, and the p-
value was 0.386 (Table 3). At baseline, the mean colony
forming units (CFU) was found to be 98600000 CFU/ml
and it reduced to 37000000 CFU/ml which showed
37% reduction of the Streptococcus mutans colonies.
Frankl’s behaviour assessment scale assessed patients
during the treatment by the operator among the two
groups, and it was statistically compared (Table 4). The
microbial count of S. mutans is presented in Fig. 4.

Table 3. Comparison of the mean Pre microbiological
load in the study groups

Ta6nuuya 3. CpaBHeHne cpeaHero
MnKpobunonormyeckoro doHa oo nevyeHus

B nccnepgyembix rpynnax

Group N Mean Std. Deviation | p-value
1 32 219.000 329.258
0.386
2 34 157.235 241.428

Disability (,,G:g;?, '% (f::’,::";,'!,/o

Autism 40.6 5.9
Blind 3.1 11.8
Cerebral Palsy 6.2 14.7
Hearing Impaired 18.8 17.6
Intellectually impaired 21.8 40.7
ADHD 6.1 -

Downs 3.1 8.8

Table 2. Percentage of Nyvad classification among

study groups

Tabnuua 2. NpoueHTHOoe pacnpeaeneHme
knaccudukaumm HioBaa cpeam nccneoyembix rpynn

Classification Group 1 Group 2 | p-value

Count 11 1

1.00
% 34.4 2.9

NYVAD 0.001

Count 21 33

2.00
% 65.6 97.1

Note: p = 0.386 (there was no statistically significant diffe-
rence between group 1 and group 2’s mean premicro scores)
lNMpumeyvarme: p = 0,386 (CTaTUCTUYECKM 3HAYNMOWN Pa3HULbI
B CpPeAHUX nokasaTensx MUKPOOHOW Harpy3km A0 fleYeHus
MexXay rpynnowi 1 v rpynnotui 2 He BbISIBAIEHO)

Table 4. Frankl’s child assessment between two groups

Ta6nuua 4. OueHka nosBeaeHua geTten
no wkane MpaHkna B ABYX rpynnax

Note: p = 0.001 (between group 1 and group 2, there was
a statistically significant variation in the proportion of different
NYVAD scores)

lMpumeyvanne: p = 0,001 (mexay rpynnon 1 v rpynnon 2 Ha-
6nofanacb CTaTUCTUYECKN 3HAYMMAs pas3HuLa B pacnpene-
NieHun pasnnyHelx 6annos no knaccudukaunm NYVAD)

dHdodoHmus
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Classification Group 1 | Group 2 | p-value
Definitely Count 2 0
Negative % 6.2 0.0
Count 5 1
Negative
% 15.6 2.9
. Count 2 2
Frankl’s | No9ative- 0.144
Positive % 6.2 59
Count 9 13
Positive
% 28.1 38.2
Definitely Count 14 18
Positive g, 43.8 52.9

Volume 23, no. 2/ 2025



Fig. 4. Microbial count of Streptococcus mutans:
A — pre microbial count; B — post microbial count

Puc. 4. Konn4yectBo MMKpPOOPraHn3MoB
Streptococcus mutans: A — 0o nevyeHns;
B - nocne nevyeHund

The result showed that there was not statistically
significant difference between the two groups and the
p value was 0.144.

According to Frankl’s criteria, 52.9% of the Group Il
population were positive, followed by 38.2% who were
positive among the Group Il. In our present study, 71.9%
of the parents strongly agreed, and 21.1% agreed that
the SDF application was straightforward. Only 3% of the
parents reported difficulty in the application of SDF. 31%
of the parents in Group | were not concerned about the
discoloration caused by SDF, and they agreed to SDF
because of the minimally invasive treatment approach of
SDF. 28% of the total parent population among Group |
reported neutral concern for the discoloration of SDF
after treatment (Fig. 5). 67% of the parents from Group
Il agreed that GIC application over SDF application was
pain-free for their child and had accepted SMART (Fig. 3)
as it was the minimally invasive procedure (Fig. 6).

After six months, the Group | and Group |l patients
were followed up, and a dropout of 2 patients was
observed during the second visit. A microbiological
plaque sample was collected, and a microbiologi-
cal assessment was done. There was no statistically
significant difference in mean post-micro scores in
Groups | and Il (Table 5).

Comparison of pre- and post-microbiological count
in Group | and Group Il was assessed, and the p-value
was found to be 0.003 in Group | and 0.001 in Group I,
which was statistically significant and implies that the
mean microbial reduction was significant in Group Il
(SMART) when compared to Group | (SDF) (Table 6).

A chemically sealed restoration demonstra-
ting SDF’s remineralization and antibacterial action is
achieved by placing GIC immediately over SDF. Nu-
trient supplies to any surviving bacteria will be cut off
after placing GIC and with additional fluoride and ca-
ries, arresting the property of SDF, with its magic sil-
ver bullet release effect and “Zombie effect” [12] The
deceased bacteria serve as a reservoir and encourage
steady cation release, further helping to kill the remai-
ning bacteria, which gives an additional anti-carioge-
nic property and carries arrest.
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Strongly Disagree
3%

Strongly Agree —__
25%

Neutral
28%

Disagree
13%

Fig. 5. Parent acceptance rate of group |

Puc. 5. YpoBeHb NpuHATUSA METOANKN POOUTENSMM
B rpynne |

Agree
18%

—Neutral
Strongly Agree —~_ 15%

67%

Fig. 6. Parent acceptance rate of group I

Puc. 6. YpOBEHb NPUHATUS METOOMKN POAUTENSIMUN
B rpynne |l

Table 5. Comparison of mean post Microbiological
count among the study groups

Ta6nuua 5. CpaBHeHue cpeaHero
MNKPOOMONOrMYecKoro nokasaressa nocse nevyeHns
Mexay uccnenyembiMum rpynnamMmm

Group N Mean Std. Deviation | p-value
1 31 343.516 148.709
0.605
2 33 205.181 326.730

Note: p=0.605 (There was no statistically significant difference
in mean post micro score between Group 1 and Group 2)
MNMpumeyvarne: p = 0,386 (cTaTUCTUYECKM 3HAYNUMON Pa3HMLbI
B CpeAHeM rnokasarene MMKPOOLIEHKM MOCE NeYeHNs mexay
rpynnoi 1 n rpynnoi 2 He BbIIBIEHO)

Table 6. Pre and post microbial count of group 1 and 2

Ta6nuuya 6. [10- v nocneonepaLmnoHHOe KOJIN4eCTBO
MWKPOOPraHn3moB B rpynnax 1 v 2

Stage Std.

Sl of treatment L el Deviation (PREID
Pre-Micro 226.806 333.570

1 0.003
Post-Micro 343.516 432.245
Pre-Micro 162.363 243.731

2 0.001
Post-Micro 205.181 326.730

Note: p value was 0.003 in group 1 and the p-value in group Il
was 0.001 which was statistically significant.

lMpumeyarHne: 3HadveHne p B rpynne 1 coctasuno 0,003,
aBrpynne 2 - 0,001, yTo ABNSETCSA CTATUCTUYECKM 3HAYNMBIM.
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CHALKY
12%

HARD
88%

Fig. 7. Texture of secondary caries among group |
Puc. 7. CTpykTypa BTOPMYHOro kapueca B rpynne |

After six-month interval, caries adjacent to restora-
tions were evaluated in both groups by visual and tactile
examination, and the color, consistency and the texture
of cavity was assessed in group | and the presence of
new caries, adjacent to the restorations were assessed
in Group Il. SDF was reapplied only in Group | during the
follow up period which would ensure the caries arrest
by the same. In Group I, 84% of the treated teeth were
black and 87% hard in texture, clinically indicating ar-
rested cavitated lesions among the Group | population.
Only 12% of the patients in Group | had brown lesions,
which were chalky in texture (Fig. 7).

Among the Group Il population, it was observed that
76.4% of the total were Fine cavities with no decay, and
20.6 % were arrested cavitated lesions, which exhibited
the effect and caries arresting property of SDF. 2.9%
were observed with initial caries in Group Il (Fig. 8).

DISCUSSION

The current clinical study was formulated to com-
pare the antimicrobial and clinical effectiveness of ca-
ries arrest after Silver Diamine Fluoride (SDF) applica-
tion and Silver Modified Atraumatic Restorative Tech-
nique (SMART) in 3-9-year-old children with special
needs with various disabilities. The research also fo-
cused on the subjective feelings of the parents/guard-
ians about the dis-coloration after the SDF’s applica-
tion, the SDF’s taste, and the parents’ acceptance of
SDF. Since the study was aimed only at children with
special needs, the non-invasive practical approach of
SDF has added more beneficial effects to them. Den-
tal caries is a discrete, post-eruptive pathological pro-
cess of external origin that softens the hard tooth tissue
and develops cavities (WHO). Enamel caries is a three-
dimensional subsurface demineralization that spreads
along the enamel prisms on both occlusal and proximal
surfaces, and secondary caries is a lesion seen at the
edge of a dental repair [20].

The non-invasive application method of SDF makes
it beneficial to use in children with anxiety, fear and nee-
dle phobias, as it does not involve the process of dril-
ling or the use of a syringe. It can also be beneficial to
patients who cannot tolerate standard treatment due
to severe cognitive and physical disabilities, patients
with salivary gland dysfunction after radiation therapy,

dHdodoHmus
T
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IC
3%

AC
21%

FN
76%

Fig. 8. Texture of secondary caries among group Il
Puc. 8. CTpykTypa BTOpM4HOro kapueca B rpynne Il

Sjogren syndrome, etc. [21]. When children are too
young to have their carious teeth fixed using standard
techniques, silver diamine fluoride can stop or slow the
progression of caries. Also, the SDF ap-plication might
be an affordable treatment method for several under-
privileged youngsters or in regions with a severe lack of
dental professionals [9; 22].

Yee and his colleagues concluded that single spot
application of 38% SDF effectively arrested carious le-
sions.18 According to Jabin and his associates, repea-
ted application of SDF at 6 and 12 months was effective
for the arrest of caries [23]. A similar study was done
by Sihra et al., who found that the caries was arrested
after using SDF [24]. The biannual application of 38%
SDF was effective, similar to our findings [25-29].

The current caries control strategies go well beyond
just “drilling and filling” the teeth and focuses instead on
a preventive and conservative approach to caries care.
In a single appointment, the Silver Modified Atraumatic
Restorative Technique (SMART) approach constitutes
application of SDF for a minute to the damaged tooth
before immediately covering it with GIC.

SDF alone cannot repair a tooth’s structure and
function, mainly when significant carious lesions are too
large and close to the pulp. GIC restorations over the le-
sion utilizing the silver-modified atraumatic restorative
technique (SMART) or interim therapeutic procedures
such as stainless-steel crowns should be considered to
boost the efficacy of an SDF-treated lesion. A chemical-
ly sealed restoration demonstrating SDF’s remineraliza-
tion and antibacterial action is achieved by placing GIC
immediately over SDF. Nutrient supplies to any surviv-
ing bacteria will be cut off after placing GIC and with ad-
ditional fluoride release and caries arresting property of
SDF, with its magic silver bullet release effect and “Zom-
bie effect” marks the clinical efficacy of SMART [19]. The
primary trait of biocidal metals, such as copper and sil-
ver, has their gradual release of poisonous cations over
a lengthy period of time. Silver particles displayed a bio-
cidal effect against living microorganisms when they
destroyed bacteria. Metal ions do not deactivate after
killing the bacterium; hence, they continue to kill the
germs. The deceased bacteria serve as a reservoir and
encourage steady cation release, further helping to kill
the remaining bacteria, which gives an additional anti-
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cariogenic property and carries arrest [12; 19]. Accor-
ding to Zhao and his colleagues, applying SDF first may
be beneficial in some circumstances, followed by glass
ionomer restorations. When Glass lonomer Cement is
placed over SDF, the complete nutrient source to the
bacteria will be cut off, and the anaerobic zone leads to
the lysis of the remaining bacteria with additional caries
arrest with anti-cariogenic properties of GIC and Silver
particles in the SDF [30; 31].

The children were grouped into two groups (SDF and
SMART) based on the Nyvad criteria for Caries Lesion
Activity and Severity Assessment and the extent of car-
ies. The reliability of the Nyvad criteria for Caries Lesion
Activity and Severity Assessment for dental was excel-
lent when used by trained professionals. After selec-
ting the tooth according to Nyvad'’s Criteria, the child’s
challenging behaviour questionnaire was answered by
the parents/guardian before the treatment to know the
child’s basic behaviour nature, which would help the
pedodontist to carry out apt behaviour management
techniques during the clinical procedure for each child.
It was essential to understand and know the child bet-
ter before the initiation of treatment because the special
child lacks cooperative ability, and each child behaves
and responds differently depending upon their cogni-
tion level and disability [32].

Our study selected around 38% SDF (FagaminR) as
a treatment option because of the high fluoride con-
tent (44,800ppm), remineralization, and antibacterial
and anti-cariogenic properties. Silver and fluoride ions
released from the SDF helped to inhibit the cariogenic
plaque biofilm and reported that it helps in the preven-
tion of secondary caries [29; 30].

Plague sample was collected from the buccal and
lingual aspect of the primary upper and lower posterior
teeth from both groups. The mean pre-microbiological
load was assessed and com-pared between Group | and
Group I, and the p-value was found to be 0.386, which
was not statistically significant. 38% SDF was saturated
for one minute for the cavitated lesions in Group I, and
GIC was applied in Group Il after the SDF application.
The operator used Frankl’s Behaviour Rating Scale
and graded the patient’s behaviour assessment in the
categories of I, II, 1ll, IV, and V. A Likert scale question-
naire was carried out to know about the acceptability of
SDF and SMART by the parent\guardian. In our present
study, parents were more concerned about caries ar-
rest and the minimally invasive treatment approach than
the staining of the primary teeth. Since children with
special needs lack coordination and cooperation, the
parents were happier about the non-invasive treatment
approach with SDF in our current study. Most parents
accepted it because of its less invasive nature. Few par-
ents expressed their aesthetic concerns about SDF, and
many reported that their children were too young to care
about the black staining after SDF application; instead,
they were happy when the sensitivity had stopped. In
a similar study, Miller et al. [33] found that most parents
accepted SDF as a nonsurgical treatment to arrest car-
ies and minimize dentinal sensitivity secondary to car-
ies. A similar report was given by Alshammari et al. [34].
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Patel and his colleagues reported no difference in
the staining intensity between SDF and SDF+KI [35],
while few other authors found a statistically significant
decrease in staining intensity [36; 37]. Patients were
followed up at six months, and a plaque sample was
collected from both groups. There was a dropout of
two patients from the groups. Comparison of pre-and
post-microbiological countin Group | (SDF)and Group Il
(SMART) was assessed, and the p-value was found to
be 0.003 and 0.001, which was statistically significant
and implies that the mean microbial reduction was sig-
nificant in Group Il (SMART) when compared to Group |
(SDF). Secondary caries was evaluated by visual and
tactile examination in Groups | and Il, and SDF was re-
applied in Group |, according to Zhi et al. [24]. The re-
application of SDF at six-month intervals added extra
beneficial caries arresting effects to the study popula-
tion as it is difficult for the special children to maintain
oral hygiene properly due to lack of dexterity [38—40].
Our study found that SDF has given promising clinical
results in the research sample. The Limitations of the
study includes, the difficulty to isolate during the clinical
procedures and lack of following of the post operative
instructions by the patients due to the disabilities.

Our study concluded that the effectiveness of both
the techniques (SDF and SMART) was equally benefi-
cial to the target population. Since it was focused mainly
on exceptional children, the non-invasive treatment ap-
proach offered easy, highly efficient caries arrest. Howe-
ver, it was statistically concluded that the mean microbial
reduction was better in Group Il (SMART) than in Group |
(SDF), with a p-value of 0.001, which was statistically
significant. Hence, the SMART procedure presented
a deemed advantage in caries arrest and microbial re-
duction compared to clinically and microbiologically
SDF. Only 2.9% of the occurrence of the new carious le-
sion was observed in Group Il. In contrast, it was 12% in
Group I, which signifies the clinical success of the SMART
technique among children with special needs despite
being a minimally invasive treatment approach.

CONCLUSION

Within the parameters of this study, it was conclu-
ded that, Silver Diamine Fluoride and SMART has given
promising clinical results in the field of dentistry, which
were equally beneficial in particular children. The mean
microbial reduction was better in Group II(SMART) than
in Group I(SDF), with a p-value of 0.001, which was sta-
tistically significant.

Hence, the SMART procedure presented a deemed
advantage in caries arrest and microbial reduction com-
pared to clinically and microbiologically SDF. In con-
trast, it was 15% in Group |, which signifies the SMART
technique’s clinical success among Special children
despite being a minimally invasive treatment approach.

The advancement of the Silver Modified Atraumatic
Restorative Technique (SMART) has proved a better
clinical and microbial success when compared to Silver
Diamine Fluoride alone in special children who would
find difficulty in making multiple dental appointments
due to the physical and mental health issues.
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Abstract

AIM. The aim of the present study was to assess the influence of vitamin D supplementation on the osteogenic
differentiation potential of Dental Pulp Stem Cells (DPSC) in diabetic and non-diabetic subjects.

MATERIALS AND METHODS. The experimental study was conducted using oral mesenchymal stem cells
(MSC) derived from adult dental pulp extirpated from extracted permanent premolar and third molar teeth of
healthy patients and diabetic patients. Pulp tissue was extirpated, sectioned, and cultured in T25 flasks with
Minimum essential medium-Alpha (MEM- a), fetal bovine serum (FBS) and antibiotic-antimycotic reagents.
Stem cells were isolated, characterized via flow cytometry for specific markers, and subjected to tri-lineage
differentiation which was confirmed through staining reagents such as Alizarin Red for osteogenesis, Safranin
O for chondrogenesis, and Oil Red O for adipogenesis. Subsequently, influence of Vitamin D3 on the DPSCs
viability was assessed employing MTT assays across varying concentrations.

RESULTS. Findings of the present study show that Vitamin D3 plays a significant role in enhancing osteogenic
differentiation of DPSCs. Diabetic groups showed poor ability for bone regeneration as compared to the
control group, with considerable disparity regarding biomechanical properties as well as decreased levels
of hypoxia-inducible factor (HIF-1a) and vascular endothelial growth factor (VEGF). Subsequently, the study
highlighted the significance of optimal vitamin D levels aiding in bone regeneration.

CONCLUSIONS. Vitamin Dsupplementationhas shownto haveapositive effectonthe osteogenicdifferentiation
of DPSCs, especially under diabetic conditions. The outcomes of this study infer the therapeutic potential of
vitamin D in bone regeneration.
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Ha 0CTeoreHHy AnddepeHUMpPOBKY CTBOJIOBbIX K/IETOK NY/bMbl
3yba y naumMeHTOB C caxapHbiM guabeToM u 6e3 Hero
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Pe3siome

LIEJIb. Lienblo HacTosLWero nccnenoBanus 6610 OLEeHUTb BNMsHne nobaBok ButaMmuHa D Ha oCTeoreHHbin
noteHuman anddepeHLNpPOoBKN CTBOJSIOBLIX KNETOoK Ny bnbl 3yba (DPSC) y naumeHToB ¢ caxapHbiM AnabeTom
n 6e3 Hero.

MATEPUAbI N METOAbl. DkcnepuMeHTanbHoe uccnenosaHue Obiio NPOBEeAeHO C UCMO0Nb30BaHMEM Me-
3eHXMMasbHbIX CTBOJIOBbIX K1eTok nosoctn pta (MSC), nony4yeHHbIX U3 NyfbMbl MOCTOSAHHbLIX NPEMOJISIPOB
M TPETbUX MOJNIIPOB, YAANIEHHbIX Y B3POC/bIX 3[0POBbIX MAaLMEHTOB U MaLMEHTOB C caxapHbiM AnabeTom.
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MynbnoBas TkaHb Oblna 3KCTEPNMPOBaAHA, CEKLIMOHMPOBAHA 1 KyNbTUBMpPOBanack BoO ¢piakoHax T25 ¢ MUHK-
MasnibHOW OoCHOBHOW cpenon a (MEM-a), deTanbHol Oblubel cbiBOpOTKOW (FBS) n aHTMOBMOTUKO-NPOTUBO-
rpubkoBbiMM peareHTamu. CTBONOBLIE KNEeTKM Oblfin BblAENEHbl, 0XapakTepmn3oBaHbl METOAO0M NMPOTOYHOWN
LMUTOMETPUN NO 3KCMPECCUN CMELNDUYECKNX MAPKEPOB U MOABEPIHYTbl TPUIMHENHON onddepeHLnpoBKe,
noaTBepXaeHHon okpawmeaHuem: Alizarin Red ansi octeoreHesa, Safranin O ans xonaporeHesa u Oil Red O
ons agunoreHesa. BnvaHme ButammHa D3 Ha xun3HecnocobHocTb DPSCs oueHMBanock C MCMOJIb30BaHNEM
MTT-TecTOB Npu pasnnyHbIX KOHUEHTPALMSIX.

PE3YJIbTATbI. Nony4yeHHble OaHHble CBUOETENbCTBYIOT O 3HAYUTENbHOM poan ButammHa D3 B ycuneHum
ocTeoreHHoln auddepeHumporkn DPSCs. B rpynnax ¢ caxapHbiM anadeTom Habnoganacb CHUXEHHAsS CMo-
COBOHOCTb K KOCTHOWM pereHepawmm no CPaBHEHMIO C KOHTPOJIBHOW FPYMNMON, a TakXe BblpaXXeHHbIE pasnnyms
B GOMEXAHNYECKNX CBONCTBAX, CHUXEHHbIE YPOBHU (akTopa, nHayumpyemoro runokcuent (HIF-1a), n cocy-
amcTtoro aHgotenmansHoro paktopa pocta (VEGF). iccnepoBaHue nogyepkmBaeT BaXXHOCTb NOAAepXaHUS
OoNTUManNbHOro YPOBHS BUTaMuHa D ons npoueccoB pereHepaumnm KOCTHOW TKaHW.

BbIBOAbl. Lob6aBku BuTammHa D okasbiBalOT NONOXUTENbHOE BAUSIHUE HA OCTEOreHHyto anddepeHumMpoBKyY
DPSCs, oco6eHHO B yCnoBuMsax caxapHoro anabeta. Pe3ynbtatbl JAHHOMO UCCNeN0BaHNS YKa3biBalOT HA Te-
paneBTMYECKUI NOTeHUMan ButammHa D B KOCTHOM pereHepaumm.

KnioueBble cnoBa: nysbna 3yb6a, MeseHxnMarsibHble CTBOJIOBbIE KJIETKW, KOCTHAsA pereHepaums, caxapHblii
nnaberT, in vitro

UHdopmauumna o ctaTbe: noctynuna — 29.03.2025; ncnpasneHa — 16.05.2025; npuHarta — 28.05. 2025
KoH}AMKT uHTepecoB: aBTOpbl CO0OLLaI0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.
BnaropgapHocTu: GUHAHCUPOBAHWE U MHANBUAYANbHbIE 6N1arofapHOCTY N5 OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana umtupoBanua: Mangxanm A., Kxeyp C., Oxanxas M.LU., Pagxnypoxut JI1.J1., Cypew H., Matxyp A,
Ceneapagx C., Ameknop @. OueHka BnsHua gobaBok ButammnHa D Ha ocTeoreHHyio anddepeHunpos-
Ky CTBOJIOBbIX KJE€TOK MyfbMbl 3y6a y NauMeHTOB C caxapHbiM AnabeTom 1 6e3 Hero. SHAoAoHTUs Today.
2025;23(2):205-215. https://doi.org/10.36377/ET-0097

INTRODUCTION

DPSCs have gained popularity as a valuable source
of MSCs owing to their unique characteristics along with
therapeutic applications [1; 2]. These cells are sourced
from the dental pulp tissue and possess properties
similar to bone marrow derived MSCs, such as the ca-
pability of the multilineage differentiation, including the
potential to transform into osteoblasts, chondrocytes,
and adipocytes [3-5]. The non-invasive method of ex-
traction and immunomodulatory capabilities further en-
hance their appeal for therapeutic use [6].

The osteogenic differentiation of DPSCs is of par-
ticular significance for use in bone repair and rege-
neration [7; 8]. DPSCs have proven to differentiate
effectively into osteoblasts, which contribute to the
establishment of mineralized matrices, and exhibit
a range of osteogenic markers [8; 9]. However, the os-
teogenic potential is influenced by several factors, in-
cluding the cellular microenvironment, growth factors,
and external stimuli [10; 11]. Among these, Vitamin D is
known to play a pivotal role in regulating calcium me-
tabolism and cellular differentiation [12].

In recent years, role of vitamin D in the metabolic
processes of MSCs has been extensively studied. It has
been shown that the differentiation of MSCs into osteo-
blastsis increased by the presence of 1,25-dihydroxyvi-
tamin D3 (1,25(0OH)2D3), an active metabolite of vitamin
D3. Additionally, MSCs, especially DPSCs have been
known to possess proteins responsible for Vitamin D3
metabolism, catalyzing the conversion and activation of
Vitamin D3 [13]. These established facts, direct towards
the potential of vitamin D supplementation in enhanc-
ing the osteogenic capacity of DPSCs, especially in
immunocompromised conditions such as in Diabetes,
a condition that is well known to impair stem cell functio-

dHdodoHmus
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nality [14-16]. The adverse effect that diabetes has on
the stem cell behaviour necessitates further research
on the effects vitamin D in mitigating these difficulties.
Hence, this study focuses to evaluate the osteogenic
differentiation potential of vitamin D supplementation
on both diabetic and non-diabetic DPSCs, thereby ad-
dressing a significant gap in the current literature.

This research seeks to provide insights on the ra-
tionale of using vitamin D3 supplementation to enhance
therapeutic outcomes in bone modifying conditions
that require the augmentation of host regenerative ca-
pabilities. Considering the chronic burden that diabetes
and its associated conditions provide on the popula-
tion, finding therapeutic strategies that contribute to
minimizing the systemic effects of diabetes, like the use
of Vitamin D3 supplementation to boost regenerative
potential of DPSCs is pragmatic. There has been ex-
tensive research on the effect of vitamin D on the os-
teogenic potential of MSCs, but only a few studies have
been carried out on dental stem cells [17; 18]. Also, the
combination of diabetic influence on the MSCs and the
enhancing effect of vitamin D on the osteogenesis of the
MSCs have never been addressed with respect to den-
tal MSCs. Hence, the present study aims at assessing
the osteogenic potential of DPSCs when treated with
diabetic and healthy serum.

MATERIALS AND METHODS

Study Design and Ethical Approval

This experimental study was conducted in the Re-
generative Medicine Laboratory at Dr. D.Y. Patil Dental
College and Hospital, Pune, India, following approval
from the Institutional Ethics Committee. Informed con-
sent was obtained from all participants whose biologi-
cal specimens were utilized in the research.

Volume 23, no. 2/ 2025


https://doi.org/10.36377/ET-0097

MccneposaHus / Scientific researches |

Sample Collection

DPSCs were isolated from the extracted permanent
teeth (premolar and third molar) of both diabetic and
non-diabetic patients. The selection criteria for partici-
pants included age, health status, and the absence of
systemic diseases that could affect bone metabolism.
Teeth were extracted for orthodontic or disimpaction
purposes, without damaging the pulp and collected un-
der sterile conditions.

Tooth Preparation and Pulp Extraction

Each tooth included in the study were cleansed us-
ing a 5% solution of sodium hypochlorite, followed by
three rinses with Phosphate buffered saline (PBS) to
avoid any microbiological contamination. Further, pulp
was extirpated by drilling utilizing an airotor and straight
fissure burs followed by transferring them in a sterile
petri dish filled with PBS (Fig. 1).
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Explant Culture Methodology

The pulp tissue which was first rinsed with PBS and
antibiotic solution several times was then excised into
miniscule pieces, approximately 1-2 mm in size. Si-
multaneously, T25 flask surface was coated with FBS
and placed into a CO:z incubator at 37°C. Once the pulp
tissue fragmentation was complete it was transferred
into the pre-incubated T25 flask, then a drop of FBS
containing 1% antibiotic-antimycotic (Ab-Am) solu-
tion was introduced and the flask was incubated for
24 hours.

After 24 hours flask was enriched with MEM-a and
combination of ten percentage of FBS with 1% Ab-Am
solution (Fig. 2). Then the flask was further incubated
for 4 days and after every four days it was subjected to
examination to assess for cellular expansion and proli-
feration, employing phase contrast microscope (Fig. 3).
Culture Media in the flask was replaced biweekly.

Fig. 1. Teeth specimen after extirpation of pulp (A);
sterile extraction of pulp (B)

Puc. 1. 3y6Holi o6pasew, nocne akcTepnayum
nynbnbl (A); cTepuUibHOE U3BNeYeHne nynbrbl (B)

Fig. 3. Cultured cells under Phase-contrast
microscope

Puc. 3. KynbTMBMPOBaHHbIE KNETKN
nof $a3oBO-KOHTPACTHbIM MUKPOCKOMOM

Flask examined till
80-90% of cell
confluency is
achieved

Excised Pulp
Fragments

Treated with PBS

Surface of T25
flask coated with
DBS reagent

i

Examined of flask
for cellular
expansion under
phase-contrast
microscope

Transferred
to sterile petri dish

Placed in CO,
incubator

Incubated
for 4 days

i)

Flask enriched with
MEM-a+10%
FBS+1% Ab-Am
solution

Incubated Adrop of FBS
<:| reagent containing
for 24 hours

added to the flask

1% Ab-Am solution

Pulp fragments
transferred into
preincubated T25
flask

&

Note. PBS - phosphate buffered solution, FBS — fetal bovine serum, MEM-a — minimum essential medium-Alpha, Ab—Am

solution — antibiotic-antimycotic solution

Fig. 2. Flowchart depicting procedure to culture DPSCs

Puc. 2. bnok-cxema, AEMOHCTPUPYIOLLAs NPOLLEAYPY KYETUBUPOBAHWS CTBOJIOBbIX KJIETOK NMynbnbl 3yb6a (DPSC)
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Cell passaging

The cultured stem cells were then passaged as they
achieved 80-90% confluence within the flask, following
which they underwent trypsinization process. The pro-
cess involved removing the liquid, washing with PBS,
and adding 2 microliters of trypsin after which the mix
was incubated for a minute. After incubation, trypsin
activity was halted with complete media, and non-ad-
herent cells were removed. The suspension was then
centrifuged, yielding a cell pellet, which were then re-
suspended in complete media and shifted to a new T25
flask (passage zero, P0). This process was repeated
every 2 days until cells reached passage 4.

Characterization of DPSCs

The MSCs derived from dental pulp were characte-
rized for their stemness properties using flow cytom-
etry. This technique involved the use of specific cell
surface markers, including CD34, CD44, CD45, CD73,
CD90(PE-labeled), and HLA-DR(FITC-labeled). Subse-
quently, the process of trypsinization and collection of
cells in the log- growth phase was performed, speci-
mens further fixed with 4% paraformaldehyde, follo-
wing a rinse using PBS solution comprising of 0.5% bo-
vine serum albumin (BSA) the cells further incubated
with fluorescently labelled antibodies specific to the
markers of interest. Data analysis was conducted with
the ‘Cell Quest Pro program.

Tri-lineage differentiation

The DPSCs were further induced for a tri-lineage dif-
ferentiation:

Osteogenic Differentiation: DPSCs were induced
to undergo osteogenic differentiation using a medium
supplemented with dexamethasone, ascorbic acid-
2-phosphate, and B-glycerophosphate. The medium
was replaced every three days for 21 days. Confirmation
of differentiation was achieved with Alizarin Red stain-
ing, which detected calcium deposits in the cells.

Chondrogenic Differentiation: DPSCs were in-
duced to undergo chondrogenic differentiation using
a medium containing sodium pyruvate, dexametha-
sone, ascorbate-2-phosphate, TGF-b3, and L-proline.
The culture medium was changed every three days for
21 days. Chondrogenic differentiation was validated us-
ing Safranin O staining, which detected glycosamino-
glycan synthesis.

Adipogenic Differentiation: Adipogenic differen-
tiation of the DPSCS was achieved by using a medium
consisting of dexamethasone, indomethacin, 3-isobu-
tyl-1-methylxanthine, and insulin. Induction medium
was changed every three days for 21 days. Adipogenic
differentiation was assessed using Oil Red O staining,
which detected lipid droplets in cells.

Treatment of DPSCs with Vitamin D

and assessment of post-treatment cellular viability
DPSCs were treated with variable concentrations

of Vitamin D3 (0-200 nM) for 48 hours. Cellular viabi-

lity were assessed utilizing the MTT test. The assay

evaluated the viability of DPSCs treated with Vitamin D
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extract for 48 hours. After treatment, cells rinsed
with PBS, detached using 0.25% Trypsin-EDTA, and
centrifuged. The pellet was resuspended in complete
media (DMEM media in combination with high glu-
cose supplemented with 10% FBS and 1% Ab-Am),
and 100 ul of this suspension was seeded into 12 wells
of a 96-well plate. Plate was incubated for twenty-four
hours at 37°C under 5% CO:2 and 95% humidity. Me-
dia was then replaced with 100 pl of varying Vitamin D
concentrations (prepared in complete media) added
to triplicate wells, followed by another 48-hour incu-
bation. To assess cytotoxicity, each well was covered
with 50 yl of MTT reagent, following which plate was
incubated for three hours. The reaction was stopped
by using 100 pl dimethyl sulfoxide (DMSQO), dissol-
ving formazan crystals, and absorbance at 570 nm
was measured using a microplate spectrophotom-
eter (Skanlt Software 5.0). Blank-adjusted absorb-
ance (using DMSO-only controls) was calculated as
mean * standard error of the mean, and results were
graphically represented as absorbance A570 versus
extract concentration.

Preparation of Human Blood Serum

Selection criteria: To acquire human blood sera,
blood samples were collected from healthy and dia-
betic participants. Certain criteria were established to
include and exclude participants to avoid bias.

In Diabetic participants, age, gender and period
of type 2 diabetes mellitus (T2DM) was matched. To
prevent bias from bone modifying drugs, any diabetic
participants who had undergone thiazolidinedione
(rosiglitazone or pioglitazone) treatment and individu-
als with osteoporotic fracture were excluded from the
study.

Patients having normal glucometabolic characteris-
tics with HbA1c (Glycated hemoglobin test) levels below
6.5 percent were considered as non-diabetic/healthy
individuals and were matched for age, and gender

Serum Processing: The collected blood was
allowed to clot, and serum was separated by the pro-
cess of centrifugation. Serum was then heat-pro-
cessed at 56°C for thirty minutes to inactivate any po-
tential pathogens. Following this, the serum underwent
filtration through a 0.22 um membrane to ensure ste-
rility. The treated serum was cryopreserved at —20°C
until needed for cell culture.

Osteogenic differentiation of DPSCs

Cellswere placed in a 24-well plate at a cell concen-
tration of 8 x 10* cells/ml and cultivated under standard
conditions using 10% a-MEM and 1% Ab-Am solution.
After 24 hours, cells were evaluated for 80% conflu-
ency. From that point onwards the cells were evaluated
for osteogenic differential potential. That point was
considered as day zero and the osteogenic differen-
tiation was executed for 21 days. Following the induc-
tion process, the medium was substituted after every
three days for 21 days. Subsequently, confirmation of
osteogenic differentiation was achieved via alizarin red
staining.
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Groups established for assessment
A total of six groups were established for assess-
ment (Fig. 4).

Statistical Analysis

The analysis was performed in IBM SPSS statistics
version 20 software. P-value < 0.05 was considered
statistically significant. A quantitative assessment of
the osteogenic differentiation of DPSCs, when stained
with alizarin red, was performed. Data analysis was
conducted employing an Image J analyzer. Data were
presented as mean = SD. Error bars indicate SD.

RESULTS

Isolation of MSCs

The isolated MSCs sourced from the dental pulp ex-
hibited spindle-shaped morphology under the micro-
scope.

Surface marker characterization

When the immunophenotypic characteristics were
assessed to express particular cluster differentiation
(CD) markers utilizing flow cytometry, DPSCs showed
net positivity for CD90, CD105, CD73. MSCs showed
negative results for expression of CD34, CD45, and
Human Leukocyte Antigen-DR isotype (HLA-DR). DP-
SCs expressed positive for CD90 (97.920%), CD105
(99.114%), and CD73 (99.128%). Expressed negative for
CD34 (1.181%), CD45 (0.313%), and HLA-DR (0.531%)
(Fig. 5).

In vitro tri-lineage differentiation

DPSCs were characterized by their tri-lineage dif-
ferentiation potential, such as osteogenic, chondro-
genic, and adipogenic lineages. Osteogenic differen-
tiation was assessed using Alizarin Red staining, which
demonstrated a prominent bright orange-red colora-
tion along with the presence of extracellular calcium
deposits. In contrast, the undifferentiated control cells
displayed only a faint reddish hue and lacked any de-
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tectable calcium deposition, indicating the absence of
osteogenic activity (Fig. 6, A). Chondrogenic differen-
tiation was verified through the deposition of a bright
red colour, indicative of extracellular matrix proteogly-
can production, a hallmark of chondrocyte activity and
cartilage matrix synthesis (Fig. 6, B). For adipogenic
differentiation, intracellular lipid droplet formation was
observed following Oil Red O staining, validating the
capability of MSCs to transform into adipocytes. These
lipid droplets, stained in red, were clearly visible within
the cytoplasm of the differentiated cells, while undiffer-
entiated cells lacked such features (Fig. 6, C).

Cellular viability

The survivability of DPSCs was first assessed by
subjecting them to various concentrations of Vita-
min D (10 nM, 20 nM, 30 nM, 40 nM, 50 nM, 100 nM,
and 200 nM) for 48 hours. The MTT assay’s findings de-
monstrated that Vitamin D enhances the proliferation
of DPMSCs; and exhibits no cytotoxic effect (Fig. 7).

Influence of Vitamin D on osteogenic
differentiation Capability of DPSCs

Impact of Vitamin D on osteogenic differentiation of
DPSCs was evaluated using Alizarin Red staining. The
data that were obtained are displayed in Fig. 8 A & B
revealed a significant enhancement of osteogenesis of
DPSCs when cultivated in an osteogenic medium sup-
plemented with vitamin D3 (50 nM). Vitamin D promotes
the growth of bone in DPMSCs, whereas diabetic serum
hinders the growth of bone in DPMSCs. Vitamin D, when
present with diabetic serum, demonstrates a modest
level of osteogenesis.

Alizarin red staining is used to see matrix minerali-
zation, which indicates osteogenic differentiation. Six
groups: Undifferentiated DPSCs as negative control
showing no calcium deposits, Differentiated DPSCs as
positive control exhibiting moderate calcium deposi-
tion, Differentiated DPSCs and Vitamin D showing the
highest amount of calcium deposition, Differentiated

Specimen groups for assessment

Undifferentiated
control
Treated using plane
a-MEM + 1% FBS
solution

Differentiated
control
Treated using
MEM-a + 10% FBS
+ 1% antibiotic-
antimycotic
solution + 10 nM
Dexamethasone
+ 0.1 mM ascorbic
acid-2-phosphate
+10 mM
B-glycerophosphate

Differentiated
Vitamin D
Treated using
MEM-a + 10% FBS
+ 1% antimycotic
solution + 10 nM
dexamethasone
+ 0.1 mM ascorbic
acid-2-phosphate
+10 mM
B-glycerophosphate
+ 50 nM Vitamin D

Differentiated 1%
normal serum
Treated using

MEM-a + 10% FBS

+ 1% antibiotic-
antimycotic
solution +10 nM
dexamethasone

+ 0.1 mM ascorbic

acid-2-phosphate

+10 mM

B-glycerophosphate

+ 1% normal human

sera

Differentiated 1%
diabetic serum
Treated using
MEM-a + 10% FBS
+ 1% antibiotic-
antimycotic
solution + 10 nM
dexamethasone
+ 0.1 mM ascorbic
acid-2-phosphate
+10 mM
B-glycerophosphate
+ 1% diabetic
human sera

Differentiated 1%
diabetic serum
with Vitamin D

Treated using

MEM-a + 10% FBS
+ 1% antibiotic-

antimycotic solution

+10nM

dexamethasone
+0.1 mM ascorbic
acid-2-phosphate
+10 mM
B-glycerophosphate

+1 % diabetic
human sera

+ 50 nM Vitamin D

Fig. 4. Groups for Assessment
Puc. 4. [pynnbl 4Ns OUEHKM
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Fig. 5. Immunophenotypic characteristic expression through flow cytometric analysis for MSCs derived
from dental pulp

Puc. 5. immyHodeHoTUnmnyeckas xapaktepmuctmka MSC, nosiy4eHHbIX U3 Mynbhbl 3yba
(aHanM3 MeToooM NPOTOYHOW LUTOMETPUM)

Osteogenesis (Alizarine Red) Chondrogenesis (Safranin 0) Adipogenesis (Oil Red O)

A B C
Fig. 6. In-vitro differentiation of DPSCs for osteogenic (A), chondrogenic (B), and adipogenic (C) purposes.
The control group consisted of MSCs that were not inducted. DPSCs were cultivated In-vitro using chondrogenic,
osteogenic, and adipogenic induction process for durations of 21, 18, and 15 days, respectively. Alizarin red
staining is used to see matrix mineralization, which indicates osteogenic differentiation. Safranin o staining is used
to visualize the cartilage matrix, which indicates chondrogenic differentiation. Moreover, oil red staining is used
to see lipid- containing adipocytes, indicating their adipogenic differentiation at a magnification 200

Puc. 6. In vitro anddepeHumpoBka CTBOMOBbIX K1eTOK Nynbnbl 3y6a (DPSC) no octeoreHHoMYy (A),
XOHAporeHHomy (B) n agunoreHHomy (C) HanpasneHunsam. KoHTponbHas rpynna coctosna ns MSC,

He noaBepraBLunxcs nHaykunm. DPSC kynsTuBMpoBanu in vitro ¢ NnPUMeHeHNeM XOHAPOreHHOM, OCTEOrEeHHOM
M agmMnoreHHom nHaykummn B TedeHme 21, 18 n 15 gHeii cooteetcTBeHHO. OkpalumaHue Alizarin Red npumeHanu
01151 BbISIBIEHVS MMHEPANM30BaHHOMO MaTPUKCa, YKa3blBAKOLLEro Ha OCTEOreHHyo ouddepeHLnpoBKY.
OkpawwnBaHue Safranin O ncnonb3oBanu Ans BU3yaam3aLnm XpsaweBoro MaTprkea, YTo CBUAETENbCTBYET

0 xoHaporeHHonm gudpdepeHumpoke. OkpawwmeaHme Oil Red npyuMeHsanu ons BbisBNEHNS aAUNoumTOB,
coepxalnx nnnmabl, 4TO yKasbiBaeT HA agannoreHHyo guddepeHunpoBky. Yeenmndedme x200
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DPSCs and 1% Normal Serum showing mild to moder-
ate calcium deposition, Differentiated DPSCs and 1%
Diabetic Serum showing no calcium deposition, and
lastly Differentiated DPSCs containing both Vitamin D
and 1% Diabetic Serum showing slightly higher calcium
deposits compared to the positive control group (Fig. 8).
The osteogenesis of DPSCs is greatly improved
when grown in an osteogenic medium containing vita-
min D3 (50 nM). Vitamin D stimulates bone growth in
DPMSCs, while diabetic serum inhibits bone growth in
DPMSCs. When vitamin D is present in diabetic serum, it
shows an increased level of osteogenesis (Fig. 9).

Viabiliry of DPMSCs (OD at 570 nM)

0.2500
0.2000+
0.1500+
0.1000+
0.0500-

0.0000-
Control 10 20 30 40 50 100 200

Concentration in nM

Fig. 7. The Proliferation-Boosting Effects of Vit-D
on DPMSCs with no Cytotoxicity

Puc. 7. Ctumynupytoliee BNnsiHNe ButammnHa D
Ha npoandepaLmio Me3EHXNMasIbHbIX CTBOJIOBbIX
KJIETOK Nynbbl 3yb6a 6e3 NposiBieHns LMTOTOKCUYHOCTH

Undifferentiated Control

Normal Serum (1%)

Fig. 8. Osteogenic differentiation of DPSCs
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Differentiated Control
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DISCUSSION

MSCs, particularly those derived from the oral ca-
vity are indispensable to regenerative medicine owing
to their ability to differentiate into many cell types and
their simplicity of isolation process [19; 20]. Oral cavity
derived MSCs such as DPSCs [21-24], gingival mesen-
chymal stem cells (GMSCs) [25], and periodontal liga-
ment-derived MSCs (PDLSCs) [26] also possess high
angiogenic potential and greater differentiation capa-
city, thus qualifying as ideal candidates for cell-based
therapeutic interventions [27; 28]. This paper is particu-
larly concerned with the role of vitamin D3 in increasing

Osteogenesis (OD at 450 nM)
1.4000

1.2000+
1.0000

0.8000-
0.6000-
0.4000-
0.4000-
0.0000-— N

Undiff. Diff. VitD NS 1%) DS(1%) VitD +
Control Control DS (1%)

Fig. 9. Quantitative assessment of osteogenic
differentiation of DPSCs when stained with alizarin red

Puc. 9. KonnyectBeHHas oLeHKa OCTEOreHHOoM
onddepeHUNPOBKM CTBOJIOBbLIX KNIETOK Nynbrbl 3y6a
(DPSC) npwu okpawmsaHum Alizarin Red

Vitamin D

Puc. 8. OcteoreHHas ouddepeHLmMpoBKa CTBOJSIOBbIX KJIETOK Nynbbl 3yba (DPSC)
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the osteogenic differentiation of DPSCs, its potential in
bone regeneration, and its implications in treating di-
seases such as osteoporosis and diabetic complica-
tions related to bone metabolism [29].

Studies have shown that Vitamin D3 may promote
the growth of bone-forming cells (MSCs) derived from
diverse oral tissues in laboratory settings. Khanna-Jain
et al. [30] found that the presence of osteogenic sup-
plements enhances the mineralization of human der-
mal fibroblast cells (hDFCs) and human dermal papilla
cells (hDPCs) via the action of 1,25-dihydroxyvitamin
D3 [1,25(0H)2D3] and 25-hydroxyvitamin D [25(OH)
D3], similar results were obtained in the present study.
However, these substances do not stimulate mineraliza-
tion when osteogenic supplements are not present [31].

Even though, the present study offers significant
findings on the osteogenic activity of vitamin D3 on
DPSCs, one must acknowledge some limitations of this
study. The study was in vitro, which may not exactly re-
flect the dynamics of the intricate in vivo environment.
Further studies are necessary to confirm these find-
ings in animal models and human clinical trials. The
study was also specific to DPSCs, and more studies are
necessary to establish if vitamin D3 has the same ef-
fect on other OC-MSC subtypes. Additionally, the study
did not address the synergistic interactions of vitamin
D3 with other osteogenic agents or biomaterials, which
can further unlock its therapeutic potential. Lastly, the
study did not address the long-term effects of vitamin
D3 on DPSC differentiation and mineralization, which is
necessary for evaluating its potential as a sustainable
regenerative therapy.

Future studies need to overcome these limitations
by implementation of animal studies and clinical trials.
Future studies should also evaluate the effect of vitamin
d3 on other OC-MSCs along with comparative evalua-
tion to assess if the effect is cell-type dependent. Ad-
ditionally, studies analysing the concomitant use of
vitamin d3 with other osteogenic agents or biomateri-
als will help optimize the therapeutic benefits. Finally,
long-term studies need to be conducted to determine
the long-term maintenance of vitamin D3-induced os-
teogenesis and its applicability to clinical use in rege-
nerative medicine. Elucidation of the underlying mole-
cular mechanisms by which vitamin D3 influences
DPSCs and other OC-MSCs will provide further insight
into its therapeutic potential.

The current study focused on the potential ability
of vitamin D3 on osteogenic differentiation, which re-
vealed that its metabolites facilitate mineralization and
marker expression associated with osteogenesis under
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BKJA ABTOPOB

A. TaligxaHun — cyLeCcTBEHHbIN BKa B pa3paboTKy KOHLUEeNuum Uan amusaiHa ctatby; HanMcaHue ctaTby UK ee Kputuye-
CKOe pefakTMpPOBaHME C aKLLEHTOM Ha BaXHOE UHTEeJJIEKTyalIbHOE coaepXaHume.

C. Kxeyp — cyLLeCcTBEHHbIN BkNla B pa3paboTky KOHLENUMU Unm ausanHa ctaTby; HanncaHme ctatbl UM ee KpUTruyeckoe
penakTMpOoBaHUE C akKLLEHTOM Ha BaXHOE UHTENNEeKTyaslbHOEe CoAepXaHue.

M.LL. Oxanxas — cyLeCTBEHHbIN BKNad B pa3paboTKy KOHLLeNUUM Unm ansaiiHa ctatby; coop, aHanns nnm nHtepnpeTauus
OaHHbIX 4J19 CTaTby.

J1.J1. PapXnypoxuT — HanncaHue ctatby N ee KPUTUYECKOE PefakTUPOBaHME C aKLLEHTOM Ha BaXXHOE MHTEIeKTyaslbHOe
cofepxaHune; yTBepXaeHne oKoHYaTeIbHOM Bepcumn ansa nyonukaumnm.

H. Cypew — c6op, aHan13 unv nHTepnpeTauns AaHHbIX 4S8 CTaTby; yTBEPXAEHWE OKOHYATeIbHOM BEpCUn ANs Ny6amKaumn.

A. MaTxyp — HanucaHue cTaTbM UK €€ KPUTUYECKOE pelakTUPOBaHNE C akLLEHTOM Ha BaXXHOE UHTEeNNeKTyaslbHOe coaep-
XaHue; yTBepXaeHne okoH4YaTelbHOM Bepcun ansa nyénmkauum.

C. CenBapag> — CyLLeCTBEeHHbIN BkNa B pa3paboTky KOHLENUUY unn ausaiiHa ctaTby; HannucaHne ctaTtbl NN ee KpUTn-
yeckoe pefakTMpPOoBaHUe C akLLEHTOM Ha BaXXHOe MHTeNNeKkTyanbHoe coaepxaHue.

. AMEKNOp — HanrucaHue cTaTbh NIV ee KPUTUYECKOE PeaakTUPOBAHNE C aKLLEHTOM Ha BaXXHOe MHTEeNnJIieKTyaJllbHOe CO-
AepXaHue; yTBepXxanoeHune OKOHYaTeNbHOM Bepcun gna ny6n|/||<au,|/||/|.
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Clinical assessment of polyhexanide as an endodontic irrigant
in the management of chronic apical periodontitis
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Peoples’ Friendship University of Russia named after Patrice Lumumba (RUDN University), Moscow, Russian Federation
< generalova-yua@rudn.ru

Abstract

INTRODUCTION. Chronic forms of apical periodontitis remain a relevant challenge in endodontic practice.
The effectiveness of treatment largely depends on the quality of root canal irrigation. Polyhexamethylene
guanidine (polyhexanide) is considered a promising alternative to sodium hypochlorite, offering antimicrobial
activity with low cytotoxicity.

MATERIALS AND METHODS. The study included 49 patients with chronic apical periodontitis, divided into
two groups. In the first group, a 0.2% polyhexanide solution was used as the primary irrigant, while the second
group received a standard protocol with 3% sodium hypochlorite (NaOCI) and 17% EDTA. Treatment efficacy
was evaluated based on clinical symptoms and radiographic changes at 6 and 12 months. The Mann-Whitney
U test and Pearson’s chi-squared (x?) test were used for statistical analysis.

RESULTS. The treatment success rate was 98% in the polyhexanide group and 93.6% in the control group.
After 12 months, patients in the experimental group showed a lower incidence of persistent periapical lesions.
Although the differences did not reach statistical significance (p > 0.05), there was a trend toward a more
favorable healing process with polyhexanide use.

CONCLUSIONS. The use of a 0.2% polyhexanide solution as an irrigant demonstrated clinical efficacy
comparable to the traditional protocol, with a potential reduction in the risk of adverse effects on hard tissues
and surrounding structures. Further studies with larger sample sizes and longer follow-up periods are needed
to definitively assess the advantages of this approach.

Keywords: endodontics, polyhexanide, root canal irrigation, apical periodontitis, antiseptics, clinical efficacy
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Pe3lome

BBEOEHUE. XpoHunyeckne popmMbl BEPXYLLIEYHOrO NEPUOLOHTUTA OCTAKOTCS akTyasibHOW NPo6seMoli B 9H-
[OLOOHTUYECKOW npakTuke. OdDPEKTUBHOCTb fIeYeHUss BO MHOIFOM OMpeaensietcs KaiyecTBOM Mppuraumm
KOPHEBbIX KaHanos. MoanrekcameTuneHryaHuanH (noamrekcaHn) paccMaTpmBaeTcs Kak nepcrnekTuBHas
anbTepHaTMBa rMNOXJIOPUTY HATpUs, 06nagas aHTUMUKPOOHON aKTUBHOCTBIO N HUSKOW LLUTOTOKCUYHOCThIO.
MATEPWAJIbBI N METO/lbl. B nccnepoBaHue BktOYEHbI 49 NauMeHTOB C XPOHMYECKUM anukasbHbIM Nepuo-
LOHTUTOM, pas3fenénHble Ha ABe rpynnbl. B nepBon rpynne B kKa4eCcTBe OCHOBHOIMO MppuUraHTa ncnosib3osascs
0,2% pacTBOp NoanrekcaHuaa, BO BTOpoM — ctaHaapTHbIN npoTokon ¢ 3% NaOCIu 17% 34TA. OueHka adpdek-
TMBHOCTM NPOBOAUNACH MO KIIMHUYECKOV CUMMNTOMATUKE U PEHTIEHOIOMMYEeCKOon AnHaMuke yepes 6 n 12 me-
csiues. [1ng cTaTMCTMYECKOro aHanmsa ncnonb3osanuce U-kputepuii MaHHa—YUTHU 1 x2-kputepuin MNnpcona.
PE3YJbTATbI. YcnewHocTb nedeHus coctasuna 98% B rpynne nonurekcaHnaa n 93,6% B KOHTPONbHOW rpyn-
ne. Yepes 12 MecsiLLeB y NaLMEeHTOB 9KCNePUMEHTasbHOM rpynnbl HabAanack MeHbLUas YHacToTa COXPaHeHUs
nepuanvkanbHblx o4aros. [onyyYeHHbIe pa3nnyng He LOCTUMIM CTaTUCTUYECKOW 3Ha4YmMMocTu (p > 0,05), oaHako
BbIsiIBfieHa TEHAEHUMS K 6onee 61aronpusTHOMY TEHEHUIO 3aXKMBIIEHMS NMPU UCMNONb30BaHUM NONUreKCaHnaa.
BbIBOAbI. MpumeHeHne 0,2% pacTBopa nMonaurekcaHunaa B KavyeCTBe MppuraHta npooeMOHCTPMpOBaso
KJIMHWYEeCKYo 9D PEKTUBHOCTb, COMOCTABMMYIO C TPAAULMOHHBIM MPOTOKOSIOM, MPY BO3MOXHOM CHUXEHUN
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pucka HebnaronpuaTHOro BO34ENCTBUA Ha TBEPAbIE TKAHM 1 OKPYXKatoLLme CTPYKTYpbl. Heobxoammbl oonon-
HUTEJIbHbIE UCCNe0BaHNSA C PaCLUMPEHHO BbIBOPKOWN 1 ANUTENbHbIM HabM0AEHNEM A7 OKOHYaTEeSIbHO
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INTRODUCTION

One of the key challenges in modern endodontics
remains the achievement of stable clinical outcomes
in the treatment of chronic apical periodontitis [1-3].
Despite advancements in instrumentation techniques
and the development of obturation materials, treatment
success largely depends on the effectiveness of anti-
septic root canal irrigation. The presence of persistent
microflora within the canal system creates favorable
conditions for the development of resistant secondary
infections, which significantly reduces the likelihood of
complete healing of periapical tissues [4].

Current concepts of chemical irrigation are based on
the use of combinations of solutions with pronounced
antimicrobial and chelating properties. Traditionally,
sodium hypochlorite has been the irrigant of choice
in clinical practice due to its proven efficacy against
a wide range of microorganisms and its ability to dis-
solve organic debris [1]. However, alongside its strong
antimicrobial properties, sodium hypochlorite is associ-
ated with several adverse effects, including cytotoxicity,
negative impact on dentin structure, and irritating ac-
tion on periapical tissues [5].

Inrecentyears, researchers have focused on a new-
generation antiseptic — polyhexamethylene guanidine
(polyhexanide) — which demonstrates stable bioci-
dal activity, selective action, and low cytotoxicity [6].
In vitro studies have shown that polyhexanide causes
less degradation of dentin microhardness and elastic
modulus compared to sodium hypochlorite [2; 7]. This
makes polyhexanide a promising alternative irrigant in
endodontic practice, particularly in cases where mini-
mal damage to hard dental tissues is of critical impor-
tance [1; 6].

However, to date, clinical and radiographic evidence
on the effectiveness of polyhexanide irrigation for the
treatment of chronic apical periodontitis remains li-
mited. Most studies on this topic are laboratory-based
and lack long-term clinical follow-up data [3]. In the
absence of reliable randomized clinical trials, the use
of polyhexanide as a primary irrigant requires further
validation and evaluation under real-world clinical con-
ditions [4; 8].

To address this, two null hypotheses were formula-
ted within the framework of the present study: (1) the
use of a 0.2% polyhexanide solution has no statistically
significant effect on the clinical effectiveness of treat-

ment for chronic apical periodontitis compared to the
standard irrigation protocol; (2) there are no differen-
ces in the radiographic healing dynamics of periapical
changes between patients treated with polyhexanide
and those treated with sodium hypochlorite and EDTA.

AIM

The aim of this study was to evaluate the clinical and
radiographic efficacy of using an antiseptic formulation
based on a 0.2% polyhexanide solution in the treatment
of chronic apical periodontitis. The study was based
on a comparison of treatment outcomes between pa-
tients who underwent irrigation with polyhexanide and
those treated with the traditional protocol involving so-
dium hypochlorite and EDTA. An objective assessment
of the healing dynamics of periapical changes and the
frequency of clinical symptoms after treatment will help
to determine the potential of polyhexanide use in endo-
dontic practice.

MATERIALS AND METHODS

To study the clinical effectiveness of root canal ir-
rigation with an antiseptic formulation based on poly-
hexanide in the treatment of chronic apical periodonti-
tis, dental examination and endodontic treatment were
performed on 96 patients aged 18 to 65 years. All pa-
tients were diagnosed with various forms of chronic api-
cal periodontitis (without acute exacerbation) — ICD-10
code K04.5: Chronic apical periodontitis. The diagno-
sis was established based on clinical and radiographic
findings consistent with the Clinical Guidelines (Treat-
ment Protocols) for diseases of periapical tissues dated
September 30, 2014 (updated December 20, 2024).

All patients included in the study were fully informed
about the purpose and nature of the procedures, and
signed individual informed consent forms and infor-
mation sheets were obtained. The patient interaction
methods used in this study were approved by the Eth-
ics Committee of the Peoples’ Friendship University of
Russia named after Patrice Lumumba (RUDN Univer-
sity) (Protocol No. 23 dated December 21, 2023).

In the laboratory phase of the study, certain advan-
tages of the 0.2% polyhexanide solution over the 0.1%
solution were identified. Based on the evident benefits
of the 0.2% concentration, this formulation was selec-
ted for the clinical study as part of the experimental pro-
tocol.
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Patients were randomly divided into two groups de-
pending on the root canal irrigation protocol used:

— Group 1 (control group) - root canal irrigation
was performed using the standard irrigation protocol
(8% sodium hypochlorite solution without heating or
sonic/ultrasonic activation; total exposure time in the
root canal not less than 30 minutes; distilled water; 17%
EDTA solution with an exposure time of at least 2 mi-
nutes) — 47 patients.

— Group 2 (experimental group) — root canal ir-
rigation was performed using a 0.2% polyhexanide-
based antiseptic solution without heating or sonic/ultra-
sonic activation; exposure time in the root canal not less
than 2 minutes; 17% EDTA solution with an exposure
time of at least 2 minutes — 49 patients.

The distribution of patients with chronic apical pe-
riodontitis by sex and age is presented in Table 1.

The data presented above indicate that the distribu-
tion of patients by age and sex in both groups was sta-
tistically comparable.

It was essential to define the inclusion, non-inclu-
sion, and exclusion criteria for patient enroliment in the
study. The inclusion criteria were as follows:

— age older than 18 years and younger than 65 years;

- signed informed consent and voluntary agreement
of the patient to participate in the study;

—diagnosed chronic apical periodontitis (without
acute exacerbation);

— first-time endodontic treatment of the studied
tooth;

—no history of antibiotic therapy within the last
3 months.

The non-inclusion criteria were:

— age younger than 18 years or older than 65 years;

— diagnosed exacerbation of chronic apical perio-
dontitis;

— previously performed endodontic treatment of the
studied tooth;

— vertical furcation fractures;

— tooth root cracks;

— tooth mobility grade llI;

— bone resorption exceeding 2 of the root length;

— root perforations and resorptions;

— pregnant women at any gestational stage;

— history of severe allergic reactions;
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— malignant neoplasms of various organs and sys-
tems;

— acute cardiac dysfunction;

— tuberculosis and its complications, HIV infection,
viral hepatitis, syphilis;

— bronchial asthma, bronchiectasis;

— other severe systemic diseases in a decompen-
sated state;

— hypersensitivity to the test irrigant;

—use of antibiotics for any reason within the past
3 months.

Exclusion criteria for withdrawal from the study in-
cluded:

— voluntary withdrawal of the patient from the study
at any stage;

— detection of antimicrobial drug use for any reason
at the time of microbiological sampling or within the pre-
vious 3 months;

— confirmation of pregnancy;

— patient non-compliance with the study protocol;

— detection of decompensated systemic diseases
in the patient.

All patients included in the study were fully informed
about the study procedures, provided with a patient
information sheet, and signed the approved informed
consent form. It should also be noted that all patients
received first-time endodontic treatment of the studied
teeth.

To diagnose chronic apical periodontitis and deter-
mine indications for endodontic treatment, primary and
auxiliary dental examination methods were performed.
The primary methods included patient interview, clinical
examination, palpation, percussion, probing of the hard
tooth tissues, and others. The auxiliary methods inclu-
ded radiographic examination (intraoral periapical radio-
graphy, orthopantomography, cone-beam computed
tomography), electric pulp testing, and thermal testing.

During the interview, patient complaints and medi-
cal history were recorded, including the onset, severity,
and duration of symptoms, disease progression, pre-
sence or absence of self-administered measures to re-
lieve symptoms, history of exacerbations or remissions,
and general medical history (systemic diseases, allergy
history, living conditions, dietary habits, oral hygiene
practices, and oral hygiene products used).

Table 1. Distribution of patients with chronic apical periodontitis in the Group 1 and Group 2 by sex and age
Tabnuua 1. PacnpegeneHne 60/bHbIX C XPOHMYECKMM NEPUOAOHTUTOM B rpynnax 1 1 2 no nony v Bo3pacTty

Number Diagnostic classification
groupiil IRRECIULS Age 18-44 Age 45-59 Age 60—65
number
47 23 M F 14 M F 10 M F
1 Number, 48.94% | 58% 42% | Number, 29.79% | 58% 42% | Number, 21.28% | 58% 42%
48,96% 23 13.3 9.7 14 8.1 5.9 10 5.8 4.2
49 25 M F 15 M F 9 M F
2 Number, 51,02% | 58% 42% | Number, 30.61% | 58% 42% | Number, 18.37% | 58% 42%
51,04% 25 14.5 10.5 15 8.7 6.3 9 5.22 3.78
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The clinical examination involved extraoral and in-
traoral assessments. Extraoral evaluation focused on
the symmetry and contour of the face, skin and mucosal
coloration, sclera of the eyes, and the presence of any
primary or secondary lesions of the skin and lips.

Palpation assessed the condition of the soft tissues
of the maxillofacial region (if asymmetry was present),
regional lymph nodes (submandibular and submental
on both sides), and the temporomandibular joint.

Intraoral examination evaluated the condition of the
free and attached gingiva, the depth of the vestibule, the
presence or absence of vasoparesis symptoms around
the affected tooth, frenulum attachments of the upper
and lower lips, mucosal bands, and the condition of the
oralmucosaincluding color, moisture, and the presence
of any lesions. The orifices of the major salivary glands
were examined, as well as the tongue and its frenulum.
The number, color, size, and alignment of teeth were as-
sessed, along with the presence or absence of carious
and non-carious lesions, unmineralized and mineralized
dental plaque and calculus.

Probing of the hard dental tissues was performed to
detect carious lesions and evaluate the integrity of direct
and indirect restorations. Vertical percussion, palpation
of the vestibule, and assessment of tooth mobility were
also conducted.

Auxiliary diagnostic methods used in this study inclu-
ded radiographic examination and electric pulp testing.

Radiographic examination included obtaining in-
traoral periapical radiographs (Schick CDR computer
dental radiography system, Schick Technologies Inc.,
USA), orthopantomograms (ORTHOPHOS XG pano-
ramic X-ray system, Sirona Dental Systems GmbH, Ger-
many), and, in some cases, cone-beam computed to-
mography (CBCT) scans (NewTom 3G dental diagnostic
X-ray system, NIM S.r.l., Italy).

Radiographic evaluation was used to identify the
presence of periapical bone lesions, which was neces-
sary to confirm the diagnosis of KO4.5 Chronic apical
periodontitis, assess the anatomical features of the
root canal systems of the treated teeth, evaluate the
quality of root canal obturation, and monitor the healing
of bone lesions at 6- and 12-months post-treatment.

Pulp vitality was assessed using electric pulp testing
with the “Estus Pulp” device (Geosoft, Russia).

The standardized initial endodontic treatment proto-
col for all patient groups is described below.

Topical anesthesia (20% benzocaine gel-paste “DiSi-
Lan”, Estaide-Servicegroup, Russia) and infiltration or
nerve block anesthesia (“Ultracain D-S forte”: 40 mg artic-
aine hydrochloride + 10 mcg epinephrine/1 ml, 1.7 ml car-
tridges) were administered depending on tooth location.
Dental plaque was removed using fluoride-free prophylac-
tic paste (“CLEANIC”, Kerr, USA) and a circular brush. The
working field was isolated with a rubber dam (Blossom la-
tex sheets, 0.18 mm, Blossom, USA). Carious cavities were
disinfected with a 0.05% aqueous solution of chlorhexidine
bigluconate. Cavity and defective restoration preparation
was performed with turbine and/or mechanical handpiec-
es and diamond or carbide burs of various shapes, fol-
lowed by straight-line endodontic access preparation.
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A glide path was established using stainless steel
K-files (MANI, Japan) ISO sizes 06-20, taper 0.02
(21, 25, 28, 31 mm depending on canal length). Wor-
king length was determined using an apex locator (Ipex-
Locator, Nakanishi Inc., Japan). Canal shaping was per-
formed with RaCe rotary nickel-titanium instruments
(FKG Dentaire Swiss Dental Products, Switzerland)
using the following sequence: 25.06 for the coronal/
middle third, 25.04 to full working length, 25.06 to full
working length, and 30.04 to full working length.

Root canal irrigation protocols differed between the
two groups. All irrigants were delivered under low pres-
sure using endodontic syringes (Omega-Dent, Russia);
the needle tip was positioned 2—-5 mm short of the work-
ing length and controlled by a rubber stop. Irrigation
was performed after each instrumentation step.

In Group 1 (control), irrigation was performed with
“Belodez” (3% sodium hypochlorite, VladMiVa, Russia)
without heating or sonic/ultrasonic activation for at least
30 minutes, followed by rinsing with distilled water and
17% EDTA solution (“MD Cleanser”, Meta, South Korea)
with an exposure time of at least 2 minutes.

In Group 2 (experimental), irrigation was performed
with 0.2% polyhexanide-based antiseptic solution
(“Lavasept”, B. Braun Melsungen AG, Switzerland)
without heating or sonic/ultrasonic activation for at least
2 minutes, followed by 17% EDTA solution (“MD Clean-
ser”, Meta, South Korea) for at least 2 minutes.

After mechanical and chemical preparation, the root
canals were dried with paper points (Dispodent, USA)
and obturated using the lateral condensation technique
with spreaders of various sizes (MANI, Japan), posi-
tioned 2 mm short of the working length, gutta-percha
points (Dispodent, USA), and epoxy resin-based sealer
(AH Plus, DENTSPLY SIRONA Inc., Charlotte, USA). Res-
toration of the tooth crown was performed as indicated
using either direct or indirect methods.

The success of endodontic treatment in both groups
was evaluated at 6 and 12 months based on clinical
symptoms and radiographic findings.

Data analysis was performed using IBM SPSS Sta-
tistics software, applying both parametric and non-par-
ametric tests depending on data distribution. Intergroup
comparisons of quantitative variables were performed
using the Mann-Whitney U test, and differences in fre-
quency distributions were assessed using Pearson’s x?
test. Ap-value < 0.05 was considered statistically signif-
icant. For multiple comparisons, Bonferroni correction
was applied. Median values, interquartile ranges (IQR),
and 95% confidence intervals were reported where ap-
propriate.

Clinical Case

A 43-year-old male patient presented to the dental
clinic with complaints of a carious lesion and a significant
fracture of the coronal part of tooth 2.4 (Figure 1).

Examination findings

A deep carious cavity with fractured tooth walls was
observed, caused by thinning from carious progres-
sion. The cavity communicated with the pulp chamber.
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Both superficial probing (of the cavity floor and walls) and
deep probing (inthe area of root canal orifices) were pain-
less. Percussion was negative. Palpation of the mucosa
in the vestibular fold in projection of the apices of tooth
2.4 was painless. The mucosa over the apices of tooth
2.4 was pink and moderately moist. The vasoparesis test
was negative. Thermal sensitivity test was negative.

An intraoral periapical radiograph showed a deep
carious lesion communicating with the pulp chamber,
and an area of bone rarefaction with ill-defined irregular
borders in the periapical area of tooth 2.4. Electric pulp
testing (EPT) value was 126 pA.

Diagnosis

Tooth 2.4 — KO4.5 Chronic apical periodontitis.
Chronic granulomatous periodontitis (Periodontitis
chronica granulans).

Treatment method

Endodontic treatment of tooth 2.4 was performed. In
this case, the experimental protocol for root canal disin-
fection was selected, using a 0.2% polyhexanide-based
antiseptic solution without heating or sonic/ultrasonic
activation.

According to the data presented above, the use of
a 0.2% polyhexanide solution as an antibacterial irrigant
may positively influence the prognosis of endodontic
treatment and the degree of healing of periapical bone
destruction lesions, while reducing the risk of secon-
dary endodontic infection. Improved tooth survival fol-
lowing root canal treatment, as well as the potential to
use these teeth as abutments for prosthetic restora-
tions, undoubtedly enhances the patients’ quality of life.

A B
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RESULTS

Based on the results of clinical examination using pri-
mary and additional dental diagnostic methods, it was
found that in the majority of cases, patients diagnosed
with chronic forms of apical periodontitis were asympto-
matic, with the condition identified incidentally on radio-
graphs (79.2%) during visits to the clinic for oral cavity
sanitation, professional oral hygiene, or for other reasons
unrelated to chronic apical periodontitis (Fig. 2).

However, it should be noted that some patients
reported discomfort or a sense of unease in the tooth
when biting hard food or clenching their teeth (20.8%),
as well as discoloration of the tooth crown. The latter
was particularly common in female patients with perio-
dontal pathology in the anterior tooth region (12.5%).

According to probing data, in the majority of patients
without a history of any previous dental intervention on
the affected tooth (81.25% of patients), a deep carious
lesion filled with softened dentin and communicating
with the pulp chamber was detected. Both superficial
probing (of the cavity floor and walls) and deep probing
(in the area of the root canal orifice/orifices) were pain-
lessin all cases (100%).

In cases where the tooth had previously been re-
stored due to caries (18.75% of patients), intraoral ex-
amination typically revealed a restoration with marginal
discoloration and/or defective adaptation, which had
led to further progression of the pathological process
and the development of carious complications.

Percussion was painless in most cases (79.2%).
However, in 20.8% of cases, patients reported discom-
fort on comparative percussion, which correlated with
complaints of discomfort when biting hard food.

¥

C D

Fig. 1. Periapical radiograph of tooth 2.4: A — an area of bone rarefaction with ill-defined, irregular borders
is noted in the periapical region of tooth; B — the root filling is homogeneous, with no extrusion of filling material

beyond the apices of tooth; C - six months after endodontic treatment (interim follow-up), the radiograph clearly
shows a reduction in the periapical bone destruction lesion, the tooth is being prepared for prosthetic restoration;
D - twelve months after endodontic treatment (follow-up examination), the radiograph shows complete healing
of the periapical bone destruction lesion, full prosthetic rehabilitation of tooth has been completed

Puc. 1. MNpuuenbHasa peHTreHorpamma 3yba 2.4: A — 0TMevaeTCcs o4ar pas3pexeHns KOCTHOW TKaHW C HEYETKUMU
HEePOBHbLIMW KOHTYpPaMu B nepuanmnkanbHom obnactu 3yba; B — nocne 06Typauunm KOPHEBBLIX KAHATI0B, KOPHEBAS
nnomba romoreHHa, 6e3 BbiBeaeHNs MNoMOMPOBOYHOIr0O MaTepmasna 3a BepxyLluku KopHei 3yba; C — cnycTs

6 mecsiueB Nocne 3HOO0A0HTUYECKOro IeHeHUS (MPOMEXYTOUHbIM KOHTPOJIb), BU3yannu3anpyeTcs YMeHbLUEeHWEe
nepuanukanbHOro o4yara oecTpykLnm KOCTHOM TKaHW, MOAroToBKa 3yba K NpoTe3anpoBaHnio; D — cnycTa

12 MecsLeB NOCe 3HO000HTUYECKOIO JlIe4eHUs (KOHTPOJIbHbIN OCMOTP), OTMEYaeTCs MoJIHOE 3aXUBNEHME
nepunanukanbHOro o4yara oecTpykLumM KOCTHOW TKaHW, Mpon3BeaeHa nofiHas optoneanyeckas peabunmraums 3yo
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Examination of the mucosa over the apices of the af-
fected root showed no significant changes (the mucosa
was pink and moderately moist) in all cases (100%). Pal-
pation of the mucosain the same area was also painless
in all patients (100%).

Thermal testing was negative in all patients (100%),
with no response to cold or heat stimuli. Additionally,
electric pulp testing values exceeded 100 pA in all cas-
es (100%), confirming pulp necrosis and the absence
of sensory activity in the tooth’s neurovascular bundle
(Fig. 3).

In Group 1, standard endodontic irrigants were used:
“Belodez” (3% sodium hypochlorite solution, VladMiVa,
Russia) without any activation, and “MD Cleanser” (17%
EDTA solution, Meta, South Korea).

In Group 2, a novel irrigant was used in the form
of a 0.2% polyhexanide-based antiseptic solution
(“Lavasept”, B. Braun Melsungen AG, Switzerland)
without any activation, followed by “MD Cleanser” (17%
EDTA solution, Meta, South Korea).

Change of tooth
crown color

Discomfort when
biting hard /
strong clenching

Asymptomatic
course (found

. 79,2
on radiograph)

0O 10 20 30 40 50 60 70 80
Percentage of patients, %

Fig. 2. Frequency of reasons for patient visits

to the clinic with chronic apical periodontitis

Puc. 2. YacToTa npuinH obpalleHns nauneHToB
C XPOHUYECKNM BEPXYLLUEYHbIM NEPNOLOHTUTOM
B KJINHUKY

EPT > 100 mA 100.0

No response

to thermal stimuli 100.0

Palpation painless 100.0

Discomfort
on comparative
percussion

Percussion

painless 79.2

0 20 40 60 80 100
Percentage of patients, %

Fig. 3. Local status of teeth affected by chronic apical
periodontitis

Puc. 3. Status localis npminHHbIX 3y60B
C XPOHNYECKMM BEPXYLLIEYHbIM NEPUOLOHTUTOM
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Post-obturation periapical radiographs, taken
after permanent root canal obturation using the la-
teral condensation technique with gutta-percha, con-
firmed the presence of a homogeneous root filling
with no extrusion of filling material beyond the apical
foramen.

All patients who underwent endodontic treatment
within the framework of this study attended both the
interim follow-up (at 6 months) and the final control
examination (at 12 months).

Treatment was considered successful if, at the time
of the control examination, there were no clinical symp-
toms and radiographic evidence showed a reduction
of pathological changes in the periapical bone. Treat-
ment was considered unsuccessful if clinical symptoms
or exacerbation of periodontal disease were present at
the control examination or during the 12-month obser-
vation period, or if there was no evidence of healing or
an increase in the size of the periapical bone destruc-
tion lesion.

The clinical and radiographic evaluation yielded the
following data:

At the 6-month follow-up, in Group 1, 3 patients
(6.4%) reported discomfort or a sense of unease in
the tooth when biting. Six patients (12.8%) reported
moderate or mild post-obturation pain lasting up to
2 weeks after endodontic treatment, which resolved
with the use of non-steroidal anti-inflammatory drugs.
Radiographically, the same 3 patients (6.4%) with per-
sistent symptoms showed no evidence of periapical
bone healing.

In Group 2 at the 6-month follow-up, no patients ex-
hibited adverse clinical symptoms. Five patients (10.2%)
reported moderate or mild post-obturation pain lasting
up to 2 weeks after endodontic treatment, which re-
solved with non-steroidal anti-inflammatory drugs. One
patient (2%) showed no evidence of periapical bone
healing on radiographs.

Based on the data from clinical and additional exami-
nations, a comparison of Groups 1 and 2 at the 6-month
interval after endodontic treatment revealed no sta-
tistically significant differences in the incidence of bit-
ing discomfort (p = 0.7; p > 0.05), post-obturation pain
(p = 0.4; p>0.05), or lack of radiographic evidence of
periapical healing (p = 0.2; p > 0.05), regardless of the
irrigation protocol used.

At the 12-month control examination of Group 1 pa-
tients, no clinical symptoms were detected. However,
3 patients (6.4%) showed no radiographic evidence of
periapical bone healing.

At the 12-month control examination of Group 2 pa-
tients, no clinical symptoms were detected, and only
1 patient (2%) showed no radiographic evidence of peri-
apical bone healing.

Based on the data obtained from primary and ad-
ditional examination methods, the comparison of
Groups 1 and 2 at the 12-month interval after endodon-
tic treatment showed no statistically significant differ-
ences in the lack of periapical healing as determined by
radiographic findings (p = 0.2; p > 0.05), regardless of
the irrigation protocol used.
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Lack of healing dynamics
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Fig. 4. Aggregated data of clinical and radiographic
findings in the affected tooth after endodontic treatment

Puc. 4. ArpervpoBaHHble AaHHbIE KIIMHUYECKMX
N PEHTTEHONOMMYECKMX MPOSIBAEHWI B MPUYNHHOM 3y6e
nocne 3HAOLOHTUYECKOrO IeYeHns

The data presented above indicate that the success
or complications of chronic apical periodontitis treat-
ment can be assessed as early as 6 and 12 months after
endodontic therapy (Fig. 4).

The frequency of post-obturation pain (tooth dis-
comfort or pain on mastication shortly after root canal
obturation), according to patient reports in both groups,
does not appear to be a specific variable dependent on
the irrigation method used. The number of patients re-
porting such complaints was relatively comparable in
both groups. The presence of transient post-obturation
painis not considered a failure of endodontic treatment.

In 6.4% of patients in the control group, there was no
reduction in the size of the periapical lesion, indicating
persistent infection within the filled root canal system
and leakage of toxins and antigens into the periapical
area. The radiographic findings remained unchanged
after one year. The treatment success rate in this group
was 93.6%.

In the experimental group, 1 patient (2%) showed no
evidence of periapical bone healing; however, no clini-
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cal symptoms were present, and the radiographic fin-
dings remained stable after one year. The treatment
success rate in this group was 98%.

The overall success rates of endodontic treatment
were comparable between the groups. In the experi-
mental group, clinically and radiographically confirmed
success was 98%, compared to 93.6% in the control
group. Despite a higher proportion of favorable out-
comes in the experimental group, statistical analysis
using Fisher’s exact test revealed no significant diffe-
rence between the groups (p = 0.617).

DISCUSSION

In this study, the effectiveness of a 0.2% polyhexa-
nide solution as an irrigant in the treatment of chronic
apical periodontitis was evaluated and compared with
the traditional protocol based on sodium hypochlorite
and EDTA. The results suggest that the use of polyhexa-
nide promotes a high success rate of endodontic treat-
ment, providing clinical and radiographic outcomes
comparable to the traditional approach. A trend toward
a higher success rate (98%) was observed with po-
lyhexanide use, although the difference was not statisti-
cally significant (p = 0.617).

Similar results regarding the effectiveness of pol-
yhexanide were reported by Kulikova et al. [9], who also
found that polyhexanide exhibits lower cytotoxicity and
less detrimental effects on dentin microhardness com-
pared to traditionally used irrigants.

The null hypotheses—that the use of 0.2% polyhexa-
nide solution does not influence clinical effectiveness
or the dynamics of radiographic healing—were partially
rejected. Despite the lack of statistically significant dif-
ferences, the observed trends indicate potential advan-
tages of polyhexanide over sodium hypochlorite, par-
ticularly in the long-term healing of periapical tissues.

These findings are supported by the recent review
by Hashim et al. [10], in which the authors highlighted
the high biocidal activity and low toxicity of polyhexa-
nide, making it a promising antiseptic agent for endo-
dontic use.

Itis noteworthy that in the control group treated with
a 3% sodium hypochlorite solution, 6.4% of patients ex-
hibited persistent radiographic evidence of periapical
lesions, in line with the findings of Teughels et al. [11],
which emphasize the limited efficacy of sodium hy-
pochlorite against resistant biofilms.

The use of polyhexanide was also associated with
a lower incidence of transient post-obturation pain
(10.2% in the experimental group vs. 12.8% in the con-
trol group), suggesting a less irritating effect of this an-
tiseptic. Similar observations were previously reported
by Kalhan et al. [12], who stressed the importance of
minimizing tissue inflammatory response when selec-
ting anirrigant.

However, our study has limitations, including a lim-
ited sample size and a relatively short follow-up period
(12 months). Large-scale randomized studies with ex-
tended follow-up periods are needed to confirm these
findings and further assess the long-term efficacy of
polyhexanide.
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The introduction of polyhexanide into clinical prac-
tice may contribute to improving the overall success
of chronic apical periodontitis treatment, reducing the
frequency of secondary infections, and enhancing pa-
tient quality of life, as supported by the study of Nan-
nan et al. [13].

The results of this study regarding the potential of
polyhexanide are fully consistent with current trends in
endodontic therapy focused on selecting antiseptics
that are both effective and minimally aggressive. Ne-
vertheless, the individual clinical characteristics of each
patient should be taken into account when selecting an
irrigation solution.

In conclusion, the findings of this study provide suf-
ficient evidence to recommend the use of a 0.2% po-
lyhexanide solution as an alternative irrigant in endo-
dontic practice. The potential benefits of its use are
supported by both the data from this investigation and
current literature [14].
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CONCLUSION

The use of a 0.2% polyhexanide solution in the
treatment of chronic apical periodontitis provides
clinical and radiographic effectiveness comparable
to the traditional protocol involving 3% sodium hy-
pochlorite and EDTA. Polyhexanide use is associated
with a slight reduction in clinical symptoms compared
to the traditional protocol. Although the radiographic
healing dynamics of periapical lesions did not differ
significantly between the polyhexanide and control
groups, a trend toward more favorable outcomes
was observed with polyhexanide. Therefore, a 0.2%
polyhexanide solution can be recommended as an
alternative irrigant in clinical practice, particularly
when minimizing adverse periapical tissue reactions
is a priority.

This study highlights the need for further investiga-
tion of polyhexanide, including additional clinical trials
with larger sample sizes and longer follow-up periods.
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Evaluation of biocompatibility of bioceramic sealers
with periapical tissues: an experimental study in vivo
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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.

Keywords: bioceramic sealer, calcium silicate-based cement, import substitution, russian bioceramic
material, root canal obturation, biocompatibility
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OueHKa 6uocoBMecTUMOCTU BMOKepaMUUECKUX CUIEpoB
C nepuanuKanbHbIMU TKAHAMM 3yba:
3KCNepuMeHTasibHOe uccaegoBaHue in vivo
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Pesiome

BBELOEHMVE. BBuay CyLLEeCTBEHHbIX U3MEHeHUI B papmakoTepanmm CToMaToniornyeckmnx 3abonesaHuii, Ha-
y‘-IHO-I'IpaKTI/I‘-IeCKVII7I nHTEpeC npeacTaBndloT 6|/|0KepaM|/|quKV|e cunepbl, KOTOPble C HegaBHEro BpeMeHn
NPUMEHSAITCSA NpY 006TypaLun KOPHEBBLIX KAHANOB U 3HAYUTENIbHO OT/IMYAIOTCS MO COCTaBy OT LUMPOKO UC-
NMoJib3yeMbIX 3MOKCUAHbIX CU1EepPOoB.

LIEJSIb NCCNTIEAOBAHUA. PazpabotaTb OTEHECTBEHHbIN KaNbLMA-CUNNKATHBIA OMOKEPaAMUYECKNI MaTepuan
ANA OQHOO0O0HTUYECKOro ie4eHNd N OLLEeHUTb 61M0COBMECTUMOCTb nepuvanmkanbHbIX TKaHENn 3y63 B CpaBHUTEJ1b-
HOM acrnekTe C PasfMyHbIMU CUIepaMU B YCIIOBUSIX SKCNEPUMEHTA Ha TaB0PaTOPHbIX XXMBOTHbIX.

© Ostanina D.A., Mitronin Yu.A., Chuev V.P., Mitronin A.V., Eliseeva M.V., 2025

Tom 23 N2 2 / 2025 ‘ Endodont(cs


https://doi.org/10.36377/ET-0098
https://orcid.org/0000-0002-5035-5235
https://orcid.org/0000-0002-3118-2869
https://orcid.org/0000-0002-1033-0789
https://orcid.org/0000-0002-3561-6222
https://orcid.org/0009-0001-5893-1161
https://doi.org/10.36377/ET-0098
https://orcid.org/0000-0002-5035-5235
https://orcid.org/0000-0002-3118-2869
https://orcid.org/0000-0002-1033-0789
https://orcid.org/0000-0002-3561-6222
https://orcid.org/0009-0001-5893-1161
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.36377/ET-0098&domain=pdf&date_stamp=2025-06-25

226

| Mccneposanus / Scientific researches

MATEPUANBI U METOZbI. TabopaTopHble MCCnenoBaHns NpoBOAMINCL Ha 12 kponukax-camuax nopossbl
wurHwmnna, maccon 3,5+0,1 kr. lNocne BbiBeAeHUs maTepuana B TKaHW NepuoaoHTa XXNUBOTHbIX Ha 7 1 30 cyTkmn
aKcnepumMeHTa Obln NoJsly4eHbl pparMeHTbl YHeNOCTEN C OMbITHLIM PE3LIOM, KOTOPbIE OblIN U3Yy4EHbI TMCTONO-
rnyeckun. B nccneposaHmm 6bina onpegeneHa 6MOCOBMECTUMOCTb COBPEMEHHbIX CUIEPOB: 3MOKCUAHbIX AH
Plus (Dentsply Sirona, CLLA) n 6unokepamunyeckmx: TotalFill BC Sealer (FKG, Switzerland) n HoBoin paspaboTaH-
HOWM BrnokepamMmn4eckom KOMMNo3nLLMM oTe4ecTBEHHOIro Nnpomn3eoacTea buokepammH (BnagMuBa).
PE3VYJILTATbI. BMOCOBMECTUMOCTL CUIEPOB MMENa CTaTUCTUYECKM 3HAYMMYIO PasHULY MexXay rpynnamm nuc-
cnefoBaHuvs B nepuopg 7 aHen HabmogeHus (p < 0,01). B rpynne anokcmaHoOro cunepa npucyTcTBOBanu pe-
aKTUBHbIE UBMEHEHUS NMepuanmkanbHbIX TKaHel 3y60B Ha BCEM NPOTSXXeHUW HabntoaeHuia. Mpun aTom, B rpyn-
nax Gruokepammnyeckmx cnnepoB ObINO BbIIBNEHO pa3pacTaHne pbixJoi BbICOKOKIETOYHOM GUOPO3HON TKaHU
C peaknmMm MenkuMm MOHOHYKJIeapHbIMU BOCNANNTENbHbIMU MHPUALTPaTaMn B NEPUOL 7 AHen HabntoaeHn,
1 peakTUBHbIE N3MEHEHNS C MEPMOCTasIbHBIM OCTeoreHe3oM yeped 30 gHel Noce Havana aKkCnepmMeHTa.
BbIBObl. Mo pesynsratam nUccnenoBaHus KanbLun-CUANKATHBIN MaTtepuan 3apybexHoro npoM3BoacTea
1 HOBbI pa3paboTaHHbI BMoKepaMnYeCKUin KanbUMn-CUNTNKATHbBIN CUNep 0Te4eCTBEHHOrO NPON3BOACTBA
nokasasu BbICOKYID OBMOCOBMECTMMOCTb C NepMOAOHTaNbHBIMU TKaHAMKW 3y00B abopaTopHbIX XUBOTHbIX
(p < 0,05). Mpu aTOM, BbISIBIEHA TOKCUYHOCTb 3MOKCMAHOI0 cunepa Ha TKaH neprnoaoHTa B 7- n 30-aHEeBHbIN
nepunoabl HabnoaeHUs.

KnioueBblie cnioBa: 61oKepaMmnyeckunii cunep, KanbLmnii-CUInKaTHbIN LeMeHT, UMNOPTO3aMeLLLeHE, POCCUIA-
CcKnin BuokepamMmnyecknii matepuasn, o6Typauns KOPHEBbLIX KaHa10B, BUIOCOBMECTUMOCTb

UHdopmauuma o ctatbe: noctynuna — 07.04.2025; ucnpasneHa — 14.05.2025; npunara — 29.05.2025
KoHAUKT uHTepecoB: aBTOPbI CO06LLa0T 06 OTCYTCTBUN KOHGMIMKTA MHTEPECOB.
BnarogapHocTu: GMHaHCUPOBaHME 1 MHAMBUOYaNbHblEe 61aroaapHOCTV As AeKNapupoBaHns OTCYTCTBYIOT.

Ana uyumtupoBaHua: OctaHmHa O.A., MutpoHuH O.A., Yyes B.IM., MutpoHuH A.B., Ennceesa M.B. OueHka
ONOCOBMECTMMOCTN BUOKEPAMNYECKNX CUNEPOB C NepmnanmnkanbHbIMU TKaHMK 3y0a: aKcnepuMeHTaslbHoe

ncenegoBaHue in vivo. 9HgogoHTus Today. 2025;23(2):225-232. https://doi.org/10.36377/ET-0098

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
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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.
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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. Anesthesia re-
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. 3tanb MogennMpoBaHus 3HAOO0HTUYECKOIO fle4eHUst Pe3LLOB Y 1abopaToOPHbIX XNUBOTHbIX:

A — peseKkums pe3ua HUXHel yentcTu; b — cosgaHne JocTyna K KOpHEBOMY KaHasy 3y6a;

B — peHTreHoNorn4eckmin KOHTPOJb BbIBEAEHWS UCCNEAYEMOro MaTepmasna B nepuanmvkasibHble TKaHu 3y6a;
I — HanoxeHne niaomObl N3 CBeTooTBEepPXaaemMoro KOoMno3nmTHOro 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.
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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 OLEHKNM GUOCOBMECTUMOCTU CUNEPOB C NepuanmkanbHbiMy TKaHAMN 3yHa

Ha 7 n 30 oHW HabnooeHnn

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)
7 day 30 day P 7 day 30 day P 7 day | 30day P 7 day 30 day P
AHPIus | 0/0/0/100|0/25/50/0|0.005%| 0/25/75 |75/25/0|0.025%|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
Pvalue | 0.025° | 0.010* 0.045* | 0132 0.255 | 0.123 0.035* | 0.005*

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

cant differences.

lMpumevaHne: 3HaYeHNs NpencTaBieHbl Kak OTHOCUTESIbHbIE HYAcTOThbl (MPOLEHTHI) Kaxaoro nokasatens. * CtaTucTuyecku

3Ha4YMble Pa3inyund.
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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 — ¢ anokcuaHbiM cunepom; B — ¢ buokepamuydeckum cunepom TotalFill BC Sealer; C — ¢ pa3paboTaHHO
KOMMNO3ULMEN 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. [nctonormnyecknin npenapart pparmeHTa Markmx TkaHen 6eapa 1abopaTopHOro XXMBOTHOTO:

A — ¢ anokcugHbiM cunepom; B — ¢ buokepamudeckum cunepom TotalFill BC Sealer;

C - ¢ paspaboTaHHOM 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. KnuHnyeckas ¢potorpadpusa obnact BBeaeHUs anokcmaHoro (A) n buokepamuyeckoro (B) cunepon
NoAKOXHO B 6eapo nabopaTopHOro XXMBOTHOIO Yepesd 7 AHel nocne BBeAeHUs
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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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B.lM. YyeB — cyLeCTBEHHbIN BKNa B 3aMbICEN 1 AM3aliH UCCNeaoBaHnsl, OKOHYaTebHOE 00006peHMe BapmaHTa cTaTb ANS
ony6/MKoBaHUS.

A.B. MUTPOHWH — CyLLeCTBEHHbIN BKNa, B 3aMbICEN N AMU3aANH UCCNEN0BAHVS, KPUTUYECKNI NMEPECMOTP CTaTbM B HacCTu
3HAYMMOr0 MHTENNIEKTYaIbHOIrO COAEPXaHNS; OKOHYaTeNnbHoe 0000peHne BapuaHTa ctatbh A5 onybnnkoBaHms.

M.B. Ennceesa — c60p AaHHbIX, aHaNM3 N MHTepPnpeTauus AaHHbIX, NOArOTOBKA CTaTbW.
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Abstract

AIM. To evaluate the anatomic variations of both maxillary premolars by cone beam computed tomography
(CBCT) images.

MATERIALS AND METHODS. Data were evaluated from 599 exams (313 women and 286 men), scanned by
300 Maxio CT, Instrumentarium®/Kavo Dental Excellence, FOV 5x5 and voxel 0.085 mm. The images were
evaluated by two endodontists using Vertucci’s classification.

RESULTS. The prevalence of maxillary premolars with more than one root was higher in men (48.3%) than in
women (29.7%) (p < 0.05). A higher percentage of type | and type lll canals (53.1% and 20.2%, respectively)
was observed in the second premolar (15.0%) with only one root than in the first premolars (14.3%). The
percentage of IV, V, VI, and VIl type canals was higher in the first premolars. Most teeth with two roots had a
root canal of the type 1V, both in the first premolar (97.9%) and in the second premolar (93.5%). When all teeth
were considered, regardless of the number of roots, the first maxillary premolar showed a higher prevalence
of type IV root canals (68.0%) and the second maxillary premolar showed a higher prevalence of type | root
canals (46.4%) (p < 0.05). There was a significant association between gender and the number of maxillary
premolar roots in a southern Brazilian subpopulation. Most maxillary first premolars had two roots with a type
IV configuration and this configuration was common in males, while second premolars tended to be single-
rooted and with a type | configuration and were common in women.

Keywords: cone beam computed tomography, endodontics, root canal anatomy
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Pesiome

LLETb MCCNELOBAHUA. OueHnTb aHaTOMUYECKME Bapmaumm KOPHEBOW CUCTEMbI MPEMONSPOB BEPXHEN Ye-
JIIOCTU C UCNONIb30OBAHMEM KOHYCHO-JTy4EBOM KOMMbIOTEPHOM ToMorpadunm (KJ1KT).

MATEPUAbI N METOAbI. B nccnepoBarne 6binu BKoYeHbl AaHHble 599 KJIKT-o6cnenoBanuin (313 xeH-
LWMH 1 286 My>4KH), BbiNOJIHEHHbIX Ha Tomorpade 300 Maxio CT, Instrumentarium®/Kavo Dental Excellence,
c nonem 063o0pa 5x5 mm 1 Bokcenem 0,085 mm. N306paxkeHns aHannM3npoBannck AByMs BpadyaMmn-aHO040H-
TUCTamMm B COOTBETCTBUM C Knaccudukaumen Beptyyun.

PE3YJIbTATbI. HactoTa 06HapyXeHUss NPeMONSIPOB BEPXHEN YenocTn ¢ 6onee 4eM OgHUM KOopHeM Obina
BbILLE Y MYX4UH (48,3%), 4eM y XeHLuH (29,7%) (p < 0,05). Bo-BTOpbIX, NPEMOoSigpax ¢ OAHUM KOPHEM Ha-
onopanca 6onee BbicOkMn NpoueHT kaHanoB Tunos | u lll (53,1 n 20,2% COOTBETCTBEHHO), YeM Y NEepPBbIX
npemonspos. (15,0 n 14,3% cooTtBeTcTBeHHO). KaHanbl Tunos 1V, V, VI n VIl yawe BcTpeyanucb B NepBbix Npe-
Monspax. BonblwMHCTBO 3y60B C ABYMS KOPHAMU UMeNn kaHanbl Tuna IV — kak B nepsbix (97,9%), Tak 1, BO-
BTOPbIX, Npemonsapax (93,5%). Mpu yyete Bcex 3y6OB HE3aBMCUMO OT KOJIMYECTBA KOPHEN YCTaHOBJIEHO, HYTO
019 NepBbIX NPEMOJIIPOB BEPXHEN YeNoCTU Hanbonee xapakTepHa KoHdurypauusa kaHana tuna IV (68,0%),
Torga Kak Ans BTOpbIX MpemMosspoB npeobnapatouwen obina KoHpurypaums tuna | (46,4%) (p < 0,05). Ycta-
HOBJIEHA 3HAYMMas 3aBUCUMOCTb MeXAy NMOJIOM U YNCIIOM KOPHE NPEMOISIPOB BEPXHEN YentocTur y obcne-
noBaHHOW cyononynauum tora bpasnnun. Y 60nbLUIMHCTBA NEPBbIX MPEMOISPOB BEPXHEN YetocTuy Obisio aBa
KOpHS C¢ kaHanamu Tuna IV, 4To yalle BCTpeyanochb y MyX4uH, TOrga Kak BTOpble NPeMOJisipbl B OCHOBHOM
VIMENU OANH KOPEHb U KOHPUrypaumio kaHana tuna |, 4To 6b1710 XapakTEPHO A9 XEHLLVH.

KnilwoueBble cnoBa: KOHYCHO-/Ty4eBasi KOMMbIOTEPHAA TOMOrpadusi, SHAOLOHTUS, aHATOMKVS KOPHEBOIO KaHana
UHdopmauuma o ctatbe: noctynuna — 24.03.2025; ncnpasnena — 30.04.2025; npuHata — 14.05. 2025
KoHGAUKT nHTepecoB: aBTOPbLI CO0OLLAOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U MHANBMAYASIbHbIE 6N1arofapHOCTY A5 OEKNapUPOBaHNSA OTCYTCTBYIOT.

Ana uutupoBaunusa: bodd J1.6., na Cunbeeinpa byaHo K.3., Powa [.I.1., ®oHTana K.3., MNenerpuH P.A., na Cun-
Ba JIumonipy A.Il, HacumeHnTty Y.M., Kactpy P.P.J1., Bapn 3.H., ae Jluma Pnoc NMutwk M.A., ae Kapsanbto Koytu-
Hbo T.M., Mapcenuany-Ansuc M.®.B., In MapTnH A.C. Mopdonormnyieckas ougeHka KOPHEBbIX KaHas10B MPemMo-
NAPOB BEPXHEN YentocTn y cybnonynauuu ¢ iora Bpasmnnuu: nccnegoBaHne ¢ NpUMEHEHNEM KOHYCHO-/Ty4eBOM

KOMMbIOTEPHOW TOMOrpadun. SHgogoHTus Today. 2025;23(2):233-240. https://doi.org/10.36377/ET-0099

INTRODUCTION

Knowledge of the morphology and anatomic va-
riability of the root canal system is important to per-
form successful endodontic treatment [1]. It is critical
that the clinician be aware of these internal and exter-
nal variations and their relationships to adjacent ana-
tomic structures to improve the outcome of endodon-
tic treatment [2].

Periapical radiography is the most used method
for examining root canal morphology during endodon-
tic therapy [3]. Anatomical overlap and image distor-
tion can be potential drawbacks of this technique [4].
To capture these anatomical variations, such as addi-

dHdodoHmus
—————TLT

tional canals, it is necessary to perform root dissocia-
tion techniques and change the horizontal angle of the
radiograph [5]. CBCT provides a three-dimensional as-
sessment of the tooth and anatomical structures [3],
eliminates overlap, and allows viewing in the axial, coro-
nal, and sagittal planes [6].

Root canal morphology may vary in the same indi-
vidual [7]. Factors that may contribute to these varia-
tions in root canal anatomic complexity include age,
gender, and the type of study performed [8]. The Bra-
zilian population is heterogeneous and has genetic
contributions from other continents: Europe, Africa,
America, and Asia [9].
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Maxillary premolars are frequent candidates for en-
dodontic treatment, accounting for 15.8% to 21.5% of
all treated teeth [10; 11]. Many studies have already re-
ported that maxillary premolars exhibit high variability
in internal root anatomy. In maxillary first premolars, the
number of single-rooted teeth varies from 22% to 66%,
the number of double-rooted teeth varies from 33% to
84%, and the number of triple-rooted teeth varies from
0% to 6%. [12-15]. This study aimed to evaluate the
anatomical variability of maxillary premolars in terms of
the number of roots and the configuration of root canals
in a subpopulation in southern Brazil using CBCT.

MATERIALS AND METHODS

This study was approved by the local ethics com-
mittee with protocol no. 5.062.770. It was an obser-
vational, cross-sectional, and retrospective study
evaluating maxillary premolar morphology using CBCT
images acquired from January 2018 to July 2020. A to-
tal of 599 images of maxillary premolars (338 first and
262 second premolars) from 341 patients of both sex-
es, aged between 16 and 87 years, were analyzed. Im-
ages were selected according to the following criteria:
Presence of first and/or second maxillary premolars
regardless of semiarch, complete root formation, no
resorptions and calcifications, no endodontic treat-
ments, and crowns. The sample was selected using
the G*power program. The sample size of 599 images
provided a minimum test power (1-8) of 80% with an
a-significance level of 5% for small effects in the ana-
lyzes of association with sex (w = 0.13) and age. Canal
configuration (w = 0.15).
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The CBCT images used in this study were obtained
with the scanner OP 300 Maxio CT, Instrumenta-
rium®/Kavo Dental Excellence, using the following ac-
quisition protocol: Voltage of 90 kVand 12.5 mA, FOV 5x5,
voxel 0.085 mm and minimum exposure time of 6.1 sec-
onds. The images were evaluated by two trained endo-
dontists. Inter-examiner agreement was evaluated using
the Kappa test. For the evaluation, On Demand software
was used in alow-light environment: first in the axial, sag-
ittal and coronal planes. The following information was
recorded and evaluated: Number of canals, number of
roots, sex of the patient, and root canal configuration ac-
cording to the Vertucci classification [1] (Fig. 1):

Type I: A single canal exits the pulp chamber and ex-
tends to the apex;

Type Ill: Two separate canals emerge from the
pulp chamber and join to form a single canal anterior
to the apex;

Type llI: A single canal emerges from the pulp cham-
ber, divides into two canals in the middle third of the
root, and then unites into a single canal;

Type IV: Two separate canals from the pulp chamber
to the apex;

Type V: A single canal exits the pulp chamber and
divides into two separate canals with two separate fo-
ramina before the apex;

Type VII: Two separate canals leave the pulp cham-
ber, unite in the root body to the apex, and divide again
into two separate canals before the apex;

Type VIII: A single canal exits the pulp chamber, di-
vides, and then reunites in the canal body, ending in two
separate canals anterior to the apex.

J I LJ I »\) i \A}IV

v U W LJvu

o

il

Fig. 1. Vertucci classification types found in the present studies among the maxillary premolars assessed
by CBCT. CBCT coronal sections showing Vertucci Classification from type | to VIl and sagittal section showing

type VIl classification

Puc. 1. Tunel knaccndukaumm BepTyyyu, BbiSBNEHHbIE B HACTOSLLNX NCCIEA0BaHNAX CPeaN MPEMONAPOB
BEPXHEN YeNtoCTU, oueHeHHbIX ¢ nomowbto KJIKT. KopoHapHbie cpedbl Ha KJTIKT, aeMoHCcTpupylowme
knaccudukaumio Beptyyum ot Tuna | oo VI, n carntranbHbeln cpesd, nokasbiatowmi tvn VI

Tom 23 N2 2 / 2025 ‘ Endodont(cs



236 |

Chi-square and Fisher exact tests were used to ana-
lyze associations between sex and number of roots and
between tooth position and Vertucci root canal config-
uration. All analyzes were performed using the R pro-
gram with a significance level of 5%.

The number of roots detected in the axial plane was
classified according to Pécora et al. [16]: Single-rooted:
teeth with a single root and teeth with two independent
canals that appeared to have two interconnected roots.

Multi-rooted: teeth with two roots that have partially
or completely branched roots; teeth with three roots,
where three roots are independent of the pulp cham-
ber floor or branch at some point along the buccal or
palatal roots.

MccneposaHus / Scientific researches

RESULTS

There was perfect agreement between the two in-
vestigators regarding the number of roots in the PMS
(kappa = 1.00; 95%CI: 1.00-1.00). There was also near
perfect agreement between the two investigators re-
garding the configuration of root canals in the PMS
(kappa = 0.90; 95%CI: 0.76-1.00).

Table 1 shows that there is a significant relationship
between genderandthe number ofroots (p < 0.05). Note
that 50.9% of females and 31.7% of males had a root
in the maxillary first premolar. Similarly, 48.0% of fe-
males and 64.7% of males had two roots in the maxillary
premolar (p < 0.05). For the maxillary second premolar,
93.7% of females had only one root and no females had

Table 1. Analyzes of association between the number of roots and gender for the first PMS, second PMS and the total

Tabnuua 1. AHanM3 B3aMMOCBA3UN MeXay KOJIMHEeCTBOM

KOPHEe 1 NosioM A5 NepBbiX NPEeMOossipoB,

BTOPbLIX MPEMONAPOB N B COBOKYMNMHOCTK OJ14 BCEX NPEMOIAPOB

Number of roots
Tooth Gender One Two Three Total p-value
Frequency ('%) Frequency (*%)

Female 87 (50.9) 82 (48.0) 2(1.2) 171 (50.6) 0.0006°
1°PMS Male 53 (31.7) 108 (64.7) 6 (3.6) 167 (49.4)
Total 140 (41.4) 190 (56.2) 8(2.4) 338 (56.4)

Female 133(93.7) 9 (6.3) 0(0.0) 142 (54.4) 0.0017°
2°PMS Male 95(79.8) 22(18.5) 2(1.7) 119 (45.6)
Total 228 (87.4) 31(11.9) 2(0.8) 261 (43.6)

Female 220(70.3) 91(29.1) 2(0.6) 313 (52.3) <0.0001¢
Geral Male 148 (51.7) 130 (45.5) 8(2.8) 286 (47.7)
Total 368 (61.4) 221(36.9) 10 (1.7) 599 (100.0)

Note. ' percentages in rows; 2 percentages in column; ® fisher’s

lMpumedaHue. ' NpoLeHTbl B CTPOKax; 2 npoLueHTbl B ctonbuax;

Exact Test; * chi-square test.
TOYHbLIN TecT Puwiepa; * TecT xn-ksaapar.

Table 2. Analyzes of association between root canal configurations (Vertucci Classification) and tooth position

for cases with one, two, three roots

Ta6nuua 2. AHaNM3 B3anMOCBSA3M MexXay KOHOUrypaumsamm KOpHEBbIX KaHaoB (Mo knaccudukaumm BepTtyyun)
1 nonoxeHnem 3yba Ans ciyyaes ¢ 0AHUM, ABYMS U TPEMS KOPHSAMM

Number | Tooth Root canal configuration —
b o M I o [ m [ v [ v [ v | wvn | vm p-value
Frequency ('%) Frequency (*%)

1°PMS 21(15.0) | 34(24.3) | 20(14.3) | 44(31.4) | 3(2.1%) 8(5.7) 10(7.1) | 0(0.0%) 140 (38.0%) <0.0001°
One 29PMS | 121(53.1) | 24(10.5) |46(20.2)| 20(8.8) | 4(1.8) | 4(1.8) | 9(3.9) | 0(0.0) 228 (62.0)

Total 142(38.6) | 58(15.8) | 66(17.9) | 64(17.4) | 7(1.9) | 12(3.3) | 19(5.2) | 0(0.0) 368 (61.4)

1°PMS 0(0.0) 0(0.0) 0(0.0) |186(97.9)| 1(0.5) 0(0.0) | 0(0.0) 3(1.6) 190 (86.0) 0.1345°
Two 29PMS | 0(0.0) | 1(3.2) | 0(0.0) |29(93.5)| 0(0.0) | 0(0.0) | 0(0.0) | 1(3.2) 31 (14.0)

Total 0(0.0) | 1(0.5) | 0(0.0) |215(97.3)| 1(0.5) | 0(0.0) | 0(0.0) | 4(1.8) 221(36.9)

1°PMS 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) | 8(100.0) 8(80.0)
Three  |2°PMS | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 2(100.0) 2(20.0) -

Total 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 10(100.0) 10(1.7)

1°PMS 21(6.2) | 34(10.1) | 20 (5.9) |230(68.0)| 4(1.2) 8(2.4) | 10(3.0) | 11(8.3) 338 (56.4) <0.0001°
General |2°PMS | 121(46.4)| 25(9.6) | 46(17.6) | 49(18.8) | 4(1.5) | 4(1.5) | 9(3.4) | 3(1.1) 261 (43.6)

Total 142(23.7)| 59(9.8) | 66(11.0) | 279(46.6)| 8(1.3) | 12(2.0) | 19(3.2) | 14(2.3) 599 (100.0)

Note. ' percentages in the lines; ? percentages in the column; 3
lMpumeyaHue. ' NPOLEHT B CTPOKaXx; 2 NpoLeHT B ctonbue; ° Tou

dHdodoHmus
—————TLT

Fisher Exact Test.
Hbllh KpuTEepui Puwepa.
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three roots. For males, 18.5% had two roots and 1.7%
had three roots (p < 0.05). Considering the two positions
of teeth, the prevalence of teeth with more than one root
was also higher in men (48.3%) than in women (29.7%),
p < 0.05. There was a significant relationship between
tooth position and root canal configuration only in teeth
with one root and in the total number of teeth (p < 0.05)
(Table 2). A higher percentage of type | and type Ill ca-
nals (53.1% and 20.2%, respectively) was observed in
the second maxillary premolar with only one root than
in the first premolars with one root (15.0% and 14.3%,
respectively). The percentages of type IV, V, VI, and VII
canals were higher in first maxillary premolar than in
second maxillary premolar. Most teeth with two roots
had a root canal of the type IV, both in the first maxillary
premolar (97.9%) and in the second maxillary premolar
(93.5%). All teeth with three roots had a root canal of the
type VIII. When all teeth were considered, regardless of
the number of roots, the maxillary first premolar showed
a higher prevalence of type IV root canals (68.0%) and
the second maxillary premolar showed a higher preva-
lence of type | root canals (46.4%), p < 0.05.

DISCUSSION

The study of root canal anatomy is important to
achieve a favorable outcome in endodontics [15]. There-
fore, morphologic variations should be evaluated when
planning and performing endodontic treatment [17].

CBCT provides a good way to assess root canal mor-
phology without overlaying anatomical structures [13].
In addition, studies indicate the advantage of being
a rapid, inexpensive, and nondestructive method with
low radiation that allows images to be obtained in both
oblique planes and orthogonal planes and analyzed in
vivo [18].

In the present study, most maxillary premolars had
two roots (56.2%), whereas 41.4% had only one root,
followed by 2.4% who had three roots. These results are
consistent with the studies of Abella et al. [13] and Mar-
tinsetal. [7].

As for the upper second premolar, the present study
showed that 87.4% had one root and 11.9% had two. For
one root, the prevalence was lower (71.2%) in the study
by Lima et al. [15] and higher (94.4%) in the study by
Martins et al. [7]. In 3 roots, the present study agreed
with Lima et al. [15], with a very low percentage. Mar-
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tins et al. [7] did not detect any upper second premolar
with three roots in their specimens.

The complexity of internal root canals is determined
by genetics, age, and sex. The Brazilian population
is one of the most heterogeneous populations in the
world, with a significant genetic contribution from other
continents [19]. Sex and number of maxillary premo-
lar roots showed a significant association in this study
(p < 0.05), which contradicts the results of the study by
Abella et al. [13]. The prevalence of maxillary premolars
with more than one root was higher in men (48.3%) than
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study of Lima et al. [15], which also used a Brazilian sub-
population, and with Ok et al. [12] (Turkish population).
These results are useful for the dental surgeon in pre-
operative planning and evaluation and may contribute
to the success of endodontic treatment.

Regarding the configuration of the root canals [1],
most of the teeth with two roots [97.3%] was of the IV
types asin the study by Lima et al [15]. From all the sam-
ples, 29.7% of the teeth studied had a complex canal
system, which is difficult to detect only with a periapical
radiograph. In maxillary first premolars, type | was the
most common (53.1%), which agrees with Abella et al.
[13] and Lima et al [15], followed by type Il (20.2%).

In maxillary second premolars, 31.4% of the teeth
examined were of the type IV, followed by 24.3% of the |l
types. Lima et al. [15] found (32.6%), of type IV and type
I was much higher (49.9%). The present study agrees
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for a correct diagnosis, and therefore these studies of
anatomic variability are important. Thus, if an abnorma-
lity with enlargement is noted or suggested on periapi-
cal radiography, requesting a CBCT scan is indicated
for a better anatomical assessment prior to endodontic
treatment. In this way, the predictability of the case be-
comes much better and so do the chances of success.

CONCLUSION

The morphology of maxillary premolars was very dif-
ferent in this subpopulation, especially in the second
maxillary premolars. These differences must be consid-
ered before and during endodontic treatment. CBCT is
an important tool that can be used to analyze the mor-
phological variations of root canals.
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BKJIAQ ABTOPOB
J1.6. Bodd - yyacTme B cOOpe 1 aHanNM3e faHHbIX, a Tak>ke B NOANOTOBKE TEKCTa PYKOMUCH.

K.3. na Cuneeiipa ByaHo — y4acTune B paspaboTke An3aiHa nccnenoBaHusl, GOpMUPOBaHUN UHTENIEKTYalbHOMO Coaep-
XaHus 1 NoAroTOBKe TeKCTa PYKOMMUCHU.

[.IMN. Powa- yyacTre B aHanuse AaHHbIX M NOArOTOBKE TEKCTa PyKOMUCH.

K.9. doHTaHa — yyacTtue B paspaboTke ansaiHa nccnenosaHms, GopMmMpoBaHnn MHTENNEKTYasIbHOrO COAEePXKaHNSA 1 NOo/-
rOTOBKE TeKCTa PYKOMUCH.

P.A. lMenerpuHe — y4acTtume B NOArOTOBKE TEKCTA PYKOMUCU.

A.l. pa Cunea Jinmonpy — yyactne B aHann3e AaHHbIX M NOATOTOBKE TEKCTA PYKOMUCH.

Y.M. HacumeHTy — yqacTme B NnoAroToBKE TEKCTA PYKOMUCK.

P.P.J1. KacTpy — y4acTue B c60pe 1 aHann3e AaHHbIX, @ TAKXE B PELLEH3VPOBAHUM 1 0PaboTKe PyKOMUCK.
O.H. Bapn - yyacTue B cbope 1 aHannse AaHHbIX.

M.A. e Jluma Puoc MNuTLLK — yyacTue B peL.eH3npoBaHnm 1 oopadboTke pykonucu.

T.M. ne Kapanbto KOyTUHbO — y4acTune B peLLeH3npoBaHnn 1 ,opaboTke PyKOnmncu.

M.®.B. MapcenunaHy-Aneuc — y4actme B cbope 1 aHannse AaHHbIX, aHanM3e pes3ynbTaToB, a TakXke B pPeLeH3poBaHnm
1 popaboTke pykonuncu.

A.C. ne MapTuH - y4acTune B peLieH31poBaHnn 1 opaboTke pyKonmcu.
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as a root canal irrigant: An in-vitro study
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Abstract

INTRODUCTION. Elimination of microorganisms from the root canal system is an important consideration in
endodontic treatment and hence use of irrigants with adequate antimicrobial and antifungal properties is an
enormously essential factor. However, an optimal root canal irrigant remains unidentified within the current
scientific literature. Herbal alternatives are garnering increasing interest due to their potential benefits,
including biocompatibility, antimicrobial properties, and reduced adverse effects compared to conventional
chemicalirrigants.

AIM. To conduct a comparative evaluation of the antimicrobial efficacy of cranberry extract, sodium hypochlo-
rite (5.25%), and chlorhexidine digluconate (2%) when used as root canal irrigants in vitro against Enterococ-
cus faecalis and Candida albicans.

MATERIALS AND METHODS. Based on the irrigating solution used, 24 premolars were divided into 3 groups
(8 in each group), Group | — cranberry extract irrigant, Group Il — Sodium hypochlorite (5.25%), Group Il —
Chlorhexidine digluconate (2%). The teeth were sectioned at the cemento-enamel junction, and they were
incubated with primary culture of E. faecalis and C. albicans and irrigated using 2ml of the respective irrigants.
Pre and post irrigation microbiological sample collection were done using paper points.

RESULTS. Sodium hypochlorite as a root canal irrigant has shown highest antimicrobial efficacy against
E. faecalis and C. albicans, followed by Chlorhexidine digluconate group, and the least was with Cranberry
extract group.

CONCLUSIONS. Cranberry extract as a root canal irrigant has shown considerable activity against the root
canal pathogens, however, is not as efficacious as sodium hypochlorite or chlorhexidine digluconate.

Keywords: root canal irrigants, Cranberry, sodium hypochlorite, chlorhexidine, plant extracts, antimicrobial
agents
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CpaBHUTe/IbHAA OUeHKa AHTUMUKPO6HOU 3¢ PeKTUBHOCTHU
3KCTpAKTAa K/IOKBbI, FTMNOX/I0pUTA HATPUA U XJIOpreKcuamHa
B KayecTBe UPPUraHTOB NMpU 3HAO0AO0HTUUECKOM JIeHUEeHUM:
3KCNepuMeHTaNlbHOe uccnegosaHue in vitro

A. CyeapHa(>, JI. Natun(20<, C. Aeopykap(>, B. HYayaxapwu
CTomaTonorudeckuii konneax n 6onbHuua goktopa [.9. Matnna, YrmeepcuteT goktopa [.9. MNatuna (BuabsnuT), Mumnpu, MHana
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Pesiome

BBEOEHWVE. YcTpaHeHne MMKPOOPraHM3MoB 13 CUCTEMbI KOPHEBBIX KaHaJI0B SIBJISIETCA BaXXHeWLWen 3ana-
Yyel 3HAO0OO0HTMYECKOrO JIeYEeHUsl, MOSTOMY MPUMEHEHNE VPPUTAHTOB C BbIPaXEHHbIMU aHTUMUKPOOHBIMU
1 NPOTUBOrPUOKOBLIMU CBOMCTBAMU MMeEET nepBocTerneHHoe 3HadeHne. OfHako B COBPEMEHHOM Hay4YHO
nMTepaTtype He onpeaesieH ONTUMalbHbIA UPPUraHT A8 06paboTkm KOPHEBbLIX KaHaoB. Ha poHe aToro pac-
TEeT MHTepecC K pacTuUTesbHbIM anbTepHaTBaM 61arogaps nx noTeHuuanbHbIM NPenMyLLeCTBaM, TakKuM Kak
OMOCOBMECTUMOCTb, aHTUMUKPOOHASA aKTUBHOCTb U MEHbLLEE KONTMYECTBO NOG0UYHbLIX 9D DEKTOB MO CPaBHe-
HUIO C TPAANLMOHHBIMU XMMUYECKMMU CPEACTBAMM.

LLEJTb UCCNEOOBAHUA. MNMpoBecTy CpaBHUTESNbHYIO OLLEHKY aHTUMUKPOOHO 3 dPEKTUBHOCTN 3KCTPaKTa
KJIIOKBbI, runoxnoputa Hatpus (5,25%) n gurniokoHaTa xnoprekcuguHa (2%) npu nx npuMeHeHun B kaye-
CTBE MPPUIraHTOB KOPHEBOIO KaHasa in vitro Nno OTHOLWEHUIO K MUKpOOopraHnamam Enterococcus faecalis
n Candida albicans.
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MATEPUAJbI U METObI. B 3aBMCMMOCTM OT MCNONIb3YEMOro nppuraHta 24 npemornspa 6binv pasgeneHsi
Ha Tpu rpynnbl (No 8 3y60oB B kaxaon): rpynna | — akcTpakT kntokBbl, rpynna |l — runoxnoput HaTpus (5,25%),
rpynna lll — purniokoHaT xnoprekcuanHa (2%). 3y6bl b1 pacceyveHbl Ha YPOBHE LLEMEHTHO-3ManeBoro co-
eanHeHns, HUUMpPOBaHbI KynbTypamu E. faecalis v C. albicans, nocne 4yero o6paboTaHbl COOTBETCTBYIO-
LWUMn nppuraHtamm obbemom 2 mn. Mukpoburonormnyeckne obpasubl 40 M NOCAe nppuraunm cobmpanmcb

npu noMoLy 6yMaxkHbIX LUTUDTOB.

PE3YJIbTATbI. Hanb6onbLuyo aHTUMUKPOBOHYIO akTUBHOCTb B OTHOLLEHUM E. faecalis n C. albicans npooeMoH-
CTPUPOBAn rmnoxJiopuUT HATPUS, 3a HAM CneaoBas AWIIIOKOHAT XnoprekcugnHa. HamvmerbLuyto addekTms-

HOCTb NoKa3aJ1 SKCTPaKT KJTIOKBbI.

BbIBObl. 9kcTpakT KOKBbI MPOSIBUA ONpeaeneHHYo aHTUMUKPOOHYIO aKkTUBHOCTb MPOTUB NaTOreHoB KOp-
HEBOro kaHana, oaHako ero addeKTUBHOCTb YCTyNaeT rmnoxa0puTy HATPUS 1 OUTIOKOHATY XJIoprekcunanHa.

KniouyeBbie cnoBa: NPPUraHTbl 719 KOPHEBbLIX KaHAN0B, KJIIOKBa, N’MMNOX/J1I0PUT HATpPUd, XJIOPrekCnanH, pac-

TUTEJIbHbI€ 3KCTPaKThbI, aHTVIMI/IKpO6HbIe areHTbl.

UHdopmaumsa o ctatbe: noctynuna — 01.04.2025; ucnpasneHa — 12.05.2025; npunara — 20.05.2025

KOHd)J'II/IKT UHTEepeCcoB: aBTOPbI coobuaioT 06 OTCYTCTBUN KOH(DJ'IMKTa NHTEepPeCOoB.

EnaronapHOCTM: CDI/IHaHCVIpOBaHI/Ie nunHamnBmnayalbHble 6J'IaFOD,apHOCTVI ANa aeknapnpoBaHNAa OTCYTCTBYIOT.

Ana umtnpoBauua: CysapHa A., Matun J1., Jeopykap C., Hayaxapu B. CpaBHuTeNbHAas OLEHKA aHTUMU-
KPOOHON 3P DEKTUBHOCTM IKCTPaKTa KJIIOKBbI, FMNOXJI0PUTA HATPUA U XJIOPrekcuamHa B Ka4ecTBe nppu-
raHTOB MNPV 9HA0A0HTUYECKOM NIeYeHUU: aKCnepuMeHTanbHoe uccnemoBaHue in vitro. SHagoaoHTus Today.

2025;23(2):241-245. https://doi.org/10.36377/ET-0095

INTRODUCTION

Dental caries, a prevalent chronic oral disease, often
leads to pulpal and peri-apical infections requiring en-
dodontic treatment. Endodontic infections, comprising
about 40-50% of oral diseases [1], are primarily caused
by microorganisms, including bacteria (65%) and fungi
(30%) like Enterococcus faecalis and Candida albi-
cans [2]. E. faecalis, found in 67% of endodontic failure
cases, and C. albicans can resist traditional irrigation
techniques, making effective antimicrobial treatment
crucial [3]. Sodium hypochlorite (NaOCI) and Chlorhexi-
dine are common irrigants but have limitations, such as
cytotoxicity and weakening of dentin [4]. Phytotherapy,
exploring natural plant extracts, has gained interest as
an alternative. Cranberry (Vaccinium macrocarpon),
rich in proanthocyanidins, offers antibacterial proper-
ties, inhibits Streptococcus mutans, and supports den-
tin-collagen cross-linkage [5].

AIM

This study aim to evaluate the antimicrobial efficacy
of cranberry extract, NaOCI, and Chlorhexidine as root
canal irrigants against E. faecalis and C. albicans, fo-
cusing on colony-forming unit (CFU) reduction.

MATERIALS AND METHODS

The present study was an in-vitro study, approved
by the Institutional Review Board (DYPDCH/DPU/
EC/412/73/2022).

Cranberry extract in crude form was obtained from
Herbo Neutra Pvt. Ltd, Uttar Pradesh, India. Based on
a preliminary study done to obtain the minimum inhibi-
tory concentration of cranberry extract, 90% concen-
trated solution of cranberry extract was obtained by
dissolving 90 grams of crude cranberry extract powder
with 100 mL DMSO (dimethyl sulfoxide).

24 premolars indicated for orthodontic extractions
were collected for the study. The teeth samples were
freed from any tissue tags, calculus or debris by keeping
them immersed in 5.25% NaOCI solution for 24 hours.
Later the teeth were stored in normal saline to prevent
it from dehydrating. The teeth were then sectioned from
cemento-enamel junction with a carbide bur under ex-
cessive irrigation. In order to prevent bacterial leakage,
the apices of the roots were glued using cyanoacrylate.
They were then mounted on acrylic block for ease of in-
strumentation (Fig. 1).

The root canal opening was done using a small round
carbide bur followed by establishing patency of the

Fig. 1. Mounted Teeth samples on acrylic blocks
Puc. 1. 3yOHble 06pa3sLbl, 3adUKCUPOBAHHbBIE B aKPUIOBbIX 610KaX

9Hdodonmus ‘ Volume 23, no. 2 / 2025


https://doi.org/10.36377/ET-0095

canal using 10 K hand file (Mani). This was followed by
determination of the working length using radiograph.
The root canals were instrumented utilising the Step
back technique and circumferential filing motions up
to 35 no. K file. To remove any debris, the canals were
flushed with distilled water intermittently. Each tooth
was then sterilized using autoclave at 121°C for 20 min-
utes at 15 psi pressure. The teeth were now ready for
inoculation with E. faecalis and C. albicans.

For raising the primary culture, E. faecalis (ATCC
no. 29121) and C. Albicans (ATCC no. 10231) were inocu-
lated in brain heart infusion broth after incubation at 37°C
for 24 hours. The root canals of the experimental teeth
were infected using a sterile insulin syringe with freshly
made suspension of the organism at a concentration
of 1 McFarland in order to create a standard infection
in all samples. The teeth were then incubated at 37°C
for 72 hrs. This is followed by collection of the baseline
samples using a number 30 paper point by keeping it im-
mersed in the root canals for 60 seconds and were then
transferred in vials containing 1 mL of saline. This was
then followed by microbiological culturing process.

The teeth were divided into three groups: Group |
(Cranberry extract), Group Il (5.25% Sodium hypochlo-
rite), and Group Il (2% Chlorhexidine digluconate), with
eight teeth per group. Each canal was irrigated with 2 ml
of the solution using side vented needle (NeoEndo) for
20 minutes, then flushed with distilled water. Post-irri-
gation, microbial samples were collected using paper
points and placed in saline vials.

For microbiological culturing, the solution from the
vials was homogenously streaked onto agar plates un-
der aseptic conditions. After incubation at 37 degrees
Celsius for 24 hours, plates were examined for colony
growth and colonies were counted using digital colony
counter. The pre and post irrigation colony count were
then tabulated and compared.

Statistical analysis was conducted using SPSSv. 19.
0 (SPSS Inc, Chicago, Il,USA). The data was measured
using Bonferroni post hoc test. A p value of < 0.01 was
considered significant.

RESULTS

Fig. 2 depicts growth of colony forming units post ir-
rigation in Group I, Il and IIl.

Comparison of CFU’s before irrigation showed sta-
tistically insignificant difference in all three groups
(F=0.102, p = 0.9040) and the comparison of CFU’s af-
ter irrigation between all three groups using Bonferroni
post hoc test showed statistically significant difference
(F=24.364, p < 0.001) (Fig. 3)

Comparison between pre and postirrigation in Cran-
berry extract group (Group I) showed statistically signif-
icant difference with mean difference 2.87 (p < 0.001).
In the sodium hypochlorite group (Group Il), there was
statistically significant difference with a mean differen-
ce of 4.31(p < 0.001) and in the chlorhexidine group
(Group 1l1), the mean difference was 4.50 (p < 0.001).

The results depict that the maximum reduction in
CFU’s was observed with Group I, followed by group llI
and last with group I.
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Fig. 2. Showing Colony Forming Units in Group |,
Group Il and Group llI

Puc. 2. KonoHun, obpasytowme eanHuupl (KOE)
B rpynne |, rpynne Il v rpynne |l

Sodium Chlorhexidine Cranberry
Hypochlorite extract
Il Before CFU I After CFU

Fig. 3. Distribution and Comparison of CFU before and
after irrigation with three different irrigating solutions

Puc. 3. PacnpegeneHve n cpaBHeHMe KonnyecTea
konoHneobpasyowmx egmuHu, (KOE) oo n nocne
nppuraumm TpemMsa pasandHbiMu MppurauioHHbIMU
pacTtBopamMmu

DISCUSSION

The primary objective of root canal treatment is to
thoroughly disinfect the root canals and eliminate mi-
crobial presence. According to a study by Peter’s et al.,
at least 35% of the root canal surfaces, including canal
fins, isthmi, and cul-de-sacs, remained uninstrumen-
ted [6]. Consequently, irrigation plays a crucial role in
root canal debridement as it enables cleaning beyond
the extent achievable by instrumentation alone. Chemi-
cal irrigants have long been employed to effectively
disinfect the root canals. Sodium hypochlorite, chlo-
rhexidine and EDTA remain to be the most commonly
used root canal irrigants [7].

Sodium hypochlorite, introduced by Henry Drysdale
Dakin during World War |, is a powerful antimicrobial due
to its strong oxidizing properties, effectively disrupting
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microbial membranes and enzymes. However, studies,
including one by Pashley, have shown that NaOCI can
cause tissue necrosis, ulceration, and skin damage if
used improperly [8].

Chlorhexidine, on the other hand, which is a positive-
ly charged chemical interacts with the negative charge
present on the microbial cell wall and penetrates into the
cell by altering the osmotic balance, thereby damaging
the intracellular cell particularly adenosine triphosphate
and nucleic acid [9]. Though chlorhexidine demon-
strates acceptable biocompatibility, it’s bitter taste can
cause distortion in taste perception.

Various plant-based extracts have been used in den-
tistry right from tooth brushing agents, to its application
as a mouthwash as well as endodontic irrigants. Buga-
patti identified several commonly used herbs in dentist-
ry, including neem, triphala, Tulsi, aloe vera, and others,
in his review [10].

Cranberry, rich in proanthocyanidins (PACs), shows
significant oral health benefits by inhibiting bacterial ad-
hesion and disrupting biofilm formation. It has been ex-
plored in studies as a mouthwash, remineralizing agent,
and potential root canal irrigant, offering a unique an-
timicrobial mechanism compared to conventional op-
tions [11; 12]. The uniqueness of cranberry PACs lies
in the fact that their oligomeric molecules are of the
A type, whereas most other fruits contain PACs of the
B type, which lack anti-adhesion activity [13].

The root canal harbors diverse microorganisms, with
E. faecalis being a major cause of initial and recurrent
infections due to its ability to penetrate dentinal tubules
and enter a viable but non-culturable state [14]. Though
less common in primary infections, C. albicans is fre-
quently linked to reinfections, forming biofilms that in-
vade dentinal tissue' [15].

Counting the number of Colony forming units (CFU’s)
using digital colony counter help us get a clear idea of
the number of remnant viable cells, hence this method
was employed in our study [16].

In this study, we wanted to determine whether em-
ploying a natural product like cranberry could offer
comparable effectiveness to the widely used chemi-
cal irrigants such as sodium hypochlorite (NaOCI) and
chlorhexidine digluconate, while mitigating the potential
risks of their side effects and toxicity.
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The results of this study comparatively provide valu-
able insights into the antimicrobial efficacy of cranberry
extract compared to conventional root canal irrigants.
This study revealed that all the three irrigants elicited
antimicrobial properties against E. faecalis and C. al-
bicans. Comparison of the three test irrigants depicted
NaOCI and Chlorhexidine digluconate group exhibit
similar range of antimicrobial activity, while Cranberry
extract group exhibited comparatively lower antimi-
crobial properties. This is in accordance with the study
performed by Tischke et al, where they found that cran-
berry extract irrigant was less efficacious than NaOCI
and chlorhexidine digluconate, against a multispecies
biofilm [17].

Cranberry extract’s lower efficacy compared to so-
dium hypochlorite and chlorhexidine may stem from its
differing mechanisms, concentration, and contact time.
Optimizing cranberry formulations and protocols could
improve its antimicrobial efficacy. Its natural origin may
offer advantages like reduced cytotoxicity and biocom-
patibility, warranting further investigation into its selec-
tive pathogen targeting.

Cranberry extract’s Non-Dialyzable Material (NDM)
plays a key role in its antimicrobial properties by disrup-
ting microbial biofilm attachment [13]. Additionally, cran-
berry components aid in dentin cross-linkage, preser-
ving the collagen network and maintaining tooth struc-
ture strength [18]. Further SEM studies could elucidate
the precise mechanism of this cross-linking effect.

While this in-vitro study highlights cranberry ex-
tract’s antimicrobial efficacy, further in vivo studies with
long-term follow-up are needed to determine optimal
concentration and application protocols for clinical use
in root canal disinfection.

CONCLUSION

In conclusion, our in vitro study highlights cranber-
ry extract as a promising root canal irrigant with com-
parable efficacy to sodium hypochlorite and chlorhex-
idine, offering a favorable safety profile. Though so-
dium hypochlorite and chlorhexidine remain more ef-
fective, incorporating cranberry extract could enhance
microbial control while reducing adverse effects. Fur-
ther optimization of its formulations and protocols may
enhance its antimicrobial activity.
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Abstract

INTRODUCTION. Endodontics is a constantly developing area of dentistry. Every year new systems of ma-
chine rotating nickel-titanium instruments appear on the dental market which is accompanied by an increase
in the incidence of such a complication of endodontic treatment as fragmentation of files in the root canal
system. The frequency of this complication, which many dentists encounter, varies from 0.4% to 23%. That is
why it is important to know the principles and methods of the safest possible extraction of broken instruments
from the root canal system.

AIM. To systematize the analysis of methods of therapeutic and surgical extraction of fragmented instruments
as well as summarize the indications for their use.

MATERIALS AND METHODS. A search of literature sources was carried out in the PubMed, dissercat.com,

elibrary.ru, database.ru, cyberleninka.ru by keywords “endodontic treatment”, “iatrogenic events”, “fracture
of endodontic instruments”, “methods for removing the fragments of instruments” with a choice of article
types “Clinical Trial”, “Meta-Analysis”, “Review”, “Systematic Review”.

RESULTS. After analyzing the literature review an idea was obtained about the methods and indications for
therapeutic and surgical methods of removing broken files from the root canal system. A protocol for the pre-
paratory and main stages of extracting fragmented instruments using ultrasonic tips is described depending
on the degree of visualization of the endodontic instrument.

CONCLUSIONS. The tactics of extracting fragmented endodontic instruments are individual in each individual
clinical case and depend on a number of factors: the level of file fragmentation, the degree of its visualization,
the anatomy of the root canal, and the manual skills of the dentist.

Keywords: endodontic treatment, iatrogenic events, fracture of endodontic instruments, methods for
removing the fragments of instruments
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AHanus MeToAMK u3Bne4YeHUA GpparMeHTUPOBAHHbIX MHCTPYMEHTOB
M3 CUCTEeMbl KOPHEBbIX KaHA/O0B
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Poccunckuii yHrBepcuTeT MeauunHsl, . Mockea, Poccuiickas denepaums
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Pesiome

BBEAOEHUE. QHOOO0HTUS IBNSIeTCSA NOCTOSIHHO pPa3BnBatoLLMMCS HanpasfieHneM ctomaTonormum. ExerogHo
Ha CTOMATOJIOrMYECKOM PbIHKE MOSBASIOTCHA HOBbIE CUCTEMbI MaLLNHHbIX BPALLLAIOLLMXCSH HUKENb-TUTAHOBbIX
MHCTPYMEHTOB, 4TO COMPOBOXAAETCH YBENYEHMEM BCTPEYAEMOCTU TaKOro OCNOXHEHUS SHAOAOHTUYe-
CKOro nevyeHud, kak dpparmeHTaymsa ¢annoB B CUCTEME KOPHEBbLIX KaHanoB. IMEHHO MO3TOMY BaXXHO 3HATb
NPUHLMMLI M CNOCOObI MakcUManbHO 6€30MacHOro N3BnevyeHnst CIOMaHHbIX UHCTPYMEHTOB UX CUCTEMbI KOP-
HEBbIX KaHaI0B.

LLETb MCCNELOBAHUA. CnuctematnampoBaTb aHannM3 MeETOA0B TePaneBTUYECKOro U XMpypruyeckoro na-
Bfie4YeHNss pparMeHTUPOBAHHbLIX MHCTPYMEHTAX, a TakxXe 0000LLNTb NOKA3aHUS K UX MPUMEHEHMUIO.
MATEPUAJbI N METOZbI. NMpoBeneH Nonck nnTepaTypHbIX UICTOYHMKOB B 6a3e aaHHbix PubMed, elibrary.ru,
cyberleninka.ru, no kntO4YeBbIM C/IOBaM, «3HAO0A0OHTUYECKOE NIeYeHme», «ITPOreHHble OLWNOKM», «pparmMmeH-
Taums $arinos», «CNOcobbl U3BIEYEHUST MHCTPYMEHTOB» C BbiIbopoM Tunos cTateit «Clinical Trial», «Meta-
Analysis», «<Review», «Systematic Review».

PE3YJIbTATHI. MNMocne aHannda o63opa nutepaTypbl, NONYy4eHO NpeacTaBfieHne 0 MeTodax M nokasaHusax
K TEpaneBTMYECKOMY N XMPYPrMyeckoMy cnocobam yaaneHus cloMaHHbix GpannoB N3 CUCTEMbl KOPHEBLIX
kaHanoB. OnucaH NPOTOKOS NOArOTOBUTENBHOINO M OCHOBHOIO 3TarnoB M3BNeYeHUs GpparMeHTUPOBaHHbIX
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MHCTPYMEHTOB C MCIMOJIb3OBaHNEM YJIbTPA3BYKOBbLIX HACAaA0K B 3aBUCUMMOCTU OT CTENEHN BU3YyaJin3alnn aH-

AO0O0HTNYECKOro MHCTPYMeHTa.

BbIBObl. TakTuka naenedeHns dparMeHTUPOBaHHbIX dHAOAOHTUYECKNUX UHCTPYMEHTOB MHAMBMAYaNIbHA
B KaXXAOM OTAENIbHOM KJIMHMYECKOM Cly4ae un 3aBMCUT OT psga ¢pakTopoB: YPOBHSA dparmeHTaumn ¢panna,
CTEeNeHn ero BM3yannaaumnm, aHaToMmm KOPHEBOIO KaHaa, MaHyaslbHbIX HABbIKOB Bpaya-cTomMaTtosiora.

Kniouesble cnoBa: 3HA0L0HTUYECKOE NlIe4YeHMe, ATPOreHHbIe oLwmnbKn, q)parmeHTau,vm ¢al7lJ'IOB, crnoco6bl n3-

BNne4YeHna MHCTPYMEHTOB

UHdopmauumsa o ctatbe: noctynuna — 13.03.2025; ncnpaenena — 20.04.2025; npunsara — 29.04.2025

KoHAUKT uHTepecoB: aBTOPbI CO06LLa0T 06 OTCYTCTBUN KOHGMIMKTA MHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U NHANBUAYASIbHbIE 6N1arofapHOCTY A5 OEKNapUPOBaHNS OTCYTCTBYIOT.

Ana umtupoBaHua: MutpoHunH A.B., Apyakos K.A., OctaHmHa O.A., MutpoHuH 10.A. AHannu3 MeToguk na-
BNneYeHns pparMeHTUPOBAHHbLIX MHCTPYMEHTOB M3 CUCTEMbl KOPHEBLIX KaHanoB. OHAO4OHTus Today.

2025;23(2):246-251. https://doi.org/10.36377/ET-0092

INTRODUCTION

Endodontics is a continuously evolving field within
dentistry [1]. Each year, new instrumentation systems
for primary and secondary mechanical preparation
of the root canal system are introduced to the dental
market. Rotary nickel-titanium (Ni-Ti) endodontic in-
struments have gained particular popularity among
clinicians due to their ease of use, the wide variety of
available systems, and their ability to reduce the time
required for root canal preparation [2]. However, the
prevalence of one significant complication — instru-
ment fracture within the root canal system - has also
increased. The reported incidence of fragmentation
ranges from 0.25% to 6% for stainless steel hand files
and from 1.3% to 10% for rotary Ni-Ti instruments, rep-
resenting a substantial proportion of iatrogenic errorsin
endodontic treatment [3].

When this complication arises, the prognosis of
treatment worsens, and the presence of necrotic tis-
sue within the root canal system can provoke inflamma-
tion of the periapical tissues. In most clinical cases, the
inability to retrieve the fractured instrument ultimately
necessitates tooth extraction [4].

Therefore, instrument separation remains a fre-
quent and challenging problem in modern endodontics,
encountered by many practitioners in clinical practice.
The variability in the types of instrument fractures re-
quires an individualized management strategy in each
case [5]. Consequently, a wide range of techniques for
the retrieval of separated instruments from the root ca-
nal system has been developed.

AIM

To systematize the information presented in scien-
tific publications regarding the existing techniques for
the retrieval of fractured instrument fragments from the
root canal system.

MATERIALS AND METHODS

A literature search was conducted in the PubMed,
dissercat.com, elLibrary.ru, and CyberLeninka.ru da-
tabases using the keywords “endodontic treatment”,
“instrument separation”, and “instrument retrieval”, with
article type filters set to “Clinical Trial”, “Meta-Analysis”,
“Review”, and “Systematic Review”.

RESULTS

The management of separated instruments can be
approached using either nonsurgical or surgical meth-
ods [6]. Surgical interventions include apical resection,
hemisection, or intentional replantation of the tooth.
However, primary emphasis is placed on nonsurgical
techniques aimed at retrieving the fragment while pre-
serving the integrity of the root.

If instrument separation occurs at the canal orifice,
it may be possible to remove the fragment using a he-
mostat or needle holder to grasp and unscrew the freely
exposed portion [7]. The “braiding technique” has also
been described, which involves inserting two H-files on
either side of the fractured fragment and simultaneous-
ly withdrawing them with a rotational movement. This
technique allows for the removal of the H-files and the
fragment as a single unit [8].

Instrument separation most commonly occurs in
the middle or apical third of the canal. The determin-
ing factor for the subsequent treatment approach is
the degree of instrument visualization. Therefore, the
use of magnification, particularly with an operating
dental microscope, is highly recommended in these
cases [9].

When the fractured file is visible, the first step is to
create a straight-line coronal access using Gates-Glid-
den drills or orifice shaping rotary files. This coronal
enlargement facilitates the use of the primary retrieval
tool—-an ultrasonic tip with a fine working end. The tip is
positioned between the fractured instrument and the
canal wall, generating a counterclockwise vibration in-
tended to loosen and dislodge the fragment. A critical
technique involves operating along the inner curvature
of the canal to encourage coronal displacement of the
fragment [10]. Prolonged ultrasonic activation along
the outer canal wall may result in apical migration of the
fragment into the periapical tissues.

The use of ultrasonic tips inevitably leads to the re-
moval of internal root dentin, which is continued un-
til visible movement of the fragment is achieved. It is
recommended to initiate preparation at a 90° angle
relative to the cross-section of the canal to a depth
of approximately one-third of the fragment’s length.
This is followed by widening the preparation circum-
ferentially to 180°, thus freeing the fragment from the
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surrounding dentin. The appearance of fragment mo-
bility is the main indicator of successful preparation.
If the fragment remains immobile, further apical en-
largement should be performed along the inner cur-
vature of the canal.

Following this stage, the smoothness of the outer
canal wall must be verified. Any irregularities or ledges
that may obstruct fragment removal should be elimi-
nated using rotary Ni-Ti files or additional ultrasonic
activation.

Instrument retrieval can be performed under two
conditions: in a dry or wet environment [11]. A dry
field provides superior visibility, whereas a wet field
enhances cavitation, reduces the risk of secon-
dary fragmentation, and prevents thermal damage to
periapical tissues by limiting temperature increases
to under 10°C [12]. Therefore, optimal safety and ef-
ficacy are achieved under wet conditions. For straight
canals with curvature less than 15°, it is advisable to
use low-viscosity, high-surface-tension solutions such
as EDTA to remove dentin debris and enhance acous-
tic streaming. In canals with curvatures exceeding 15°,
high-viscosity lubricants like soybean or corn oil are
recommended to facilitate fragment retrieval by im-
proving lubrication [13].

Once the canal is filled with the chosen solution, ul-
trasonic retrieval is initiated. The ultrasonic tip is applied
along the previously prepared inner curvature of the ca-
nal with a higher power setting than previously used.
Ideally, the separated fragment should be retrieved
within 10 seconds; if not, additional space between the
canal wall and the file must be created [14]. Figure 1 il-
lustrates the general scheme for the removal of a visible
fractured instrument.

The retrieval of non-visible separated instruments
presents additional challenges. Initially, a radiograph
should be obtained using contact intraoral periapical

0O630pbl / Reviews

radiography with a pre-bent microexplorer inserted into
the canal to locate the space between the canal wall and
the fragment. Subsequently, the canal should be en-
larged up to its curvature using large-curvature rotary
Ni-Ti files, such as the HyFlex EDM #60.02 system (Col-
tene /Whaledent, Switzerland). A major difficulty lies
in the inability to directly assess the amount of dentin
removed from the canal wall. Therefore, the detection
of subtle mobility of the fragment beyond the curvature
becomes the primary indicator for proceeding to the
next stage of retrieval. Figure 2 presents a schematic
illustration of the removal of a non-visible fractured file
located within a canal curvature.

If ultrasonic techniques prove ineffective, loop-
based systems such as the Yoshi Loop (DE Labs) and
BTR Pen System (CERKAMED) can be employed. These
systems operate by grasping and extracting the frac-
tured instrument fragment [15]. Successful placement
of the loop requires the canal diameter to be at least
0.04 mm, which is achieved by preliminary enlargement
of the canal using rotary Ni-Ti files. Once the desired
diameter is verified with a size 40 plugger, the loop is
inserted and adjusted around the fragment using a fine
endodontic explorer. The loop is then tightened around
the instrument and gently pulled to facilitate removal. It
is important to note that this technique requires the root
canal and pulp chamber to be thoroughly dried to opti-
mize visibility of the working field [16].

Surgical intervention should be considered when
conservative approaches fail or when there is an initial
risk of excessive dentin removal that would compro-
mise the structural integrity of the tooth. This situation
often arises when the fragment is located beyond the
apical foramen. A clinical case reported by S. Mokal
and S. Shenvi describes the surgical removal of a se-
parated Ni-Ti instrument from the maxillary lateral in-
cisor of a 52-year-old female patient [17]. Preopera-

Fig. 1. General outline for removing

a visualizable fragment of a endodontic tool
Source: [3]

Puc. 1. Obuiaa cxema yganeHus
OOCTYIMHOro Ang Budyanusaummn pparMmeHta
9HAO0O0HTMYECKOro MHCTPYMEHTA

UctoyHuk: [3]

dHdodoHmus
—————TLT

Fig. 2. General outline for removing a non-visualizable fragment
of a endodontic tool located in a curvature of the root canal
Source: [3]

Puc. 2. O6uwas cxema yaaneHus TpyaHOBU3Yyann3npyemoro
dparMeHTa sHA0AOHTUYECKOTrO MHCTPYMEHTA, PACMONIOKEHHOI0O
B 13rnbe KOpPHeBOro kaHana

UcToyHuk: [3]
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tive intraoral periapical radiography (Fig. 3) showed
a small periapical radiolucency into which the fractured
instrument extended. The fragment was retrieved
using a mosquito-type hemostat following reflection
of a mucoperiosteal flap and creation of a bony win-
dow. Follow-up radiography one year postoperatively
confirmed complete healing of the periapical lesion
(Fig. 4). This case illustrates the rationale for surgical
management of fractured instruments when conser-
vative ultrasonic removal attempts would result in sig-
nificant loss of root dentin.

Fig. 3. Preoperative postoperative intraoral radiograph
of the tooth 2.2

Source: [17]

Puc. 3. JoonepaunoHHasa npuuenbHas
BHYTPMPOTOBAs KOHTaAKTHas peHTreHorpadus 3yba 2.2
UcToyuHuk: [17]
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CONCLUSION

Thus, the strategy for the retrieval of fractured en-
dodontic instruments must be individualized for each
clinical case and depends on several factors, including
the level of instrument separation, the degree of its ra-
diographic and clinical visibility, the anatomy of the root
canal, and the clinician’s technical skills. When choosing
between nonsurgical and surgical retrieval methods, it is
recommended to consider the position of the fragment
within the canal and to minimize procedural invasiveness
to preserve as much of the root dentin as possible.
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Variants of anatomical organization of the maxillary molars
in reference to the maxillary sinus. Systematic review
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Abstract

INTRODUCTION. Balance between the floor of the maxillary sinus (MS) and the maxillary molars roots is of
clinical significance. In cases where the root ends are located inside the sinuses, or very close to the bottom
of the maxillary sinus, tooth extraction, apical surgery and some conservative endodontic manipulations can
lead to a number of complications: perforation of the maxillary sinus floor, formation of an oroantral fistula,
extrusion of a tooth root fragment into the maxillary sinus.

AIM. To conduct a systematic review of original research studies on the anatomical variations of maxillary
molar roots and their spatial relationship to the maxillary sinus.

MATERIALS AND METHODS. A systematic review of scientific articles and original studies included in
international and domestic databases was conducted using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta Analyses) checklist.

RESULTS. 46 articles containing data from randomized controlled clinical trials, longitudinal, and cohort
studies were selected for screening. 28 references were submitted, of which 5 were excluded due to high risk
of bias. As aresult, 23 studies were included in the systematic review.

RESULTS. There are three main categories of interactions between the maxillary molars and the maxillary
sinus floor: type 1 —the root apices do not reach the maxillary sinus; type 2 — the maxillary sinus floor contacts
the root apex; type 3 — the root apex enters the maxillary sinus cavity. The most common type of relationship
between the upper molar roots and the maxillary sinus is type 1. The smallest distance was determined from
the buccal root apices of the second molars to the maxillary sinus floor (0.8+2.5 mm). The volume of the
maxillary sinus depended on age and increased until the age of 20, and then gradually decreased.
CONCLUSIONS. The data contained in the analyzed studies can be of significant help to dentists in planning
surgical and endodontic interventions on the molars of the upper jaw, which will prevent serious complica-
tions associated with the anatomical features of correlation of root apices of the lateral teeth group and the
maxillary sinus.

Keywords: computed tomography, maxillary sinus (MS), genyantrum, molars, molar roots.
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BapuaHTbl aHATOMUYECKOIr0 CTPOEHUA MOJIAPOB
BepXHEN YeNl0CTU OTHOCUTE/IbHO BEpPXHEYe IIOCTHOW NasyXu.
CucrteMaTtuueckmii 063op

A.C. OnpaBuH(>, A.C. 3bikoBa 204, T.A. KygpseueB(>, JI.H. Kyabmuna), A.C. FanueBa
CeBepHbI rOCY0apCTBEHHbBIN MEANUMHCKUIA YHUBEPCUTET, I. ApxaHrenbck, Poccurickas @enepauma
> zhukovaalica@yandex.ru

Pe3lome

BBEAEHWME. CooTHOLWeEHNEe Mexay OHOM BEPXHEeYentoCTHOM nadyxu (BYI) 1 BepxyLuKkaMn KOpHen MonsapoBs
BEPXHEN YENIOCTN MEET KIIMHNYECKYIO 3HAYMMOCTb. B cryyasx pacnonoxeHns BepXyLLUEK KOPHE BHYTPU CH-
HYCOB, W11 NPY O4€Hb BJIM3KOM UX pacnonoxeHuu K aHy BYM, ynaneHne 3y60B, anvkanbHas XMpyprus u Heko-
TOpble KOHCEePBATVBHbIE SHAOO0HTUYECKME MAHUMYASLUM MOTYT NMPUBECTU K PSAY OCIOXHEHU: nepdopaumm
[Ha raiMopoBoli Na3yxu, 06pa3oBaHe OPOAHTPANIbHOIO CBULLLA, BbITANKMBAHME OTIOMKA KOPHS 3y6a B BYIM.
LIEJTb UCCNEOOBAHUA. CuctemaTtmyeckmnii 0630p AaHHbIX OpUrMHabHbIX UCCed0BaHU O BapuUaHTHOMN
aHaTOMUN KOPHEN MONSIPOB BEPXHEN HENOCTU 1 UX PACMONOXEHNSI OTHOCUTESNIbHO BEPXHEYEIOCTHOWN Nasyxu.
MATEPUAJIbl N METOZbI. B xone paboTbl 6611 NPOBEAEH CUCTEMATUYECKMIA 0630 HAYYHbIX CTaTel n opu-
rMHaNbHbIX UCCNEeA0BaHUI, BKIIKOYEHHbIX B MEXAYHAPOAHbIE N OTEYECTBEHHbIE Ba3bl AaHHbIX C MPUMEHEHNEM
yek-nucta PRISMA (The Preferred Reporting ltems for Systematic Reviews and Meta Analyses).
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PE3YJIbTATbI. ina ckpuHUHra 6ui10 0To6paHo 46 ctateit, CoaepXallmx AaHHble PaHOOMU3NPOBAHHbBIX KOH-
TPONMMPYEMBbIX KIIMHUYECKUX NCCE0BAHUIA, NPOOOSbHbBIX, KOFOPTHBIX UCCNEeaoBaHui. Jnsa oueHKn akcnep-
TaMm ObI1I0 NPEANIOXEHO 28 MCTOYHMKOB, N3 KOTOPbIX 5 ObINIM OTCESHbI MO NPUYMHE BBICOKOrO pyUcka cucTemMa-
Tuyeckon owmobkun. B ntore, B cuctematnyeckumin 063op Ob110 BKIOYEHO 23 nccrnenoBaHus.

PE3YJIbTATbI. CyLLeCTBYIOT TPU OCHOBHbIE KATErOPUN B3aVIMOOTHOLLEHNI MEXAY MONSIpaMn BEPXHEN Yento-
CTU 1 IHOM raiiMOpPOBOI Na3dyxu: TMN 1 — BepXyLlkn KOpHel He gocturatoT BYI; Tmn 2 — aHo BYI koHTakTUpy-
€T C BEPXYLUKOW KOPHS; TN 3 — BepxyLlKa KOPHSA BXOAUT B noniocTb BYIM. Hanbonee pacnpocTpaHeHHbIM Tu-
MOM B3aMMOOTHOLLUEHUI MEXOY KOPHAMN BEPXHUX MonsipoB 1 BYI aensetca Tmn 1. HavumeHbluee paccTosHne
OnNpeaensinoch OT BEPXYLUEK LLLEYHbIX KOPHE BTOPbIX MOASPOB A0 AHa BYIM (0,8 £2,5 mm). O6bem ranMopoBoii
nasyxu 3aBMCeN 0T BO3pacTa 1 yBenmnymeancs oo 20-neTHero Bo3pacTa, a 3aTem NoCTENEHHO yMEHbLUAJICS.
BbIBObl. laHHble, coaepxalimecs B NpoaHann3mpoBaHHbIX HAMN MCCNeA0BaHNSX, MOT'YT OKa3aTb 3HAYNUTESb-
HYIO MOMOLLb Bpa4yaM-CTOMATOI0ramM npu niaaHMpOoOBaHUN XUPYPrMYeCKNX N SHOOAOHTUYECKUX BMELLATENLCTB
Ha MOJfIApax BepPXHer YenCTr, YTO NO3BONNT NPEAOTBPATUTL CEPbE3HbIE OCIOXHEHNS, CBA3aHHbIE C aHAaTOMU-
4eCKMMM 0COOEHHOCTAMN COOTHOLLEHMS arnekCoB KOPHEel 60KOBOM rpynnbl 3yO0B 1 raiiMOpPOBOM Na3yxu.

KnioueBbie cnoBa: KOMNbOTEPHAs TOMorpadus, BepxHeyenocTHasa nadyxa (BYIl), ranmoposa nasyxa, Mo-
NSpbl, KOPHU MONSIPOB.

UHdopmauumna o ctatbe: noctynuna — 18.02.2025; ncnpasneHa — 01.04.2025; npunaTta — 14.04.2025
KoH$AUKT nHTepecos: aBTOPbl COOOLLAIOT 06 OTCYTCTBUN KOHPNVKTA UHTEPECOB.
BnaropgapHocTu: GUHAHCUPOBAHME U MHANBMOYaANbHbIE 6N1arofapHOCTY 415 OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana umtuposanua: OnpasuH A.C., 3bikoBa A.C., Kyapssues T.A., KyabmuHa J1.H., fannesa A.C. BapunaHThl
aHaTOMMYECKOro CTPOEHUST MOJISIPOB BEPXHEN YENOCTU OTHOCUTENIbHO BEPXHEYENIOCTHOM nadyxu. CucTe-
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MaTuyeckunii 063op. IHAoAoHTUs Today. 2025;23(2):252-257. https://doi.org/10.36377/ET-0100

INTRODUCTION

The relationship between the floor of the maxil-
lary sinus (MS) and the apices of maxillary molar roots
has significant clinical relevance in the diagnosis and
planning of endodontic treatment, implant place-
ment, tooth extraction, and other dental procedures.
In cases of infection of the periodontal ligament and
periapical tissues of the maxillary molars, bacteria
and their toxins can spread to the maxillary sinus, lea-
ding to inflammation of the sinus [1; 2]. This outcome
is often associated not only with the infectious pro-
cess but also with the anatomical structure of the si-
nus floor in relation to the roots of the posterior maxil-
lary teeth [3].

When the root apices are located within the sinus or
are in very close proximity to the sinus floor, tooth ex-
traction, apical surgery, and certain conservative endo-
dontic procedures can result in various complications,
including perforation of the sinus floor, formation of an
oroantral fistula, displacement of root fragments into
the sinus cavity, and extrusion of infected debris or fill-
ing material during root canal treatment.

Therefore, accurate assessment of the anatomical
relationship between the maxillary sinus and the roots
of the posterior maxillary teeth is of critical importance
in clinical practice, particularly for the planning of endo-
dontic and surgical dental interventions in this anatomi-
cal region [4].

Panoramic radiography is the most commonly used
diagnostic method for evaluating the proximity of maxil-
lary molar roots to the sinus; however, it does not pro-
vide precise information about topographic relation-
ships [5; 6]. The most accurate data regarding the posi-
tion of the maxillary molar root apices in relation to the
sinus floor can be obtained only through the analysis
of multiplanar sections from cone-beam computed to-
mography (CBCT) scans [7; 8].

AIM

A systematic review of original research data on the
variant anatomy of maxillary molar roots and their spa-
tial relationship to the maxillary sinus.

MATERIALS AND METHODS

A systematic review of scientific articles and original
studies indexed in international and national databases
was conducted using the PRISMA (Preferred Repor-
ting Items for Systematic Reviews and Meta-Analyses)
checklist for systematic reviews and meta-analyses.

Search Strategy

Open-access sources from databases such as
Medline, Embase, PubMed, Cochrane Library, Google
Scholar, and eLIBRARY.RU were used as the metho-
dological basis for this review, focusing on studies
addressing the anatomical variations of maxillary mo-
lar roots in relation to the maxillary sinus. The search
was conducted using combinations of the following
keywords and their synonyms, alongside controlled
vocabulary terms: computed tomography, maxillary
sinus (MS), genyantrum, molars, molar roots. Only stu-
dies with full-text availability published since 2014
were included.

The primary research question was: Are there sci-
entifically validated data on the anatomical patterns of
maxillary molar root structure in relation to the maxil-
lary sinus?

Inclusion Criteria

The systematic review included published ran-
domized controlled trials (RCTs), longitudinal, and co-
hort studies. All selected studies were required to be
based on data obtained from the analysis of multipla-
nar sections using cone-beam computed tomography
(CBCT) (Table 1).
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Table 1. Criteria for inclusion of studies
in the systematic review

Ta6nuua 1. Kputepun BKJIOYEHUSA UCCIea0BaHUIN
B cucTemMaTu4eckmini o63op

0O630pbl / Reviews

Evaluation criteria Selection criteria

Publication type Original research

Research topic Classification of the anatomical posi-
tioning of maxillary molar roots in rela-

tion to the sinus floor

Randomized controlled clinical trials
(RCTs)

Nature of the study

Specifics of the study | Only studies based on cone-beam com-
puted tomography (CBCT) data analysis
and those with representative samples
were included

Publication language |Russian or English

Table 2. Assessment of the risk of systematic error
in studies investigating variations in the anatomical
structure of maxillary molars in relation to the
maxillary sinus

Tabnuua 2. OugHka pycka cuctemaTnyeckomn
OLNBKW B UCCJIeA0BAHMAX, N3YYaIOLLNX BAPUAHTbI
aHaTOMMYECKOr0 CTPOEHUSA MOJIAPOB BEPXHEN
YeJIICT OTHOCUTENIbHO BEPXHEYENIOCTHON Nnasyxm

Assessment of the risk of bias
in the study

Author, year Selection Systematic

bias during | Detection | bias in the

sample bias preparation

inclusion of results
Talo Yildirim T., 2021 low low low
Peid., 2020 low low low
Goyal S.N., 2020 low low low
GuY., 2018 low low low
Zhang Y.Q., 2019 low low low
Abdulghani E.A., 2022 low low low
Regnstrand T., 2021 low low low
Aldahlawi S., 2023 low low low
Deporter D., 2021 low low low
Zhang X., 2019 low low low
Estrela C., 2016 low low low
LopesL.J., 2016 low low low
Atallah H.N., 2023 low low low
Elsayed S.A., 2023 low low low
Yoshimine S., 2012 low low low
Ragab M.H., 2022 low low low
Abdulwahed A., 2023 low low low
Goller-BulutD., 2015 low low low
AmaniR., 2023 low low low
Jung Y.H., 2020 low low low
RS.S.S., 2024 low low low
Razumova S.N., 2019 low low low
Vilkitskaya K.V., 2015 low low low

dHdodoHmus
—————TLT

Exclusion Criteria
Studies that did not use CBCT analysis or had non-
representative samples were excluded.

Data Collection and Analysis

Due to the heterogeneity in the measures used for
qualitative and quantitative evaluation across studies,
a meta-analysis was not feasible. For cohort studies,
weighted mean differences, relative risks, or odds ratios
were compared where available.

Study Assessment

All selected articles were anonymized and assigned
individual identification numbers. Two independent ex-
perts assessed whether each study met the inclusion
criteria, followed by a third expert who validated the
findings. Studies that met the criteria according to all re-
viewers were included in the final analysis, and the data
were systematized accordingly.

Risk of Bias Assessment

Risk of bias was evaluated based on several criteria,
including calibration of methods and materials, sam-
pling principles, presence of randomization, and re-
porting of specific results. The Cochrane Risk of Bias
Tool was applied, and each risk was classified as “low”,
“high”, or “unclear” (Table 2).

RESULTS

During the keyword-based search process, a total of
5,674 articles were initially identified. After the removal
of duplicates across the databases, the number of ar-
ticles was reduced to 2,147. Of these, 46 articles were
selected for screening, as they included data from ran-
domized controlled trials (RCTs), longitudinal, and co-
hort studies.

A total of 18 articles were excluded due to failure to
meet the inclusion criteria. 28 sources were submitted
for expert evaluation, of which 5 were excluded due to a
high risk of bias.

As aresult, 23 studies were included in the final sys-
tematic review (Fig. 1).

DISCUSSION

A number of studies describe three main types of re-
lationships between the maxillary molars and the floor
of the maxillary sinus:

Type 1 - the root apices do not reach the sinus floor;

Type 2 - the sinus floor is in contact with the root
apex;

Type 3 — the root apex protrudes into the sinus
cavity [9].

The most common anatomical relationship between
the maxillary molar roots and the sinus floor is Type 1
[10-12].

The frequency of Type 3 positioning was observed in
41.0% of first molars and between 38.1% and 44.7% of
second molars.

Type 2 relationships were found in 46.3% of maxil-
lary second molars and in 34.8% of first molars [13].
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5,674 studies identified that met the search
criteria in the databases

v

2,147 records after duplicates removal

v

46 sources selected for screening according
to the inclusion criteria

v

46 publications passed screening

v

18 publications excluded for not meeting
the criteria

v

Identification '—P

Screening H

Eligibility —®» 28 full-text articles assessed for eligibility
by experts
5 full-text articles excluded due to high risk
of systematic error
Inclusion ¥ 23 full-text articles assessed for eligibility

and included in the systematic review

Fig. 1. PRISMA flow chart — articles included in the review

Puc. 1. bnok cxema PRISMA — cTtaTtby, BKIIOYEHHbIE
B 00630p

Type 3 positioning was most frequently observed in
the palatalroots of maxillary first molars (24.8%) and in the
mesiobuccal roots of maxillary second molars (21.6%).
The frequency of Type 3 relationships decreased with
age, except for the palatal roots of the second molars.

Age was a significant factor influencing the average
distances from root apices to the sinus floor, while sex
had a minimal effect [14].

Tooth loss, number and position of roots were found
to influence maxillary sinus pneumatization; in particu-
lar, the distance between the apices of the second mo-
lars and the sinus floor decreased in the absence of
adjacent teeth [13].

These findings highlight the importance of care-
ful preoperative planning using cone-beam computed
tomography (CBCT) prior to endodontic or surgical in-
terventions in the posterior maxilla [16]. Such planning
helps prevent complications like sinus floor perforation
or the creation of oroantral communications.

The absolute distance between the molar root api-
ces and the sinus floor is of great clinical significance.
According to research, the mean distances from all root
apices to the sinus floor were less than 3 mm [17].

The shortest distance was observed between the
mesiobuccal root of the second maxillary molar and
the sinus floor (0.8 £2.5 mm), followed by the distobuc-
cal roots of the second molars (1.3£2.7 mm) and the
palatal roots of the first molars (1.4+3.4 mm) [18]. The
highest rate of sinus penetration and root intrusion was
seen in the mesiobuccal root of the second molar, with
a penetration rate of 37.65% [19].

Next in proximity to the sinus floor was the palatal
root of the first molar.
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No significant differences were found between the
right and left sides regarding the distance from the dis-
tal molar roots to the sinus floor [20].

According to a study by Elsayed S.A. et al., hyper-
pneumatization of the maxillary sinus was associated
with significant reductions in alveolar height and den-
sity. However, sinus pneumatization did not vary sig-
nificantly by sex. The most pronounced thinning of the
sinus floor was observed at the level of the root apices
of the first maxillary molars [21].

The prevalence of mucosal thickening in the sinus was:

- 21.4% in adolescents (<18 years);

—31.4% in young adults (19-25 years);

- 31.2% in adults (26-40 years);

—51.2% in middle-aged adults (41-60 years);

- 33% in geriatric patients (>60 years), indicating
a positive correlation between mucosal thickness and
patient age [22].

In a study by AmaniR. et al., the normal volume of the
maxillary sinus was measured on axial multiplanar CT
sections. It was found that in individuals over 20 years
of age, the sinus volume ranged from 4.56 to 35.21 cm®.
The sinus volume increased up to the age of 20 and
gradually declined thereafter. No statistically significant
differences in sinus volume were found between pa-
tients with and without maxillary molars in the age group
of 50-79 years, indicating that secondary edentulism
does not significantly affect sinus volume [23].
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CONCLUSION

Thus, this systematic review confirms the hypothesis
of a scientifically validated pattern in the anatomical rela-
tionship between maxillary molars and the maxillary sinus.
Researchers distinguish three main types of relationships
between the sinus floor and the posterior tooth roots:

— Type 1 — the root apex lies below and beyond the
sinus floor;

— Type 2 - the sinus floor is in contact with the root
apex;

— Type 3 - the root apex protrudes into the sinus
cavity.

It is important to note that Type 3 is more frequently
associated with the relationship between the sinus floor
and the roots of first maxillary molars, whereas Type 2 is
more common for second molars. Several studies report
that the mean distance from root apices to the sinus floor
is less than 3 mm. An increased risk of sinus-related pa-
thology is associated with hyperpneumatized sinus types
and Type 3 root — sinus relationships. Age has a signifi-
cantimpact on the anatomical proximity of molar roots to
the sinus floor, while sex has only a minor influence.

The most accurate assessment of the position of
maxillary molar root apices relative to the sinus floor can
be obtained exclusively through the analysis of multipla-
nar cone-beam computed tomography (CBCT) scans.
The data compiled and analyzed in this review may be of
considerable clinical value to dental practitioners, aiding
in the planning of surgical and endodontic procedures on
maxillary molars and helping to prevent serious compli-
cations associated with the anatomical relationship be-
tween posterior tooth apices and the maxillary sinus.
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Abstract

INTRODUCTION. Diagnosis of pulp diseases remains a pressing issue in dentistry, which is determined by
their high prevalence and, in some cases, latent course.

AIM. To study new technologies developed for hardware testing of pulp vitality based on modern literature data.
MATERIALS AND METHODS. A systematic search was performed in the electronic databases PubMed,
Google Scholar, eLibrary, Google Patents. The search depth was 6 years — from 2019 to 2024.

RESULTS. The search in the electronic library databases initially yielded 793 results. After screening titles
and abstracts and removing duplicates, 368 articles were identified, assessed by reading their full text, and
analysis of whether the publication criteria were met; 65 articles were included in the systematic review. Based
on the results preliminary screening and application of the eligibility criteria, 15 publications were included in
the qualitative analysis and 7 publications in the quantitative analysis, 43 publications were used to write the
introduction text and in the discussion of the study results. Based on the patent search, 4 patents were included
inthe analysis. Most of the well-conducted and documented studies were devoted to the pulse oximetry method.
CONCLUSIONS. An analysis of modern literature sources showed that the most common methods for
assessing pulp vitality are laser Doppler flowmetry and pulse oximetry. Pulse oximetry is the most accurate
diagnostic tool. Alternative diagnostic methods are increasingly being explored for their potential to assess
pulp vitality. The most frequently mentioned methods in scientific publications for 2019-2024 are: ultrasound
Doppler flowmetry, transillumination, magnetic resonance imaging, speckle imaging, tooth temperature
measurements, electroodontometry and plethysmography. However, to date, none of the alternative methods
for diagnosing pulp vitality have been integrated into clinical practice, indicating an ongoing challenge
in creating a reliable approach to assessing pulp vitality.
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Pe3iome

BBEAEHUWE. OnarHocTuka 60ne3Hel nynbhbl 0OCTaeTCs akTyasbHOM NpobaemMoii B CTOMaToNornm, 4To onpe-
[EeNFAeTcs X BbICOKOM pacnpoCTPaHEHHOCTbLIO U B PAAE C/ly4YaeB CKPbITbIM TEYEHNEM.

LLENTb NCCNEOOBAHUA. N3yyeHne no gaHHbIM COBPEMEHHOW NnTepaTypbl HOBbIX TEXHONOMN, paspabo-
TaHHbIX 419 annapaTHOro TeCTUPOBAHUS BUTAIbHOCTU NyJbMbl.

MATEPUAJbI U METObI. Cuctematnyeckunii NoOUck 6bl1 BbINOJIHEH B 3/1IEKTPOHHbIX 6a3ax AaHHbIx PubMed,
Google Scholar, eLibrary, Google Patents. Mmy6uHa noncka coctaBuna 6 net —c 2019 no 2024 r.
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PE3YJIbTATHI. MNMounck B 6a3ax 3neKTPOHHbIX 61bMoTek nepBoHavanbHo aan 793 pesynerarta. [locne nayye-
HWS1 HA3BaHUIA N aHHOTALNI, 1 yaaneHns oyo6nmkaTos 6b110 naeHTUdUUMpoBaHo 368 ctatei, OLeHeHHbIX My-
TEM MPOYTEHUS MX MOJIHOrO TEKCTA, M aHaNnM3a COOTBETCTBUS KPUTEPUSAM BKITIOYEHMS Ny6ankaumm B uccne-
noBaHue 65 cTaten 6binn BKIIIOYEHbI B cUCcTEMaTMYeckumin 063op. Mo pesynbtatamMm npeaBapuTesbHOro npo-
CMOTpa 1 NPUMEHEHUS KPUTEPUEB NpremMneMocT 15 nybnnkaumii 6bi1m BKIIKOYEHbI B KQYECTBEHHbIN aHaNn3
1 7 nybnmkauunii B KONMYECTBEHHbIN aHann3, 43 nybnukaumii 6bin UCMONb30BaHbl A8 HaNMcaHUs TeKcTa
BBELEHUS 1 Npu 06CYXAEeHUM Pe3ynbTaToB UccnenoBaHus. Mo pesynstatamMm NaTeHTHOro noucka B aHanus3
BKJIIOYEHbI 4 naTeHTa. BONbLWNHCTBO Ka4eCTBEHHO NMPOBEAEHHbIX N 3a00KYMEHTUPOBAHHbLIX NCCEA0BaHNN
NOCBSLLEHO MEeTOAY NYNbCOKCUMETPUS.

BbIBObl. AHann3 coBpeMeHHbIX UICTOYHUKOB JINTEpaTypbl Nokasas, 4To Hanbonee YacTo BUTasIbHOCTb MyJibrbl
OLEHMBAETCH C NOMOLLbI0 METOAOB SlIa3EPHOM AOMNMIEPOBCKON GIOYMETPUN N NYNbCOKCUMETPUN. [pn aTOM
nyfbCOKCUMETPUN ABNSIeTCS Hanboee TOYHbIM ANArHOCTUYECKUM MHCTPYMEHTOM. HeTpaanumMoHHbie MeToapbl
[OVArHOCTMKM BCE Yallle UCCNeayTCcs Ha NpeaMeT X NoTeHumana ons OLEeHKU BUTaNbHOCTY Nynbbl. Hanbonee
4acTo B Hay4HbIX NyBGnnkaumsx 3a 2019-2024 rr. ynoMmnHaloTCs: ynsTpa3BykoBasi A0MNMNiepoBckas GpioymMmeTpus,
TPaHCUANIOMUHALNS, MarHUTHO-PEe30HaHCHasa Tomorpadus, cnekn-smsyannsaums, UsMepeHns Temneparypbl
3y60B, 3/1eKTPOOAOHTOMETPUS U nneTuamorpadus. OgHako Ha CeroaHsWHWI AeHb HN OAMH U3 HETPAONLMNOH-
HbIX METOL0B ANAarHOCTUKN BUTaNIbHOCTU MYNbMbl HE MIHTEMPUPOBAH B KJIMHUYECKYIO NPaKTUKY, YTO yKa3biBaeT Ha
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INTRODUCTION

Oral diseases are among the most prevalent non-
communicable conditions affecting individuals through-
out their lives [1]. Among patients examined within
healthcare systems, 25% have been diagnosed with
pulp and periapical tissue diseases [2]. The prevalence
of symptomatic pulpitis is considered high, making it the
most common cause of orofacial pain and the leading
reason for seeking emergency dental care [3]. Howe-
ver, estimating the true prevalence of pulpitis is chal-
lenging, as up to 40% of pulp inflammations may pro-
gress to necrosis without any clinical symptoms [4].
Consequently, the diagnosis and treatment of pulp
diseases remain major challenges in dentistry, largely
due to their high prevalence in the general popula-
tion [2; 5-7].

With the advancement of contemporary endodon-
tics, vital pulp therapy (VPT) has gained increasing im-
portance [8; 9]. Determining pulp vitality is essential for
the diagnosis of pulp diseases and for timely, optimal
treatment. Nevertheless, despite a substantial body of
research, evidence-based diagnostic methods remain
insufficient [10].

Histological examination is regarded as the gold
standard in endodontics. However, clinical assessment
of the dental pulp through histological methods is not
feasible, as the pulp cannot be directly visualized unless
it is exposed [11]. Therefore, methods assessing pulp
sensitivity and vitality are typically employed in clinical
practice.

During routine dental examinations, clinicians most
commonly use electric pulp tests, thermal tests, and
cavity preparation tests, all of which are classified as pulp
sensitivity tests [11]. These are based on the fact that

the pulp—dentin complex is richly innervated by sensory
fibers, predominantly A-delta and C fibers [12]. Most
sensitivity tests rely on the stimulation of these nerve fi-
bers. Loss of sensory function in the pulp results in ne-
gative responses to thermal and electric pulp tests [12].

However, pulp sensitivity tests may exacerbate
pain in patients, and their subjectivity is influenced
by individual pain thresholds, anxiety, and emotional
stress [13]. Moreover, these tests only indirectly assess
pulp vitality by evaluating neural response, without ac-
counting for vascular supply. As a result, false-negative
outcomes may occur in teeth that have lost sensory
function but retain an intact vascular system, which ac-
tually indicates that the pulp is still vital [14].

The limitations of sensitivity testing have led to the
development of pulp vitality tests, which assess blood
flow and oxygen saturation independently of the pa-
tient’s response, providing a more accurate assess-
ment of pulp status [15; 16]. Laser Doppler flowmetry
(LDF) and pulse oximetry (PO) are the most well-known
methods for evaluating pulp vitality [17]. Pulse oximetry
measures oxygen saturation within the pulp chamber
using a noninvasive sensor, while Doppler flowmetry
assesses vascular flow by detecting the “concentration
and velocity of blood cells” [18].

Nonetheless, LDF and PO have not seen widespread
clinical adoption due to several challenges, including
high cost, lengthy procedures, technical complexity,
and inconsistent results. Both methods are also affec-
ted by factors such as enamel and dentin thickness, the
presence of pigmentation or discoloration, and exten-
sive restorations. In addition, improper positioning of
the probe may influence measurements and lead to di-
agnostic errors [17].
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Consequently, researchers are increasingly focu-
sing on alternative approaches for pulp vitality assess-
ment. These include optical methods — photoplethys-
mography, laser speckle imaging, laser transmission
flowmetry, spectrophotometry, optical reflectance
vitality testing, transillumination, and light-induced
fluorescence—as well as ultrasound Doppler flowmetry,
photoacoustic imaging, magnetic resonance imaging,
and tooth temperature measurement [17].

An ideal pulp testing method should be objective,
accurate, reproducible, painless, noninvasive, harm-
less, simple to perform, cost-effective, and technique-
insensitive [19]. However, no universally accepted
modern technologies for pulp vitality diagnosis are
currently available [7; 17; 20]. This is primarily due to
the limited number of well-designed and properly
executed clinical trials evaluating pulp vitality diagnos-
tic devices [21], which hinders the ability to conduct
high-quality meta-analyses and systematic reviews.
In Russia, studies of sufficient methodological quality in
this field are virtually nonexistent.

In the English-language literature, pulp vitality tests
are most comprehensively reviewed in the following
systematic analyses: L. Dotto et al., in an umbrella
review encompassing 81 studies across 25 reports,
examine the available literature on device-based pulp
vitality testing methods, analyzing the mechanisms
behind these technologies and summarizing experi-
mental findings [22]; S. Patro et al., in a systematic
review with meta-analysis (10 studies for qualitative
synthesis and 5 included in the meta-analysis), as-
sessed the diagnostic accuracy of pulp vitality and
sensitivity tests [11]; and F. Afkhami et al. provided an
in-depth review exclusively focusing on non-conven-
tional methods and techniques for evaluating pulp vi-
tality, incorporating 65 studies [17].

Despite the growing international interest in hard-
ware-based alternatives to traditional pulp testing and
the abundance of reviews on conventional pulp sen-
sitivity tests [17; 23; 24], Russian-language literature
lacks comprehensive overviews regarding the applica-
tion of pulp vitality tests and their associated advan-
tages and limitations. High-quality systematic reviews
conducted in accordance with the PRISMA protocol for
the period 2019-2024 are virtually absent in the acces-
sible domestic literature.

In Russia, the most detailed literature review on
modern diagnostic approaches to pulp status was pub-
lished in 2020 by A.V. Mitronin et al. [25]. The authors
presented current perspectives on minimally invasive
diagnostic methods for assessing pulp status, high-
lighting the advantages and limitations of diagnostic
tools and evaluating their clinical effectiveness based
on both domestic and international sources. The 2022
article by I.O. Larichkina primarily addressed pulp sen-
sitivity tests, with laser Doppler flowmetry being the
only pulp vitality test considered [26]. In a 2023 study
by A.V. Popov et al., the authors provided an overview
of instrumental methods for assessing pulp blood flow,
offering a comparative analysis and evaluating their
applicability during orthodontic tooth movement [27].
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Thus, despite the significant number of systematic
reviews and meta-analyses dedicated to device-based
pulp vitality assessment in the international litera-
ture, these methods remain insufficiently represented
in Russian studies — highlighting the relevance of our
research.

AIM

The aim of this study is to review the latest technolo-
gies developed for device-based pulp vitality testing
based on current literature.

MATERIALS AND METHODS

Search Strategy

A systematic electronic search was conducted
using international databases PubMed and Google
Scholar, as well as the Russian scientific electronic
library elLibrary. Patent searches were carried out via
the Google Patents database. The search covered
a six-year period from 2019 to 2024. Russian literature
was defined as studies conducted in Russia and pub-
lished in Russian journals.

The search query included the following keywords:
diagnostic, instrumental methods, pulp vitality.

Inclusion Criteria

1. Articles published in Russian or English between
2019 and 2024.

2. Types of publications: scientific articles — inclu-
ding clinical research and experimental studies — as
well as systematic reviews.

3. Full-text availability free of charge online.

4. Relevance to the research topic — device-based
methods for pulp vitality diagnostics.

Exclusion Criteria

1. Type of publication: conference abstracts, pro-
ceedings, and dissertations.

2. Lack of full-text availability online.

3. Absence of analysis regarding the effectiveness
of the method.

4. Studies focusing solely on pulp sensitivity assess-
ment methods (e.g., thermal or electric pulp testing).

A stepwise screening process was applied for the
selection of publications. After identifying sources, the
titles and abstracts of potential studies were screened,
and duplicates were excluded. Full-text articles were
then reviewed in detail. The reference lists of all includ-
ed studies were examined to identify additional relevant
publications. The eligibility of each article in relation to
the research objective was assessed based on three
criteria: evaluation of the title, abstract, and full text.

Data Extraction

Each included article was analyzed to extract infor-
mation on bibliometric characteristics, study metho-
dology, and research outcomes. Extracted variables in-
cluded: pulp vitality tests and measurement techniques;
patient-related variables (sample size, age, and sex);
number of samples (teeth); tooth type; and the specific
methodology and device used for vitality assessment.
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RESULTS

A search of electronic library databases yielded
793 results. After screening titles and abstracts and
removing duplicates, 368 articles were identified for
full-text assessment. Of these, 233 articles were ex-
cluded due to failure to meet the inclusion criteria. The
remaining 65 full-text articles were included in the sys-
tematic review. Following preliminary screening and
application of eligibility criteria, 15 publications were
included in the qualitative analysis, and 7 in the quanti-
tative analysis. An additional 43 publications were used
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to support the Introduction and Discussion sections of
the study (Fig. 1).

To characterize traditional device-based methods for
assessing pulp vitality, publications on the use of pulse
oximetry (6 studies, of which 4 were included in the quan-
titative analysis) and laser Doppler flowmetry (3 studies)
were reviewed. Among non-traditional methods, the re-
view included 2 studies on photoplethysmography, 3 on
laser speckle imaging, 3 on ultrasound Doppler flowme-
try, 1 on magnetic resonance imaging, 1 on transillumi-
nation, 1 additional study on photoplethysmography,
and 2 studies on thermometry (Fig. 2).
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Search Publications identified by database search (n = 695) Additional publlcatlo_ns
from other sources (n = 98)
n=793
v
p Studies after the exclusion of duplicates and verification of title Excl ; =42
Screening and abstract availability (n = 368) xcluded studies (n %)
Selection Full-text publications meet the inclusion criteria (n = 135) FuII-t(_ext pu_bhcahpns_ do n_ot meet
the inclusion criteria (n = 233)
Inclusion Publications included in the systematic review (n = 65)
[
v v
Publications included Publications included
in the qualitative analysis in qualitative synthesis
(n=15) (meta-analysis) (n=7)

Fig. 1. Block diagram of the study selection process for this systematic review (protocol PRISMA)
Puc. 1. Bnok-cxema npougecca otbopa nccnenoBaHunin ansg JaHHOro cmctematmyieckoro o63opa (npotokon PRISMA)

HARDWARE DIAGNOSTICS OF DENTAL PULP VITALITY (n = 22)

Traditional methods (n =9/7)

Non-traditional methods (n = 13)

Pulse oximetry (PO) (n=6/4)

= Photoplethysmography (n = 2)

Laser Doppler flowmetry (LDF)
(n=23/3)

H Laser speckle imaging (n = 3)

4 Ultrasound Doppler flowmetry (n = 3)

— Transillumination (n = 1)

= Photoplethysmography (n= 1)

— Thermometry (n = 2)

Magnetic resonance imaging (n = 1)

Fig. 2. Hardware methods for determining pulp vitality included in the review
Puc. 2. Bowealune B 0630p annapaTHble MeTobl onpeaeneHns BUTanbHOCTN NySblibl
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Only traditional device-based methods — pulse oxi-
metry and laser Doppler flowmetry (7 studies) — were
included in the quantitative analysis, as non-traditional
methods are still under development, require further
research, and have not yet been integrated into clinical
practice.

The patent search identified 424 patents related to
the field of interest. Patents were excluded if they in-
volved pulp sensitivity testing methods (thermal or elec-
tric), lacked relevance, or had no diagnostic value. After
screening, 35 records were selected, of which 4 patents
were included in the present study.
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Tooth Pulp Structure

The average pulp volume in an adult human tooth
is approximately 0.02 cm3. Histologically, four distinct
cellular zones can be identified within the pulp: the od-
ontoblastic zone, the cell-free zone, the cell-rich zone,
The odontoblastic zone consists of a pseudostratified
layer of highly differentiated odontoblasts responsible
for dentin production. The cell-free zone is a subo-
dontoblastic area in the coronal pulp, approximately
40 um thick. This zone contains branching cytoplas-
mic processes of cells located in the adjacent cell-rich
zone. It also forms the main part of the subodontoblas-
tic capillary plexus and contains terminal branches of
both sensory and autonomic nerve fibers. The cell-rich
zone houses fibroblasts and undifferentiated mesen-
chymal cells. The undifferentiated cells exhibit spindle-
shaped nuclei; in the coronal pulp, their cytoplasmic
processes are oriented perpendicularly to the dentin,
whereas in the radicular pulp, the orientation is parallel
to the dentin [28].

Functionally and developmentally, the pulp and den-
tin form a closely integrated unit known as the pulp-
dentin complex, which originates from the cranial neural
crest. Odontoblasts form a continuous layer at the pe-
riphery of the pulp, adjacent to the dentin (Fig. 3).

Due to their anatomical location, these cells are the
first to encounter harmful stimuli and play a key role in
their detection and mediation of tissue responses [29].
Odontoblasts produce the collagenous framework
(predentin), which subsequently undergoes minerali-

zation to form dentin. A thin cellular process from each
odontoblast remains embedded within the mineralized
matrix, giving rise to the characteristic tubular structure
of dentin [28].

The processes of pulp odontoblasts terminate at the
dentinoenamel or cementodentinal junctions. Evidence
suggests that odontoblast processes do not extend
deeper than 0.5 mm into the dentin [30]. The orientation
of dentinal tubules is believed to be important for in-
terpreting pulp test responses in various regions of the
tooth crown. Dentinal tubules typically follow an almost
straight path from the incisal edge of anterior teeth to-
ward the pulp horn. In multicusped teeth, the course of
the tubules is more curved, forming an “S”-shaped con-
figuration. Primarily, the fluid within the dentinal tubules
enables the conduction of electrical impulses from the
testing electrode to the pulp. A shorter distance be-
tween the electrode and the pulp corresponds to lower
electrical resistance [29; 30].

The core of the dental pulp, rich in fibroblasts, colla-
gen, hyaluronan, proteoglycans, and water, resembles
mesenchymal and gelatinous connective tissue [29].
Dental pulp tissue is highly innervated and extensively
vascularized [28; 30]. Entering the tooth from the al-
veolar bone through the apical foramen, the network
of blood vessels and nerve fibers permeates the entire
pulp. The vascular architecture of the pulp is hierarchi-
cally organized: arterioles extend toward the center and
branch out to form a capillary network at the periphery
of the pulp. This network provides odontoblasts with
a continuous supply of nutrients. Blood flow is greater
in the peripheral pulp than in the central regions and
is higher in the coronal pulp compared to the radicu-
lar pulp. Capillaries with fenestrated endothelium are
predominantly located at the pulp periphery, whereas
somatic capillaries are found in the regions of precapil-
lary arterioles and postcapillary venules. Approximately
90% of the pulp’s capillaries are located within the sub-
odontoblastic zone [32].

The dental pulp contains numerous arteriovenous
connections (shunts) that regulate blood flow, particu-
larly in the apical region. These shunts also play a cru-
cial role in controlling tissue pressure. The vessels may

200 pm

Fig. 3. The dental pulp: (A) histology of the dentine-pulp complex; (B) odontoblast layer depicted by scanning

electron microscopy (modified from [29])

Puc. 3. lNynbna 3yba: (A) rucTonornsa KoMmniaekca AeHTUH-nynbna; (B) cnon oaoHTO61acToOB, BU3yanusauus
C MOMOLLbIO CKaHUPYIOLWEN 9N1EKTPOHHOW MUKpPOCKONUM (MoandunumposaHo 13 [29])
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form arteriovenous anastomoses, venovenous anas-
tomoses, or U-shaped loops, which provide a direct
connection between arterioles and venules. When in-
trapulpal pressure increases during pulp inflammation,
these shunting vessels open to reduce the pressure and
maintain blood flow [29; 33].

Sensory nerves of the pulp are involved in the per-
ception and transmission of pain impulses. They fol-
low the same path as the blood vessels, extending
coronally and peripherally. The highest concentra-
tion of neural elements is observed in the region of
the pulp horn, which corresponds with heightened
pain sensitivity in this area. A progressive decrease
in nerve fiber density is noted in the cervical and
radicular regions. The pulp tissue exhibits the highest
density of unmyelinated C fibers, which innervate the
pulp core. Myelinated A fibers, which innervate the pe-
riphery of the pulp tissue (extending into the dentinal
tubules), are subdivided based on their diameter and
conduction velocity into A-beta (AB) and A-delta (A)
fibers [29; 31]. Approximately 90% of these are thinly
myelinated A-delta fibers, whereas A-beta fibers are
less prevalent. Compared to C fibers, A-delta fibers
have a lower electrical threshold and respond more
rapidly to stimuli [31].

Nerve fibers extensively branch throughout the pulp
chamber, forming the Raschkow’s plexus beneath the
odontoblastic layer [29]. These fibers are primarily of
trigeminal origin and include both myelinated (10-30%)
and unmyelinated C fibers (70-90%). As sensory nerve
fibers, they play a critical role in detecting stimuli such
as temperature changes, pressure, and tissue inju-
ry [34]. Myelinated A fibers are concentrated in the pe-
ripheral region of the pulp, particularly near the dentin
and in the subodontoblastic layer, and are responsible

Table 1. Studies selected for analysis
Ta6nuua 1. ViccnenoBaHusa oTobpaHHble AN aHann3a
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for transmitting sharp, well-localized, stimulus-de-
pendent sensations. In contrast, unmyelinated C fibers
are located in the central region of the pulp tissue and
are associated with the transmission of diffuse, dull,
and stimulus-resistant pain sensations [35].
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Traditional Approaches to Assessing Dental Pulp
Vitality

Devices used to assess pulp vitality determine the
blood supply to the tissue and, as such, may be consi-
dered more accurate and reliable non-invasive tools for
routine use in dental practice. These include, primarily,
pulse oximetry, dual-wavelength spectrophotometry,
and laser Doppler flowmetry. Dual-wavelength spectro-
photometry has been investigated only under laborato-
ry conditions, where it detects hemoglobin in the blood
but does not measure actual blood flow [12].

In this context, we conducted a comparative analysis
of the two most widely used methods in dentistry—pulse
oximetry (PO) and laser Doppler flowmetry (LDF). These
techniques are currently the most well-developed and
recommended for assessing pulp vitality. The publica-
tions selected for analysis and the corresponding study
results are summarized in Table 1.

The devices and systems used in the studies for as-
sessing pulp vitality are presented in Table 2.

Pulse oximetry (PO) has emerged as an alternative
method for evaluating the vascular response in dental
pulp. It is non-invasive and atraumatic, which enhances
its value in dental practice. Pulse oximetry is a physi-
ometric, objective technique based on spectropho-
tometry and photoplethysmography that measures the
oxygen saturation (Sp0,%) of the pulp. One arm of the
device sensor consists of light-emitting diodes (LEDSs)
that emit red light (640 nm) and infrared light (900 nm).

Publication ‘ Teeth ‘ Age, years | Sensitivity/specificity” Conclusions
Pulse Oximetry
Jananietal., 2020 [36] 79 18-56
100/100 ; ; ; i

Janani etal., 2020 [15] 37 18-50 ngherdlagnostlc accuracy compared to sensi

tivity tests
Molassadolah etal., 2022 [37] | 280 7-13 95/100

Among pulp vitality tests, it demonstrates the
Farughietal., 2021 [38] 20 N.R. 100/54.5 highest performance, but its results are lower

compared to sensitivity-based tests
TOTAL 416 7-56 98.7/88.6 Advantages over other pulp vitality tests

Laser Doppler flowmetry and visualization

Ghouth etal., 2019 [39] 148 8-16 53/33 It .vvas.not possible t_o differentiate between teeth

with vital and non-vital pulp
Lee etal., 2023 [40] 84 N.R. 100/94 It holds promise for timely and accurate assess-
Yang etal., 2023 [41] 2044 7-12 36.99/99.88 ment of pulp vitality in cases of dental trauma
TOTAL 2711 7-16 63.33/75.62 The results are contradictory

Note: PO — pulse oximetry; N.R. — not reported; * sensitivity — the ability of a test to detect a disease in patients with the disease;
specificity — the ability of a test to detect the absence of a disease.

lMpumeyaHne: N.R. — He coobLLaeTcs; * YyBCTBUTENIbHOCTb — CNOCOOHOCTbL TecTa obHapyXxmBaTb 3abosieBaHne y NaUMEHTOB,
nmMerLmx 3abonesaHne; cneunduryHOCTb — CNOCOOHOCTb TeCcTa 0OHapyXMBaTb OTCYTCTBME 3ab0eBaHus.
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Light is transmitted through the pulp’s arterial vascula-
ture and received by a photodetector on the opposite
side. Oxygenated and deoxygenated hemoglobin within
the vascular system absorb the emitted red and infrared
light differently. Pulsatile changes in blood flow produce
variations in light absorption, which are used to deter-
mine the oxygen saturation of arterial blood. Healthy
dental pulp exhibits a high oxygen saturation level,
whereas progression from a healthy to an inflamed state
is associated with a decrease in oxygen levels [12; 42].
Studies published during the reviewed period have
demonstrated promising results supporting the use of
pulse oximetry as a diagnostic tool for assessing pulp
vitality [12; 16; 42; 43].

We reviewed six studies involving the use of pulse
oximetry to assess pulp vitality during the observation
period, of which four were selected for qualitative syn-
thesis [15; 36-38] (Table 1).

Janani et al. evaluated the diagnostic accuracy of
a dental pulse oximeter equipped with a customized
sensor holder. The highest diagnostic accuracy was
achieved with the pulse oximeter (100%), followed
by the cold test (66%), heat test (49%), and electric
pulp test (45%). The study concluded that the pulse
oximeter with a custom-designed sensor holder dem-
onstrated superior diagnostic accuracy compared to
conventional pulp sensitivity tests [15, 36].

In a study by F. Molaasadolah et al., pulse oximetry
was confirmed to have higher sensitivity (95%), speci-
ficity (100%), and better overall accuracy (98.7-100%)
than both the cold test and electric pulp test in evaluat-
ing pulp vitality [37].

According to findings by S. Mishra et al., pulse oxi-
metry was identified as the most accurate test for diag-
nosing both normal and inflamed pulp conditions [44].
However, in a study by A. Farughi et al. involving pre-
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molars requiring root canal treatment, although pulse
oximetry demonstrated high sensitivity, it showed lo-
wer specificity and accuracy compared to conventional
pulp sensitivity tests [38].

Of particular interest is the use of pulse oxime-
try in pediatric patients, where it has been shown to
be an effective test for assessing pulp vitality in both
immature and mature permanent incisors [12; 45].
A strong correlation between pulse oximetry readings
and traditional pulp sensitivity tests was also estab-
lished [45].

Given the lack of pulse oximeters specifically de-
signed for dental applications, the feasibility of using
devices intended for neonatal intensive care units has
been justified. A significant difference in pulp oxygena-
tion levels was observed between teeth with various
pulp pathologies (reversible pulpitis, irreversible pulpi-
tis, and pulp necrosis). It was found that pulp diseases
lead to a reduction in oxygen saturation of the vascu-
lar network, thereby affecting pulp vitality. The authors
emphasized that pulse oximetry is particularly well-
suited for determining Sp02% in children, as it com-
bines high diagnostic efficiency with a non-invasive
and chairside-friendly approach suitable for routine
dental examinations [12].

Thus, the oxygen saturation values obtained from
vital teeth support the potential of pulse oximetry as
a diagnostic tool for identifying pulp pathology. All re-
viewed studies confirmed the high diagnostic value
of pulse oximetry in assessing pulp vitality. However,
studies aimed at establishing reference values for
pulp oxygen saturation remain limited. According to
S.K. Betal, the mean SpO; values in healthy primary
molars were 95.4+0.7%, in cases of reversible pulpi-
tis — 91.5+1.35%, irreversible pulpitis — 89.3+1.26%,
and pulp necrosis — 86.9+1.92% [12; 45].

Table 2. Devices/systems used in studies to assess pulp vitality
Tabnuua 2. YcTponcTBa/CUCTEMbI, UCMOJb3yEMbIE B UCCNEA0BAHUNAX A1 OLEHKM BUTANIbHOCTW NyNbMbl

System /device (publication)

Purpose /Aim

Pulse Oximetry

Dental pulse oximeter (Nellcor N-600, Healthcare Group LP, Pleasanton, California) [15]

Turkey), modified for dental application, were used [37]

The Alborz B5 pulse oximeter (Masimo SET/SAADAT, Iran) and the FMT-RAF-MSM-L sensor (Metko Ltd., Istanbul,

(PO) by an electrical engineer [44]

A custom-made pulse oximeter specifically designed for dental use by modifying a commercial finger pulse oximeter |blood oxygen

Measuring

saturation

A pulse oximeter used in a neonatal intensive care unit (NICU) [12]

(Sa0»)

surface [45]

A pediatric probe of the pulse oximeter (CMS60D, Contec Medical Systems Co. Ltd., China), adapted to the tooth

Laser Doppler flowmetry and visualization

A dual-channel Moor VMS-LDF 2 device (Moor Instruments, Axminster, UK) was used, with a maximum output power
of 2.5 mW, a wavelength of 785+ 10 nm, and a probe frequency filter of 15 kHz. Two probes with a diameter of 1.5 mm
were employed, each containing two optical fibers with a diameter of 200 um and an inter-fiber distance of 500 um [39]

The laser Doppler model MoorLDI-2A (Micro Star Instruments Co. Ltd., Taipei, Taiwan) was used, featuring an infra-
red wavelength of 830 nm, a scanning frequency bandwidth of 20 Hz, and a scanning range of 6.6 x5.5 cm [40]

Pulp blood flow

1.6 mm, 785 nm; Perimed AB, Stockholm, Sweden) [41]

LDF device (Perimed PF 5001, Perimed AB, Stockholm, Sweden) with an LDF probe (Perimed DP 416, diameter

dHdodoHmus
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The studies included in the meta-analysis (416 teeth)
reported an overall low risk of bias. The pooled sensiti-
vity ranged from 95% to 100% (with an average of 98.7%),
and specificity ranged from 54.5% to 100% (with an aver-
age of 88.6%), suggesting that pulse oximetry has strong
diagnostic accuracy, particularly in pediatric popula-
tions. Nonetheless, limitations in the clinical application
of pulse oximetry for pulp vitality assessment are prima-
rily related to the lack of commercially available dental-
specific devices on the market.

In studies evaluating the accuracy of pulse oximetry
(PO), custom-made dental probes were used to main-
tain a consistent optical path length between the light
emitted by the LED and the light received by the pho-
toreceptor sensor, thereby ensuring accurate measure-
ments [36; 46].

Laser Doppler flowmetry (LDF) utilizes Doppler-
shifted light as a carrier of information. This optical
method measures both the quantity and velocity of
particles transported by a fluid flow and is currently re-
garded as an accurate, non-invasive, reproducible, and
reliable technique for assessing blood flow in microvas-
cular systems. It employs a diode that projects an in-
frared light beam through the crown and into the pulp
chamber [42]. In recent years, laser Doppler flowmetry
has been successfully introduced into dentistry for the
measurement of pulpal blood flow [47-51].

The original method employed a helium-neon (He-Ne)
laser emitting at a wavelength of 632.8 nm, which under-
went frequency shifts upon scattering by moving eryth-
rocytes, in accordance with the Doppler principle. Other
wavelengths of semiconductor lasers were also used,
including 780 nm and the range of 780-820 nm [48; 49].
In 1991, Pettersson and Oberg utilized LDF to assess
pulp vitality in both intact and traumatized teeth. They
employed an infrared laser diode with a longer wave-
length, which provided greater tissue penetration com-
pared to the He-Ne wavelength. Sasano et al. designed,
developed, and tested a transmitted light laser flowme-
ter that employed a high-powered laser beam to moni-
tor pulp blood flow, as opposed to conventional devices
using backscattered light. In 2007, Konno et al. modified
the device and demonstrated that a higher-power trans-
mitted light flowmeter (5 mW versus 2 mW) was more ef-
fective than the standard backscattered light model in
evaluating changes in pulp blood flow during molar intru-
sion in an animal model [49].

It has been shown that laser light can penetrate
densely up to a depth of 4 mm and less densely up to
13 mm. This indicates that, even with proper isolation,
contamination by non-pulpal artifact signals - common-
ly referred to as “noise” — cannot be entirely eliminated,
and thus false results remain a possibility [47]. However,
a study involving 28 discolored teeth demonstrated that
the presence of blood pigments did not interfere with
laser Doppler flowmetry measurements [47].

A. Belcheva et al. confirmed that LDF can detect
changes in pulpal blood flow (PBF) during the “is-
chemic phase,” in contrast to traditional pulp sensitivity
tests [51]. H.J.J. Roeykens et al. reported the success-
ful application of laser Doppler flowmetry for monitoring
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arterial blood flow within the dental pulp [52]. A cohort
study involving over 394 selected teeth demonstrated
that LDF values were highly reliable in differentiating be-
tween the “vitality status” of traumatized and non-trau-
matized teeth [52].

The meta-analysis of studies on the application of
LDF in dentistry during the review period included only
three studies—two using laser Doppler flowmetry and
one employing laser Doppler imaging for pulp vitality
assessment (Table 1). This limited inclusion was due
to the lack of data on sensitivity and specificity in other
publications.

In a cross-sectional cohort study assessing the vi-
tality of permanent anterior teeth in children, a dual-
channel Moor VMS-LDF 2 device (Moor Instruments,
Axminster, UK) was used. It had a maximum output
power of 2.5 mW, a wavelength of 785 + 10 nm, and
a probe frequency filter of 15 kHz. Two probes were
used, each 1.5 mm in diameter, equipped with two
200 um optical fibers spaced 500 um apart. A stable
30-second LDF signal was recorded. The participants
(74 children) had either a maxillary central or lateral in-
cisor with completed root canal treatment or pulp re-
moval, along with a contralateral tooth with a vital pulp.
However, laser Doppler flowmetry failed to distinguish
between vital and non-vital pulps in these cases. The
results indicated a high likelihood of false readings, and
further research is needed to validate the clinical appli-
cability of LDF for pulp blood flow assessment, particu-
larly in pediatric patients [39].

Subsequently, two studies conducted in 2023 yiel-
ded more favorable results [40; 41]. Both investiga-
tions focused on dental trauma. K. Yang et al. examined
pulp vitality and pulpal blood flow (PBF) in permanent
maxillary incisors of healthy children using LDF. The
researchers established a clinical reference range and
calculated concordance rates for pulp vitality using
PBF as an indicator.

A clinical reference range for PBF values in healthy
permanent anterior teeth was determined as follows:
overall, the reference range for healthy maxillary per-
manent incisors in children was defined between 7 and
14 PU. Tooth 11: 6.016-11.900 perfusion units (PU);
Tooth 12: 6.677-14.129 PU; Tooth 21: 6.043-11.899 PU;
Tooth 22: 6.668-14.174 PU

The clinical concordance rate of LDF in diagnosing
pulp vitality was 90.42%. While LDF demonstrated high
specificity, it was associated with low sensitivity [41].

In 2023, the first application of laser Doppler ima-
ging (LDI) as a diagnostic tool for traumatic pulp necro-
sis was reported. The device used was the MoorLDI-2A
laser Doppler tomograph (Micro Star Instruments Co.
Ltd., Taipei, Taiwan), featuring an infrared wavelength
of 830 nm, a scan frequency bandwidth of 20 Hz, and
a scanning range of 6.6 cm X 5.5 cm. The system mea-
sured microvascular blood flow and concentration
within 1 mm from the surface. A single image scan ena-
bled large-scale simultaneous imaging of both maxil-
lary and mandibular anterior teeth.

The optimal cut-off value for the entire laser Dop-
pler tomograph was determined to be 31.55. However,
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during the recovery phase, the tooth blood flow values
frequently fell between those of necrotic and healthy
pulps. The closer the value was to the cut-off point, the
more difficult it became to establish a definitive diagno-
sis. Despite this, the method demonstrated high sensi-
tivity and specificity [40].

The overall findings of the studies included in this
review demonstrated that pulp vitality tests using pulse
oximetry (PO) and laser Doppler flowmetry (LDF) are
more reliable methods for determining the actual con-
dition of the pulp in endodontics compared to tradi-
tional pulp sensitivity tests [36; 46]. An exception was
the study by Ghouth et al., which reported that LDF was
unable to distinguish between teeth with vital and non-
vital pulp, indicating a high probability of false-positive
or false-negative results [39].

Electric Pulp Testing (EPT). Due to its high inor-
ganic content, healthy enamel acts as an electrical in-
sulator. Demineralization of enamel increases surface
porosity, allowing saliva to fill these microspaces and
create conductive pathways for electric current. The
degree of demineralization is directly proportional to
the electrical conductivity. Electrical resistance serves
as a measure of conductivity through these microscop-
iC spaces or pores.

A device known as the Van Guard electronic caries
detector was developed to measure the tooth’s electri-
cal conductivity. Conductivity is numerically expressed
on a scale from 0 to 9, indicating progression from
a sound tooth to increasing levels of demineralization.
A modified version of this device — the Electronic Caries
Monitor — detects caries at a specific point on the tooth
and can also scan the entire occlusal surface by apply-
ing a conductive medium prior to probe placement.

Measurements of electrical resistance have been
performed using devices such as the ECM (Lode Diag-
nostics, Groningen, Netherlands — now discontinued)
and the AC impedance spectroscopy technique (ACIST,
CarieScan Pro, CarieScan, Charlotte, NC, USA) [53].

In Russia, Geosoft Dent devices are widely used by
dentists. These instruments function by delivering gra-
dually increasing low-intensity electrical impulses
through dental tissues—enamel, dentin, dentinal tu-
bules, and nerve endings. The clinician registers the
pulp’s response to stimulation. Based on the current
intensity at which the pulp responds, the practitioner
assesses its vitality. In the presence of pathological
conditions, pulp nerve receptors exhibit reduced exci-
tability, resulting in decreased patient sensitivity to
electrical stimulation.
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CONCLUSION

Accurate diagnosis of the dental pulp and adjacent
periapical tissues is essential for making well-informed
therapeutic decisions. However, diagnosing pulp sta-
tus remains a complex task, as conventional pulp sen-
sitivity tests rely on neural stimulation, making them
dependent on the subjective response of the patient
and the clinician’s interpretation. These methods do
not assess the true indicator of pulp vitality — its blood
supply. Sensitivity tests primarily evaluate the presence
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of neural activity, which can be temporarily impaired,
leading to false-positive or false-negative outcomes.
Nevertheless, such methods and electric pulp testing
devices remain widely used in clinical practice.

The measurement of pulpal blood flow and oxygena-
tion may provide an objective approach to determi-
ning pulp vitality. Pulse oximetry (PO) and laser Dop-
pler flowmetry (LDF) have garnered increasing interest
from both researchers and practicing clinicians. While
these methods are still under investigation, they have
already been recognized for offering reproducible and
objective assessments of pulp viability. However, tech-
nical limitations present challenges in interpreting test
accuracy. For example, PO requires custom-fabricated
probes, and interference from xenon overhead lights or
elevated carbon dioxide levels in the bloodstream may
affect deoxygenation readings, resulting in false mea-
surements. In the case of LDF, false-negative results
may occur when the laser path is obstructed, falsely
indicating the absence of blood flow. Similarly, signal
contamination or noise from non-pulpal sources-par-
ticularly periodontal tissues—may mimic pulpal blood
flow, producing misleading values. Moreover, the LDF
procedure currently requires approximately one hour,
rendering it impractical for routine dental use unless
the measurement time is significantly reduced.

Based on the results of the reviewed international
publications from 2019 to 2024, it can be concluded that
pulse oximetry is currently the most accurate diagnostic
tool for assessing pulp vitality. It can be effectively used
to evaluate the viability of both immature and mature
permanent incisors in children. However, the clinical
use of pulse oximetry is limited by the lack of commer-
cially available devices specifically designed for dental
applications.

The diagnostic value of laser Doppler flowmetry
(LDF), by contrast, remains uncertain. Its clinical imple-
mentation is constrained by several factors, including
lengthy measurement times (recordings typically take
around one hour), lack of reproducibility (due to un-
controlled probe movement), and the high cost of the
equipment and procedures.

Despite the significant potential of both pulse oxi-
metry and laser Doppler flowmetry, their routine appli-
cation in dentistry for determining pulp vitality remains
limited by technical barriers and a shortage of large-
scale clinical studies. In Russia, such investigations are
still in the developmental stage.

LIMITATIONS

This review has several limitations. It was not pos-
sible to fully eliminate clinical heterogeneity among
the included studies. The sample sizes were relatively
small, which limited the statistical power of the fin-
dings. Analysis by specific tooth types (incisors, ca-
nines, premolars, and molars) and dental arches was
not performed due to the limited number of included
tooth types and the variation in tooth distribution be-
tween the maxillary and mandibular arches. Clinical
variability related to age and gender models also could
not be excluded.
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Moreover, the limited number of studies involving
laser Doppler flowmetry (LDF) restricted its inclusion in
the quantitative synthesis.

It should be noted that pulp vitality tests have tech-
nical limitations, such as the need to monitor gingival
blood flow, which requires the use of a dental splint and
stabilization of the patient’s head relative to the probe —
procedures that were notincluded in the methodologies
of the reviewed studies. Furthermore, there is a lack of
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Interdisciplinary approach to diagnosis and treatment
of a patient with lesions of the oral mucosa (Clinical case)

Elena A. Temnikova(>, Anna V. Chekina(® <, Kira V. Vetkova
Omsk State Medical University, Omsk, Russian Federation
< annacheckina@yandex.ru

Abstract

INTRODUCTION. The management of patients with oral mucosal diseases (OMD) remains a considerable
challenge for dental practitioners due to the complexity of diagnosis in everyday clinical practice. According
to epidemiological studies, the prevalence of OMD varies widely across countries and populations, ranging
from 4.9% to 64.7%, and is influenced by factors such as age and general health status. These pathological
conditions significantly reduce patients’ quality of life. Given the complexity of systemic therapy regimens,
dentists often encounter difficulties in diagnosing and comprehensively assessing the patient’s overall
somatic condition without adequate support from medical specialists. Moreover, oral mucosal lesions may
be associated with mucosal and skin lesions of other organs. Therefore, the treatment of OMD requires
a multidisciplinary approach. However, general practitioners frequently lack clear guidelines on what exactly
to look for and which diagnostic methods to employ.

AIM. To investigate the impact of interdisciplinary collaboration between dentists and medical specialists on
the effectiveness of diagnosing and managing oral mucosal diseases.

MATERIALS AND METHODS. To evaluate the effectiveness of a multidisciplinary approach in the management
of patients with OMD, a survey was conducted among 60 physicians (30 general practitioners and 30 dentists).
The questionnaire included items related to the reasons for patient referrals, perceived benefits of
consultations, and the necessity of laboratory diagnostics. The data were analyzed to identify discrepancies
in perspectives between the two professional groups.

CONCLUSIONS. The primary role of the general practitioner in the management of patients with OMD referred
by dentists is to assess potential somatic manifestations of autoimmune diseases (e.g., lichen planus), as
well as to evaluate the influence of ongoing pharmacotherapy on the progression of mucosal pathology.
A critical component also involves determining the indications and regimens for systemic treatment, taking
into account comorbid conditions and minimizing the risk of adverse effects.
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MexaucumnaMHapHbiA NoAXo4 K AUArHOCTUKE U JIeUeHUIo
naymMeHTa C NnopaKeHnem CaM3ucTom 060104KM NonocTu pra
(KnMHMYecKuin cnyuamn)

E.A. TemHukoBa>, A.B. YeknHa(» <, K.B. BeTkoBa
OMCKUI TOCYyapCTBEHHbBI MEANLMHCKII yHUBEpCHUTET, . OMCK, Poccuinckan ®epepaums
< annacheckina@yandex.ru

Pe3iome

BBEAOEHUWE. BeoeHne naumeHToB ¢ 3aboneBaHns cnna3ncton obonodkm pta (COP) ocTaeTcsa ans ctomaro-
JNIOroB TPYAHOW 3aja4ven n3-3a C/I0XKHOM ANArHOCTUKU B NMOBCELHEBHOW npakTuke. PacnpoCcTpaHEeHHOCTb
nopaxeHnin COP, no AaHHbIM 3NNAEMNONOrMYECKUX UCCNEO0BaHUIA, B pa3HbIX CTPaHax WU Nonynsaunsx co-
ctaBnsaeT ot 4,9% 0o 64,7% v 3aBUCUT OT BO3pacTa, 06LLEero CocToAHMS 340P0Bbs. [JaHHble naTonormieckme
COCTOSIHUS 3HA4YMMO CHMXXAIOT KA4€CTBO XM3HU MALVEHTOB. Y4NTbIBAs C/IOXHbIE CXEMbl CUCTEMHOM Tepanuu,
CTOMATOJIONM NCNbITbIBAKOT 3aTPyAHEHNA B OUArHOCTUKN U 06u_|,e|7| OLUEeHKN coMmaTn4eckoro CoOCtoaHn4A 663
afeKBaTHOW NMOMOLLW Bpayen gpyrmx crneymanbHocTen. Kpome Toro, nopaxeHus noaocTn pta MOryT coye-
TaTbCHA C NOPaAXEHMEM CITIM3UCTON APYrvX OpraHoB 1 Koxu. NoaTomy, nedeHune natonorun COP TpebyeT mex-
ONcuMnanHapHoro nogxoaa. B To e Bpems y Bpayer TepaneBTOB HET YETKOro npeacTaB/ieHns O TOM, YTO
MMEHHO HY>XHO NCKaTb U Kakne MeToankm Nncnojb30BaThb.
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LLENb MCCNELOBAHUA. N3yunTb BANSIHNE MEXANCUMNINHAPHOMO B3aUMOAENCTBUSA cTOMaToslora ¢ Bpaya-
MW CMEXHbIX cneunanbHoOCcTen Ha 3P PeKTUBHOCTb ANArHOCTUKM N NnedeHnsa 3aboneBaHuini cnu3mcTom 06o-
JIOYKM MOSIOCTKU pTa.

MATEPUAJIbl U METObI. Ans oueHkn 3adPeKTUBHOCTU MEXANCLUNIIMHAPHOIO Noaxona B BeAeHUn naum-
€HTOB C 3a00/IeBaHNSIMM CNU3UCTON 000/104KM NMONOCTU pTa ObINI0 NPOBEeAEHO aHkeTupoBaHue 60 Bpayei
(80 TepanesToB 1 30 cToMaToNoroB). AHKeTa BKJlloYasna BOMPOChI O NPUYMHAX HanpaBieHUs NauUeHTOB,
OLLeHKe MOoJib3bl KOHCYNbTALUMI, a TakXke HeoOXoaANMOCTM NabopaTopHOM AMarHoCTUKK. JaHHble Obian npo-
aHaM3MpPOBaHbI C LLENbIO BbISBIEHNS PACXOXAEHWI BO B3rNsS4ax Bpayen pasnnyHbiX CneunanbHOCTEN.
BbIBObl. OcHoBHO 3aaa4elt TepaneBTa Npu BeaeHUn NauneHToB ¢ 3a0o1eBaHNSMM CIIM3NCTOM 060J104KN
NoNIOCTW pTa, HaNpPaB/IEHHbIX CTOMATO/IOramMm, ABASETCS KJMHMYECKas OueHKa BO3MOXHbIX COMaTUYECKNX
NPOSIBJIEHNI ayTOMMMYHHbIX 3a00/1eBaHNN (HANpUMep, NPY KPaCHOM MJIOCKOM NinLlae), a Takxke aHanna Biv-
AHUSA TeKyLEen MeauKaMeHTO3HOM Tepanmmn Ha TedeHme nNaTtonormm Cnn3ncTom. BaxxHeim aTtanom asnseTcs
onpeaeneHne nokasaHuii 1 cxeMbl CUCTEMHOIO JIEHEHUS C YYETOM COMYyTCTBYIOLLNX 3a00N1€BaHMA U MUHN-
MU3auum pucka noboYHblx apPeKToB.

KnwoueBble cnoBa: CiM3ncTas nosocTu pTa, KPacHbI NAOCKWIA nuwali NofnocTy pTa, Koxa, 1edeHune
UHdopmauuma o ctatbe: noctynuna — 27.02.2025; ncnpasneHa — 08.04.2025; npuHaTta — 29.04.2025
KoHAUKT uHTepecoB: aBTOPbI CO06LLa0T 06 OTCYTCTBUN KOHDIMKTA MHTEPECOB.

BnarogapHocTu: GMHaHCUPOBaHME 1 MHAMBUOYabHblEe 61aroaapHOCTV Os AeKNapupoBaHns OTCYTCTBYIOT.

Ana uutupoBaHua: TemHukoBa E.A., YeknHa A.B., Betkoa K.B. MexancumnanmHapHeii noaxon K gma-
FHOCTUKE W JIEYEeHMIO MaLneHTa C nopaxeHMeM CAN3NCTor 060/104KN NOOCTU pTa (KIMHUYECKNIA cry4daii).

OHpoanoHTns Today. 2025;23(2):271-275. https://doi.org/10.36377/ET-0087

INTRODUCTION

Oral mucosal diseases (OMD) represent a common
and clinically significant problem that requires a mul-
tidisciplinary and systematic approach to both patient
evaluation and treatment planning [1-3]. Epidemiologi-
cal data indicate that these conditions not only impair
patients’ health-related quality of life [4], but may also
pose a substantial risk of malignant transformation, with
reported rates ranging from 1% to 17% across nearly
90% of OMD nosological types [5; 6]. For dental prac-
titioners, managing patients with OMD remains a chal-
lenging task in routine clinical settings due to the com-
plex nature of these disorders. At the diagnostic stage,
dentists must consider a broad differential diagnosis,
including both primary mucosal lesions and secon-
dary changes associated with systemic diseases. Ad-
ditionally, external and internal factors such as pharma-
cological therapies may further complicate the clinical
picture. Consequently, referrals to general practitioners
for further diagnostic work-up and systemic manage-
mentare common. However, our survey findings demon-
strate that general practitioners frequently lack clear
guidance on what clinical signs to investigate and which
diagnostic strategies to employ when assessing pa-
tients referred by dentists for OMD-related concerns.

AIM

To evaluate the effectiveness of managing patients
with oral mucosal diseases using a multidisciplinary ap-
proach involving medical specialists from related fields.

MATERIALS AND METHODS

To confirm the effectiveness of treating oral mucosal
diseases (OMD) using a multidisciplinary approach,
a survey was conducted involving 60 respondents
(80 general practitioners and 30 dentists). Half of the
general practitioners indicated that the primary reason
for referral by dentists was to identify the underlying
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cause of the mucosal changes. However, according to
the majority of dentists (50%), consultations with gene-
ral practitioners helped to determine the etiology of
OMD in fewer than 15% of cases. Notable discrepancies
were observed between dentists and general practition-
ers regarding the necessity of laboratory diagnostics in
the assessment of these patients. Dentists were signifi-
cantly less likely than general practitioners to consider
liver function tests (55% vs. 83%), renal function tests
(25% vs. 50%), and urinalysis (25% vs. 83%) as essen-
tial. General practitioners consulting patients with OMD
referred by dentists must recognize that these condi-
tions encompass a broad spectrum of diseases. Ne-
vertheless, in recent years, specific guidelines for the
examination and follow-up of certain conditions, such
as oral lichen planus, have been established.

CLINICAL CASE

A 68-year-old female patient presented to the De-
partment of Therapeutic Dentistry with complaints
of painful sensations affecting the oral mucosa of the
cheeks and lips. The pain was aggravated by the con-
sumption of spicy and coarse foods.

The patient reported that the onset of oral pain oc-
curred three years prior. During this period, she also
experienced pathological changes of the laryngeal mu-
cosa, genital mucosa, and skin. Throughout this time,
she sought consultations and follow-up care from vari-
ous specialists (dentist, gynecologist, otolaryngologist,
oncologist) at her place of residence, but reported no
improvement despite multiple concurrent local treat-
ment regimens prescribed by the individual specialists.
The patient had previously been examined by a general
practitioner and was under regular follow-up for hyper-
tension, type Il diabetes mellitus, and hypothyroidism.

Intraoral examination by the dentist revealed dif-
fuse edema and hyperemia of the oral mucosa of the
cheeks and the vermilion border of the lips. Multiple
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grayish-white, polygonal papules forming a charac-
teristic Wickham’s striae pattern were observed. In the
center of the lesions, erosions covered with a fibrinous
coating were noted, which were markedly painful upon
palpation (Fig. 1, 2). Examination of the skin revealed
polygonal, round to oval papules, measuring 1-2 mm
in diameter, with a flat surface and sharply demarcat-
ed borders. The lesions were bluish-red in color, with
residual post-inflammatory pigmentation in regress-
ing areas appearing as yellowish or brownish patches
(Fig. 3). Palpation revealed enlargement and tender-
ness of the submandibular lymph nodes.

Histological examination of the erosion site on the
lateral surface of the cheek, performed by an oncolo-
gist, revealed hyperkeratosis, parakeratosis, granulo-
mas, and vacuolar degeneration of the basal epithe-
lial layer. Based on these findings, a diagnosis of the
erosive-ulcerative form of oral lichen planus (OLP) was
suggested, and systemic corticosteroid therapy was
recommended. To determine the feasibility of initiating
systemic therapy, the patient was referred to a general
practitioner for consultation. Following joint consulta-
tions with the general practitioner and dermatologist,
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the patient was hospitalized for systemic treatment.
Upon completion of the systemic therapy course, main-
tenance therapy with low-dose corticosteroids and
continued follow-up by a dentist, dermatologist, and
general practitioner were advised. At subsequent fol-
low-up visits, the patient demonstrated a stable remis-
sion of symptoms (Fig. 4, 5).

Oral lichen planus (OLP) is a chronic autoimmune
inflammatory disease characterized by T-cell dysfunc-
tion, primarily affecting the skin and mucous mem-
branes, and less commonly the nails and hair. It typi-
cally presents with lichenoid papules. OLP occurs in
approximately 1-2% of the population, more frequently
in middle-aged and elderly women [1; 2]. Approximately
15% of patients also develop cutaneous lesions, and
20% present with genital involvement [3]. Between 27%
and 82% of patients with OLP have detectable serum
autoantibodies (ANA, SMA, AMA, anti-parietal cell an-
tibodies, thyroglobulin antibodies, and thyroid micro-
somal autoantibodies) at significantly higher frequen-
cies than healthy control groups. The presence of these
autoantibodies in patients with OLP has been shown to
correlate directly with disease severity.

KnuHnyeckue cnyyam / Clinical cases |

Fig. 1. Erosions on the vermilion border of the lips (A) and the buccal mucosa (B)
Puc. 1. Opo3uu Ha KpacHol karime ryo (A) n cnusancTon wekmn (B)

Fig. 2. Erosive-ulcerative form
of oral lichen planus (OLP)

Puc. 2. KINJ1 3po3nBHO-
A3BeHHasa popma

Fig. 3. Papules on the skin
Puc. 3. [Nanynbl Ha Koxe
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Fig. 4. Lip mucosa (after treatment)
Puc. 4. Cnnauctas ryb (nocne nevyeHus)

OLP is frequently associated with gastrointestinal
disorders, cardiovascular diseases, and endocrinopa-
thies [4; 6]. The sequence of pathological changes is
currently considered to be driven primarily by the au-
toimmune process originating in the skin and mucous
membranes. Specifically, OLP triggers the production
of autoantibodies, which subsequently lead to secon-
dary involvement of the stomach, thyroid gland, and
other organs [5]. Autoimmune gastritis, in combination
with dietary restrictions caused by painful oral lesions,
may result in deficiencies of vitamin B12, iron, and folic
acid, along with decreased levels of vitamins B1 and B6,
and is often accompanied by elevated plasma homo-
cysteine concentrations.

In patients with cardiovascular diseases, the chron-
ic systemic inflammation associated with autoimmune
processes in OLP contributes to worsening dyslipi-
demia, progression of atherosclerosis, exacerbation
of metabolic syndrome, and the development of insulin
resistance [2; 6]. Consequently, some authors propose
that the severity of oral lichen planus should be viewed
as an integrative marker reflecting oxidative stress, mi-
crocirculatory disturbances in the oral mucosa, altera-
tionsin blood fatty acid profiles, changes in the oral and
intestinal microbiota, and the clinical course of the di-
sease [5; 7].

Considering the diverse pathological manifesta-
tions of OLP, a diagnostic and treatment algorithm has
been proposed that includes consultations with multiple
specialists at different stages of patient management.
These include dermatologists for the diagnosis and
treatment of skin, nail, genital, and scalp lesions; oto-
laryngologists for laryngeal involvement; ophthalmolo-
gists for conjunctival lesions; gynecologists for vulvar
and vaginal lesions; and gastroenterologists for esoph-
ageal involvement in cases of dysphagia or odynopha-
gia. In patients with anxiety, referral to a psychothera-
pist may also be recommended to improve treatment
adherence and quality of life [7].

dHdodoHmus
T

Fig. 5. Skin of the hands (after treatment)
Puc. 5. Koxa pyk (nocne neyeHus)

Contrary to common assumptions, the role of the
general practitioner in managing patients with oral lichen
planus (OLP) is not to identify the underlying cause of the
disease, but rather to assess the overall health status
of the patient and adjust the management of comorbid
conditions. Medications commonly prescribed in inter-
nal medicine may, according to the literature, exacerbate
OLP manifestations or induce clinically similar lichenoid
drug reactions. These include non-steroidal anti-inflam-
matory drugs, certain hypoglycemic agents, oral and
retroviral medications, B-blockers, thiazide diuretics,
penicillamine, rituximab, angiotensin-converting enzyme
inhibitors, and other pharmacological agents [7].

Current therapeutic strategies for OLP recommend,
in addition to local dental treatment, long-term sys-
temic corticosteroid therapy (e.g., prednisolone 30 mg
for 1-2 months), which necessitates careful monitor-
ing by the general practitioner for potential adverse ef-
fects. These include adrenal suppression, new-onset or
worsening hypertension, hyperglycemia, dyslipidemia,
weight gain, gastrointestinal disturbances, and osteo-
porosis [2; 5].

CONCLUSION

Thus, the primary role of the general practitioner
in the management of patients with oral mucosal dis-
eases referred by dentists is not to identify the etiology
of the condition, but to conduct a thorough clinical as-
sessment of potential systemic manifestations of au-
toimmune disorders, such as hepatic, thyroid, or gas-
trointestinal involvement commonly seen in oral lichen
planus. Additionally, it is essential to evaluate ongoing
pharmacological treatments for comorbid conditions
in order to identify and mitigate any potential adverse
effects that may exacerbate oral mucosal pathology.
Finally, a comprehensive assessment of the patient’s
overall health status is critical for determining the ap-
propriate systemic corticosteroid therapy regimen and
minimizing the risk of associated complications.
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Bleach-shade ceramic restorations for anterior teeth
affected by fluorosis: a case report

Temirlan B. Rakhymzhanov(2/[D<
Center of Digital Dentistry, Astana, Kazakhstan
< 12drtim@gmail.com

Abstract

INTRODUCTION. Modern patients frequently strive for the brightest possible tooth shade, which often
requires a full-mouth rehabilitation of both arches. However, in this clinical case, the 21-year-old patient’s
teeth already exhibited a natural “bleach” shade, further complicated by fluorosis on the upper teeth. At the
patient’s request, the objective was to adapt the upper anterior teeth to the already bright color of the
remaining dentition.

AIM. The aim of this work is to demonstrate the process of fabricating Bleach-shade ceramic restorations on
six teeth (13-23) with minimal tooth preparation (0.5-0.7 mm).

MATERIALS AND METHODS. Outlines the inclusion and exclusion criteria, the diagnostic steps, the selection
of lithium disilicate ceramics, and the adhesive protocol (37% phosphoric acid etching of the enamel,
HF etching of the internal surface, silanization, and resin cement).

RESULTS. Observational results showed excellent esthetics and stable retention, without any inflammatory
or painful symptoms. The uniqueness of this approach lies in the fact that Bleach restorations are typically
performed only when both arches are comprehensively restored, yet here harmony was achieved without
altering the lower teeth.

CONCLUSION. The conclusions emphasize the potential of Bleach ceramics for patients seeking an “ultra-
white” smile, on the condition that the preparation and bonding technique are strictly followed.

Keywords: fluorosis, minimally invasive dentistry, esthetic rehabilitation, ultra-white smile, lithium disilicate
veneers
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NpuMeHeHMe KepaMuuecKux pectaBpaumii Bleach-otteHKka
Ha BepxHue ¢ppoHTaNbHble 3ybbl Nnpu ¢nioopose:
KJMHUYECKUIA cnyyai

T.B. PaxbiMmxaHoB (2 >4
LleHTp undposon ctomatonoruu, r. Actana, Pecnybnvka KaszaxctaH
D 12drtim@gmail.com

Pesiome

BBEOEHME. CoBpeMeHHbIe NauMeHTbl HaCTO CTPEMATCH K MakCUMasibHO «6enbiM» 3ybam, 4To HepeaKko Tpe-
OyeT ToTanbHOM peabunutaunm obenx yentocten. OgHako B NpeacTaBleHHOM KJIMHUYECKOM criydae y 21-neT-
Hero nauueHTa 3yObl yXXe MMeNN eCTECTBEHHLIN «bleach» OTTEHOK, OCNOXHEHHbIV NposiBleHneM Goopo3a
Ha 3y6ax BepxHeit yentocTu. [1o 3anpocy naumeHTa NnpeacTossio afanTupoBaTb BEpxHUEe GpoHTasbHble 3y0Obl
noja, UMEILNIACS SPKUIA LBET OCTaslbHbIX 3yOOB.

LLEJIb. NMpoaoemMoHCTpupoBaTh NPOLLECC N3rOTOBIEHNSA KepaMUyeckux pectaspaumin Bleach-otTeHka Ha we-
cTun 3ybax (13-23) ¢ MuHMManbHeIM NpenapupoBaHuem (0,5-0,7 mm).

MATEPUAJIbl U METObI. OnucaHbl KpUTepUn BKIIIOHEHUS Y UCKITIOYEHWS, 3Tarnbl ANarHOCTUKK, BbIGOP Nn-
TUA-OUCUNMKATHOM KepaMUKK, a TakxXe aare3uBHblli NPOTOKoN (MpoTpaBnvBaHne aManu 37% docdopHoi
Kncnoton, HF-TpaBneHne BHyTpEHHEeN NOBEPXHOCTN, CUNAHN3ALNA 1 KOMNO3UTHbLIN LEMEHT).

PE3VYJIbTATbI. KnuHnyeckoe HabnoaeHne NpoaeMoHCTPMPOBAsO BbICOKYIO 9CTETUKY, CTabuibHyo dukca-
Lnto 6e3 Kakux-nmbdo BocnannTesbHbIX UM BONeBbIX I'IpOFlBJ'IeHI/II7I. YHUKaNbHOCTb AaHHOIro noaxoga B TOM,
4yTO 06bLIYHO Bleach-pecTaBpaumm BbINOAHAT NPU NOJIHOM 06HOBNEHUN 060UX 3yOHbIX PSA0B, a 34eCh yaa-
NOCb AO0CTUYb rAPMOHNKN, HE 3aTparmBad HM>XHune 3y6bl.

BbIBObl. MogyepkmnatoT noTeHuman Bleach-kepamunkm ons naumnmeHToB, Xenatwmx «ynstpa-0enyto» ynblo-
KY, NP YCNOBUN YETKOrO COBII0AEHNS TEXHUKM NPEenapupoBaHns 1 aaresnn.

© Rakhymzhanov T.B., 2025
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KnwoueBble cnoBa: kepamuyeckue pectaspauun, Bleach-oTTeHOK, BepxHMe GpPOHTasIbHble 3yObl, NTUTUNA-

OVCUNMKAT, aare3nBHbI NPOTOKOI, GJI0OPO3

UHdopmaumna o ctatbe: noctynuna — 23.03.2025; ncnpasneHa — 30.04.2025; npuHara — 14.05.2025

KoHGAUKT uHTepecoB: aBTOPbI CO0OLLAa0T 06 OTCYTCTBUN KOHMNMKTA UHTEPECOB.

BbnarogapHocTu: durHaHCcMpoBaHme n nHanBuaoyanbHble 6J'Ial'0,£l,apHOCTVI ANna geknapnposaHna OTCYTCTBYIOT.

Ana umtuposanua: PaxbimxaHoB T.B. lpuMmeHeHne kepamndecknx pectaspaumin Bleach-otteHka Ha Bepx-
HVe ppoHTanbHble 3ybbl Npu GoopPOo3e: KIMHUYECKNA cnydai. SHgoaoHTus Today. 2025;23(2):276-281.

https://doi.org/10.36377/ET-0096

INTRODUCTION

The demand for “ultra-white” teeth in aesthetic den-
tistry is steadily increasing [1]; however, such outcomes
are typically achieved through full-mouth rehabilitation
involving both dental arches [2]. This clinical case was
complicated by the presence of fluorotic lesions on the
maxillary anterior teeth. In the present situation, the
patient’s mandibular teeth already exhibited a bright
white shade, which posed a challenge in selecting the
appropriate color and thickness of the restorations [3].
Lithium disilicate-based ceramic materials available
in the Bleach shade range offer the possibility of pro-
ducing thin yet durable restorations, but their success
strongly depends on strict adherence to the adhesive
protocol [4].

4 i 7 >

Fig. 1. Preoperative portrait photo: the patient smiling,
revealing fluorotic discolorations on the maxillary
anterior teeth and high-value mandibular dentition
(approximate shade BL3)

Puc. 1. MNopTpeTHada ¢oTorpadus 0o neYyeHns:
ynblibka nauneHTa ¢ BblpaxXeHHbIMU GAI00PO3HLIMU
N3MEHEHUSMN Ha BEPXHUX NepeaHnxX 3ybax n
CBET/IbIMU HUXHUMMK 3yBaMu (OPUEHTMPOBOYHBIN
OTTeHoK BL3)

AIM

To present a clinical case involving the fabrication
of Bleach shade ceramic restorations on six maxillary
anterior teeth in order to achieve harmony with the al-
ready “white” mandibular dentition, without resorting
to full-mouth rehabilitation. The case was further com-
plicated by the presence of fluorotic discolorations on
the maxillary anterior teeth.

MATERIALS AND METHODS

Design: Clinical case report.

Patient: A 21-year-old male presented with com-
plaints about “spotted” maxillary anterior teeth,
while the mandibular teeth already exhibited a shade
close to Bleach level (visually approximated as BL3)
(Fig. 1, 2).

Inclusion criteria:

1. The patient’s desire to achieve a Bleach-level
tooth shade matching the mandibular dentition.

2. No active caries and satisfactory oral hygiene.

3. Informed consent for enamel reduction limited to
0.5-0.7 mm.

Exclusion criteria:

1. Severe systemic conditions contraindicating den-
tal intervention.

2. Smoking >20 cigarettes per day.

3. Known allergies to dental materials (including lo-
cal anesthetics and resin-based compounds).

Fig. 2. Preoperative photo f the smile showing distinct
brownish fluorotic stains on the maxillary anterior
teeth. The mandibular teeth present a uniform bright
shade (visually approximated as BL3), creating

an aesthetic mismatch

Puc. 2. ®oT10 ynbibkM 00 NEYEHUS: BbIPAXEHHbIE
KopuyHeBaTble GI0OPO3HbIE NATHA HA BEPXHUX
nepenHux 3ybax. HuxHune 3ybbl UMET paBHOMEPHbIN
CBET/IbIA OTTEHOK (OPUEHTMPOBOYHO BL3), uto cospaeTt
acTeTnyeckuii gucbanaHc

Tom 23 N2 2 / 2025 ‘ Endodont(cs


https://doi.org/10.36377/ET-0096

278 |

Clinical Protocol

1. Photographic documentation and diagnostic im-
pressions (A-silicone) were taken to fabricate a wax-up
model (Fig. 3-7).

2. Vestibular preparation of teeth 13-23 was per-
formed with areduction depth of 0.5-0.7 mm, followed by
mock-up try-in using the laboratory template (Fig. 8-12).

Fig. 3. Digital wax-up model of the maxillary anterior
teeth: frontal view demonstrating the planned

shape and alignment of future restorations based

on diagnostic impressions

Puc. 3. Undposas anarHoctmyeckas Moaesnb (wax-up)
BEPXHUX NepenHux 3y6oB: PPOHTaNbHbIV BUL,

C Bu3yanunsaumein GopMbl U NOAOXKEHUS NMIAHNPYEMBbIX
pecTaBpaumin

Fig. 4. Digital wax-up model: occlusal view illustrating
the proposed contours and spatial arrangement
of the maxillary anterior restorations

Puc. 4. Lindpposas guarHoctnyeckas Mmoaesb (wax-up):
OKKJTIO3MOHHbIN BUA, 4EMOHCTPUPYIOLWUIA HGOPMY 1
MPOCTPAHCTBEHHOE PACMOJIOXEHWVE MIAHNPYEMbIX
pecTaBpaunii Ha BEpXHUX NepeaHnx 3ybax

Fig. 5. Palatal view of the digital wax-up showing
the internal contours and incisal edge design of the
planned anterior restorations

Puc. 5. He6HbIN BUA, UMdPOBOM AnarHOCTUYECKOM
Mogenu (wax-up), oTobpaxaroLLmin BHyTPEHHNE KOHTYPbI
1 popMy pexyLLero Kpas rniaHmpyemMbix pectaspaumi

dHdodoHmus
—————TLT
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Fig. 6. Lateral view of the digital wax-up illustrating
the buccal contour, incisal edge position, and
emergence profile of the planned anterior restorations

Puc. 6. bokosoi Buz umdpoBOn AUarHoCTUYECKOMN
Moaenn (wax-up), 4EMOHCTPUPYIOLLNIA
BECTUOYNSAPHbBIN KOHTYP, MOJIOXKEHME PEXYLLErO Kpas
1 GopMy BbIXoAa pecTtaspaumini U3 LeCHEBOro Kpas

Fig. 7. Contralateral lateral view of the digital wax-
up demonstrating the symmetry of the planned
restorations and the smooth transition from cervical
margin to incisal edge

Puc. 7. MpoTMBONONOXHbIN OOKOBOM BUA,
LMGPOBOM ANArHOCTUYECKOM Moaenm (wax-up),
WNIOCTPUPYIOWNI CUMMETPUIO NMIAHNPYEMBbIX
pecTaBpaumin 1 NNaBHbIM Nepexon OT NPULLEEYHOWN
obnacTu K pexyliemMy Kpato

Fig. 8. Post-preparation intraoral scan: frontal view
showing tooth morphology and distribution of fluorotic
lesions on maxillary anterior teeth after enamel
reduction

Puc. 8. BHYyTp1UpOTOBOE CKaHMPOBAHNE Nocne
npenapupoBaHns: GpPoHTaNbHbIN BUAO, OTOOpaXkaloLwuii
Mopdonoruio 3yboB 1 pacnpeneneHme Gaoopo3HbIX
NATEH Ha BePXHUX NepeaHux 3ybax nocne atana
npenapupoBaHns
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3. Fabrication of lithium disilicate restorations in — cementation using light-cure composite cementin
Bleach shade (IPS e.max CAD, BL3) (Fig. 13, 14). Bleach shade.

4. Adhesive cementation protocol: The information about the mandibular teeth was

— etching of enamel with 37% phosphoric acid for  used exclusively for shade guidance; no modifications
15 seconds; were performed on the lower dentition (Fig. 15, 16).

— etching of the internal ceramic surface with 5% hy-
drofluoric acid for 20 seconds; RESULTS

- silanization; Comparison with Similar Publications

The literature reports that achieving an aesthetically
pleasing “ultra-white” smile typically requires compre-
hensive rehabilitation of both dental arches [2]. Howe-
ver, the approach presented in this clinical case aligns
with several studies that have demonstrated the effec-
tiveness of minimally invasive restorations limited to
the maxillary anterior region in achieving comparable
aesthetic outcomes without involving the entire denti-
tion [5]. According to recent findings, lithium disilicate
veneers with a thickness of 0.5-0.7 mm (ultrathin ve-
neers) exhibits high mechanical strength and satisfac-
tory clinical longevity over several years [5; 6], thereby
supporting the rationale for selecting this material.

Fig. 9. Intraoral scan of the maxillary arch: view
showing teeth morphology and distribution of fluorotic
lesions on maxillary teeth after enamel reduction

Puc. 9. BHyTpMpOTOBOE CKAHMPOBAHNE BEPXHEIO

3y6HOro paga: Bua, otobpaxarowmii Mopdonoruio Fig. 11. Lateral view of the maxillary arch scan

3y60B 1 pacnpeaeneHne Gao0PO3HbIX NATEH after preparation, illustrating enamel surface texture,

Ha BepXHUX 3ybax noce arana npenap1vpoBaHuns mild fluorotic opacities, and cervical tissue contours.
Right side

Puc. 11. BokoBoW BUA CKaHMPOBaHWS BEPXHErO 3yOHOro
psiaa nocne npenapupoBaHns, 0EMOHCTPUPYIOLLMIA
TEKCTYPY 3Manu, ydacTkm GpaioopO3HOM onanecueHunm
M KOHTYpPbI AECHEBOIO Kpasi. lNpaBas cCTopoHa

Fig. 10. Intraoral scan of the maxillary arch: view
showing teeth morphology and distribution of fluorotic Fig. 12. Lateral view of the maxillary arch scan after

lesions on maxillary teeth after enamel reduction. preparation, illustrating enamel surface texture, mild
Another view fluorotic opacities, and cervical tissue contours. Left side
Puc. 10. BHYyTpMpOTOBOE CKaHMPOBaHNE BEPXHETO Puc. 12. BokoBOW BUA, CKAHNPOBAHNSA BEPXHENO
3yBHOro psga: Buf, otobpaxaroLmii Mopdonoruto 3y6HOro psga nocne npenapnpoBaHns,

3y60B 1 pacnpeneneHne Gtoopo3HbIX NSTEH NEMOHCTPUPYIOLLINIA TEKCTYPY 3Manu, y4acTKun

Ha BEPXHWMX 3ybax rnocse atana npenapmpoBaHns. GNIOOPO3HOM onanecueHUMN N KOHTYPbI 4ECHEBOIO
Bupa c apyroro pakypca Kpas. JleBasi cTopoHa
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Effect of Fluorosis on Adhesion

Dental fluorosis leads to alterations in enamel struc-
ture, which can complicate the etching and bonding
stages. In severe cases, fluorotic enamel becomes
more porous and irregular, potentially reducing the
strength of the bond with composite resin cements [1].
In the present clinical case, however, fluorosis was of
moderate severity, and thorough etching with 37%
phosphoric acid provided sufficient surface roughness.
In addition, strict adherence to timing and the applica-
tion of a silane coupling agent contributed to improved
adhesion to glass ceramics. These steps helped coun-
teract potential negative effects of fluorosis on bonding.

Fig. 13. Intraoral frontal view after final cementation
of the lithium disilicate veneers (shade BL3) on teeth
13-23, demonstrating high translucency, surface gloss,
and harmonious integration with the gingival contour

Puc. 13. BHyTpupoTOBOIN GPOHTaNbHbIN BUL,

rnoce OKOH4YaTeNbHOM pukcaumm BUHNPOB

13 nuTnii-gucunmkaTta (oTTeHok BL3) Ha 3ybax 13-23,
LEMOHCTPUPYIOLLNM BbICOKYIO NPO3PavyHOCTb,

6,1eCK MOBEPXHOCTU U FAPMOHUYHOE NpusieraHme

K EeCHEeBOMY Kpato

Fig. 14. Occlusal view of the maxillary arch after veneers
cementation: evident brownish fluorotic discolorations
localized on the palatal surfaces of anterior teeth,
indicating the extent of intrinsic enamel defects

Puc. 14. OkkNO3NOHHbIV BUA BEPXHEro 3ybHOro psaa
nocne Gukcaunm BUHNPOB: BbipaXKeHHble KOPUYHEBLIE
$NIOOPO3HbIE NBMEHEHUS HA HEOHbIX MOBEPXHOCTAX
nepenHux 3y6oB, oTpaxatoLime CTerneHb BHYTPEHHUX
nedekToB amanu

dHdodoHmus
—————TLT
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Fig. 15. Portrait postoperative photograph: full smile
view showing harmonious integration of maxillary
Bleach-shade ceramic restorations with the natural
brightness of the mandibular teeth, without involving
the lower arch in treatment

Puc. 15. lNopTtpeTHaa ¢oTorpadus Nnocne nevyeHus:
BUA, YNIbIOKM C AE@MOHCTPaLUMel rapMOHUYHOW
VIHTErpauum kepamMmm4eckmx pecrtaBpaumnmn
Bleach-oTTeHKka Ha BEpXHEWN 4est0CTU C ECTECTBEHHbIM
CBET/IbIM LIBETOM HMXHUX 3y60B 6€3 BMeLLaTENbLCTBA

Fig. 16. Postoperative photo of the smile demonstrating
the aesthetic match between the Bleach-shade ceramic
veneers on the maxillary anterior teeth and the natural
brightness of the mandibular dentition

Puc. 16. ®oT10 ynbibkM NOCNe neveHuns,
OEMOHCTPUPYIOLLMIA 3CTETUYECKYIO COrNacOBaHHOCTb
BUHMPOB Bleach-oTTeHka Ha BEPXHUX NepeaHunx 3ybax
C €CTECTBEHHbIM CBETJIbIM LIBETOM HXHUX 3yOOB
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Selection of Bleach Shades and Risk
of Hypersensitivity

Bleach shade ceramics (BL1, BL2, BL3, etc.) are
characterized by enhanced light reflectivity and bright-
er optical properties. In this case, BL3 was chosen
to match the already bright shade of the mandibular
teeth, in accordance with the patient’s aesthetic ex-
pectations.

When treatment planning is inadequate or tooth re-
duction is excessive, there is a risk of dentin exposure
and subsequent hypersensitivity [3]. In our protocol, the
depth of preparation was strictly limited to 0.5-0.7 mm,
with minimal dentin involvement, thereby reducing the
likelihood of postoperative sensitivity.

Why Bleaching Was Not Chosen Over Ceramic
Veneers

Although chemical whitening techniques—both in-of-
fice and at-home-can provide satisfactory results, they
are often unpredictable in cases of dental fluorosis. The
fluorotic spots may remain visible or reappear unevenly,
leading to a mottled appearance [1].

Moreover, compromised enamel may be more sus-
ceptible to hypersensitivity following bleaching. In this
case, the patient sought not only a lighter shade but
also a uniform aesthetic outcome that would mask
the fluorotic defects. Thin ceramic veneers offer the
dual benefit of color correction and structural mas-
king without excessive bulk. Thus, the use of lithium
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disilicate veneers in a Bleach shade proved to be the
optimal solution from both aesthetic and functional
perspectives.
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Follow-Up and Outcomes

At the one-week follow-up, the patient exhibited no
signs of inflammation or sensitivity, and the restora-
tions maintained excellent esthetic integration. As of
six months post-cementation (at the time of writing), no
complications have been observed.

This case demonstrates that, even in the presence
of fluorosis, reliable and predictable bonding of ceramic
veneers can be achieved when proper preparation and
adhesive protocols are followed [2; 4].

CONCLUSION

1. Bleach shade ceramic restorations allow for an
“ultra-white” esthetic outcome that harmonizes with al-
ready bright mandibular teeth, eliminating the need for
full-mouth rehabilitation.

2. Strict adherence to clinical protocol - including
minimal tooth preparation, enamel and ceramic surface
etching, and the use of Bleach-shade composite ce-
ment — enhances both the longevity and esthetics of the
restorations, even in the presence of fluorotic enamel.

3. Further research involving larger patient cohorts
is needed to better evaluate the long-term color stability
and bonding performance in cases affected by dental
fluorosis.
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Endodontic treatment of teeth with a wide apical opening -
a clinical case

Vyacheslav A. Popov'(©) <, Ekaterina S. Pestova 2, Svetlana A. Anisimova'
" Northern State Medical University, Arkhangelsk, Russian Federation

®NIKS LLC, Arkhangelsk, Russian Federation

> nka-nenec@yandex.ru

Abstract

INTRODUCTION. The prevalence of apical periodontitis among the adult population exceeds 60%. This disease
also occurs in adolescents in permanent teeth, and it is often detected in a state where the growth zone has
died, and itis not possible to treat with calcium hydroxide to achieve apexogenesis. Therefore, there is a need to
find and apply the most optimal dental materials for the treatment of dental periodontitis in adolescents.

AIM. Presentation of our own clinical case of endodontic treatment of a tooth with a wide apical opening.
MATERIALS AND METHODS. The article presents the result of treatment of a 15-year-old girl with an
established diagnosis according to ICD-10: tooth 2.6 — KO04.5 Chronic apical periodontitis (chronic
granulomatous periodontitis). The tactics of dental care were aimed at stimulating apexification with calcium
hydroxide-based filling material Metapaste (Meta Biomed, South Korea). The functional parameters of the
tooth have been restored. The stability of the obtained result was assessed 3 months after the treatment using
CBCT of the causal tooth.

CONCLUSIONS. The presented clinical case demonstrates the successful endodontic treatment of a tooth
in a teenager, in which treatment tactics aimed at stimulating apexification were applied. Observation of the
patient for 1.5 years confirmed the success of the therapy, which manifested itself in the formation of the
dentinal bridge and the positive dynamics of the tooth condition. The use of the calcium hydroxide-based
drug Metapaste (Meta Biomed, South Korea) played a key role in achieving a stable clinical result. This case
highlights the importance of timely and adequate dental intervention to achieve optimal treatment outcomes.
A pediatric dentist should have the skills to use modern methods of treating periodontitis of permanent teeth
with a wide apical opening to choose the best approach to therapy.

Keywords: wide apical opening, endodontic treatment, apexification, calcium hydroxide, periodontitis
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JHAO0AOHTUYECKOE sieyeHue 3yboB
C LWWMPOKUM anuKasibHbIM OTBEPCTUEM — K/IMHUYECKUA cay4ai

B.A. Nonog' (<, E.C. MecTtoBa?, C.A. AHucumoBa'

' CeBepHbIN roCyaapCTBEHHbBIN MEAVLMHCKAN YHUBEPCUTET, I ApxaHrenbek, Poccuiickas denepatvs
2000 «HWKC», . ApxaHrensck, Poccuickaa denepaums

< nka-nenec@yandex.ru

Pe3iome

BBEOEHWE. PacnpoCTpaHeHHOCTb anvkanabHOro nepuooHTUTa Cpeay B3POCNOro HaceieHus npesbillaeT
60%. Takxe gaHHOe 3aboneBaHne BCTPeYaeTCs y MOAPOCTKOB B MOCTOSIHHBIX 3y6ax, NPUYEM 4aCcTO BbISBASET-
CSl B COCTOSIHUW, KOTAa 30Ha pocTa nornbna, n HeT BO3MOXHOCTM NPOBECTU Jle4yeHne C NpUMeHeHNeM rmapo-
Kcmaa Kanbums Ana LOCTUXEHWS anekcoreHe3a. NoaToMy BO3HMKaeT HEOOXOAMMOCTb B MOUCKE U MPUMEHEHUN
Haunbonee onTUMasbHbIX CTOMATONOMMYECKNX MaTtepuasioB angd neveHnda nepmnogoHTuTa 3y6OB Y NOAPOCTKOB.
LLENTb MCCNEOOBAHUA. MpeactaBneHne co6CTBEHHOIO KMHUYECKOrO cllyyas 9HAOLOHTUYECKOrO Neye-
HNA 3y63 C LLUNPOKUM annKkanbHbIM OTBEPCTUEM.

MATEPWANBI U METOAbI. B ctatbe npuBeaeH pe3ynbrat nevyeHns AeBoykn 15 net ¢ ycTaHOBNEHHbIM AMarHo-
3om no MKB-10: 3y6 2.6 — KO4.5 XpoHuyecknii annkanbHblii NepPUOAOHTUT (XPOHUYECKUIA rpaHyNeMaTO3HbIN
nepnoaoHTUT). TakTuKa oka3aHMsi CTOMATOIOrMY4eCKOM MOMOLLM Obifia HanpaB/ieHa Ha CTUMYMPOBAHNE anek-
cudurkaumm n1oMOMPOBOYHEIM MaTEPMANiOM Ha OCHOBE ruapokcuaa kanbuus «Metapaste» («<Meta Biomed»,
lOxHasa Kopesi). BoccTaHoBneHbl GyHKLIMOHANbHbIE NapamMeTpbl 3yba. CTabuibHOCTb MOMYYEHHOr O pe3ynbrata
oLleHeHa Yyepe3 3 MecsLa nocie NpoBeAeHHOro neveHns ¢ ncnosb3osaHmem KJIKT npuynHHoro 3yba.
BbIBObl. MNpeacTaBneHHbIN KIMHUYECKUIA CydYal AEMOHCTPUPYET yCNeLwHoe SHA0A0HTUYECKOE NeveHne
3ybay noapocTka, B paMkax KoToporo 6biia npuMeHeHa TakTuKa JIedeHus, HanpaeieHHas Ha CTUMYMpoBa-
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Hue anekcudukaunn. HabnogeHme 3a naunMeHToM Ha nNpoTsxkeHnn 1,5 neT noaTBEPANIO YCNELWHOCTb Tepa-
MK, 4TO NPOSIBMIIOCH B POPMMPOBAHUM AEHTUHHOMO MOCTUKA U MONOXUTENTbHOW AMHAMUKK COCTOSHUS 3yba.
Mlcnonb3oBaHue npenaparta Ha OCHOBe ruapokcuaa kanbuma «Metapaste» («Meta Biomed», lOxHas Kopes),
Cbirpasio KJlo4eBYIO POJib B JOCTUXEHMN CTabOUIBbHOIO KJIMHMYECKOro peaynbrarta. JaHHblii ciydai nogyep-
KMBaeT BaXXHOCTb CBOEBPEMEHHOIO 1N a4eKBaTHOrO CTOMAaTONI0rM4YeCcKOro BMellaTeibCTea A A0CTUXEHUS
OonTMMasbHbIX MICXOAOB JieueHus. Bpay-ctomaTtonor getckuii 4osixeH ob6nagatb HaBbikamuy MPUMEHEHNSs CO-
BPEMEHHbIX METOLA0B lIe4eHUss NePUOAOHTUTOB NOCTOSIHHLIX 3yO0B C LUMPOKUM anmnkasibHbiM OTBEPCTUEM
0719 BbIOopa Hauy4Lwero noaxona K repanuu.

KniwoueBble cnosa: LLMPOKOE anvkaibHOe OTBEPCTME, SHA0A0HTUYECKOE JleuyeHne, anekcudukaums, rmapok-
CUA KanbLng, NepuoaoHTUT

UHdopmauumna o ctaTbe: noctynuna — 02.03.2024; ncnpasneHa — 24.04.2025; npuHata — 29.04.2025
KoH$AUKT nHTepecos: aBTOPbl COOOLLAIOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnaropgapHocTu: GUHAHCUPOBAHME U MHANBMOYaANbHbIE 6N1arofapHOCTY N5 OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana yutuposanua: Nonos B.A., NecTosa E.C., AHncumosa C.A. OHOO0AOHTUYECKOE SiedeHme 3yOO0B C LUMPO-
KMM annkKasbHbIM OTBEPCTUEM — KJIMHUYECKWUIA cnyyan. SHao40HTUS Today. 2025;23(2):282-288. https://doi.
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INTRODUCTION

Dental caries and its complications are widespread
among people of all age groups worldwide. The lack
of timely diagnosis and treatment of caries can lead to
severe disorders both in the maxillofacial region and in
general health conditions [1].

According to 2019 data, the prevalence of caries
in permanent teeth among 15-year-old adolescents in
Russia reached 82%, and the DMFT index (Decayed,
Missing, and Filled Teeth) was recorded at 3.7 [2].

The prevalence of apical periodontitis among the
adult population exceeds 60% [3]. This condition is also
observed in adolescents with permanent teeth. Howe-
ver, to date, there is no scientifically confirmed data on
the prevalence of apical periodontitis in adolescents. At
the same time, according to the data from the State Au-
tonomous Healthcare Institution of Arkhangelsk Region
“ADSP,” 38,346 cases of children seeking dental care for
caries of both primary and permanent teeth were recor-
ded. Of these, 1,682 cases involved complicated caries
of permanent teeth, including 338 cases requiring endo-
dontic treatment with temporary root canal filling.

The clinical and morphological features of periodon-
titis development in adolescents, as well as anatomical
characteristics, pose challenges in developing effec-
tive treatment strategies that dentists face in outpatient
practice [4; 5]. Such features include: irregular cross-
sectional shape of the unformed apical foramen; widen-
ing of the canal lumen from the orifice toward the apex;
pronounced funnel-shaped expansion in the apical third
of the root canal; thin and weak root canal walls; low mi-
neralization of root dentin; absence of anatomical apical
constriction; and a wide apical foramen lumen [4].

Endodontic treatment of permanent teeth without
an apical constriction presents difficulties in determi-
ning the working length. As a result, damage to periapical
tissues and extrusion of necrotic tissue debris into these
tissues may occur, promoting the ingrowth of granulation
tissue into the root canals. A wide apical foramen compli-
cates both mechanical and chemical preparation of the
canals, as well as obturation. Definitive root canal filling
is only possible after the complete formation of a reliable
and solid apical barrier at the root apex [6; 7].

In cases of apical periodontitis of a permanent
tooth with a wide apical foramen and necrotic root
growth zone, a treatment strategy aimed at stimula-
ting apexification may be applied. This processinvolves
the formation of a calcified barrier (dentin bridge) of
osteocement within the root canal. The result of apexi-
fication is the closure of the apex at the full anatomical
root length [5].

According to clinical studies, A.L. Frank (1966) iden-
tified the following types of apexification:

1) closure of the root apex in a normal anatomical
shape;

2) closure of the root apex in a dome-shaped form
while the root canal remains funnel-shaped;

3) absence of radiographic changes despite the
presence of a “positive stop” symptom;

4) presence of a “positive stop” symptom and radio-
graphically detectable barrier at the anatomical apex [8].

Although the types of dentin bridges differ structur-
ally, the mechanism of their formation is similar. The use
of calcium hydroxide is recommended to promote the
formation of a calcified barrier [5].

AIM
Presentation of a clinical case of endodontic treat-
ment of a tooth with a wide apical foramen.

MATERIALS AND METHODS

The report was prepared in accordance with the
principles of The CARE Guidelines: Consensus-based
Clinical Case Reporting Guideline Development, al-
lowing for a detailed and structured presentation of the
clinical case.

A 15-year-old male patient presented to the dental
clinic with complaints of discomfort when biting in the
region of a tooth in the upper left jaw. The medical his-
tory revealed that the tooth had previously caused con-
cern and had been treated, but neither the patient nor
his mother, who accompanied him, could recall exactly
when this occurred.

Extraoral examination showed no facial asymme-
try. The mucous membrane of the alveolar process at
the projection of the root apices was unchanged, well
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vascularized, and the contours of the marginal and al-
veolar gingiva were preserved. No sinus tract was de-
tected, and the tooth exhibited no mobility. Vertical and
horizontal percussion tests were painful, and the tooth
showed no response to thermal stimuli (cold or heat).

To clarify the diagnosis, cone-beam computed to-
mography (CBCT) was performed (Fig. 1). The examina-
tion revealed an area of intense shadow corresponding
to the limits of previous filling material in the lower third
of the coronal portion of tooth 2.6, with an area of radio-
lucency underneath indicating carious involvement. The
tooth had three straight roots and four root canals.

The palatal root was found to be incompletely de-
veloped; while root length formation was complete,
the apex remained open. The palatal root canal was ir-
regularly widened, showing a wide apical foramen. The
palatal canal contained filling material within the upper
two-thirds of its length, with the apical third remaining
unfilled. The mesiobuccal (MB1 and MB2) and disto-
buccal canals were free of filling material throughout
their lengths.

A radiolucent periapical lesion with distinct borders
measuring 8.55 X 11.72 mm was observed in the axial
plane at the apex of all three roots. The periodontal
ligament space was unevenly widened around all three
roots. The cortical plate remained intact, while the inter-
dental septa were flattened.

Following comprehensive clinical and radiographic
assessment, the diagnosis was made according to
ICD-10: tooth 2.6 — KO04.5 Chronic apical periodontitis
(chronic granulomatous periodontitis).

A multi-visit treatment plan was adopted. After rub-
ber dam isolation, the old restoration was removed,
caries excavation and access cavity preparation were
performed. Canal retreatment was conducted using the
Endo-Mate TC2 endomotor (NSK, Japan) and Protaper
Retreatment files (Dentsply Sirona, USA). Instrumenta-
tion was completed with NiTi files to ISO size 35.02.

The canals were irrigated with 3% sodium hypochlo-
rite (“Belodez 3%”, Vladmiva, Russia) and 17% eth-
ylenediaminetetraacetic acid (EDTA, Vladmiva, Rus-
sia) [9; 10]. Each canal received 20 mL of solution for
1 minute, followed by activation and drying.

Fig. 1. The initial clinical situation. CBKT of the tooth 2.6:
A — sagittal section; B — coronal section; C — axial section
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Sodium hypochlorite effectively dissolves organic
tissue and eliminates microbial flora due to its cytoto-
xicity, but alone it does not provide complete debride-
ment of the canal system. EDTA-based solutions help to
remove inorganic debris, enhance file penetration, and
facilitate canal shaping [9; 10].

Since instrumentation and irrigation only reduce
bacterial load, further steps were taken to eliminate
pathogenic microorganisms. A long-term calcium hy-
droxide dressing (“Metapaste”, Meta Biomed, South
Korea) containing calcium hydroxide and barium sulfate
was placed for intracanal medication [11-13].

The main advantage of calcium hydroxide is its abi-
lity to stimulate apical closure and promote the forma-
tion of a hard tissue barrier. Calcium hydroxide disso-
ciates into ions that activate alkaline phosphatase, the
key enzyme for tissue mineralization. The optimal pH
for enzyme activity ranges from 8.6 to 10.3, promoting
calcium phosphate crystal formation, reducing capillary
permeability, inhibiting osteoclast activity, and slowing
bone resorption [14].

Studies show that periapical tissue healing and cal-
cific barrier formation occur rapidly in the presence of
calcium hydroxide [15], largely due to the formation of
osteocement, a cement-like tissue [5]. Calcium hydrox-
ide creates an alkaline environment (pH 12.5), which has
antibacterial properties and promotes necrotic tissue ly-
sis. The high pH stimulates osteoblast activity and sup-
presses osteoclasts, thereby promoting bone formation.

The gradual ionization of calcium hydroxide releases
hydroxyl ions that disrupt bacterial cytoplasmic mem-
branes, leading to protein denaturation and DNA dam-
age. Research indicates that an effective apical barrier
forms in the absence of microorganisms and under the
antimicrobial action of calcium hydroxide [4; 15; 16].

“Metapaste” (Meta Biomed, South Korea) provides
high radiopacity. For temporary coronal sealing, “Para-
sept” (Vladmiva, Russia) was used.

It should be noted that one of the advantages of cal-
cium hydroxide is the possibility of removing up to 80%
of the material from the root canal, which allows it to
be used for a period of up to three weeks [6; 12; 17].
Authors emphasize that calcium hydroxide gradually

16.28 mm

Puc. 1. icxogHas knuHuyeckas cutyauus. KJIKT 3y6a 2.6:
A — carntTanbHbI Cpe3d; B — KOpoHanbHbIN cped; C — akcnanbHbI Cpe3
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dissolves in the root canal, necessitating multiple ap-
plications. A follow-up visit is recommended after 7-10
days. If at the control appointment the paste appears
moist, loose, or completely dissolved, it should be re-
placed with a fresh portion. However, if the paste re-
mains dry and effectively obturates the root canal, no
replacement is necessary, and the next follow-up is
scheduled after three months [6].

At the same time, the optimal duration of calcium
hydroxide therapy for periodontitis remains a topic of
debate among researchers [6]. Some specialists cau-
tion against prolonged use due to potential risks such
as degradation of dentin proteins and weakening of the
tooth structure, which can result in a twofold reduction of
tooth elasticity within one year of therapy initiation. There
is also a significant risk of reinfection due to possible in-
adequacy of the temporary restoration, potentially pro-
longing treatment and worsening the prognosis [6; 16].

According to the National Guidelines for Pediat-
ric Therapeutic Dentistry (2017), radiographic control
should be performed at 3 and 6 months, with monitor-
ing continued until clear radiographic and clinical signs
of apexification are present. The formation of a hard
tissue barrier sufficient for subsequent canal obtura-
tion typically occurs within 6 to 24 months (average
1 year = 7 months) after the start of treatment. During
this time, the patient must attend clinical check-ups
every 3 months [6].

Based on these recommendations, the patient was
recalled after 10 days to assess the condition of “Meta-
paste” (Meta Biomed, South Korea) within the root ca-
nals. The paste was found to be dry and had completely
filled the canals. The patient was then recalled at 3, 6,
12, 15, and 18 months for replacement of “Metapaste”
(Meta Biomed, South Korea) and clinical and radio-
graphic monitoring [18].

Over a period of 1.5 years, the patient regularly at-
tended follow-up appointments and radiographic ex-
aminations. By the end of this period, a dentin bridge of
sufficient thickness had formed, allowing for the second
stage of treatment — permanent root canal obturation us-
ing “AH Plus” sealer (Dentsply Sirona, USA) and gutta-
percha points by lateral condensation technique (Fig. 2).
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During the same visit, the anatomical shape of the tooth
was restored using composite restorative material.
Three months later, at the follow-up appointment,
CBCT showed positive dynamics: no signs of inflam-
mation were present, and a well-formed dentin bridge
was observed (Fig. 3). A dense radiopaque area corre-
sponding to the limits of the filling material was visible in
the lower third of the coronal part of tooth 2.6. The tooth
had three straight roots, and all four root canals showed
a continuous, homogeneous shadow of filling material
along their entire length. A dentin bridge was visualized
in the apical third of the palatal canal. No changes were
observed in the periapical area. The periodontal liga-
ment space was within normal limits. The cortical plate
was intact, and the interdental septa were flattened.

DISCUSSION

The treatment of periodontitis in permanent teeth
with wide apical foramina in adolescents, aimed at
stimulating apexification with calcium hydroxide-based
materials, requires careful and individualized clinical
management. This treatment approach promotes the
formation of a reliable dentin bridge, which protects the
periapical tissues and contributes to the progressive
closure of the apical foramen.

The results of this clinical case confirm the high ef-
fectiveness of calcium hydroxide, which not only stimu-
lates tissue regeneration but also possesses antiseptic
properties that significantly reduce the risk of compli-
cations. It is important to note that timely intervention
is a key factor for the successful restoration of dental
health in adolescents.

The management of periodontitis in teeth with
a wide apical foramen presents a challenging task that
demands a meticulous approach and the use of mo-
dern diagnostic and therapeutic methods. One of the
most promising materials for apexification stimulation is
“Metapaste” (Meta Biomed, South Korea).

The main advantage of this therapeutic strategy lies
in the ability of calcium hydroxide to create a dentin
bridge, which is essential for preventing reinfection and
preserving the tooth. Although the ready-to-use root
canal filling material “Metapaste” (Meta Biomed, South

Fig. 2. The result of treatment. CLT of the tooth 2.6 immediately after permanent filling of the root canals:
A — sagittal section; B — coronal section; C — axial section

Puc. 2. Pesynbtat nedenus. KJIKT 3yba 2.6 cpasy nocie NoCTOAHHOro NoMO1poBaHUA KOPHEBLIX KAHAMNOB:
A — carntTalbHbI Cpesd; B — KOpoHabHbI cped; C — akcuasbHbI cpe3
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Korea) demonstrates good biocompatibility and biolo-
gical activity, it must be noted that this treatment pro-
tocol requires a prolonged therapy period with multiple
clinical visits to monitor the tooth condition and assess
outcomes. This increases patient inconvenience and
raises the overall time and financial costs of treatment.

Based on the treatment outcomes, it can be as-
sumed that the success of “Metapaste” (Meta Biomed,
South Korea) largely depends on the initial condition of
the periapical tissues: the less pronounced the inflam-
matory changes, the higher the likelihood of successful
dentin bridge formation. The need for repeated visits is
often dictated by the complexity of the clinical situation,
highlighting the importance of thorough diagnostics
prior to treatment initiation.

Therefore, a personalized approach must be adop-
ted, taking into account the individual characteristics
of the patient and the extent of tooth damage. Careful
diagnosis and evaluation of the periapical tissues are
key factors for selecting the optimal treatment strategy.
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Regular clinical monitoring during and after treatment
allows for early detection of possible complications and
timely adjustment of the therapy plan.

It is also essential to inform patients about the treat-
ment process, potential risks, and the need for repea-
ted visits, as this increases their awareness and fosters
trust in the treatment process.

RESULTS

The reduction in the size of the periapical radiolu-
cencies indicates the success of the chosen treatment
strategy. Follow-up CBCT images in the coronal plane
(Fig. 1-3) clearly illustrate this process: initially, the size
of the periapical lesion at the palatal and distobuccal
roots measured 6.08 mm and 7.23 mm, respectively.
After 1.5 years of treatment, permanent root canal ob-
turation was performed.

A follow-up CBCT scan taken 3 months later showed
near-complete resolution of the periapical lesion at the
palatal root, while the size of the lesion at the distobuccal

Fig. 3. Dynamic observation after 3 months. CBKT of the tooth 2.6:
A, B — sagittal section; C — coronal section; D — axial section

Puc. 3. JuHamunyeckoe HabnogeHne cnycta 3 mecsaua. KJIKT 3yba 2.6:
A, B — carnttanbHbiii cpesd; C — KOpOHasbHbIl cped; D — akcuasbHbIl cpes
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root had decreased to 4.39 mm. Continued monitoring
with control radiographs at 6 and 12 months was recom-
mended to assess the periodontal condition.

Contact with the patient has been maintained, and

the patient has reported no complaints. However, the
patient has not attended the scheduled radiographic
examinations for further assessment of the treatment
outcome of the periodontitis.
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Abstract

INTRODUCTION. The fibrous form of hyperplastic gingivitis is a complex condition characterized by chronic
inflammation of the gingivaaccompanied by fibrotic tissue transformation. Conservative treatmentapproaches
are often insufficient, and surgical intervention is required to restore both esthetics and function.

AIM. To evaluate the effectiveness of a stepwise treatment approach for the fibrous form of hyperplastic
gingivitis in a patient with a long-standing disease history and inadequate personal oral hygiene.

MATERIALS AND METHODS. A clinical case study was conducted involving a 30-year-old patient diagnosed
with a moderate form of fibrous hyperplastic gingivitis. Treatment was carried out in sequential phases,
including etiological therapy aimed at reducing inflammation through professional oral hygiene procedures,
patient education, and motivation. The surgical phase involved gingivectomy and reshaping of the gingival
contour on both jaws. The supportive phase included regular follow-up visits, repeated professional hygiene
sessions, and instruction in the use of an oral irrigator, interdental brushes, and dental floss.

RESULTS. Following the conservative phase, a reduction in inflammatory symptoms was observed, although
significant gingival hypertrophy persisted. Surgical intervention led to a stable esthetic outcome in the maxilla
and partial stabilization in the mandible. At the 11-month follow-up, a recurrence of inflammation was noted in
the mandibular anterior region, particularly in areas challenging to clean, underscoring the need for consistent
oral hygiene habits.

CONCLUSIONS. Surgical correction of fibrotically altered gingiva is essential to achieving stable clinical
results, as conservative treatment alone is typically ineffective in such cases. The success of therapy is directly
dependent on the patient’s adherence to oral hygiene instructions and commitment to routine professional
maintenance. Periodontal patients, even in remission, require systematic monitoring at intervals of no more
than three months to maintain treatment outcomes and prevent recurrence.
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BBEOEHUE. ®unbposHas dopma runepniactTMyeckoro ruHrmBuTa npeacrtasnseT coboin cnoxHoe 3abone-
BaHWE, XapakTepPU3YIOLLLEECS XPOHUYECKNUM BOCMNaNEHNEM AECHbI C GUOPO3HOIM TpaHCchopMaumen TKaHEN.
KoHcepBaTuBHbIE NOAX0OAbI K IEHEHUIO 0Ka3bIBAIOTCA ManoddPeKTUBHBIMU, N AN BOCCTAHOBIEHNS 3CTETU-
K1 1 QyHKUMY TpebyeTcs XMpypruyeckoe BMeLLaTenbCTBO.
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MATEPWAJIbl U METOLbI. MpoBeaeHo knuHuyeckoe HabnoaeHne 3a 30-neTHMM nauneHToM ¢ Grubpo3Hoin
dOopMON rMnepniacTU4ECKOro MMHruBmnTa CPEeAHEN CTENEHU TAXECTU. JleyeHmne oCyLLECTBSIOCh NO3TANHO
1 BKJIIOHAN0 3TUOTPOMHYIO TEPANMIO, HANPaBJIEHHYIO HA YCTPaHeHne BoCcnaneHns 3a CHET NPodeCCUoHasbLHON
rTMrMEHbl MONIOCTY PTa, 00YYEHNS U MOTUBaLMM NALMEHTA K MPaBUIbHOWN TMIMEHE; XMPYPIrMYEeCKniA 3Tan, B pam-
Kax KOTOpOro Obia NPoBeAEHa MMHIMMBIKTOMUS 1 KOPPEKLMS ECHEBOMO KOHTYPA Ha 06enx YeMtoCTsaX; a Takxke
NOAAEPXKNBAIOLLYIO TEPANMIO, BKOHAIOLLYIO PEryaspHble KOHTPOJIbHbIE OCMOTPbLI, MOBTOPHYIO Npodeccuo-
HaNbHYIO TMrMeHy 1 obyyeHne naumeHTa NCNoib30BAHMIO MPPUraTopa, MOHOMYYKOBOW LLETKN 1 pnocca.
PE3YJIbTATbI. Nocne koHcepBaTMBHOIO aTana Habnoaanocb CHUXEHNEe BOCNannuTeNbHbIX NPOABNEHUNM, 04-
HaKO BblpaXeHHasi rmnepTpodus coxpaHsanack. XMpypruyeckoe fieyeHne no3soamno AoCTudb CTabunbHOro
3CTETUYECKOro pesynbTaTa Ha BEPXHEN YenioCTh 1 4YaCcTUYHOM cTabunnsaumm Ha HUXHeln. Yepes 11 mecsues
Habnwpancsa peumans BOCNANEHMS HA HUXHEN YeNIOCTU B 30HaX TPYAHOW MMrneHsbl, YTo yka3blBaeT Ha HEOb-
X0OMMOCTb GOPMUPOBAHUS YCTOMUYNBBIX TUTMEHNYECKNX HABbLIKOB.

BbIBObl. Xupypruyeckas koppekumsa Gnbpo3HO M3MEHEHHON AECHbI IBASIETCS HEOOXOANMbIM YCIOBMEM
ONS AOCTUXEHNS CTabUNBLHOIO KIMHUYECKOro adpdeKkTa, NOCKOSIbKY KOHCEPBATMBHOE JIEYEHNE B TAKUX CIly-
Yasgx HeJOCTaTO4YHO 3D EKTMBHO. YCNELWHOCTb Tepanmm HanpsamMyo 3aBUCUT OT MPUBEPXEHHOCTN NauneHTa
K COOMIOAEHUIO TUTMEHUYECKUX peKoMeHaaunn 1u perynspHoin npodeccrnoHanbHOn rurmeHe. NapoaoHTo-
JIornyeckme naumeHTbl, JaXe HaXOASCb B COCTOSIHUN peMnccum, TpebytoT CUCTeEMATMYECKOro HabntoaeHns
C NHTEPBAJIOM HE pexe 04HOro pasa B TPy Mecsaua Ans nogaepXaHns OCTUNHYThIX PE3YbTaToB 1 Npodu-
NakTUKn peuvgmea.

Knwouesblie cnoBa: neveHne 1 npodunakTuka rmnepnaacTmieckoro rmHrmsmuTa

UHdopmauuna o ctaTbe: noctynuna — 27.02. 2025; ncnpasnera — 02.05.2025; npunara — 13.05.2025
KoH$AUKT nHTepecoB: aBTOPbI COOOLLAIOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.

BnaropgapHocTu: GUHAHCUPOBAHWE U MHANBUOYaANbHbIE 6N1arofapHOCTY AN OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana uutuposaHua: BopoHuH MN.A., Mputbiko A.T., Kagdakosa A.E., BopoHuH B.A., Hukonbckasa N.A. KnuHnye-
CKUI Cnyyai: onbIT IEYEHNS TMNEePNIacTUYeCKOro rmHrBnTa y naumMeHTa ¢ HeyaOBNeTBOPUTENBHONM rurme-

HOW nonocTu pta. SHaogoHTus Today. 2025;23(2):289-295. https://doi.org/10.36377/ET-0088

INTRODUCTION

Management of the Fibrous Form of Hyperplastic
Gingivitis: Therapeutic Challenges and a Structured
Clinical Approach. The treatment of the fibrous form
of hyperplastic gingivitis is associated with a number
of challenges, particularly at the stage of choosing an
appropriate therapeutic strategy. A conservative ap-
proach, often supported by physiotherapy, is commonly
selected; however, it is typically insufficient for the com-
plete correction of gingival tissues altered by fibrotic
transformation.

It is important to understand that the clinical course
of hyperplastic gingivitis resembles a vicious cycle. The
etiological factor — be it the irritative effect of microbial
plaque, the use of systemic medications, autoimmune
conditions, endocrine imbalances, or other systemic
disorders — exerts a prolonged influence on the gin-
giva, leading to inflammation and, in predisposed in-
dividuals, reactive tissue proliferation. The overgrown
gingival papillae hinder proper oral hygiene, cause
pain, and bleed during tooth brushing. These areas ac-
cumulate soft dental plaque, further aggravating gin-
gival inflammation. Pseudopockets harbor subgingival
calculus, making personal hygiene even more difficult
and thereby accelerating disease progression.

In most cases, hyperplastic gingivitis presents in an
edematous form. However, in a subset of patients, and
particularly in the absence of adequate treatment, the
chronically inflamed gingiva undergoes fibrotic trans-
formation, pathogenetically comparable to scar forma-
tion. This condition is referred to as the fibrous form of
hyperplastic gingivitis.

When the edematous form is diagnosed, manage-
ment is typically limited to addressing the underlying
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cause: removal of supra- and subgingival deposits,
correction of overhanging restoration margins, modi-
fication of systemic therapy in cases of comorbidities,
treatment of underlying conditions, hormonal balance
correction, and improvement of the patient’s indi-
vidual oral hygiene practices. If the etiological factor
is eliminated and proper oral hygiene is maintained,
the edematous gingival papillae usually return to their
original shape and size.

In contrast, treatment of the fibrous form of hyper-
plastic gingivitis requires a more radical approach.
Gingival tissues that have undergone fibrotic trans-
formation become denser and less vascularized. His-
tologically, signs of active inflammation are limited
to the peripheral gingiva, where it directly contacts
the irritating biofilm. Restoration of the gingiva to its
original histological structure is impossible — just as
a skin scar cannot be replaced by regenerated epi-
thelium. Full aesthetic and functional correction of
the gingival contour is only achievable through surgi-
cal intervention.

MATERIALS AND METHODS

Herbert Wolf proposed a four-phase model for the
treatment of periodontal inflammatory diseases:

— phase 0: Emergency care and systemic prepa-
ration;

— phase I: Initial, etiological, non-surgical treatment;

— phase Il: Surgical intervention;

— phase lll: Supportive therapy, follow-up examina-
tions, and adjunctive treatments.

This concept offers a comprehensive, rational, step-
wise, and logically sequenced framework for the ma-
nagement of all forms of periodontal inflammation.
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When applied to the context of fibrous hyperplastic
gingivitis, this model yields the following treatment al-
gorithm:

1. Phase 0 — Systemic Preparation: In most cases,
emergency care and systemic preparation are not re-
quired, except for patients on anticoagulant therapy,
which must be temporarily discontinued before sur-
gery. Systemic medication adjustments and treat-
ment of general health conditions are performed as
needed.

2. Phase | — Etiological (Non-Surgical) Treatment:
Patient education in personal oral hygiene and moti-
vational reinforcement. Etiologic measures include re-
moval of supra- and subgingival deposits and reduction
of microbial load in the oral cavity. The goal is to elimi-
nate the inflammatory component of the disease.

3. Phase Il - Surgical Treatment: Surgical excision of
gingival overgrowth and reshaping of the gingival con-
tour. The objective is to establish conditions that allow
for proper personal oral hygiene and to restore an aes-
thetically acceptable gingival architecture.

4. Phase lll — Supportive Therapy: Includes physi-
otherapy and, when indicated, adjunctive orthodontic
or prosthetic treatment. Regular professional examina-
tions and hygiene procedures are essential for main-
taining long-term results.

Let us illustrate this therapeutic approach using
a clinical case of a patient with moderate fibrous hyper-
plastic gingivitis.

Clinical Case. A 30-year-old male patient presented
for the first time with complaints of halitosis, gingival
pain, and bleeding during toothbrushing. According to
the patient, these symptoms had been present for more
than 10 years, with a recent exacerbation occurring ap-
proximately one month prior to presentation. He associ-
ated the worsening condition with inadequate oral hy-
giene. He denied any systemic diseases but suspected
possible insulin resistance. The patient was not taking
any medications regularly.

Clinical Examination: All 32 teeth were present. Cari-
ous lesions involving the occlusal and vestibular surfac-
es of teeth 3.6, 3.7, 4.6, 1.8, 2.8, and 3.8 were observed.
Panoramic radiograph revealed a periodontal pocket in
the region of tooth 4.8, which was mesially tilted.

Teeth 1.3-2.3 and 3.3-4.3 presented with signifi-
cant soft and hard deposits. Supragingival calculus
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covered up to two-thirds of the crowns on both the
vestibular and oral surfaces, with massive subgingival
calculus deposits. The marginal gingiva in these areas
appeared markedly erythematous and edematous, and
bled on palpation. The gingival papillae were hyper-
trophic, pale pink in color, and fibrous in consistency;
their margins were inflamed and swollen, covering up to
half the height of the clinical crowns. Due to extensive
subgingival deposits, probing of the gingival sulcus
was not feasible. Radiographic examination revealed
preserved cortical bone and no changes in bone struc-
ture in the regions of teeth 1.3-2.3 and 3.3-4.3 (Fig. 1).

Treatment: under infiltration anesthesia, soft dental
plague was removed using a rotary brush and Super
Polish paste. Supragingival and subgingival calculus
was eliminated using manual instruments (excavator
and Gracey curettes) with continuous irrigation using
0.2% chlorhexidine digluconate solution.

Metrogyl Denta gel was applied into the gingival sulci.

The patient received instruction in individual oral
hygiene techniques, including the use of a regular and
a single-tuft toothbrush, as well as dental floss. Motiva-
tional counseling was provided, along with supervised
toothbrushing.

Recommendations: use of a soft-bristled tooth-
brush and a single-tuft toothbrush, as well as dental
floss. Toothpaste: Parodontax. Gingival irrigation with
Miramistin solution and application of Metrogyl Denta
gel three times daily after toothbrushing for a duration
of two weeks. Follow-up (2 Weeks Post-Treatment): The
patient reports significant improvement, including the
absence of halitosis and a marked reduction in gingival
pain and bleeding during toothbrushing (Fig. 2).

Objective Findings: in the region of teeth 1.3-2.3 and
3.3-4.3, the gingiva appeared pale pink with isolated
areas of marginal erythema near the cervical regions of
teeth 2.1, 3.1, and 4.1. Bleeding upon probing was noted
within the gingival sulcus. Gingival papillae remained
hypertrophic, of dense fibrous consistency, covering up
to one-third of the clinical crowns. Following the resolu-
tion of edema and reduction in papillary overgrowth, re-
sidual subgingival calculus not removed during the pre-
vious visit became visible. Periodontal probing revealed
intact dentogingival attachment in the cervical areas.
However, due to gingival overgrowth, pseudopockets
up to 3 mm in depth were present.
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Fig. 1. Preliminary Diagnosis: Chronic hyperplastic gingivitis (fibrous form) in the region of teeth 1.3-2.3 and 3.3-4.3

Puc. 1. MNpensapuTenbHblii AnarH03: XpoHUYecknii runepnnacTuieckuin rmHrneuT (GubposHasn dpopma)

B obnactm 3y6oB 1.3-2.3 1 3.3-4.3
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Treatment: under topical anesthesia, remaining sub-
gingival deposits were removed. Teeth were cleaned
using air-abrasive therapy (PerioFlow), followed by po-
lishing with rotary brushes, polishing cups, and Clean-
Polish paste. Remineralization therapy was performed
using APF gel.

A supervised toothbrushing session was conducted.
The patient’s skills in using the single-tuft toothbrush
and dental floss were assessed, and additional instruc-
tion was provided for using an oral irrigator. Motivational
counseling was reinforced. Further oral hygiene recom-
mendations were given (Fig. 3).

Follow-up over the next two months: the patient
attended two scheduled maintenance visits and de-
monstrated consistent compliance and motivation. Oral
hygiene was maintained at a good to satisfactory level.
However, in hard-to-reach areas, soft plaque continued
to accumulate within pseudopockets beneath hyper-
trophic gingival papillae — sites the patient was unable
to clean effectively on his own.

As a result, a decision was made to perform gingi-
vectomy in both the maxillary and mandibular arches to
facilitate personal oral hygiene and improve aesthetic
outcomes.

Surgical intervention (2 months later): a gingivec-
tomy was performed in the mandibular anterior region
(teeth 3.3-4.3). The width of the attached keratinized
gingiva was assessed and deemed sufficient to allow
for the procedure. Under infiltration anesthesia, the
planned gingival contour was outlined using a perio-
dontal probe and a gingival marker. Due to the shallow
depth of the gingival sulcus, a Crane-Kaplan forceps
could not be used for marking.

Excision of the overgrown gingival papillae and
contouring of the new gingival margin were performed
using a scalpel, followed by laser coagulation. A perio-
dontal dressing (Septopac) was applied and leftin place
for up to four days (Fig. 4).

Post-operative recommendations: soft diet, and
gentle toothbrushing in the treated area using a soft-
bristled toothbrush.

Removal of periodontal dressing: upon removal of
the periodontal dressing, fibrin deposits were observed
in the surgical area.

Recommendations: continue a soft diet; perform
gentle yet thorough toothbrushing in the treated area
using a soft-bristled toothbrush and a single-tuft brush.
Use 0.05% chlorhexidine mouth rinses three times daily
after brushing for up to 7 days. Once the white fibrin
coating resolves, apply sea buckthorn oil to the affected
area to promote healing, for up to 7 days (Fig. 5).

Surgical intervention — maxillary arch: a gingivecto-
my was performed in the maxillary anterior region (teeth
1.3-3.3), and laser contouring of the gingival margin
was carried out in the mandibular anterior region. A pe-
riodontal dressing was applied for up to 4 days. Dres-
sing removal and postoperative care were identical to
those prescribed for the mandibular region (Fig. 6).

Follow-up over the next three months: during the fol-
lowing three months, the patient consistently attended
preventive check-ups and underwent caries treatment.
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He demonstrated good oral hygiene and proper tech-
nique in the use of a single-tuft toothbrush, dental floss,
and an oral irrigator. Mucosal healing following the sur-
gical intervention was uneventful, and the outcome was
deemed stable. A follow-up examination was scheduled
for six months later.

Follow-up at 11 months: the patient presented with
complaints of yellow plague on the mandibular incisors
that could not be removed with a toothbrush. Accor-
ding to the patient, he had been regularly consuming
cheese-coated peanuts over the past month.

Clinical findings:

1. Teeth 2.1, 2.2, and 2.3 exhibited minor amounts of
soft plaque in the cervical area.

2. The gingival contour in the maxillary anterior re-
gion (1.3-2.3) remained consistent with the surgical
outcome achieved in April.

3. Papillary and marginal gingiva in the region of
teeth 2.1-2.3 were erythematous and bled upon probing.

4. In the mandibular anterior region (3.3-4.2), yellow
plaque was observed on the vestibular surfaces, which
could not be removed with a probe.

5.0n the oral and interproximal surfaces of

teeth 3.3-4.3, small amounts of calculus were present.
6. Gingival papillae in this area were enlarged com-
pared to the post-surgical baseline, extending up to one-
third of the crown height, with marked erythema, edema,
bleeding upon probing, and a soft consistency (Fig. 7).

Fig. 2. Follow-Up visit after recommendations

Puc. 2. Nocneayouwmnii BU3NT Nocse BblMONHEHUSs
pekomMeHaauumn

Fig. 3. Follow-Up visitin 2 months
Puc. 3. KOHTpObHLIV BU3NT Yepes 2 Mecsua
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Fig. 4. A periodontal dressing (Septopac)
Puc. 4. NapoaoHTanbHasa noesaska (Septopac)
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Fig. 5. Removal of periodontal dressing
Puc. 5. YoaneHne napogoHTanbHOM NOBA3KN

Fig. 6. Surgical intervention

Puc. 6. Xvpypruyeckoe BMeLIaTe/IbCTBO

Fig. 7. Follow-up at 11 months, panoramic xray
Puc. 7. HabnoaeHue 4yepes 11 mecsiLeB, NaHOPaAMHbI PEHTTeHOBCKUIA CHUMOK

Treatment: a professional dental cleaning was per-
formed, including removal of hard deposits using an
ultrasonic scaler and elimination of soft plaque using
air-abrasive technology (NSK Classic). Polishing was
carried out with a rotary brush and polishing cup using
SuperPolish and CleanPolish pastes. Remineralization
therapy was conducted using APF gel.

The patient’s oral hygiene technique was reviewed
and corrected. Additional motivation and oral hygiene
instructions were provided. A follow-up visit was sched-
uled for one month later for preventive examination and
caries treatment.

CONCLUSION
1. The treatment of hyperplastic gingivitis in the
maxillary arch can be considered relatively successful

in the long term. The newly formed gingival contour re-
mains stable, and the patient is able to maintain accep-
table oral hygiene in the maxillary region.

2. The treatment of hyperplastic gingivitis in the
mandibular arch should be considered incomplete un-
til proper oral hygiene habits are fully established. The
clinical outcome can only be maintained under condi-
tions of optimal hygiene.

3. Preventive examinations and professional main-
tenance for periodontally compromised patients should
be conducted at intervals no greater than every three
months over an extended period, even in cases of ge-
neralized gingivitis without complications. The author
recommends that patients in periodontal remission be
recalled for supportive periodontal care no less fre-
quently than every three months.
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Abstract

INTRODUCTION. Epidermolysis bullosa (EB) is a rare, inherited disorder characterized by mucocutaneous
fragility, leading to blistering and ulceration following minimal trauma. Among its major subtypes, EB simplex
(EBS) is the most common, typically presenting with milder clinical manifestations.

AIM. This case series aims to document the clinical and radiographic findings of five siblings diagnosed with EBS,
emphasizing the role of dental professionals in diagnosis, management, and improving patient quality of life.
MATERIALS AND METHODS. Five siblings with no prior EB diagnosis underwent clinical, radiographic, and genetic
assessments. Intraoral and extraoral examinations were conducted to evaluate mucosal involvement, dental ano-
malies, and associated systemic manifestations. Genetic analysis confirmed EBS Type 2 (KRT5 mutation) in all cases.
RESULTS. None of the cases exhibited significant oral mucosal bullae or erosions. However, hyperkeratotic
lesions, nail dystrophy, and perioral bullous formations were observed in all patients. Two siblings presented
with bilateral sensorineural hearing loss. Panoramic radiographs revealed missing teeth, likely due to caries-
related extractions, highlighting challenges in oral hygiene maintenance. Dental management focused on
atraumatic treatment approaches, preventive care, and dietary counseling.

CONCLUSIONS. Dentists play a crucial role in the early detection and multidisciplinary management of EB.
Comprehensive oral assessments can aid in subtype identification and guide tailored treatment strategies.
Patient education, preventive measures, and regular follow-ups are essential to improving long-term oral
health outcomes and overall quality of life for individuals with EB.
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Pe3lomMe

BBELOEHWE. bynnesHbih annaepmonns (b3) — peakoe HacnencTBeHHOe 3aboneBaHme, XxapakTepuayloweecs
MOBBbILLEHHOKN XPYMNKOCTbIO KOXU 1 CAIN3UCTLIX 000/104€eK, YTO NPUBOAUT K 06pa3oBaHMio Ny3blpei 1 3B Npu My-
HUManbHOM TpaBmaTudaumn. Cpean OCHOBHbLIX NMOATUMNOB Hanbosiee pacnpPoCTPaHEHHbIM SBNSAETCS MPOCTOWN
OynnesHbii anngepmonuns (MNB3), KoTopskil, Kak NPaBUIo, MPOSBASETCS B O0N1ee NErkoi KNnHMYeCcKom popme.
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LIEJIb. HacTosiwas cepusi KNnHMyeckmnx HabnoaeHnn HanpaeneHa Ha ONnMcaHne KJIMHUYECKUX U PEHTIEHO0-
rMYEeCKNX 0COBEHHOCTEN Y NATY POAHbLIX BpaTbeB N CecTep ¢ amarHo3om MNbB3, ¢ akLLEHTOM Ha POJib CTOMATO-
fiora B guarHoCcTuke, KOMMIeKCHOM BeAEHUN 1 YyYLLEeHUN Ka4ecTBa XMN3HN TakmMx NauMeHToB.

MATEPWAJIbl 1 METOZbI. MNatepo poaHbix 6paTtbeB 1 cecTep, paHee He 06cneaoBaHHbIX Ha Hannuyve b3,
NPOLAN KJIMHUYECKOE, PEHTIEHONIOINMYECKOE U FrEHETUYECKOE 0b6cneaoBaHne. BHYTPUPOTOBOM 1 BHENEPO-
TOBOW OCMOTPbI MPOBOAUMCH C LESbI0 OLLEHKM MOPaXXeHUs CAU3UCTOM 000/104KN, HANMYUSA 3yO04ETIOCTHbIX
aHOMasINin U CUCTEMHBIX NPOsIBNEeHMn 3aboneBaHuns. [eHeTu4Yeckoe nccrnenoBaHue BbiSBuio Hanmdue MNbB3 Il
Tuna (mytauma reHa KRTS) y BCcex naLneHToB.

PE3Y/NBTATbBI. Hn'y oaHoro na o6cnenoBaHHbIX HE ObIN0 BbISBIEHO 3HAYMMbIX OYN1€3HbIX UM 3P03MBHbIX MO-
paxxeHuin cnnancToi 060504kM nosocTn pta. OgHako y Bcex naunmeHToB Habngannce runepkepaTtoTnieckmne
nopaxeHus, guctpodus HorTen n GynnesHole 06pasoBaHnsa B nepuopanbHoi obnactu. Y AByX nNauneHToB
LAnarHocTupoBaHa ABYCTOPOHHAS HEeMPOCEHCOPHasi TYroyxoCTb. [TaHOpaMHble pPeHTreHorpamMmbl BbIABUN
OTCYTCTBME OTAENbHbIX 3yO0B, NPeAnonoXnTebHO BCNeACTBME yaaneHus no npuyYmMHe kapmeca, 4To nogvyep-
KNUBAET CJIOXKHOCTU B NoAAep>XXaHnM rmrmeHbl nonoctu pta. CtoMmaTonornyeckoe nevyeHme 6bis10 HanpaBneHo
Ha aTpaBMaTU4YHbIN NoAXon, NpodunakTUieckne Mepbl U KOHCYNLTUPOBAHNE NO NUTAHUIO.

BbIBOAbl. CTomaTonorv urpaioT KJOYEBYKO POJib B PAHHEM BbISIBIEHUM Y MEXAUCLUUMINHAPHOM BeAEHUN
nauneHToB ¢ Oynne3HbIM anuaepmonm3om. KoMnnekcHas OLEeHKa COCTOSIHMS MOJSIOCTM pTa cnocobCcTByeT
YTOYHEHMIO noaTuna 3aboneBaHuns 1 BeiIOOPY UHANBUAYANM3UPOBAHHON cTpaTerum nedeHus. ObpasoBaHue
naumeHToB, NpodunakTMieckme Mepbl U PerynspHble 0OCMOTPbI HEOOXOANMbI ANS YAYYULLIEHUS OOATOCPOUHbIX
CTOMATOJIOMMYECKMX N OOLLNX KITMHUYECKNX NCXOA0B Y NaumeHToB ¢ b3.

KnioueBblie cnoBa: Oy/ie3HbI aNnMAepPMonun3, NpocTor GynnesHblii aNMaepMonns, 340P0OBbe MOJIOCTN PTa,
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KoH$AUKT nHTepecoB: aBTOpPbl cO06LLAI0T 06 OTCYTCTBUN KOHPNMKTA UHTEPECOB.

bnarogapHocTu: q)VIHaHCVIpOBaHI/Ie nmnHonemnayalibHble 6J'Iar0ﬂ,apHOCTVI Oona neknapupoBaHUda OTCYTCTBYIOT.

Ana uutuposanuma: lonbceH 3., Capumbingpid 1.0., NonsceH U.T., Maxapunun [.A., Asy3 U., Kannea M., Asy3 K.
KnuHnyeckoe BegeHne NauneHToB ¢ Oynne3HbiM SNUAEPMOIM30M: CEPUS KJIMHUYECKUX HAbNoAEeHWI Yy NSTY
poaHbIx 6paTbeB U cecTep. HZoaoHTMS Today. 2025;23(2):296-303. https://doi.org/10.36377/ET-0101

INTRODUCTION

Epidermolysis bullosa (EB) is a rare group of mu-
cocutaneous disorders characterized by localized or
generalized blister formation on the skin and mucosa
following minor trauma, often leading to scarring [1; 2].
The estimated prevalence of EB ranges from 8 to
19 cases per million individuals [3; 4]. Currently, there is
no definitive cure for EB [1]. The condition arises due to
mutations in genes encoding proteins in the epidermis
or basement membrane, with genetic analysis playing
a crucial role in diagnosis [5].

EB is classified into four major types, each with mul-
tiple subtypes: epidermolysis bullosa simplex (EBS),
junctional epidermolysis bullosa (JEB), dystrophic epi-
dermolysis bullosa (DEB), and Kindler syndrome [6; 7].
More than 30 subtypes have been identified, with epi-
demiological studies reporting that 92% of cases are
EBS, 5% DEB, 1% JEB, and 2% non-classifiable [3].

EBS is predominantly inherited in an autosomal
dominant manner, although some subtypes exhibit au-
tosomal recessive inheritance. The most frequently im-
plicated genes include keratin 5 and keratin 14, which
encode essential cytoskeletal proteins [1]. EBS is fur-
ther divided into two major categories—suprabasal and
basal-with at least 12 subtypes. The incidence of EBS
is estimated to be between 6 and 30 cases per million
births [4; 8].

Clinically, EBS lesions typically manifest at birth or
during early childhood. These lesions predominantly
present as blisters (bullae) and erosions, with milia for-
mation observed in certain subtypes. Unlike other EB
types, EBS lesions heal with hyperpigmentation rather
than scarring, and nail dystrophy is commonly ob-

served [8]. Histopathologically, intraepithelial separa-
tion is a hallmark feature unique to EBS, whereas other
EB subtypes exhibit subepithelial separation. No granu-
lation tissue formation is observed in EBS, and the prog-
nosis is generally favorable. While oral mucosal lesions
are uncommon in most EBS subtypes, one specific
subtype has been associated with a higher prevalence
of oral involvement. Additionally, no enamel hypoplasia
has been reported, and the dental caries risk remains
within the normal range [1].

JEB follows an autosomal recessive inheritance pat-
tern and is characterized by extensive blistering of the
skin and mucosa at birth. The condition frequently affects
nails (dystrophic or absent) and teeth, with common den-
tal anomalies including anodontia, enamel hypoplasia,
neonatal teeth, and increased susceptibility to dental
caries. Granulation tissue and oral erosions are often ob-
served, particularly around the mouth, and thimble-like
pitting may affect either all or select teeth [9].

DEB may be inherited in either an autosomal domi-
nant or autosomal recessive manner. Across nearly all
subtypes, blisters, milia, atrophic scars, and nail dys-
trophy or loss are characteristic findings. The prognosis
varies, with some recessive DEB subtypes associated
with severe morbidity and mortality due to squamous
cell carcinoma [9]. Oral mucosal lesions and gastro-
intestinal involvement are frequently observed in DEB,
leading to microstomia and ankyloglossia due to fibro-
sis resulting from repeated trauma [10].

Kindler syndrome follows an autosomal recessive
inheritance pattern and presents distinct clinical and
histological features that differentiate it from other EB
types. These include multilevel skin cleavage, photo-
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sensitivity, and progressive poikiloderma [9]. Many EB
subtypes exhibit multisystem involvement, contributing
to significant morbidity and mortality in some cases.
Systemic complications associated with EB include
malnutrition, growth retardation, delayed puberty, ane-
mia, infections, osteopenia/osteoporosis, oral mucosal
and ocular complications, nail dystrophy, gastrointes-
tinal and genitourinary involvement, upper respiratory
complications, musculoskeletal deformities, cardio-
myopathy, squamous cell carcinoma, malignant mela-
noma, temporomandibular joint disorders, airway com-
promise, and dysphagia [4; 9].

AIM

This case series presents five genetically related
siblings diagnosed with epidermolysis bullosa, empha-
sizing the diagnostic role of dental professionals and
the clinical and radiographic findings observed during
their assessments. Documenting these cases aims to
increase awareness among dental and medical practi-
tioners and contribute to the management strategies of
similar cases in future practice.

CASE REPORT

All five patients are siblings and had not received
a prior diagnosis of Epidermolysis Bullosa (EB) at any
medical institution. Upon referral, genetic analysis was
performed at the Dicle University Faculty of Medicine,
Department of Genetics, which confirmed a diagnosis
of Epidermolysis Bullosa Simplex Type 2 (KRT5 muta-
tion). It was also noted that the parents are third-degree
relatives.

Case 1. The first patient is a 1.5-year-old male, the
youngest of five siblings. No pathological oral findings
were observed upon clinical examination and anamne-
sis. Extraorally, the patient presented with hyperkera-
totic lesions on the elbows, knees, and soles. Addition-
ally, bullous lesions around the lips had developed with-
in the last few months (Fig. 1).

Case 2. The 6-year-old girl, the fourth of the five
siblings, presented with cutaneous, oral, and auditory

KnuHnyeckue cnyyam / Clinical cases

manifestations. Clinical and radiological examinations
were performed after applying dermal moisturizers for
the lesions in the perioral region. No oral pathological
findings were observed during the examination.

The frontal craniofacial examination showed perioral
erosions and scarring (Fig. 2, A), while a lateral view re-
vealed a cochlear implant, confirming bilateral sensory
hearing loss (Fig. 2, B). The hand examination displayed
scarring, nail dystrophy, and previous blistering sites
(Fig. 2, C). The foot exhibited hyperkeratotic lesions,
consistent with friction-induced blistering (Fig. 2, D).
Bullous lesions around the lips were evident, correlating
with recurrent perioral blistering (Fig. 2, E).

No visible oral mucosal abnormalities were noted,
although mild enamel defects were observed (Fig. 2, F).
Panoramic radiography revealed the congenital absence
of tooth numbered 35 and tooth numbered 45 (Fig. 2, G).

In accordance with the principles of atraumatic treat-
ment, extraction of tooth numbered 84 was planned,
while restorative treatment was provided for tooth num-
bered 85.

The absence of teeth numbered 35 and 45 in Case 2
and Case 3 is a significant finding. It is likely that these
teeth were extracted due to severe dental caries, which
may have been exacerbated by a soft food diet and poor
oral hygiene.

Case 3. The 10-year-old male patient, the third of
five siblings, underwent clinical and radiological exami-
nations following the application of dermal moisturizers
for lesions in the perioral region. No oral pathological
findings were observed during the examination.

The frontal craniofacial examination revealed perio-
ral erosions and scarring (Fig. 3, A), while a lateral view
showed a hearing aid, confirming bilateral sensory hear-
ing loss (Fig. 3, B). Intraoral examination demonstrat-
ed dental plague accumulation and enamel defects,
though no active ulcerations were noted (Fig. 3, C). The
hand examination revealed scarring and nail dystrophy,
indicative of previous blistering episodes (Fig. 3, D). The
foot exhibited hyperkeratotic lesions, consistent with
recurrent friction-induced blistering (Fig. 3, E).

C

Fig. 1. Case 1: A — perioral region of showing bullous lesions; B — plantar surface with hyperkeratotic lesions;

C - knee region with hyperkeratotic and bullous lesions

Puc. 1. NaumneHT 1: A — nepropansHas 06nacTb ¢ 6yNIE3HBIMU MOPAXEHUAMU; B — NOAO0LWBEHHAsA NMOBEPXHOCTb
C runepkepaToTmyecknmMm nopaxeHmnsamu; C — o6nacTb KOneHa C rmnepkepaToTMyeckKnmMm n 6ynnesHeiMmn

nopaxeHnamm
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Panoramic radiography revealed the absence of
teeth numbered 35 and 45, which is a notable finding
(Fig. 3, F). The loss of these teeth was likely the result of
extensive dental caries, potentially aggravated by a soft
food diet and inadequate oral hygiene practices.

In accordance with the principles of atraumatic
treatment, restorative treatment was planned for teeth
numbered 54, 53, 63, and 64, while preventive fissure
sealing and fluoride application were performed for
teeth numbered 16, 26, 36, and 46.

Case 4. An 11-year-old male patient, the second of
five siblings, was admitted to our clinic due to dental
caries. He reported thermal sensitivity in his posterior
teeth to hot and cold stimuli, but denied experiencing
spontaneous or nocturnal pain.

Frontal craniofacial examination revealed perioral
erosions and scarring, characteristic of epidermolysis
bullosa-related lesions (Fig. 4, A). A lateral view dem-

E

KnuHnyeckue cnyyam / Clinical cases |

299

onstrated additional scarring along the cheek and jaw-
line (Fig. 4, B). Examination of the feet showed multiple
erosive lesions and hyperkeratotic plaques, consistent
with recurrent friction-induced blistering (Fig. 4, C).
The hand examination revealed scarring and dystroph-
ic changes on the fingers, suggesting prior blistering
episodes (Fig. 4, D).

Intraoral examination revealed dental plaque accu-
mulation and the presence of Nasmyth’s membrane,
particularly on the posterior teeth (Fig. 4, E). Panoramic
radiography, although of suboptimal quality, provided
an overview of the patient’s dentition and general oral
health status (Fig. 4, F).

In accordance with atraumatic treatment principles,
dermal moisturizers were applied to minimize lesion se-
verity in the perioral region. Restorative treatment was
subsequently performed to address the existing dental
caries, improving the patient’s oral health status.

Fig. 2. Case 2: A — frontal craniofacial image showing perioral erosions and scarring; B — lateral craniofacial
image with a cochlear implant; C — hand image displaying scarring and nail dystrophy; D — foot image showing
hyperkeratotic lesions; E — perioral image illustrating bullous lesions; F — intraoral image showing mild enamel
defects; G — panoramic radiograph demonstrating the absence of teeth numbered 35 and 45

Puc. 2. MNaumneHT 2: A — ppoHTanbHOE kpaHnodaumraabHoe N300paxeHne ¢ 3pPo3nIMn 1 pybL.eBaHNEM

B nepuopanbHoi obnacTtu; B — 6okoBoe kpaHnodaumanbHoe n3obpaxeHne ¢ KoxieapHbIM UMMIAHTOM;

C — nsobpaxeHune KMCcTu ¢ pyoLIOBbIMU M3MEHEHUAMU U ANCTPOodUen Horten; D — naobpaxxeHue CTonbl

C rmnepkepaToTUYecKUMU NopaxeHnsamm; E — naobpaxeHue neprnopanbHon 061acTy ¢ 6ynne3HbIMn
nopaxeHusmu; F — BHYyTPUPOTOBOE N3obpaxkeHune ¢ He3HauuTenbHbIMU aedektTamm amanu; G — naHopamHas
peHTreHorpaMmma, AeMOoHCcTpupytowasa otcyTcTemne 3y6os N2 35 1 N245
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Case 5. The patient is a 13-year-old female, the eld-
est of five siblings. Clinical and radiological examina-
tions were conducted following the application of der-
mal moisturizers to the perioral lesions. No pathological
findings were detected during the oral examination.

Extraoral examination revealed hyperkeratotic le-
sions on the elbows, knees, and soles, as well as bul-
lous formations around the lips (Fig. 5). The patient’s
dental treatment followed the principles of atraumatic
care. Additionally, oral hygiene was reinforced through
comprehensive oral hygiene education and dietary
counseling for caries prevention. The patient has been
enrolled in a long-term follow-up program.

KnuHnyeckue cnyyam / Clinical cases

DISCUSSION

Epidermolysis bullosa simplex (EBS) has been re-
ported as the most common subtype of EB, with no
gender predilection [3]. In contrast, Junctional EB

D

(JEB) and dystrophic EB (DEB) present with oral le-
sions larger than 1 cm, whereas EBS lesions are typi-
cally smaller than 1 cm [11]. Among the EB subtypes,
dental anomalies are most frequently associated with
JEB, while oral mucosal lesions are more commonly
observed in DEB. However, enamel hypoplasia and
oral mucosal lesions are rare in EBS [1], and no signifi-
cant bullae or erosions were noted in the oral mucosa
of our cases, which aligns with findings in the literature.

Two of the cases in this study presented bilateral
sensorineural hearing loss, which is consistent with
previously reported associations between EB and
auditory impairment [12; 13]. Additionally, the on-
set of skin lesions in our cases was reported around
1.5 years of age, which corresponds with the typi-
cal clinical course of EBS [8; 11]. Given that consan-
guineous marriage was reported in the family history,
genetic counseling should be strongly considered

Fig. 3. Case 3: A — frontal craniofacial image showing perioral erosions and scarring; B — lateral craniofacial
image displaying a hearing aid, indicative of bilateral sensory hearing loss; C — intraoral image showing enamel
defects and dental plaque accumulation; D — hand image displaying scarring and nail dystrophy; E — foot image
showing hyperkeratotic lesions suggestive of friction-induced blistering; F — panoramic radiograph demonstrating
the absence of teeth numbered 35 and 45, likely due to severe dental caries

Puc. 3. MNauneHT 3: A — ppoHTanbHoE KpaHnodaLmansHoe N300paxeHne ¢ 3po3nsaMn 1 pyoLLEBAHNEM

B nepuopanbHon obnacTtu; B — 6okoBoe kpaHnodaumanbHoe n3obpaxeHne ¢ ClIyxoBbiM annapaTom,
yKa3bIBaIOLLMM Ha ABYCTOPOHHIOIO CEHCOPHYIO TYroyXoCTb; C — BHYTPUPOTOBOE U306paxeHne ¢
nedekTamum amanu n HakoniaeHnem 3y6Horo HaneTa; D — n3obpaxeHne KNCTN ¢ pyOLIOBbIMU U3MEHEHUAMM
1 guctpodunen Hortemn; E — nsobpaxeHune CTomMbl C TMNepPKepaToTUYECKUMN MOPaXEHUIMN, yKa3bIBAIOLLUMU
Ha ny3bipeobpas3oBaHne BCNeACTBUE TPEHUS; F — MaHOPaMHasa peHTreHorpaMmmMa, 4EMOHCTPUpPYoLLas
otcyTcTBMe 3y60B N235 1 N245, npeAnonoXnTenbHO BCAeACTBNE BbIPAXEHHOIO KAPMO3HOIO MOpaXeHns
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in similar cases to assess hereditary risk and guide
family planning.

Accurate subclassification of EB is crucial and is
typically determined through family history, clinical fin-
dings, and laboratory investigations [1]. The role of the
dental professional in EB diagnosis and management is
essential, as intraoral examination can provide valuable
diagnostic clues. Given the fragility of the oral mucosa
in EB, dental treatment protocols should be adapted to
minimize trauma and prevent blister formation.

Dental management in EB should prioritize preserv-
ing oral health while minimizing mechanical trauma.
Preventive strategies should include topical fluoride
application, chlorhexidine rinses, and fluoride mouth-
washes, particularly in cases where soft tissue sensitiv-

D
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ity hinders conventional oral hygiene practices. A soft,
sugar-free diet should be encouraged to reduce me-
chanical irritation and caries risk. When dental treat-
ment is required, lubricating agents such as petroleum-
based gels or moisturizing creams should be applied to
the lips and oral mucosa to reduce friction and prevent
bullae formation [14].

To further mitigate complications, local anesthesia
should be administered slowly and deeply to avoid un-
necessary tissue trauma. In cases where bullae rupture
occurs, oral antiseptics and topical antibiotics should
be applied to reduce the risk of secondary infections.
Comprehensive dental procedures may necessitate
general anesthesia, particularly when extensive resto-
rative or surgical interventions are required [14].

Fig. 4. Case 4: A — frontal craniofacial image, showing perioral erosions and scarring; B — lateral craniofacial
image, displaying additional scarring along the cheek and jawline; C — foot image, highlighting multiple erosions
and hyperkeratotic lesions; D — hand image, demonstrating scarring and dystrophic changes; E — intraoral image,
showing dental plaque accumulation and Nasmyth’s membrane, especially on the posterior teeth; F — panoramic

radiograph, with suboptimal image quality

Puc. 4. MNaumneHT 4: A — dpoHTanbHOE KpaHnodaumanbHOe N306paxeHne ¢ apo3nsamm n pybueBaHnem

B nepuopanbHoii obnacTtu; B — 6okoBoe kpaHnodaumvanbHoe n3obpaxeHme ¢ AONOJHUTENIbHbIMU PYyOLLIOBLIMMA
M3MeEHEeHNAMN B 061aCTU LLLEKU N HUXKHEN YentocTu; C — n3obpaxkeHne cTornbl C MHOXECTBEHHbLIMMU

3PO3UAMU U TUNepKepaToTUIECKMMN NopaxXeHnaMu; D — naobpaxeHue KUCTU ¢ pyBLLIOBbIMU M3MEHEHUSMU

M AUCTPOPUHECKUMN HAPYLLEHUAMN; E — BHYTPMPOTOBOE M3006paxkeHne C BbipaXeHHbIM HaKOMIeHNEM
3y6HOro HaneTa u Hanmimem membpaHbl HacmuTa, 0cO6EHHO Ha XeBaTesbHbIX 3ybax; F — naHopaMHas
pEeHTreHorpamMmma ¢ HeOCTaTOYHbIM KQ4€CTBOM N306pakeHns
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Fig. 4. Case 5: A — frontal craniofacial image; B — hand image, displaying previous blistering and mild nail
abnormalities; C — foot image, illustrating hyperkeratotic lesions and a healing blister; D — perioral image, showing

residual scarring and bullous formations

Puc. 4. MaumeHT 4: A — dpoHTanbHOe KpaHnodaumnanbHoe n3obpaxeHune; B — naobpaxeHne KNCTu

C NpU3HaKaMu paHee NepeHeCceHHbIX OyN1e3HbIX MOPaXeHNn 1 HE3HAYUTENIbHBIMU aHOMaIMSIMN HOTTEN;

C — n3obpaxeHune CTomnbl C r’mnepkepaToTUYECKUMIN NOPaXeHUsaIMU 1 3aXXnBaloLLIMM Ny3bipeM; D — naobpaxeHue
nepunopasnbHon 06nacTn ¢ OCTaTOYHbIMU PYOLLOBLIMU M3MEHEHUAMUN 1 BYNNE3HLIMM 0O6Pa30BaAHNSAMMN

Given the multisystem involvement of EB, a mul-
tidisciplinary approach is critical for optimal patient
management. Collaboration between dentists (pe-
diatric dentistry, orthodontics, oral surgery), derma-
tologists, geneticists, and other medical specialists is
essential to ensure a comprehensive treatment plan.
Additionally, family education and continuous patient
monitoring are crucial components in the long-term
management of EB.

CONCLUSION

Medical professionals and dentists play a crucial
role in enhancing the quality of life for patients with
epidermolysis bullosa (EB). Comprehensive intraoral
examinations performed by dentists may contribute to
identifying EB subtypes, aiding in more accurate diag-
nosis and management.
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Peculiarities of diagnostics and treatment
of chronic generalized periodontitis in patients
with heart rhythm disorders taking anticoagulants
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Abstract

INTRODUCTION. A clinical examination and treatment were conducted on 104 patients with cardiac
arrhythmias who were receiving anticoagulant therapy. The patients were aged between 45 and 59 years
(classified as middle age according to the WHO classification) and were diagnosed with moderate chronic
generalized periodontitis (53% male, 47% female).

AIM. To evaluate the effectiveness of standard therapeutic measures in the treatment of chronic generalized
periodontitis in patients receiving anticoagulant therapy and to identify the specific characteristics of the
disease course in this patient group.

MATERIALS AND METHODS. The study included 104 patients with cardiac arrhythmias who were receiving
anticoagulant therapy and were diagnosed with moderate chronic generalized periodontitis. Standard
treatment for periodontitis was administered with consideration of anticoagulant use. Clinical parameters,
including gingival bleeding, periodontal status, and the effectiveness of therapeutic measures, were assessed.
CONCLUSIONS. Standard therapeutic measures for the treatment of chronic generalized periodontitis were
equally effective in patients receiving and not receiving anticoagulant therapy. However, a distinguishing
feature of periodontitis treatment in patients receiving anticoagulants was the persistence of high levels of
gingival bleeding after the resolution of the inflammatory process in the periodontium, which was attributed
to anticoagulant use. This situation often misleads clinicians, who may interpret gingival bleeding as a sign of
inflammation, resulting in overdiagnosis and inflated values of corresponding indices. Standard therapeutic
methods were found to be effective and sufficient for preventing the progression of pathological processes in
the periodontium in this patient group.

Keywords: chronic periodontitis, heart rhythm disorders, anticoagulants
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Pesiome

BBELOEHMWE. MpoBeneHo ob6cnenosaHne n nedeHne 104 60bHbIX C HAPYLLUEHWEM CEPAEYHOr0 pUTMa, Npu-
HUMaIOLLMX aHTUKOArynsHTbI, B BoO3pacTe oT 45 0o 59 net (cpeaHsas Bo3pacTHas rpynna no knaccudukaumm
BO3) c anarHO30M XPOHNYECKNI reHepann30BaHHbI NaPOLOHTUT CPEAHEN CTENEHN TAXECTU (MYXUNH 53%,
XEHLWWH — 47%).

LLENTb MCCNEAOBAHWA. OueHka apHeKTUBHOCTM CTaHAAPTHLIX e4ebHbIX MepONpUATUIA B NEYEHUN XPO-
HNYECKOro reHepasn30BaHHOIO NAPOAOHTUTA Y 6ONbHBIX, IPUHUMAIOLLIMX aHTUKOArYNSHTbI, U BbISIBUTb OCO-
OEeHHOCTM TeyeHns 3ab6oneBaHns B AaHHOW rpynne naueHToB.
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MATEPUAJbI N METOAbI. B uccnepoaHue 6bnm BktoveHbl 104 naumeHTa ¢ HapyLLeHeM Cepae4yHOro puT-
Ma, MPUHUMAIOLLMX aHTUKOAryNISiHTbI, N UMEIOLLIMX XPOHUYECKNI reHepan30BaHHbI NapOAOHTUT CpeaHeNn
cTeneHn TaxecTun. NpoBOAMAOCE CTaHAAPTHOE NeYeHne NapogoHTUTA C yHETOM NpUemMa aHTUKOarynsaHTOB.
OueHrBanuChb KJIMHMYECKMe nokasaTenu, BKo4as KPOBOTOYMBOCTb AECEH, COCTOSHME MapofoHTa n ad-
PEKTUBHOCTb N1e4E€OHbLIX MEPOMNPUATUIA.

BbIBOAbl. CtaHoapTHble nevyebHble MepornpusaTus B IEHEHUM XPOHMYECKOro reHepasnn3oBaHHOro napo-
[OHTUTA 0AVHAKOBO 9D EKTUBHBI Y 6OMbHBIX Kak MPUHUMAIOLLNX, TaK N HE MPUHUMAIOLLMX aHTUKOAr yNSHTbI.
OpHako 0COBEHHOCTBIO NeYeHVsa NapoaoHTUTa Y 60MbHbIX, MPUHUMAIOLNX aHTUKOArynsaHTbI, ABASETCH CO-
XpaHeHne BbICOKOM CTENEHN KPOBOTOUYMBOCTM AECEH NOCE NNKBUAALMN BOCNANNTENLHOIrO NpoLecca B na-
POAOHTE, YTO CBA3AHO C MPUEMOM aHTUKOArynsHToB. JJaHHOe 06CTOATENBCTBO YaCTO BBOAUT B 3a6ny>XAeHNe
Bpa4emn, KOTopble BOCAPUHUMAKOT KPOBOTOUYMBOCTb AECEH KakK NPM3HaK BOCNaneHns, YTo NpPOsiBASETCH B M-
nepamarHoCTuKe 1 3aBblLUEHNN 3HAYEHN COOTBETCTBYIOLLMX MHAEKCOB. CTaHOapTHbIE fie4ebHble METOAbI
3hdEKTUBHBI 1 4OCTATO4YHbI 4519 NPODUNaKTUKN NPOrpeccMpoBaHna NaTonormMyeckoro npowecca B napo-
[OHTEe Yy LaHHOM KaTeropum 60bHbIX.

Knwouesble cnoBa: XpOHNYECKUA NAPOAOHTUT, HAPYLLEHME CEPAEYHOrO PUTMA, aHTUKOAryNIAHTbI
UHdpopmauuma o ctatbe: noctynuna — 14.01.2025; ncnpasnena — 13.03.2025; npuHaTta — 16.03.2025
KoHAUKT uHTepecoB: aBTOPbI CO06LLa0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.

BnarogapHocTu: GMHAHCUPOBaHME 1 MHAMBUOYa bHblE 61aroaapHOCTV As AeK1apupoBaHns OTCYTCTBYIOT.

Ana uutupoBaHua: JlomakuHa M.B., BonkoB A.l., louHuH B.M., Oukonosa H.)XX., AbonbsaH J1.B., Hu-
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INTRODUCTION

Studies on the dental status of patients receiving an-
ticoagulant therapy during the post-myocardial infarc-
tion period are available in the existing literature [1; 2].
Research on the condition of periodontal tissues in
cardiology patients has also been conducted [3-5],
particularly among individuals with cardiac arrhyth-
mias [6-9]. However, the findings of these studies do
not provide a complete understanding of how anticoa-
gulants specifically affect the dental status and blood
circulation in periodontal tissues [10-12]. This limitation
arises from the fact that the patient population in these
studies consists of individuals who have suffered a myo-
cardial infarction. This factor inevitably affects the state
of peripheral circulation, including microcirculation in
periodontal tissues, which in turn influences the clinical
manifestations of gingivitis and periodontitis.

To eliminate this confounding factor, it is advisable
that future research on the effects of anticoagulants on
microcirculation and the inflammatory response in perio-
dontal tissues include patients receiving anticoagulant
therapy who do not exhibit signs of heart failure [13-15].

Among oral anticoagulants, rivaroxaban-based
drugs are currently the most widely used [16; 17]. These
drugs are preferred over previously used warfarin due
to a lower risk of severe bleeding [18]. Rivaroxaban is
a direct inhibitor of factor Xa and is indicated for pa-
tients with cardiac arrhythmias, specifically atrial fibril-
lation without mitral valve pathology [19; 20].

In light of the above, to study the effect of anticoagu-
lant therapy on gingival microcirculation and the clini-
cal course of inflammatory periodontal diseases, we
formed a study group consisting of patients with mo-
derate chronic generalized periodontitis who were re-
ceiving anticoagulant therapy (rivaroxaban) for cardiac
arrhythmias, specifically atrial fibrillation without mitral
valve pathology or heart failure.

AIM

The aim of this study was to improve the effective-
ness of dental treatment and prevention of periodontal
diseases in patients with cardiac arrhythmias receiving
anticoagulant therapy.

MATERIALS AND METHODS

A clinical examination and treatment were con-
ducted on 104 patients aged between 45 and 59 years
(classified as middle age according to the WHO classi-
fication) diagnosed with moderate chronic generalized
periodontitis (53% male, 47% female).

Based on the research objectives, the patients were
divided into two groups according to their underlying
pathology. The first group (main group) consisted of
52 patients with cardiac arrhythmias (atrial fibrillation
without mitral valve pathology or heart failure) who were
receiving oral anticoagulants of the rivaroxaban type
(a direct factor Xa inhibitor). The average age of the pa-
tients in this group was 49.6 + 4.51 years. The second
group (control group) consisted of 52 patients without
cardiac arrhythmias and not receiving anticoagulant
therapy, with an average age of 50.9 £ 5.32 years. The
groups were comparable in terms of sex and age.

All patients in both groups underwent oral hygiene
correction, including supervised tooth brushing and
removal of dental deposits using low-frequency ultra-
sound. They were prescribed mouth rinses with a 0.05%
chlorhexidine bigluconate solution for 10 days and the
toothpaste “LACALUT aktiv” for 30 days. Follow-up
examinations were conducted at 1 and 6 months after
treatment.

To objectively assess the periodontal condition, an
additional evaluation of periodontal tissues was per-
formed using digital technologies at the specified time
points. Laboratory and functional diagnostic methods
were also used to evaluate blood coagulation, blood
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circulation in major vessels, microcirculation, and oxy-
gen content in periodontal tissues.

The study was based on an index-based evalua-
tion, including the Green-Vermillion hygiene index, the
Muhlemann bleeding index modified by Cowell, and
the periodontal index (Pl) according to Russell.

To assess oral hygiene and inflammatory changes
in the gums, optical fluorescence technologies (OFT)
(or alternatively, laser conversion diagnostics — LCD)
were used. The registration and digital processing of
the results were conducted according to the criteria
of fluorescence spectral intensity using the hardware-
software complex “InSpektr M” (InSpektr LLC, Russia).

RESULTS

To evaluate the effectiveness of therapeutic measures
for moderate chronic generalized periodontitis in pa-
tients with cardiac arrhythmias receiving anticoagulant
therapy, treatment was conducted in both study groups.

Analysis of the obtained results demonstrated that in
patients with moderate chronic generalized periodon-
titis in both the first and second groups (i.e., patients
receiving and not receiving anticoagulant therapy), im-
provements were noted in all indicators reflecting oral
hygiene, inflammation severity, microcirculation, and
tissue oxygenation one month after treatment. Howe-
ver, six months after treatment, a deterioration in all the
aforementioned parameters was observed; nonethe-
less, most values did not return to the levels recorded
before the start of treatment. However, the dynamics
of changes in the indicators assessed by clinicians and
obtained using digital hardware-based methods varied
between the two groups.

One month after treatment, in the first group (pa-
tients with cardiac arrhythmias receiving anticoagu-
lants), 78% of patients still reported gingival bleeding
during tooth brushing. After six months, gingival blee-
ding during tooth brushing and consumption of solid
food was reported by 88% of patients in the first group.

In the second group (patients without cardiac ar-
rhythmias and not receiving anticoagulants), only 16%
of patients reported gingival bleeding during mechani-
cal stimulation one month after treatment. After six
months, 48% of patients in the second group reported
gingival bleeding and discomfort in the gums.

The gingival bleeding index in the first group de-
creased significantly by 25% (p < 0.05) one month after
treatment compared to baseline values; however, it re-
mained 61% higher than in the second group one month
after treatment (p <0.05) (Fig. 1).

Six months after treatment, the gingival bleeding index
in the first group increased by 18% (p<0.05) compared
to the values recorded one month after treatment, but re-
mained significantly 11% lower than the baseline values
(p<0.05). Nevertheless, the gingival bleeding index six
months after treatment was 30% higher in the first group
compared to the second group at the same time point.

Significantly higher gingival bleeding index values in
the first group compared to the second group at all ob-
servation time points were associated with the use of an-
ticoagulant therapy in these patients. Particular attention
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should be given to the bleeding index values recorded
one month after treatment, when inflammatory changes
in the gums were minimal. This indicates that the high
gingival bleeding levels in the first group could not be at-
tributed to inflammation in the periodontium but were di-
rectly linked to the effects of anticoagulant therapy.

One month after treatment, an improvement in oral
hygiene status was observed in patients of the first
group. The hygiene index, calculated by clinicians based
on a visual assessment of the dental hygiene status,
significantly decreased by 50% compared to the base-
line values (p<0.05). However, this value remained 42%
higher than the corresponding indexin the second group
of patients one month after treatment (p<0.05) (Fig. 2).
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Fig. 1. Dynamics of Changes in the Gingival Bleeding
Index (Miihleman-Kowell) in the Study Groups of Patients
Puc. 1. luHamunka nameHeHuns nHoekca
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Fig. 2. Dynamics of Changes in the Hygiene Index
Based on Visual Assessment of Dental Hygiene Status
in the Study Groups of Patients

Puc. 2. JnHamMmuka U3MeHeHUsa MHOEeKca rmrmeHsl,
paccyMTaHHOro Bpadyamm Ha OCHOBaHUWN BU3yasibHOM
OUEHKM T’MrMeHMY4eCcKoro COCTosiHUS 3y00B,
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Six months after treatment, a deterioration in oral hy-
giene status was observed in patients of the first group
compared to the values recorded one month after treat-
ment. The hygiene index, calculated by clinicians based
on a visual assessment of dental hygiene status, in-
creased by 20% (p<0.05) and was 14% higher than the
corresponding index in the second group of patients six
months after treatment (p < 0.05).

One month after treatment, the hygiene status de-
termined using digital laser fluorescence technology in
the first group of patients was 2.4 times lower than the
baseline values recorded before treatment (p<0.05)
and showed no statistically significant differences from
the hygiene status of patients in the second group one
month after treatment (p >0.05) (Fig. 3).

Six months after treatment, the hygiene status in the
first group, as assessed using digital laser fluorescence
technology, increased by 1.8 times compared to the
values recorded one month after treatment (p <0.05).

Six months after treatment (as well as at other ob-
servation time points), the hygiene status of patients in
the first group did not show statistically significant diffe-
rences compared to the hygiene status of patients in the
second group (p >0.05). This finding indicates that su-
bjective errors in the assessment of dental hygiene sta-
tus were present when clinicians calculated the hygiene
index in the first group at all observation time points.
These errors were likely related to increased gingival
bleeding due to anticoagulant therapy. Thus, based on
objective control methods, the oral hygiene status in the
study groups not only showed a similar trend but also
did not differ statistically in the obtained values.

The results suggest that to ensure an objective as-
sessment of oral hygiene status and eliminate subjec-
tive interpretation in patients receiving anticoagulants,
it is essential to use laser fluorescence technology for
hygiene status evaluation.
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Fig. 3. Dynamics of Changes in Hygiene Status Based
on Laser Fluorescence Technology
in the Study Groups of Patients
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The PMA (Papillary-Marginal-Attached) indices, cal-
culated by clinicians based on visual assessment of the
gums stained with Lugol’s solution, decreased more
than twofold in the first group one month after treatment
compared to baseline values. However, the PMA index
was 1.6 times higher in the first group compared to the
second group (p<0.05) (Fig. 4).

Six months after treatment, the PMA index in the
first group, calculated by clinicians, increased 1.4 times
compared to the values recorded one month after treat-
ment and was 1.4 times higher than the index calculated
in the second group six months after treatment.

Thus, the PMA index calculated by clinicians in the
first group, where patients were receiving anticoagu-
lants, showed a similar trend in dynamics but remained
significantly higher at all observation time points com-
pared to the PMA index calculated by clinicians in the
second group, where patients were not receiving anti-
coagulant therapy.

The PMA index obtained using digital laser technolo-
gies in the first group of patients decreased 2.35 times
one month after treatment compared to the baseline
values and showed no statistically significant diffe-
rences from the PMA index obtained using the same
method in the second group one month after treatment
(p>0.05) (Fig. 5).

Six months after treatment, the PMA index obtained
using laser computer technology in the first group in-
creased 1.6 times compared to the values recorded one
month after treatment. However, this index showed no
significant differences from the PMA index obtained us-
ing laser computer technology in the second group six
months after treatment (p > 0.05).

Analysis of the dynamics of changes in the PMA in-
dex obtained using laser computer technology indicates
that the changes in the study groups were not only uni-
directional but also showed no statistically significant
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Fig. 4. Dynamics of Changes in the PMA Index Based
on Visual Assessment with Lugol’s Solution
in the Study Groups of Patients

Puc. 4. lnHamuka nameHeHnsa nuagexkca NMA,
paccyMTaHHOro Bpadyamm Ha OCHOBaHUWN BU3yasibHOM
OLLEHKWM OKpacKu AecHbl pacTBopom Jliorons,
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differences at any observation time points. This sug-
gests that inflammatory processes in the gums of pa-
tients receiving and not receiving anticoagulants did not
differ significantly and were comparable. Furthermore,
it can be concluded that during the visual assessment of
gum conditions in patients receiving anticoagulants, the
increased gingival bleeding was mistakenly interpreted
by clinicians as a sign of inflammation, leading to ove-
restimated PMA index values that did not reflect the true
clinical situation.

Therefore, for an objective assessment of inflam-
matory changes in the gums, reliance on absolute PMA
index values calculated by clinicians is insufficient. In-
stead, objective digital methods—specifically laser com-
puter technology — should be used.

During the visual assessment, clinicians noted that
one month after treatment, slight mobility of individual
teeth persisted in 8% of patients in the first group. Ho-
wever, periotestometry showed no pathological tooth
mobility in these cases.

In the second group, one month after treatment, no
pathological tooth mobility was observed during either
visual inspection or periotestometry.

Six months after treatment, during visual assess-
ment, slight mobility of individual teeth was noted in
12% of patients in the first group. However, periotes-
tometry confirmed pathological tooth mobility in only
6% of these cases.

Six months after treatment, slight mobility of indi-
vidual teeth was noted during visual assessment in 8%
of patients in the second group, which was confirmed by
periotestometry data.

Analysis of tooth mobility assessment indicates that
in the presence of increased gingival bleeding, clini-
cians tend to overdiagnose tooth mobility during visual
inspection. Therefore, for patients receiving anticoa-
gulant therapy, tooth mobility assessment should be
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Fig. 5. Dynamics of Changes in the PMA Index Based
on Laser Computer Technology in the Study Groups
of Patients

Puc. 5. nHamuka namenenmns nugekca NMA,
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conducted using objective digital methods, particularly
periotestometry.

The periodontal index values, calculated by clini-
cians based on a visual assessment of periodontal sta-
tus, decreased by 41% one month after treatment in pa-
tients of the first group compared to the baseline values.
However, the index values in this group were 39% higher
than the periodontal index values recorded one month
after treatment in the second group (p<0.05) (Fig. 6).

Six months after treatment, an increase of 39% in
the periodontal index was observed in the first group
compared to the values recorded one month after
treatment. At the same time, the periodontal index in
the first group remained 13% higher than the perio-
dontal index values recorded one month after treat-
ment in the second group (p<0.05).

Analysis of the dynamics of changes in the perio-
dontal index in the study groups indicates that the
changes followed a similar pattern in both groups.
However, at all observation time points, the periodontal
index in the first group (patients receiving anticoagu-
lants) remained higher than the periodontal index in the
second group (patients not receiving anticoagulants).

However, the absolute numerical values of the pe-
riodontal index calculated by clinicians in patients re-
ceiving anticoagulant therapy should not be taken into
consideration, as the calculations are unreliable. This
is because the periodontal index is calculated based
solely on the clinician’s visual assessment of perio-
dontal status, which requires consideration of both in-
flammatory changes in the gums and tooth mobility.

As demonstrated by the results of our previous stu-
dies on the PMA index and tooth mobility, clinicians
tend to overdiagnose these parameters due to in-
creased gingival bleeding, which inevitably leads to
overestimated periodontal index values in patients re-
ceiving anticoagulant therapy.
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Fig. 6. Dynamics of Changes in the Periodontal Index
Based on Visual Assessment of Periodontal Status
in the Study Groups of Patients

Puc. 6. JuHamunka nameHeHus napoaoHTanbHOro
MHaekca, pacc4mTaHHOro Bpa4amMum Ha OCHOBaHNn
BU3YyaJIbHOM OLEHKN COCTOSAHUA MapoaoHTa,
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DISCUSSION OF RESULTS

Thus, the results of the study demonstrated that
standard therapeutic measures used in the treatment
of moderate chronic generalized periodontitis — inclu-
ding oral hygiene correction, removal of dental depo-
sits, mouth rinsing with chlorhexidine solution, and the
use of toothpaste containing chlorhexidine — are equal-
ly effective in patients receiving and not receiving anti-
coagulant therapy. However, in patients with atrial fibril-
lation without mitral valve pathology or heart failure who
are receiving anticoagulant drugs such as rivaroxaban,
certain clinical features in the course of periodontitis
after treatment were identified.

The main feature is the persistence of high levels of
gingival bleeding after the resolution of the inflammato-
ry process in the periodontium, which is associated with
the use of anticoagulants. This situation often misleads
clinicians, who tend to interpret gingival bleeding as
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Abstract

INTRODUCTION. Many children have anxiety and fear at the very thought of visiting a dentist. Children do
not make contact with a doctor, refuse to perform dental manipulations, express their emotions vividly, or
withdraw into themselves. In addition, in a state of anxiety, the work of many organ systems changes and an
increase in heartrate is the most common indicator. As a result, such patients refuse to visit-the dentist, which
worsens the state of oral health. Alternatively, dental procedures for unadapted patients are performed under
anesthesia or sedation. But doctors do not have a proven algorithm for diagnosing a child’s anxiety level and
how to correct this condition for safe and effective dental treatment.

AIM. Clinical-and functional justification of the choice of a method for correcting anxiety in children aged
4-12 years in an outpatient dental appointment

MATERIALS AND METHODS. From 2019-2024 years, a study was conducted, in which 986 children aged
4-12 years participated. Before the start of the examination, general somatic and psychological anamnesis of
patients was collected. The level of anxiety of children from 4 to 6 years of age was determined using the “test
of child anxiety” by R. Temml, M. Dorka, V. Amen; from 7 to 12 years of age-the “Scale of explicit anxiety CMAS”
in the adaptation of A.M. Parishioners. Hemodynamic parameters (HR and SpO2) were measured Choice
MMedusing a Choice MMed 300C5 pediatric pulse oximeter. All patients underwent a dental examination of
the oral cavity and the degree of caries activity was determined by T.F. Vinogradova. Based on the results of the
examination methods, a decision was made on the further strategy of working with the patient (treatment with
the support-of an anesthesiologist or the use of art-therapy as a method of psycho-emotional correction).
RESULTS. According to the results of psychological testing, all patients were divided into three groups: low-
level (19.2%), medium-level (52.4%) and high-level anxiety (28.4%). Almost all children with low levels of
anxiety had their heart rate within the age norm (86.9%). This group also showed the highest percentage of
patients with compensated caries activity (51.9%). Children with a high level of anxiety showed moderate
and severe tachycardia (38.8% and 61.2%, respectively), and 62.2% of the subjects in this group showed
a decompensated degree of caries activity. Patients with low levels of anxiety required less psychological
correction, than children with medium and high levels. Based on the results of our study, a computerized
program “Determining the method of correcting anxiety in children before dental treatment” was developed,
which will help dentists determine the tactics of working with children’s patients before dental manipulations.
CONCLUSIONS. Thus, to improve the quality and safety of dental care for children, on the basis of a compre-
hensive psychological and functional examination, a digital program “Determining the method of correcting
anxiety in children before dental treatment” was developed.

Keywords: anxiety, adaptation, heart rate, art therapy, degree of caries activity
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Bbibop MeToAa KOppeKuMu TPEeBOXKHOCTU Y AeTen
B Bo3pacte 4-12 neTt nepef CTOMATO/IOrMYECKUM Jie4eHUeM
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Pe3lome
BBELEHWVE. BonblIMHCTBO AeTEN UCMBITBIBAIOT TPEBONY M CTPaX Y>Xe Npu O4HON MbIC/IN O MOCELLEHNN CTO-

martoniora. OHn nsberatoT KOHTaKTa C BpaiyoOM, OTKA3bIBAOTCS OT NMPOBEAEHMNS CTOMATONOMMYECKMX MaHU-
nynaunii, 6ypHO BbipaxatoT CBOU amouumn nnbo, HaNnpoTuB, 3amMbikaloTcsa B cebe. Kpome Toro, B COCTOSHUN
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TPEeBOrn N3MeHsieTcs paboTa MHOTMX CUCTEM OPraHoB, a yyalleHue cepaevyHoro putma sensietcs Hambo-
flee 4acTbiM NnokasaTenem AaHHbIX U3MeHEHUN. B pe3ynbrate Takme naumeHTbl 0TKa3biBaOTCS OT BUSUTOB
K CTOMAaTOJIOrY, YTO NPUBOAUT K YXYALLIEHWNIO COCTOSHUSA NonocTn pta. OgHOM N3 anbTepHaTMB SIBNSIETCHA NPO-
BeZEeHNE CTOMATOJIONMYECKNX NPOLEAYP Y HeaaanTUPOBaHHbIX MALVMEHTOB MO, aHECTE3NEN UK cepaumen.
OpHako Ha CEroaHALWHNN AeHb OTCYTCTBYET €4MHbI MPOBEPEHHbIN anropuTM AMarHOCTUKM YPOBHS TPEBOX-
HOCTW y feTeil 1 MeTOL0B ee Koppekuun ans obecneveHns 6e3onacHoro n addeKTUBHOro neveHus.

LLENb NCCNEOOBAHUA. KnuHuyeckoe n dyHKUMOHansHoe 060CHOBaHMe BbIbopa MeToaa KoppekLum Tpe-
BOXHOCTW y AieTen B Bo3pacTe 4—-12 neT npu ambynaTtopHOM CTOMATOI0OrM4eCKOM npmuemMe.

MATEPUAbI MU METOAbI. B nepuoga c 2019 no 2024 r. 6110 NpoBeAeHo nccnenosaHue ¢ ydactnem 986 neten
B Bo3pacTe oT 4 oo 12 net. [Jo Havyana obcnenoBaHns OCyLEecTBAsICS cOop 00Lero coMaTtmyeckoro 1 ncu-
XOJIOrM4YEeCKOro aHamMmHe3a. YpOBEHb TPEBOXHOCTU y AeTel 4—6 net onpenensnuy ¢ nomMoLlblo TecTa AEeTCKOM
TpeBoxHocTn P. Temmnsa, M. Jopkn n B. AMeHa, ay aeteit 7-12 neT — ¢ UCNosib30BaHNEM LUKasIbl SBHOW TPEBOX-
HocTu (CMAS) B apantauuu A.M. NpuxoxaH. lfemogmnHammyeckme napameTpbl (HCC n SpO2) namepsann 4eTcknum
nynbcokcumeTpom Choice MMed 300C5. Bcem nauyeHTam NpoBOANIICA CTOMATOSIOMMYE€CKNA OCMOTP NMOJSIOCTU
pTac onpeneneHnemM cTeneHn akTMBHOCTM kapueca no metoanke T.A. BuHorpanosoi. Ha ocHoBaHWM NoyyeH-
HbIX AaHHbIX MPUHKMANOCh PELLIEHME 0 AalIbHENLLIEM BEAEHN NaLUMeHTa: NPoBeAeHME NeYeHns Npun noaaepxke
aHecTe3unonora 1Mbo UCnonb3oBaHMe apT-Tepaniuy B Ka4eCTBE MEeTOAa NCMXO3MOLMOHASIbHON KOPPEKLMN.
PE3YJbTATbI. Mo gaHHbIM NCUXONOrMYECKOro TECTUPOBAHUS NaUMEHThl Oblv pacnpeneneHbl Ha TPy rpynnbl:
C HU3KNM YPOBHEM TPEBOXHOCTU (19,2%), co cpeaHuM ypoBHeM (52,4%) 1 C BbICOKMM YPOBHEM TPEBOXHOCTU
(28,4%). Y 60nbLUMHCTBA OETEN C HU3KMM YPOBHEM TPEBOXHOCTM HacToTa CEPAEYHbIX COKPALLEHMIA HAXOAMN-
nachb B rnpegenax B03pacTHOW HopMbI (86,9%). B aToi rpynne Takxe 3adrkcMpoBaH HaMbOobLLMIA MPOLLEHT na-
LINEHTOB C KOMMNEHCUPOBaAHHOW akTUBHOCTbIO kapueca (51,9%). Y aeter ¢ BICOKMM YPOBHEM TPEBOXHOCTU OT-
Mevanncb yMepPeHHas 1 BolpaxxeHHas Taxnkapans (38,8% n 61,2% cooTBETCTBEHHO), a TakXXe AEKOMMNEHCUPO-
BaHHasi cTeneHb akTUBHOCTN kapueca y 62,2% obcnenoBaHHbIX. MNauneHTbl C HU3KMM YPOBHEM TPEBOXHOCTMU
pexe HyXaannck B NCMXOI0MMYECKON KOPPEKLMN MO CPAaBHEHUIO C AETbMM CO CPEAHUM U BbICOKUM YPOBHSIMMU
TPEBOXHOCTW. Ha OCHOBaHWM pe3ynsLTaToB MUCCcieqoBaHus Obina paspaboTaHa KOMMbIOTEPHas nporpamma
«OnpeneneHe MeToaa KOpPeKLMN TPEBOXHOCTU Y AeTEN Nepes CTOMaTONIOrMYECKMM NIeHEHMUEM», MO3BOJISIO-
Lias Bpayam BblbmMpaTth TakTUKY BEAEHMS NALMEHTOB Nepea npoBeaeHMEM CTOMATONOIMYECKNX MaHMMYASLAIA.
BbIBObl. Taknm 06pa3om, ans noBbilLEHMs Ka4ecTBa M 6€30MacHOCTY CTOMATONOMMYECKOW MOMOLLLM AETSAM Ha
OCHOBE KOMTIJIEKCHOIO MCKXO00rM4eckoro n GyHKUMoHanbHoro obcnenoBaHuns paspaboTaHa undposas npo-
rpamma «OnpegeneHre MeToaa KOppekLmn TPEBOXHOCTM Y AeTen nepes cToMaToNIorM4ecknm nevyeHmnems.

KnioueBble cfioBa: TPEBOXHOCTb, aganTauus, 4acToTa cepAeyHbiX COKpaLLLeHWiA, apT-Tepanus, CTeneHb ak-
TMBHOCTM Kapueca.

UHdopmaumna o ctatbe: noctynuna — 06.03.2025; ncnpasneHa — 27.04.2025; npunata — 15.05.2025
KoH®AUKT nHTepecoB: aBTOPbI COOOLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.
BnarogapHocTu: GUHAHCUPOBAHME U NHANBUOYASIbHbIE 611arofapHOCTY A5 OeKNapUpPOBaHNS OTCYTCTBYIOT.

Ana umtuposaHma: Hukonbckas MN.A., Aumcumona E.H., Koneuxunin N.C., AHncumosa H.1O., BopoHuH .A.,
KaTttoxmHa B.A. Bbibop MeToaa KoppekLumnm TPEBOXHOCTM Y AeTel B Bo3pacTe 4—12 neT nepen cToMaTosorm-
YyeckuMm neyveHnem. IHagogoHTus Today. 2025;23(2):312-317. https://doi.org/10.36377/ET-0089
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INTRODUCTION

Fear and anxiety before dental treatment are expe-
rienced by many people around the world. Thisis a nor-
mal reaction of the body to threatening or unknown in-
fluences, which helps the body to mobilize psychologi-
cal reserves. But for children, going to the dentist’s of-
fice is very stressful, which they can’t cope with on their
own. Many studies show that the prevalence of dental
anxiety among children varies from 5 to 20% [1-4].

The etiology of anxiety is multi-factorial and con-
sists of personal and indirect experience, psychologi-
cal characteristics, susceptibility to stressful situations,
etc. [5]. The clinical manifestation of anxiety consists
of emotional, motor neurohumoral, and vegetative-
somatic components [6]. Emotional includes strong
subjective experiences, which some children vividly
demonstrate by crying and shouting, others-by isola-
tion and detachment. Increased muscle tone, motor
arousal, or, conversely, blockage of muscle activity are
motor manifestations. Hormonal changes in anxiety
are characterized by increased levels of ACTH, corti-
sol, and other hormones [7]. The autonomic-somatic
component is expressed in changes in the functioning

of organ systems that are controlled by the sympathetic
and parasympathetic nervous systems. An increase in
the heart rate is the most common indicator of anxiety
and fear [8]. In a study by M.P. Shindova et al., we found
a correlation indicating that the degree of self-reported
anxiety as a subjective method of assessing psycholo-
gical state is comparable to the heart rate as an indica-
tor of stress [9]. In the study of Z. Alghareeb et al. signifi-
cant increases in heart rate were also noted in patients
with high dental anxiety [10].

All of the above reactions can be observed even be-
fore entering the dentist’s office. Patients don’t make
contact with the doctor, and in the case of compulsory
treatment, they form a negative experience, thereby in-
creasing dental anxiety. As a result, children often re-
fuse to attend preventive dental appointments, which
leads to poor oral health [11].

Alternatively, these patients are treated under anes-
thesia or sedation. But, do not forget that the anesthetic
risk exceeds the risk from dental intervention. The goal
of every dentist should be to treat patients safely and
effectively. The problem is that there is no verified al-
gorithm for dentists to determine the level of anxiety of
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a child, and in which case it is necessary to prescribe
dental treatment under general anesthesia.

It is customary to use psychological testing to diag-
nose children’s anxiety. There are many different ques-
tionnaires and scales available in the literature. For
a quick and accurate diagnosis, you should choose
tests that are suitable for the child’s age, simple and
understandable in performing and analyzing the re-
sult, as well as those that have passed standardiza-
tion in Russia. Psychological methods should be sup-
ported by objective indicators (for example, heart rate
data). Only on the basis of a comprehensive diagnosis
of the patient will we be able to choose further tactics
for working with them.

PURPOSE OF THE STUDY

Clinical and functional justification of the choice
of a method for correcting anxiety in children aged
4-12 years in an outpatient dental appointment

MATERIALS AND METHODS

From 2019-2024 years were examined 986 children
(482 boys and 504 girls) aged 4-12 years, including
472 children aged 4 to 6 years and 514 children aged
7 to 12 years. The inclusion criterion for the study was
children aged 4-12 years with varying degrees of an-
xiety before dental treatment. Non-inclusion criteria
include the presence of bronchial asthma, diabetes
mellitus, mental retardation, children with physical dis-
abilities and an established psychiatric diagnosis. The
exclusion criterion is unwillingness to continue partici-
pating in the study.

Before starting the examination, the general soma-
tic and psychological history of patients was collected
using developed questionnaires for parents, consisting
of key questions about the child’s condition and beha-
vior when visiting a dentist.

The next step was to determine the patient’s level
of anxiety. For children from 4 to 6 years of age, the
“Child Anxiety Test” was chosen by R. Temml, M. Dor-
ka, and V. Amen. Children aged from 7 to 12 years were
assessed for their level of anxiety using the “Explicit
Anxiety Scale CMAS” adapted by A. M. Prikhozhan. Ac-
cording to the results of psychological testing, all pa-
tients were divided into three groups: those with a low
level of anxiety, medium and high.

The heart rate and blood oxygen saturation level
were determined using ChoiceMMeda ChoiceMMed
300C5 pediatric pulse oximeter. The correspondence
of the obtained parameters with the age norm, moder-
ate or severe tachycardia was checked according to the
protocol of the CSSSA of the FMBA of Russia.

All patients underwent a dental examination of the
oral cavity, the CPlindex was calculated, and the degree
of caries activity was determined by T.F. Vinogradova.

After analyzing the results of all methods of exami-
nation, a decision was made on the further algorithm of
actions for safe and effective correction of anxiety and
rehabilitation of the oral cavity of patients. As a method
of psychological correction, was chosen art therapy,
using neurographics — a method of organizing thinking

dHdodoHmus
—————TLT

B nomouwb npakTnyeckomy Bpady / To help a practitioner

and transforming the psycho-emotional state. Using
markers, colored markers, and pencils, the child spent
15-20 minutes drawing neurographic lines and colo-
ring the resulting fragments, thereby forming new neu-
ral connections.

The Wilcoxon test was used to determine statistical
differences. Differences between independent samples
were compared using nonparametric Mann-Whitney
criteria and two-sample Kolmogorov-Smirnov criteria.

RESULTS

According to the results of R. Temml’s “Child Anxiety
Test” and the “CMAS Scale of explicit anxiety CMAS”,
a low level of anxiety was detected in 19.2% of the
subjects, an average level was observed in 52.4% and
a high level in 28.4%, respectively (Fig. 1).

In the group of children with a low level of anxiety,
only 13.1% had moderate tachycardia, while the remai-
ning 86.9% had heart rate indicators within the age norm.
In this group, the compensated degree of caries activity
was found in 51.9%, subcompensated in 33.3%, and de-
compensated was the lowest percentage 14.8%.

Low level
of anxiety
19.2%

High level
of anxiety
28.4%

\Average level
of anxiety
52.4%

Fig. 1. Distribution of children according
to the results of psychological testing

Puc. 1. PacnpeneneHnune geten B COOTBETCTBUA
C pesyfbratamm NCUxXo0rmM4eckoro TeCTMPOBaHNS

90.0

67.5

45.0

22.57

Low Average
Level of anxiety

High

The age norm Moderate tachicardia ® Sever tachicardia

Fig. 2. Comparison of heart rate indicators
in children with different levels of anxiety
Puc. 2. CpaBHeHMe nokasaTtenei 4acToThl
CepaeYHbIX COKpaLEeHnin y geTen

C Pa3INYHbIMN YPOBHAMU TPEBOXHOCTU
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Bl Decompensated degree
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Fig. 3. Comparison of the degree of caries activity
in children with different levels of anxiety

Puc. 3. CpaBHeHMe CTeneHn akTMBHOCTY Kapueca
y AieTen ¢ pasnnyHbiMU YPOBHSAMU TPEBOXHOCTH

Among children with an average level of anxiety, the
heart rate was within the normal range in 10.1%. 56.8%
showed moderate tachycardia, and 33.1% severe. The
compensated degree of caries activity was determined
in 14.1%, subcompensated in 54.4%, and decompen-
sated in 31.5%.

The group with a high level of anxiety had the highest
percentage of patients with severe tachycardia — 61.2%,
the remaining — 38.8% had moderate tachycardia. Also
in this group, the largest percentage of children with
a decompensated degree of caries activity was identi-
fied - 62.2%. 28.9% had a subcompensated degree of
caries activity and only 8.9% had a compensated one.
Fig. 2 and 3 graphically represent the results obtained
in groups with low, medium, and high levels of anxiety.

After performing all diagnostic manipulations, ana-
lyzing the results and distributing patients into groups,
adecision was made on the further tactics of anxiety cor-
rection. Children with a high level of anxiety, pronounced
tachycardia and decompensated degree of caries acti-
vity were referred for further treatment accompanied
by an anesthesiologist. The remaining groups of pa-
tients underwent correction of their psycho-emotional
state by neurography. Children with low levels of an-
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xiety needed less adaptation techniques than those
with medium and high levels. But, as a result of psycho-
logical work, full cooperation of patients and parents with
a dentist was achieved, anxiety levels were reduced, and
hemodynamic parameters were normalized.

DISCUSSION

Based on our study, to standardize the protocol for
choosing a method for correcting anxiety in children
of different age groups, a computerized program “De-
termining the method for correcting anxiety in children
before dental treatment” was developed [12]. The main
task of the program is to determine the future strategy
of working with the patient based on the collection of
anamneses and the results of objective examination
methods (how many adaptation techniques should be
carried out, what methods should be used, and in what
case the patient should be referred for general anes-
thesia). For each patient in the program, an electronic
card is created, which indicates the main contact in-
formation about the child and his parents. A question-
naire for collecting general somatic and psychological
medical history is built into the program, and parents
can fill it out directly in it. The doctor enters the results
of determining the level of anxiety, hemodynamic pa-
rameters and the CPI index independently in the cor-
responding columns. After these simple manipulations,
the program automatically converts the data according
to its internal score system and displays the result on
the screen. Also, depending on the answers, when filling
out the patient’s general medical history questionnaire,
the program can generate acomment about the need to
consult with a pediatrician or anesthesiologist to safely
choose the method of anesthesia in dental treatment.

CONCLUSION

Thus, on the basis of a comprehensive psychologi-
cal and functional examination of children before dental
treatment, it became possible to create a digital pro-
gram: “Determining the method of correcting anxiety
in children before dental treatment”, which allows im-
proving the quality and safety of dental care provided to
children. The advantage of the developed program is its
ease of use, reduced time costs, and increased efficien-
cy in providing dental care to the children’s population.
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Evaluation of antibacterial properties of medical adhesives
in soft tissue plastic surgery in the oral cavity
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Abstract

INTRODUCTION. Soft tissue plastic surgery is usually accompanied by the harvesting of a gingival graft from the
hard palate. The exposed donor wound surface may cause pain and the possibility of wound infection cannot
be ruled out. Medical adhesives have recently been increasingly used as wound coverings on the donor area.
AIM. Comparison of antibacterial activity of medical adhesives from different manufacturers.

MATERIALS AND METHODS. The tests used medical adhesives Sulfacrylate (NTO MedlIn), Histoacryl
(B. Braun), Hemocompact (MTPO Inter-Vita). Chlorhexidine (0.05% solution) was used as a control antiseptic.
The antimicrobial activity of various adhesives was tested on Staphylococcus aureus and isolates of
Streptococcus salivarius, Streptococcus sobrinus and Candida albicans.

RESULTS. All the presented preparations have antibacterial activity, but it is most pronounced in the domestic
manufacturer’s glue based on ethyl cyanoacrylic acid.

CONCLUSIONS. The antibacterial activity declared by the manufacturer of medical adhesives against opportu-
nistic strains of microorganisms that are permanent inhabitants of the oral cavity was experimentally confirmed.
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OueHKa aHTU6aKTepuanbHbIX CBOMCTB MEQULIMHCKUX afre3uBoB
B NJIACTUMECKON XUPYPrumu MArKUX TKAHeN NosoCcTU pTa

l0.A. BakaeB[<, 3.C. Xab6apnse(>, O.U. Maromepnos, A.T. KyaxxeBa,

9.M. Kakabapse, A.10. Ymapog(, A. Bexou

Poccunckuii yHrBepcuTeT Apyx6bl HapoaoB UM. [NaTtpuca Jlymymobsl, . Mocksa, Poccuniickaa denepauns
< Bakaev_yua@rudn.ru

Pe3iome

BBELOEHMWE. Mnactuyeckas XxMpyprus Markmx TkaHei, kak npaBusio, ConpoBoxaaeTcs 3a6opomM AeCHEBOI0O
TpaHcnnaHTarta c TBepAbix TKaHel HEGA. OTKpbITas paHeBasi MOBEPXHOCTb B JOHOPCKOM 30HE MOXET Bbi3bl-
BaTb O0JIEBbIE OLLYLLEHWNS, a TakKe COXPaHaeTcst puck MHGULIMPOBaHWS paHbl. B nocnenHee Bpems Ans no-
KPbITUS paH B AJOHOPCKOM 061acTh BCE HYalle NPUMEHSIOTCH MEAULMHCKME KNew.

LLEENb UCCNEOOBAHUNA. CpaBHeHMe aHTUOaKTepuanbHON akTUBHOCTU MEAMLMHCKUX KeeB pPasfinyHbIX
npon3BOaUTENEN.

MATEPUAJbI N METObI. B xone nccnenoBaHus 6blv UCNONb30BaHbl MeanuuHekue kneun: Cynbdakpu-
nat (HTO «MegWn»), Tuctoakpun (B.Braun), Femokomnakt (MTMO «MHTep-Buta»). B ka4eCTBE KOHTPONBHO-
ro aHTUCenTuKa NpuMeHsncs pacteop xnoprekcuanHa (0,05%). AHTUMUKPOOGHAS akTUBHOCTb Pa3INYHbIX
KJieeBblX COCTaBOB Oblia NpoTecTMpoBaHa Ha Staphylococcus aureus n nsonsarax Streptococcus salivarius,
Streptococcus sobrinus 1 Candida albicans.

PE3YJIbTATbI. Bce npeacTtaBneHHble npenapartbl NPOAEMOHCTPMPOBAIN aHTUBaKTePUanbHY akTUBHOCTb,
0o[HaKo Hanbonee BblpaxeHHbIN apPeKT Habnaancs y Kfes 0Te4eCTBEHHOro NPoOM3BOANTENS HA OCHOBE
3TULMAHOAKPUIOBOWN KUCNOTHI.

BbIBO/bl. SkcneprmMeHTanbLHO NoATBEPXAEHA 3asBeHHas Npon3BoanTeniemM aHTubakTepuanbHas akTuB-
HOCTb MEAVLMHCKMX KNEEB B OTHOLLEHNW YCNIOBHO-NATOME€HHbIX LUTAMMOB MUKPOOPIraHN3MOB, ABIFIOLLNXCA
NOCTOSIHHBIMM 0BUTaTENS MU NOJIOCTYM pTa.

KnioueBble cnoBa: MeQVLMHCKWIA KNei, nnactuyeckas XMpyprusa Markux TkaHel, cynbdakpuniart, rmcroa-
KpW, reMOKOMNaKT

UHdopmauumna o ctatbe: noctynuna — 27.01.2025; ncnpasneHa — 11.03.2025; npunsata — 16.03.2025
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KoHGAUKT nHTepecoB: aBTOPbl CO0OLLAa0T 06 OTCYTCTBUN KOHMNMKTA UHTEPECOB.

bnarogapHocTu: durHaAHCHUpOBaHMeE n nHanemayasbHble 6J'IaFO,£I,apHOCTVI Ana neknapmnpoBaHnNAa OTCYTCTBYIOT.

AnauutupoBanma: bakaesO.A., Xabanse 3.C., Maromenos O.U., Kyaxesa A.T., Kakabaase 3.M., YmaposA.1O.,
Bex6u A. OueHka aHTubakTepuasibHbIX CBOMCTB MeAULIMHCKMX afAre3nBOB B MNIACTUYECKON XUPYPrv MArknx
TKaHen NonocTun pta. SHgoaoHTus Today. 2025;23(2):318-325. https://doi.org/10.36377/ET-0081

INTRODUCTION

Soft tissue grafting is a popular procedure in sur-
gical dentistry. Often, this type of surgery is accom-
panied by the harvesting of soft tissue autograft. The
mucous membrane of the hard palate is the area from
which the graft is most often harvested [1]. The wound
surface after harvesting the graft from the palate
should be closed to minimize postoperative pain. Me-
dical glue is the material of choice for such purposes.
Recently, medical tissue adhesives have been studied
as a good alternative to conventional suture materials,
although the following properties had to be taken into
account, among others: good adhesive strength, relia-
ble polymerization in a moist environment, biocompat-
ibility, stability and good working time [2; 3]. Conside-
ring this, cyanoacrylate adhesives seem to be a good
option for use in dentistry [4]. Cyanoacrylates come
in several different forms depending on the length
and complexity of their chains; These include methyl,
ethyl, n-butyl, isoamyl, isohexyl and octyl cyanoac-
rylates [5; 6].

AIM

The aim of this study was to compare the manifes-
tation of antibacterial properties of medical adhesives
from different manufacturers and its duration in the
donor area on the palate during plastic surgery of soft
tissues in the oral cavity.

MATERIALS AND METHODS

Test compounds and sample preparation

The materials for the study were divided into
4 groups:

1. The first group included samples using domesti-
cally produced medical adhesive based on feracryl

2. The second group with samples of domestically
produced adhesive based on ethyl cyanoacrylate

Table 1. Characteristics of the medical adhesives studied

3. Samples of group 3 using imported adhesive
based on n-butyl-2-cyanoacrylate

4. The control group included samples using an an-
tiseptic based on Chlorhexidine 0.05%. 10 ul of the sub-
stances were applied to sterile Whatman ® 3MM discs
(6 mm in diameter) and allowed to dry.

Sulfacrylate (LLC NTO Medln), Histoacryl (B.Braun),
and Hemocompact (LLC MTPO Inter-Vita) were used in
the tests (Table 1).

Bacterial strains and growth conditions

The antimicrobial activity of various adhesives was
tested on normal oral flora residents that may cause
secondary infection: Staphylococcus aureus and pre-
viously obtained isolates of Streptococcus salivarius,
Streptococcus sobrinus and Candida albicans. S. au-
reus was cultured in LB medium. LB medium supple-
mented with FBS (fetal bovine serum) (5%) and glucose
(2%) was used to maintain and grow Streptococcus
isolates. Sabouraud medium (dry enzymatic peptone;
glucose; microbiological agar) was used to cultivate
Candida albicans fungi.

Disc Diffusion Test

1 ml of bacterial (1-5 x 106 CFU/ml) or yeast cell
suspension (1-5 x 104 CFU/ml) was spread on the sur-
face of the corresponding solid medium in Petri di-
shes and dried for 15 min. Then the prepared discs with
samples of all 4 groups were placed on the surface of
agar plates and incubated for 24 h at 37°C. The zone of
growth inhibition was then measured in four directions
and averaged.

To assess how long the test compound retains an-
timicrobial activity, filter papers with samples of all
4 groups were incubated on clean LB plates for one, two
and three days to allow the substance to diffuse from
the disc, and then the residual activity was tested as de-
scribed above.

Ta6nuua 1. XapaktepucTunka nccnengyemMbix MeANLUHCKNX aare3nsoB

Glue Manufacturer

Compound Group

Hemocompact LLC MTPO Inter-Vita, Moscow

—aqueous solution of feracryl 1%;

—sodium alginate;

— acetic acid, chemically pure for pharmacology,
content not less than 99.85%;

— distilled water for pharmacology

Feracryl

Sulfacrylate LLC NTO MedIn

— ethyl ester of a-cyanoacrylic acid;
— butyl ester of acrylic acid;
— methacrylate-3-oxysulfalanes

Cyanoacrylate

Histoacryl B.Braun, Germany

n-butyl-2-cyanoacrylate monomer

Cyanoacrylate
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RESULTS
The results of the study on the 1%t day are presented
in Tables 2-5.

Table 2. Diameter of growth inhibition zones

of S. Aureus (1 day)

Ta6nuuya 2. [lnameTp 30H NogaBieHns pocta
S. Aureus (1-7 geHb)

B nomouwb npakTnyeckomy Bpady / To help a practitioner

The results of the study on the 2" day are presented
in Tables 6-9.

Table 6. Diameter of growth inhibition zones

of S. Aureus (2™ day)

Ta6nuuya 6. lnameTp 30H MHIMOUpPOBaAHUSA pocTa
S. Aureus (2-11 oeHb)

Substance Diameter of zones
Sull:rs:(tjz;r:ce LI G e :;‘::; Initial data Average
study Initial data Average Group 1 _ _ _ _ _ _ _ _ _
Group 1 1210 8 | 10| 6 5 6 6 7.75 Group 2 8 8 6 6 8l 10| 10 8 8.000
Group2 |20 |22 |16 | 18 | 20 | 18 | 14 | 16 | 18.00 Group 3 sl 5 5 5 -1 -| - - 5000
Group 3 16 |18 |14 | 14 | 14 | 14 | 12 | 12 14.25 Group 4 ) 6 6 3 5 5 6 5 6.125
Group 4 1216|1212 | 10| 10 | 10 | 10 11.50
Table 7. Diameter of growth inhibition zones
Table 3. Diameter of growth inhibition zones of C. albicans (2" day)
of C. albicans (1*'day) Tabnuua 7. JyuameTp 30H MHIMOMPOBAHWS pocTa
Tabnuua 3. yameTp 30H NoAaBsieHns pocTa C. albicans (2-1 oeHb)
C. albicans (B nepBblit OeHb)
Substance Diameter of zones
Substance Diameter of zones under
::‘3:; Initial data Average EHEY Initial data Average
Group 1 e e e i e i I
Group S| 88| 916148 8 100 Group2 | 10|10 6|6 |6 |85 6 7125
Group 2 24 | 28 | 30|22 | 22|22 | 18 | 26 24.0 Group 3 4 3 3 3 5 2 3625
Group 3 2012212018 |14 |16 | 14 | 16 17.5 Group 4 6 6 6 ~ B B - 6.000
Group 4 10| 8 6 6 12 112 |16 | 10 10.0
. . Table 8. Diameter of growth inhibition zones
I?g?esﬁi)rljirl]a:]r:((a}g;g;)growth inhibition zones of S. Sobrinus (2™ day)
Ta6nuua 8. [lnameTp 30H NogaBneHns
TaGnuua 4. fuaner) oo nonasnern pocta pocTa . Sobrinus (Ha 2-1 aeH)
Substance T TS su::::::ce Diameter of zones
under " study Initial data Average
study Initial data Average
Group 1 14121614 20|22 18] 18 | 16.750 Group 1 B I I A A A B -
Group2 | 40 | 36 | 37 | 46 | 30 | 34 | 30 | 34 | 35.875 | |Group2 |12 14121010 8 | 10] 10 1075
Group3 | 26 | 24 | 26 | 28 | 22 | 22 | 22| 20 | 23750 | |CGrour3 Sl Ml Mt el Bl Ml B
Group4 | 14| 14 | 14 | 16 | 14 | 14 | 12 | 12 | 14.000 | [Group4 616|668 ]8]6]6] 65
Table 5. Diameter of growth inhibition zones Table 9. Diameter of growth inhibition zones
of S. Salivarius (1st day) of S. Salivarius (2”d day)
Ta6nuua 5. JuameTp 30H NOAABNEHNS POCTA Taﬁmflu,a_g. AvameTp 30H nonasneHus pocTa
S. Salivarius (1- geHb) S. Salivarius (Ha 2-11 oeHb)
Substance Diameter of zones Substance Diameter of zones
under under .
study Initial data Average study Initial data Average
Group 1 16| 14 |18 |20 | 10 | 12 | 12 | 10 | 14.000 Group 1 e e e e e -
Group 2 45| 50 | 46 | 46 | 30 | 30 | 28 | 30 | 38.125 Group 2 12 /10|10 10| 8 | 10| 10| 8 9.75
Group 3 26 | 24 | 28 |22 | 16 | 16 | 20 | 22 | 21.750 Group 3 o e T T e R
Group 4 12112 (12 |12 | 12 | 14 | 22 | 14 | 13.750 Group 4 6 6 6 6 8 8 8 6 6.75

The presented results of sample control on the first
day allow us to verify that the medical glue based on
ethyl cyanoacrylate showed the best result (Fig. 1).

Comparatively low antibacterial activity on the first
day was shown by samples of group 1 using medical
glue based on feracryl.

dHdodoHmus
—————TLT

When assessing the antibacterial activity of medical
adhesives on the 2" day, we obtain a sharp decrease in
the antibacterial activity of all samples (Fig. 2). Howe-
ver, the sample of group 2, which showed the best
results on the first day, still had the largest halo of anti-
bacterial activity compared to other samples.

Volume 23, no. 2/ 2025



B nomouwb npakTndeckomy Bpady / To help a practitioner | 32 1

Microorganism Repeat 1

S. aureus

C. albicans

S. sobrinus

S. salivarius

Fig. 1 Study of antibacterial activity of medical adhesives on the first day
Puc.1 ViccnepoBaHue aHTUGakTepuanbHOM akTUBHOCTU MEOULMHCKNX KJIEEB B NEPBLIE CYTKMN
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Microorganism Repeat 1 Repeat 2

S. aureus

C. albicans

S. sobrinus

S. salivarius

Fig. 2. Study of antibacterial activity of medical adhesives on the second day
Puc. 2. ViccnepnoBaHve aHTMGakTepuanbHON akTUBHOCTU MEOVLIMHCKUX KJIEEB HA BTOPbIE CYTKU
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Microorganism Repeat 1 Repeat 2

S. aureus

C. albicans

S. sobrinus

S. salivarius

Fig. 3 Study of antibacterial activity of medical adhesives on the third day
Puc. 3. ViccnepoBaHure aHTubakTepUanbHOM akTUBHOCTU MEANLMHCKNX KJTIEEB HA TPETbU CYTKU

Tom 23 N2 2 / 2025 ‘ Endodontics



324 |

The results of the study on the 3" day are presented
in Tables 10-13.

Table 10. Diameter of growth inhibition zones
of S. Aureus (3" day)

Ta6nuuya 10. lnameTp 30H MHIMOBMPOBaHUSA PocTa
S. Aureus (3-11 oeHb)

Substance
under
study

Diameter of zones

Initial data Average

8 | 10
4

7.750
5.125

Group 1

Group 2

D | O

6
6

w | o
w | o

o | o

Group 3 10

Group 4

Table 11. Diameter of growth inhibition zones
of C. albicans (3™ day)

Ta6nuua 11. luameTp 30H TOPMOXEHUS pocTa
C. albicans (3-1 geHb)

Substance Diameter of zones

under

study Initial data Average
Group 1 - - - - - - - - -
Group 2 4 3 3 3 4 3 3 3 3.25
Group 3 4 3 3 3 4 3 3 3 3.25
Group 4 4 3 3 3 4 3 3 3 3.25

Table 12. Diameter of growth inhibition zones
of S. Sobrinus (3™ day)

Ta6nuua 12. lnameTp 30H NogaBsieHns pocta
S. Sobrinus (Ha 3-11 oeHb)

Substance Diameter of zones

under

study Initial data Average
Group 1 e e e i e i I -

Group 2 10[10| 8 |6 |10 8| 88 8.5
Group 3 -l -]l =-1=1=-1-1-1- -

Group 4 e e e i e i I -
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Table 13. Diameter of growth inhibition zones
of S. Salivarius (3" day)

Ta6nuua 13. JuameTp 30H NogaBfeHns pocta
S. Salivarius (Ha 3-11 feHb)

Substance Diameter of zones

under

study Initial data Average
Group 1 - - - - - - - - -
Group 2 8 |10 8 | 10| 8 8 8 | 10 8.75
Group 3 4 3 3 4 3 3 3 3.25
Group 4 4 3 4 3 3 3.25

On the 3™ day, it is noted that antibacterial activity
is completely absent in all representatives of medical
glue, with the exception of samples of Group 2, which
retained a slight halo of antibacterial activity against
Staphylococcus aureus (Fig. 3).

DISCUSSION

During the study, a significant difference was noted
between the medical adhesives of the cyanoacrylic
group and the feracryl group. The adhesive based on
cyanoacrylic acid was more effective in relation to the
studied strains. Such differences indicate that when
performing surgical manipulations in the oral cavity us-
ing medical glue, preference should be given to the first
group of adhesives.

Ethyl cyanoacrylate glue has proven itself as a glue
capable of exerting pronounced local antibacterial ac-
tivity on opportunistic strains of microorganisms. Such
activity of the glue helps to reduce the likelihood of in-
fection of the wound surface of the donor area on the
palate and to ensure rapid and painless wound healing.

CONCLUSION

The study showed that all tested preparations have
an antibacterial effect. However, the highest and lon-
gest antibacterial activity against all studied strains and
in comparison, with the control group was demonstra-
ted by the glue based on ethyl cyanoacrylate.
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Abstract

INTRODUCTION. An emerging and promising direction in dentistry is the use of photodynamically activated
disinfection as part of comprehensive therapeutic and preventive protocols. This method contributes to
the improvement of clinical periodontal status, enhances immune function, and positively influences the
outcomes of periodontal treatment. However, the pathogenetic mechanisms underlying the effectiveness of
this therapy remain insufficiently understood and require further investigation.

AIM. To evaluate the effectiveness of laser-assisted photodynamic disinfection on the clinical condition of perio-
dontal tissues and the cytokine profile of oral fluid in patients with moderate chronic generalized periodontitis.
MATERIALS AND METHODS. A total of 62 patients aged 35 to 45 years with moderate chronic generalized
periodontitis were examined. They were randomly assigned to two groups: a control group (receiving
standard periodontal treatment) and a main group (receiving photodynamically activated disinfection in
combination with standard treatment). Clinical and radiographic examinations were performed, along with the
measurement of cytokine levels in oral fluid (IL-1B, IL-4, IL-6, IL-8, IL-10, TNF-q, and IFN-y) before treatment,
and at 14 days, 3 months, and 6 months after treatment initiation.

RESULTS. Photodynamically activated disinfection led to a significant improvement in the clinical condition
of periodontal tissues and normalization of periodontal and hygiene indices. In addition, patients in the main
group demonstrated a restoration of cytokine balance in periodontal tissues, with a marked reduction in pro-
inflammatory cytokines IL-1B, IL-6, IL-8, TNF-a (p < 0.01), and IFN-y (p < 0.001), as well as an increase in anti-
inflammatory cytokines IL-4 (p < 0.05) and IL-10 (p < 0.05), compared to baseline levels.

CONCLUSIONS. In patients with moderate chronic generalized periodontitis, therapeutic and preventive
measures contribute to improved clinical periodontal conditions, as reflected in the periodontal and hygiene
indices. However, patients in the main group receiving photodynamically activated disinfection exhibited
significantly greater improvements in periodontal indices and normalization of the cytokine profile (p < 0.001).

Keywords: chronic generalized periodontitis, interleukins-18, -4, -6, -8, -10, tumor necrosis factor-alpha,
interferon-gamma, photodynamically activated disinfection

Article info: received — 13.04.2025; revised — 26.05.2025; accepted — 30.05.2025
Conflict of interest: The authors report no conflict of interest.
Acknowledgements: There are no funding and individual acknowledgments to declare.

For citation: Gerasimova L.P., Ibragimova I.F., Kamilov F.Kh., Lakman I.A., Usmanova I|.N., Usmanov |.R.,
Shaimardanov T.N., Shaimardanov A.T. Evaluation of the effectiveness of photodynamic disinfection on
the cytokine profile of oral fluid in patients with chronic generalized periodontitis. Endodontics Today.
2025;23(2):326-334. https://doi.org/10.36377/ET-0102

OueHKa 3¢ PeKTUBHOCTU BAMAHUA POTOAKTUBMPYEMOUN Ae3UHPEeKUUn
Ha COCTOAHMUE LIUTOKMHOBOIO NpoduiA poTOBOM XKUAKOCTU
Yy NauyueHToB C XpOHUUYECKUM reHepasim3oBaHHbIM NapoA4OHTUTOM

J1.N. repacumosa'®’), N.d. U6parumosa’2(2), d.X. Kamunos'(2), U.A. JNlakman'-3(2),
U.H. YcmaHoBa'(2 [<, U.P. YcmaHoB!'(), T.H. LlaimappgaHoB® 4>, A.T. LlaimappaHoB
' BallKMPCKUI rocyAapCTBEHHbIN MeAULIMHCKINI yHUBEpCUTET, I. Yda, Poccuiickas Deaepauns

2000 «V6papneHT», I. Yba, Poccuitckaa depepaumnd

3 YhUMCKNI YHUBEPCUTET HayKu 1 TexHonorui, r. Yoa, Poccuiickas depepaums

4000 «[eHTan-oduc», r. Yoda, Poccunckas Penepaumd

D irinausma@mail.ru

Pe3lome
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NapoaOHTOIOrMYeckoro nevyeHns. OgHaKo NaToreHeTUYeckKne MexaHn3mbl 3PPEKTUBHOCTU JAHHOIO MeTO-
[a Tepanuu TpebyoT NPOAOIXEHNS UCCNEeL0BAHWNIA.

LIEJ1b. OueHka addeKTUBHOCTU Nas3epHON GOTOAKTUBMPYEMON AE3UHDEKLNN HA KIIMHUYECKOE COCTOSAHNE
TKaHeln NapogoHTa U LUTOKUHOBLIN NPOdUb POTOBOM XNAKOCTU Y MALNMEHTOB C XPOHMYECKMM FrEHEPanm3o-
BaHHbIM NAPOAOHTUTOM.

MATEPUAblI N METOAbl. O6¢cnenoBaHbl 62 nauneHTa ¢ XpPOHUYECKUM FreHepanM3oBaHHbIM NapOa0OHTU-
TOM CpefHen cTeneHn TAXecTn B Bo3pacTe 35-45 neT, pasaoeneHHble crydaliHbiM 06pa3om Ha ABe rpyn-
Mbl — CPaBHEHWUS (MoJsly4anun CTaHOAPTHOE JIeHEHNE) M OCHOBHYIO (Nostydyanu GoTOakTUBUPYEMYIO Ae3nHbEeK-
Um0 Ha ¢oHe cTaHAapTHOro nedveHus). MpoBeneHbl KIMHUYECKOe U PeHTreHosiormyeckoe obcnenoBaHms
C onpefeneHnem B pOTOBOM XNAKOCTU ypoBHen IL-1B, IL-4, IL-6, IL-8, IL-10, TNF-a n IFN-y 0o neveHus, yepes
14 nHen, 3 n 6 mecsLeB.

PE3YJIbTATbI. ddoToakTuBnpyemas ae3vH@ekuus TkaHeil napofoHTa y naunmeHToB cnocobCTBYeT 3HAYU-
TENbHOMY YNYYLIEHMIO COCTOSIHUS TKaHe NapoAoHTa, HOpManmMsauuy NnapoaoHTaNbHbIX N TMTMEHNYECKUX
WHOEKCOB. TakXe y naunueHTOB 3TOW rpymnmnbl MPOUCXOAUT BOCCTAaHOBNEHME LMTOKMHOBOro 6anaHca Tka-
Hel napofoHTa: HabnaaeTCsa CHMXEHME YPOBHS NPOBOCHANNTENbHbBIX LMTOKMHOB IL-1B, IL-6, IL-8, TNF-a
(p <0,01), IFN-y (p < 0,001) 1 noBbILEHNE YPOBHSA NPOTMBOBOCHANNTENbHbIX IL-4 (p < 0,05) n IL-10 (p < 0,05)
MO CPaBHEHMIO C A@HHbIMU [0 NeYeHus.

BbIBObI. Y nauneHToB ¢ XpOHUYECKUM reHepanrM3oBaHHbIM MNapoAOHTUTOM CpeaHEeN CTENeHU TAXECTU MpPo-
BOAMMbIE Ne4ebHO-NpoduNakTnieckmne MeponpusaTus MPUBOAAT K YNy4LIEHWIO KIIMHNYECKOrOo COCTOSIHNS TKa-
Hell NapoaoHTa ¢ Koppensumen NapogoHTONOMMYECKUX U TUTMEHNYECKNX MHAEeKCOB. OAHAKo y NaLMeHTOB OC-
HOBHOU rpynnbl, KOTOPbIM NpoBoAunach GoToakTMBUpyemas aes3vHdpekums, Habnogaetca 6onee 3Ha4YMmoe
yAyyLLIEHVE NapoaOHTaNbHbIX MHAEKCOB, HOPMaNM3auns ypoBHS LMTOKMHOBOMO 6anaHca (p < 0,001).

KnioueBble cnoBa: XpOHMYECKUI reHepann3oBaHHbI NAPOAOHTUT, MHTepnenkuHsl -1B, -4, -6, -8, -10, dak-
TOP HEKPO3a onyxonen-anbda, MHTEPPEPOH-ramma, GoToakTUBMpyeMasa aes3nHbekums

UHdopmauuna o ctatbe: noctynuna — 13.04.2025; ncnpasnena — 26.05.2025; npuHarta — 30.05.2025
KoH$AUKT nHTepecoB: aBTOPbLI CO0OLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.
BbnaropaapHocTu: GMHAHCUPOBaHWE N MHAMBMAYa bHbIE O/1arofapHOCTY 19 AeK1apupOBaHUsS OTCYTCTBYIOT.

Ana uutuposBaHua: lepacumosa J1.M., M6parnmosa N.®., Kamunos ®.X., JlakmaH U.A., YcmaHosa UN.H., Yc-
maHoB W.P., LLanmappaHos T.H., LLanmapoaHoB A.T. OueHka 3addeKTUBHOCTU BANSHUSA POTOAKTUBMPYEMON
ne3nHPEKLNM Ha COCTOSIHNE LUTOKMHOBOIO NPOMUIS POTOBOM XUAKOCTU Y NALMEHTOB C XPOHUYECKUM FrEHe-
panM3oBaHHbIM NAPOAOHTUTOM. SHA0A0HTHUS Today. 2025;23(2):326-334. https://doi.org/10.36377/ET-0102
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INTRODUCTION

Inflammatory periodontal diseases rank 11" glo-
bally in prevalence according to the Global Burden of
Disease Study [1]. The highest prevalence of chronic
periodontitis is observed in the elderly (82%), followed
by adults (73%) and adolescents (59%) [2; 3]. Globally,
periodontal diseases are more frequently diagnosed
in younger populations, with prevalence rates ranging
from 4% to 76% in developed countries and from 50%
1o 90% in developing countries [4].

Inflammatory periodontal diseases represent a sig-
nificant public health concern and are closely asso-
ciated with various risk factors [5]. However, the local
immune response plays a central role in the develop-
ment of inflammation [6].

In active clinical stages of chronic generalized pe-
riodontitis, the pro-inflammatory cytokines IL-13, IL-6,
and TNF-a form a “classical” inflammatory triad. These
cytokines initiate the expression of additional pro-in-
flammatory interleukins, their receptors, and other me-
diators of inflammation, while also signaling a reduction
in IL-10 secretion [7-9]. During advanced inflammatory
processes, there is an increase in phagocytic activity,
antigenic proliferation of Th1, Th2, and Th17 cells, B-cell
activation, and neutrophil release [7]. In this context,
IL-6 exhibits strong pro-inflammatory properties, acce-
lerating B-cell maturation, immunoglobulin secretion,
and Th17 cell proliferation [10].

Th17 cells, in turn, produce a group of pro-inflam-
matory cytokines, including IL-17, IL-21, and IL-23. IL-17

promotes the expression of high levels of chemoat-
tractants and increases the release of inflammatory
mediators by macrophages and periodontal ligament
cells, resulting in their elevated concentration within
periodontal tissues [7]. Pro-inflammatory cytokines
(IL-1B, IL-6, IL-17, TNF-a) contribute to the differentiation
of monocytes into osteoclasts and accelerate bone re-
sorption [7; 11-13].

The pathogenesis and chronicity of periodontal in-
flammation also involve cytokines such as IL-25, IL-31,
IL-33, and the soluble CD40 ligand, which participate in
the activation, differentiation, and regulation of interleu-
kins, chemokines, and immune cell expression [10; 11].
Under physiological conditions, cytokines help maintain
immune homeostasis within the periodontium, regulate
neutrophil activity, and coordinate immune cell coopera-
tion, thereby preserving epithelial barrier integrity [14].

The levels of pleiotropic cytokines in oral fluid and
blood serum are positively correlated with clinical pa-
rameters of periodontitis. Thus, assessing cytokine
profiles in whole saliva provides a convenient and effec-
tive tool for monitoring the severity of the inflammatory
response [15].

Despite the extensive literature devoted to the im-
mune-inflammatory aspects of chronic periodontitis,
its underlying pathogenetic mechanisms remain insuf-
ficiently understood [11].

Currently, numerous comprehensive treatment
strategies and modern pharmacological agents have
been developed for the management of periodontitis.
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However, despite significant advancements, existing
methods have not achieved long-term clinical stability
or sustained remission. According to the latest treat-
ment guidelines published by the European Federation
of Periodontology, a staged therapeutic approach is
recommended [16].

A promising component of the comprehensive man-
agement of inflammatory periodontal diseases is pho-
todynamically activated disinfection, which can improve
key periodontal parameters such as clinical attachment
loss or gain, bleeding on probing, and pocket depth.
It also reduces inflammatory marker levels, thereby
slowing disease progression and prolonging remission
periods [17; 18].

Nonetheless, the pathogenetic mechanisms under-
lying the therapeutic efficacy of this method - particu-
larly its influence on the cytokine profile of oral fluid —
remain to be fully elucidated. This gap in knowledge
defines the relevance and objective of our study.

AIM

Evaluation of the Effectiveness of Laser Photody-
namically Activated Disinfection on the Clinical Con-
dition of Periodontal Tissues and the Cytokine Profile
of Oral Fluid in Patients with Chronic Generalized Pe-
riodontitis.

MATERIALS AND METHODS

Clinical studies were conducted at the Depart-
ment of Therapeutic Dentistry of Bashkir State Medi-
cal University (BSMU), Ministry of Health of the Rus-
sian Federation, and at the dental clinic Ibradent LLC.
A total of 62 patients aged 35 to 45 years with moder-
ate chronic generalized periodontitis (ICD-10: K05.3)
and 21 individuals with intact periodontium (control
group) were examined. The mean age of the partici-
pants was 41.98 +£4.30 years; 24 (38.71%) were male
and 38 (61.29%) were female.

The comprehensive dental examination included
assessment of complaints and medical history, clinical
evaluation of periodontal and dental tissues, and meas-
urement of periodontal indices:

— CPI (P.A. Leus, 1988);

— PMA (C. Parma, 1960);

— SBI (H.P. Muhlemann, S. Son, 1971);

— OHI-S (J.K. Green, J.K. Vermillion, 1964), which as-
sesses the amount of dental plaque in the gingival sulcus.

To confirm the diagnosis and assess the condition of
the alveolar bone, cone-beam computed tomography
(CBCT) was used.

Patients with periodontitis were randomly divided
into two equal clinical groups: a comparison group and
a main group. The main group received standard treat-
ment according to clinical guidelines, supplemented
with photodynamically activated disinfection using to-
luidine blue as a photosensitizer and the Soga PDT-I
device with a wavelength of 570-690 nm and energy
density of 75 mW/cm?. Examinations were performed at
baseline, after 10—14 days, and at 3 and 6 months. Pa-
tients in the comparison group received standard treat-
ment only, according to clinical guidelines.

dHdodoHmus
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Laboratory testing of oral fluid samples included
determination of the concentrations of interleukins
IL-1B, IL-4, IL-6, IL-8, IL-10, tumor necrosis factor-alpha
(TNF-a), and interferon-gamma (IFN-y) using enzyme-
linked immunosorbent assay (ELISA) with reagent kits
from Vector-Best JSC (Russia) on the Personal Lab
analyzer (ltaly). Sample collection, storage, and prep-
aration for analysis were performed according to the
manufacturer’s recommendations [19].

Oral fluid was collected in the morning, fasting and
prior to tooth brushing, by expectoration into a ste-
rile centrifuge tube with a tightly sealed cap. Salivation
was physiologically stimulated through active tongue
and cheek muscle movements. Samples were stored at
—18°C to —20°C for no longer than 5 days prior to analy-
sis. Before testing, samples were thawed slowly at room
temperature and centrifuged at 2800 rpm for 15 mi-
nutes. The supernatant was used for analysis.

Statistical analysis was performed using R 4.3 statis-
tical software. Data distribution was presented as me-
dian and interquartile range: Me [Q1-Q3]. The Mann-
Whitney U test was used for between-group compari-
sons and comparisons with reference values. The Wil-
coxon signed-rank test was used for comparisons of
pre- and post-treatment values (paired data). Differenc-
es were considered statistically significant at p < 0.05.

RESULTS

A comprehensive dental examination was conduc-
ted on 62 patients with moderate chronic generalized
periodontitis (ICD-10: K05.3).

Before the initiation of therapeutic and preventive
measures, patients most commonly reported the fol-
lowing complaints:

— pain in the gingival area (93%);

— soreness and gingival bleeding during eating and
tooth brushing (95%);

— halitosis (89%);

— tooth mobility (31%);

— development of traumatic occlusion (58%).

Clinical examination of the periodontal tissues re-
vealed:

— congestive venous hyperemia in 91% of patients;

- the presence of supra- and subgingival calculus in
100%;

— blunting of interdental papillae and gingival edema
in 90%, and Grade Il tooth mobility.

The depth of periodontal pockets ranged between
4.6 and 5 mm.

Orthopantomographic analysis showed:

—bone resorption of the interradicular septa in all
patients, ranging from one-third to one-half of the root
length, focal osteoporosis, and the formation of vertical
bone defects in localized areas.

The median values of periodontal indices at baseline
were as follows:

- CPI-279[2.57-3.12];

— SBI - 2.61[2.43-2.69];

- PMA - 46.6 [42.5-49.0];

—the simplified oral hygiene index (OHI-S) — 2.47
[2.19-2.70].
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The dynamics of hygiene and periodontal indices in
patients with moderate chronic generalized periodonti-
tis undergoing either photodynamically activated disin-
fection or standard treatment are presented in Table 1.

As shown, pairwise intergroup comparison of perio-
dontal and hygiene indices revealed no statistically sig-
nificant differences between the main group and the
comparison group before treatment (p > 0.2). After
treatment, significant improvements were observed in
CPI, SBI, PMA, and OHI-S indices at 14 days, 3 months,
and 6 months compared to baseline in both groups
(p < 0.05). Additionally, statistically significant inter-
group differences were noted in the dynamics of these
indices over time —at 14 days, 3 months, and 6 months -
except for OHI-S, which showed no significant differ-
ences at 3 and 6 months (p > 0.1).

At 14 days after treatment, a notable downward trend
in the periodontal and hygiene indices was observed in
the main group:

— CPl decreased by 1.53-fold to 1.82 [1.46-2.27];

— SBIl by 1.44-fold to 1.83 [1.67-1.91];

— PMA by 1.9-fold to 30.0 [25.5-32.0];

— OHI-S by 1.82-fold to 1.36 [1.17-1.47].

529

In the comparison group, receiving standard care
per clinical guidelines, the reductions were more
modest:

— CPI by 1.33-fold to 2.09 [1.79-2.44];

— SBIl by 1.21-fold to 2.13 [1.89-2.41];

— PMA by 1.55-fold to 30.0 [25.5-32.0];

— OHI-S by 1.52-fold to 1.62 [1.24-2.04].

At 3 months post-treatment, patients in the main
group demonstrated clinical stabilization of periodontal
tissues, with further reductions compared to baseline:

— CPl decreased by 1.91-fold to 1.46 [1.11-1.65];

— SBIl by 1.91-fold to 1.38 [1.06-1.72];

— PMA by 2.06-fold to 22.6 [18.5-27.3];

— OHI-S by 1.93-fold to 1.28 [1.07-1.34].

In the comparison group, the respective reductions
were:

— CPI by 1.65-fold to 1.69 [1.25-1.83];

— SBIl by 1.32-fold to 1.94 [1.71-2.22];

- PMA by 1.91-fold to 24.4 [21.3-27.0];

— OHI-S by 1.69-fold to 1.46 [1.14-1.75].

At the 6-month follow-up, patients in the main group
showed sustained clinical improvement due to photo-
dynamically activated disinfection.

Table 1. Dynamics of Periodontal and Hygiene Indices in Patients with Moderate Chronic Generalized Periodontitis
Undergoing Standard Treatment and Treatment with Photodynamically Activated Disinfection, Me [Q;—Q3]

Ta6bnuua 1. InHammka napogoHTONOrMYECKMX U TUIMEHMYECKNX MHOEKCOB Y NaLMEHTOB C XPOHUYECKUM
reHepasiM3oBaHHbIM NAaPOAOHTUTOM CPeHel CTENEHN TAXECTU NPU CTAaHAAPTHOM JIEYEHWN U NIEHEHUN C
npumeHeHnem potoakTuBmpyemon aesnHdekumnm, Me [Q—Qas]

. Patient Indices, scores, %
Study period n
group KPI, scores SBI, % PMA, % OHI-S, scores
2.79 2.64 46.6 2.47
0 31 [2.68-3.12] [2.43-2.75] [42.5-49.5] [2.11-2.70]
Before treatment p=0.926 p=0.874 p=0.926 p=0.814
c 31 2.79 2.57 46.4 2.47
[2.46-3.12] [2.38-2.69] [42.5-49.0] [2.19-2.75]
1.82 1.83 24.5 1.36
o ” [1.46-2.27] [1.67-1.91] [19.6-28.7] [1.17-1.47]
p=0.016 p=0.001 p=0.018 p=0.175
After 14 days p:<0.001 p1<0.001 p:1<0.001 p:<0.001
2.09 2.13 30.0 1.62
C 31 [1.79-2.44] [1.89-2.41] [25.5-32.0] [1.24-2.04]
p:< 0.001 p:=0.002 p:< 0.001 p:< 0.001
1.46 1.38 22.6 1.28
o 31 [1.11-1.65] [1.06-1.72] [18.5-27.3] [1.07-1.34]
p=0.272 p=0.008 p=0.042 p=0.178
After 3 months p1< 0.001 p1< 0.001 p:< 0.001 p1< 0.001
1.69 1.94 24.4 1.46
C 31 [1.25-1.83] [1.71-2.22] [21.3-27.0] [1.14-1.75]
p1<0.001 p1<0.001 p:1<0.001 p:<0.001
31 1.22 1.06 20.4 1.16
o [0.96-1.43] [0.77-1.23] [16.7-22.6] [0.91-1.33]
p=0.042 p=0.025 p=0.036 p=0.643
After 6 months p1< 0.001 p:1< 0.001 p:1< 0.001 p1< 0.001
31 1.52 1.43 24.0 1.16
C [0.97-1.64] [1.23-1.73] [19.1-27.4] [0.97-1.63]
p1<0.001 p1<0.001 p:1<0.001 p:<0.001

Note: C — comparison clinical group; M — main clinical group; p — difference compared to the comparison group (Mann-Whitney
U test); p1 — difference before and after treatment within the same group (Wilcoxon signed-rank test).

lNpumeyanus: C — knHMYeckas rpynna cpaBHeHns, O — OCHOBHas KIMHMYeCcKasa rpynna; p — pasnuyve ¢ rpynnon CpaBHEHUS
(kpuTepwuint MaHHa-YnTHM), p1 — 4O 1 NOCNE NPOBeAEHNS NNe4ebHO-NPOPUIAKTUHECKNX MEPOMNPUATUI (KPUTEPUIA BUNKOKCOHA).
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Reductions compared to baseline were as follows:

— CPl by 2.29-fold to 1.22 [0.96-1.43];

— SBIl by 2.49-fold to 1.06 [0.77-1.23];

— PMA by 2.28-fold to 20.4 [16.7-22.6];

— OHI-S by 2.13-fold to 1.16 [0.91-1.33].

In the comparison group, the CPl and SBI decreased
respectively by:

- 1.84-fold to 1.52 [0.97-1.64];

—1.80-fold to 1.43 [1.23-1.73];

- PMA by 1.93-fold to 24.0 [19.1-27.4].

The dynamics of the OHI-S index did not signifi-
cantly differ between groups, with similar reductions
of 2.13-fold observed in both groups:

— main group: 1.16 [0.91-1.33];
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— comparison group: 1.16 [0.97-1.63].

Clinical manifestations of chronic generalized
periodontitis were accompanied by significant chan-
ges in cytokine concentrations in oral fluid samples
(Table 2).

ELISA data showed that, before treatment, patients
in the main group had elevated levels of pro-inflamma-
tory cytokines:

—IL-1B by 271.9%;

—IL-6 by 231.0%;

—IL-8 by 319.2%;

— TNF-a by 529.4%;

— IFN-y by 418.9%, compared to conditional normal
values.

Table 2. Cytokine Concentrations (pg/mL) in Oral Fluid of Patients with Chronic Generalized Periodontitis
Undergoing Comprehensive Treatment Including Photodynamically Activated Disinfection, Me [Q;—Qs], n = 31

Tabnuua 2. CogepxaHue LMTOKMHOB (B — Mr/MJ1) B POTOBOW XMUOKOCTU Y MaLMEHTOB C XPOHNYECKUM
reHepaam3oBaHHbIM NAPOAOHTUTOM MPU BKJIKOYEHUN B KOMIMJIEKCHOE NIe4eHnE GOTOAKTUBUPYEMYIO

nesvHdekuuto, Me [Q;—Qs], n=31

Study period | C125S IL-1B IL-4 IL-6 IL-8 IL-10 TNF-a IFN-y
group
58.2 17.3 12.66 46.6 148.4 32.4 161,5
o [50.2-67.2] | [15.2-19.8] | [11.5-15.7] | [39.7-48.9] | [127.4-154.2] | [24.9-38.4] |[135,5-173,8]
p < 0.001 p=0.022 p < 0.001 p < 0.001 p < 0.001 p <0.001 p < 0,001
Before p:=0.894 | p,=0.797 p:i=1.0 p:=0.833 p:=0.437 p:=0.366 | p;=0,078
treatment
61.6 16.2 12.96 57.2 137.5 30.4 134,0
c [49.2-69.8] | [12.8-18.9] |[10.59-15.79]| [44.6-55.6] | [115.5-147.6] | [20.5-35.9] | [107,1-154,2]
p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0,001
55.2 17.3 10.56 41.4 120.5 27.2 118,1
[48.8-63.2] | [15.6-21.4] | [9.72-12.1] | [36.4-45.5] | [112.7-155.5] | [21.1-32.4] | [94,4-132,2]
o) p < 0.001 p=0.036 p < 0.001 p < 0.001 p=0.002 p=0.001 p < 0,001
pi=0.124 pi=1.0 p:1=0.072 pi=0.054 p:1=0.078 p:1=0.081 pi=1,0
After 14 days p2=0.095 p2=1.0 p2=0.031 p.=0.133 p2=0.008 p2=0.056 p.=0,037
60.8 17.2 11.88 49.6 122.5 31.3 119,3
c [48.2-68.9] | [14.9-19.4] | [10.2-13.24] | [41.5-83.2] | [113.4-134.0] | [27.4-34.4] | [87,7-132,4]
p < 0.001 p=0.006 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0,001
p2:1.0 p220672 p2:1.0 p2:1.0 p2:O417 p220533 p220,213
36.4 23.3 8.85 26.4 229.5 10.7 60,3
[28.4-43.6] | [19.4-24.8] | [8.05-9.66] | [21.4-31.5] |[202.5-287.5]| [5.8-15.5] | [52,7-72,6]
0 p=0.041 p=1.0 p < 0.001 p=0.025 p=0773 p=0.263 p=0,042
p:=0.037 p: =0.004 p: =0.032 p:=0.046 p: =0.001 p: =0.029 pi=1,0
After 3 months p2=0.024 p2=0.002 p2=0.027 p2=0.002 p2<0.001 p2<0.001 p2<,001
52.8 19.8 10.2 32.4 1741 16.4 59,6
c [45.4-61.8] | [18.3-21.7] | [9.03-11.52] | [24.3-38.4] | [144.1-182.6] | [10.2-20.4] | [46,3-65,7]
p=0.002 p=0.364 p=0.001 p=0.004 p=0.701 p=0.004 p=0,039
P2:0.018 DQ:O.OOS ,02:0.003 p2:0.005 p2:0.001 p2:O.005 p2<0,001
25.4 22.6 6.24 15.6 245.6 8.21 47,7
[17.8-28.4] | [19.5-25.1] | [4.85-7.68] | [14.3-19.8] | [99.1-272.4] | [6.16-8.33] | [38,6-51,1]
o) p=0.912 p=1.0 p=0.075 p=0.958 p=0.081 p=0.934 p=0,281
p:=0.034 p:=0.031 p:=0.038 pi =0.041 p:1=0.039 p:1=0.036 p:=0,219
After 6 months p2< 0.001 p-=0.002 | p,<0.001 p2 < 0.001 p2 < 0.001 p2<0.001 p2< 0,001
36.8 23.4 7.97 20.2 205.5 9.5 56,8
c [30.2-43.4] | [19.3-26.7] | [6.99-8.64] | [14.3-26.2] |[200.5-246.3]| [6.2-15.3] | [45,2-59,2]
p=0.182 p=1.0 p=0.034 p=0.783 p=0.232 p=0.248 p=0,388
P2 < 0.001 p2=0.003 | p.<0.001 p2 < 0.001 P2 < 0.001 p2=0.001 p2< 0,001
Control 21,4 22.4 5.48 14.6 195.5 6.12 38.5
[16,2-26,8] | [19.4-28.6] | [1.79-6.23] | [12.1-16.3] [166-336] | [5.22-7.14] | [26.6-44.2]

Note: C — comparison clinical group; M — main clinical group; p — difference from the control group (patients with intact peri-
odontium) according to the Mann-Whitney U test; p1 — difference from the comparison group (Mann-Whitney U test); p2 — differ-
ence before and after treatment within the same group (Wilcoxon signed-rank test).

lMpumeyvaruns: C — knuHnyeckasa rpynna cpasHeHuns, O — OCHOBHas KIMHUYECKas rpynna, p — pa3imyins ¢ KOHTPOAeM — Fpynnom
NauneHTOB C MHTaKTHbIM NapOAOHTOM (KpuTepuin MaHHa-YUTHU), p1 — C rpynnon cpasHeHnd (kputepnit ManHa-YutHun), p. — oo
1 nocne neyebHo-NpodunakTUYecknx MeponpusaTni (kputepuii BunkokcoHa).

dHdodoHmus
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In the comparison group, cytokine levels increa-
sed by:

—IL-18 by 227.9%;

—IL-6 by 236.5%;

—IL-8 by 350.7%;

— TNF-a by 513.1%;

—IFN-y by 348.1%.

Both groups also showed decreased levels of anti-
inflammatory cytokines before treatment:

—1L-4 by 77.23% and 75.9%;

—IL-10 by 72.32% and 70.3%, respectively, com-
pared to normal reference values.

Before the initiation of therapeutic and preventive
interventions, patients in the main group with chronic
generalized periodontitis exhibited a decrease in the
levels of anti-inflammatory cytokines IL-4 and IL-10
in oral fluid samples by an average of 1.29-fold and
1.32-fold, respectively, compared to reference values.
At the same time, the median concentrations of pro-in-
flammatory cytokines IL-1B, IL-6, IL-8, TNF-q, and IFN-y
were elevated by 2.72, 2.31, 3.19, 5.29, and 4.19 times,
respectively, relative to conditional norms.

In the comparison group, a reduction in anti-in-
flammatory cytokines IL-4 and IL-10 was observed by
1.38-fold and 1.42-fold, respectively. Pro-inflammatory
cytokines IL-1B, IL-6, IL-8, TNF-a, and IFN-y were eleva-
ted by 2.88, 2.36, 3.90, 4.97, and 2.87 times, respec-
tively, compared to the reference values.

All cytokine values in both groups significantly dif-
fered from the reference norm (p < 0.001) according to
the Mann-Whitney U test.

DISCUSSION

According to the obtained data, therapeutic and pre-
ventive interventions contributed to the improvement of
the clinical condition of periodontal tissues in patients
with chronic generalized periodontitis in both the main
and comparison groups, as evidenced by the reduction
in CPI, SBI, and PMA indices.

In the main group, however, the use of photody-
namically activated disinfection of the periodontal
complex proved to be a significant factor in further
improving index values compared to the comparison
group (treated according to standard clinical guide-
lines). These findings are consistent with those repor-
ted by Amoian B. et al. [20].

Overall, cytokines at the site of inflammation exhibit
diverse and often opposing actions, frequently de-
monstrating synergistic, mutually activating, or antago-
nistic effects. This underscores the need to investigate
the systemic interactions within the cytokine network in
pathological conditions, rather than focusing solely on
individual cytokines.

In patients with chronic generalized periodontitis,
our study revealed an increase in the levels of pro-
inflammatory cytokines-IL-1B, IL-6, IL-8, TNF-a, and
IFN-y—in oral fluid samples, accompanied by a de-
crease in anti-inflammatory cytokines-IL-4 and IL-10.
This cytokine imbalance likely contributes to the pro-
gression and aggravation of the clinical periodontal
condition.
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Our findings are consistent with those reported
by Medara N. et al. [11], Pan W. et al. [12], and Rama-
dan D.E. etal. [14].

According to recent international studies, the pro-
gression of inflammation in periodontal tissues is asso-
ciated with a significant elevation of IFN-y and induced
production of IL-18 and TNF-a in oral fluid samples [7; 11].
Moreover, IL-4 has been shown to suppress the produc-
tion of IL-1B, TNF-a, IL-6, and IL-8 [7], while IL-10 levels
decrease in oral fluid under inflammatory conditions [10],
all of which corroborate our current findings.

The implementation of high-quality therapeutic and
preventive measures contributes to the reduction of in-
flammatory activity in periodontal tissues, as evidenced
by decreased levels of pro-inflammatory cytokines and
increased levels of anti-inflammatory cytokines in oral
fluid samples. These cytokine changes were more pro-
nounced in the main group receiving photodynamically
activated disinfection.

At 14 days following treatment, no significant chan-
ges in cytokine levels were observed in the compari-
son group (treated according to clinical guidelines). In
contrast, the main group showed statistically signifi-
cant reductions in the levels of IL-6 and IFN-y, as well
as an increase in the anti-inflammatory cytokine IL-10,
indicating the therapeutic benefit of photodynamic
disinfection.

IL-1B is a key pro-inflammatory mediator associated
with periodontal disease. Previous studies comparing
healthy individuals and patients with chronic periodon-
titis have demonstrated lower IL-1B levels in periodon-
tally healthy subjects and a decrease in IL-13 following
periodontal treatment in affected patients [10], which is
consistent with our findings.

Follow-up at 3 and 6 months revealed sustained im-
provements in cytokine profiles in both the main and
comparison groups, with statistically significant diffe-
rences compared to baseline levels (p < 0.05).

The IL-10/IL-1B ratio, used as an indicator of cytokine
balance, was significantly altered before treatment in
both groups compared to reference values:

— main group: 2.54 [1.73-3.46];

— comparison group: 2.23 [1.08-2.96], (p < 0.001,
Mann-Whitney U test).

After 6 months, this ratio increased significantly:

—in the main group, it rose t0 9.67 [7.44-10.8];

— in the comparison group, to 5.58 [4.36-6.58], with
both changes being statistically significant (p < 0.001,
Wilcoxon signed-rank test) compared to pre-treatment
values.

The IL-10/TNF-a ratio prior to therapeutic and
preventive interventions was significantly reduced
(p < 0.001) compared to the reference range, reaching:

—3.84 [2.66-4.97] in the main group;

—3.53 [2.72-4.48] in the comparison group.

At 6 months, this ratio increased markedly to:

—29.9 [25.8-31.6] in the main group;

—21.8 [18.8-24.2] in the comparison group.

These changes were statistically significant com-
pared to baseline values (p < 0.001, Wilcoxon signed-
rank test).
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Thus, the comprehensive assessment of the cy-
tokine network demonstrated more pronounced diffe-
rences in the effectiveness of therapeutic approaches
between the clinical groups. From this perspective, the
balance between pro-inflammatory and anti-inflamma-
tory cytokines emerges as a key factor in the chronicity
of periodontal inflammation, aligning with the findings
reported in previous studies [6; 12].

The ratio of IL-10, as one of the most important anti-in-
flammatory cytokines, to pro-inflammatory markers such
as IL-1B and TNF-a in oral fluid revealed significant diffe-
rences in treatment outcomes between the group ma-
naged according to standard clinical recommendations
(comparison group) and the group treated with adjunctive
photodynamically activated disinfection (main group).

While the clinical progression of moderate chronic
generalized periodontitis is naturally influenced by the
combined effect and variability of internal and external
risk factors, the inclusion of laser photodynamic disinfec-
tion in the treatment protocol was shown to accelerate the
restoration of cytokine balance in periodontal tissues.
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CONCLUSION
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with a decrease in IL-4 (p < 0.05) and IL-10 (p < 0.05).

3. The inclusion of laser photodynamically activat-
ed disinfection in the comprehensive treatment pro-
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contributes to the stabilization of the cytokine balance
in oral fluid samples, which serves as an important
marker of periodontal tissue condition during the re-
mission stage.
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