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Introduction

Despite the rapid development of preventive and recon-
structive dentistry over the past decade, the high prevalence
of caries, especially in children, is increasing [1]. The most
significant factors contributing to this trend include perma-
nent residence in regions with biogeochemical deficiencies
of fluoride, iodine, and magnesium, unbalanced nutrition,
and the presence of underlying medical conditions [2].
Studies on caries morbidity among children of various eth-
nic groups in the Transcarpathian region of Ukraine (an
area with biogeochemical deficiency of iodine, fluoride,
and magnesium) have highlighted the primary role of oral
cavity microflora in the occurrence and progression of den-
tal caries [3]. An essential aspect of the demineralization
process, commonly associated with caries, is the study
of biofilm properties on oral surfaces and methods for its
control [4—6]. According to the concept of Minimal Invasive
Dentistry (MID), or Microdentistry, new treatment standards
have been developed based on an understanding of the pro-
cesses of demineralization and remineralization in healthy
tooth tissues and their correction, which helps to prevent
excessive destruction of hard dental tissues in the future [8].

Purpose: to assess the effect of drugs for remineraliz-
ing caries prevention on biofilm adhesion to tooth enamel
to prevent enamel demineralization in children.

Object, materials, and research methods

To evaluate the effect of remineralizing prepara-
tions on preventing biofilm formation (plaque) and sub-
sequent prevention of demineralization of enamel in chil-
dren, hygienic training for preschoolers and their parents

and an exogenous medicinal caries prophylaxis using
“Bifluorid 10” and “Remin Pro” remineralizing varnishes
(VOCO, Germany) were performed.

To assess the effectiveness of the proposed scheme
of integrated caries prevention in study groups, we
included 346 children aged 3-8 years, 163 (46.9%) boys
and 183 (53.1%) girls. The study included 163 preschool-
ers and 186 children of junior school age. The study groups
comprised children first- and second-grade students from
two schools in Uzhhorod and four kindergartens. The con-
trol group consisted of children of the same age who did
not receive remineralizing therapy. They were schoolchil-
dren from other schools and were not included in preven-
tive programs (total — 175 persons).

To improve oral hygiene, we proposed group train-
ing methods (lecture, dialogue, repetition of movements),
individual training (an instructor working with 5 children),
and theatrical performances for groups with the involve-
ment of favorite cartoon characters. Oral hygiene was
assessed four times: the first two assessments were con-
ducted using dental models, and the third and fourth took
place individually in the dentist’s office with visualization
using a plaque-disclosing solution called “Finder Plaque”
(Curaprox, Switzerland), which indicates deficiencies
of oral hygienic and shows ways of correction.

The next step was a stage of remineralization ther-
apy administered by a dentist. It included professional oral
hygiene appropriate to the patient’s age, plaque removal
using Klint paste (VOCO, Germany), and the local applica-
tion of Bifluorid 10 and Remin Pro. The use of these agents
was justified by the harmful effect of biofilm adhesion on
the enamel surface and the need for enamel saturation with
fluorides, calcium, and phosphorus.
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The use of “Bifluorid 10” and “Remin Pro” followed
the manufacturers’ instructions with a difference retained
in the frequency of applications. Bifluoride-10 should be
applied to a dried enamel surface isolated from the saliva
followed by air-drying for 60 seconds. Therefore, this
preparation was used for calm children with a greater
degree of trust in the dentist and among more emotionally
stable patients. Remin Pro is produced in a cream form that
provides more comfort during application for any patient,
regardless of their emotional state. The characteristics
of this preparation include a high content of hydroxyapa-
tite and fluorine (1450 ppm sodium fluoride), as well
as the availability of flavor options such as melon, straw-
berry, and mint.

Among the primary mechanisms is the neutralization
of the acidic environment in the oral cavity formed by cari-
ogenic microorganisms present in saliva and plaque, as well
as dietary sources (e.g., consumption of sweet or carbonated
beverages). The cariesostatic effect is also enhanced by xyli-
tol, which contributes to the formation of less soluble forms
of hydroxyapatites — fluorapatites — on the surface of dam-
aged enamel (1450 ppm), and supported by a sufficient
amount of hydroxyapatites in the preparation.

Remin Pro is usually used to prevent the emergence
of demineralization and hypersensitivity centers on teeth.
According to the WHO, the critical pH value in the oral
cavity is 6.2 [2]; a decrease below this threshold leadcreates
a cariogenic environment in the oral cavity and increases
the risk of enamel demineralization. Remin Pro, when
applied to the tooth surface, helps normalize the pH level.
Its use is recommended in clinical situations associated
with somatic pathologies, such as hyperacid gastritis
and gastroesophageal reflux disease.

The method of application of Remin Pro involves
applying a regular layer to the tooth surface for 3 minutes
to ensure the remineralization process. Patients are advised
to refrain from rinsing the mouth, drinking, or eating for 30
minutes after application [10].

The Fedorov-Volodkina indices were used to evaluate
the condition of oral hygiene (1971). The method is deter-
mined by staining the vestibular surface of six lower front
teeth with a solution of Shyllyer-Pisarev or another solu-
tion containing iodine. The criteria for scoring are as fol-
lows: 1 — absence of coloring, 2 — colored %4 of the crown,
3 —colored crown on % area, 4 — % of the crown is colored,
5 — colored across the entire surface of the tooth crown.
The final calculation uses the formula IH = X / 6, where
¥ is the sum of all index teeth. Quantitative evaluation is
performed by a five-point scale: 1.1-1.5 points — good
hygiene level; 1.6-2.0 points — satisfactory hygiene level;
2.1-2.5 points —unsatisfactory hygiene level; 2.6-3.4 points —
poor hygiene level; 3.5-5.0 points — appalling hygiene level.

The control of the lack of adhesion of the biofilm to
the enamel surface was performed by evaluating the oral
hygiene level for all patients after 12 months. Statisti-
cal analysis of the data was performed using parametric
and nonparametric statistics methods. The conformity
of the empirical statistical distribution to a theoretical
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Gaussian (normal) distribution was tested using the Kol-
mogorov-Smirnov criterion and Shapiro-Wilks, a reliable
indicator.

Results

During the initial assessment of hygiene levels among
346 children (163 boys and 183 girls), none demonstrated
good or satisfactory hygiene. Specifically, unsatisfac-
tory hygiene was observed in 61 children, poor hygiene
in 177 children, and deplorable hygiene in 86 children.

After implementing the proposed hygienic and pre-
ventive measures, a follow-up evaluation was conducted
after 12 months. At this time, good hygiene was observed
in 145 children, satisfactory hygiene in 176 children,
and a small group of 25 children still had unsatisfactory
hygiene levels. This may be attributed to insufficient
parental involvement in their children’s hygiene education,
which plays a significant role.

For the year, there was a significant improvement
in the hygiene index among children in the leading group,
as evidenced by a decrease in the number of children with
nasty and appalling hygiene levels. Specifically, the per-
centage of children with good hygiene levels increased
from 0 to 42% (p<0.001), while the percentage of children
with satisfactory hygiene levels increased from 6 to 51%
(p<0.001).

Furthermore, among preschoolers, these figures were
significantly higher than in primary school children, which
may be explained by the psychological differences in per-
ception and response to stressful situations that arise dur-
ing the beginning of schooling.

The present study aimed to evaluate the effectiveness
of preventive dental care in reducing the rate of caries
growth among preschool and younger school-aged chil-
dren. The leading clinical group included children aged
3-5 years (5-8 years) and 6-8 years (8-10 years), while
the control group comprised children of the same age
groups. The results showed that the growth/reduction of car-
ies intensity rate was significantly lower in the main clinical
group than in the control group. Specifically, the rate was
P=4.6-14.2 =-9.6 for preschoolers and P =4.8-13.3 =-8.5
for younger schoolchildren in the clinical group, while
the control group exhibited rates of P = 15.1-13.9 = 1.2
and P=14.5-13.1 = 1.4, respectively.

After a follow-up period of 24 months, the reduction
of caries intensity growth rate was observed in the clinical
group, with a decrease of 9.6 and 8.5 among preschool-
ers and younger schoolchildren, respectively. In contrast,
the control group showed an increase in the rate of caries
intensity, with a rise of 1.2 and 1.4 among preschoolers
and younger schoolchildren, respectively.

Overall, the results suggest that preventive dental care
can effectively reduce the growth rate of caries among pre-
school and younger school-aged children. Therefore, pro-
moting and providing access to qualified preventive dental
care should be a priority in public health strategies aimed
at improving children's oral health.
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The number of children with healthy teeth and no cav-
ities can measure the quality of work of a pediatric den-
tist in children's groups. To improve access to preventive
dental care for children living in remote areas, it is rec-
ommended that qualified dental care be provided through
a general or family dentistry system.

Discussion

Biofilm is a continuous layer of bacterial cells attached
and to a surface by a biopolymer matrix of different origins.
In the oral cavity, this structure is formed by the adhesion
of microorganisms (such as streptococci, staphylococci,
and lactobacteria) to the tooth's pellicle, products of their
vital functions, components of saliva, and some non-or-
ganic substances. Usually, in natural conditions, 95-99%
of all microorganisms exist in the form of biofilms.
A biofilm consists of a microcolony of cells surrounded by
a biopolymer matrix of polysaccharides. Inside the biofilm
are channels for fluid circulation, and products of metab-
olism are derived. Microorganisms synthesize and isolate
a protective matrix through which biofilms attach to living
and non-living surfaces [11].

Biofilms are distinguished by interactions between
microorganisms collected in a microcolony and surrounded
by a protective matrix. Inside the microcolony, there is
an excellent environment for microorganisms, and they
have a communication system. Microorganisms in bio-
films are resistant to antibiotics, a phenomenon caused by
the host's antimicrobial properties and protection factors.
Bacteria in biofilms may produce other substances than
when in culture, and their behavior is subject to the laws
of the matrix.

Now, five stages of biofilm development are recog-
nized:

The primary attachment (adhesion, sorption) of micro-
organisms to the environment's surface is usually liquid.

Final (non-intrusive) attachment (fixation) — microor-
ganisms begin to produce extracellular polymers, provid-
ing strong adhesion.

Maturing — cells attached to the surface provide
attachment of other cells, the matrix holds the entire colony,
nutrients accumulate, and cells proliferate (ripening-I).

Growth (ripening-II). A mature biofilm changes size
and shape, and the intracellular matrix protects internal
cells from external threats.

Dispersion (release of bacteria) — separate cells from
the biofilm may be released and attached to surfaces, creat-
ing separate biofilms.

The matrix of the biofilm performs the following func-
tions: structurally (due to the matrix), the colony consists
of sub-colonial associations that occur in gram-positive
and gram-negative bacteria; protective — the matrix acts
as a protective buffer for the internal colony environment,
protecting individual cells and the entire colony from adverse

effects from the outside; communicative — maintaining quo-
rum-dependent signaling (Quorum Sensing) — the unique
ability of some bacteria (possibly and among other micro-
organisms) to communicate and coordinate their behavior
through the secretion of molecular signals [12—15].

Streptococci, specifically  Streptococcus mutans
(J.K. Clarke, 1960), have been identified as playing
an etiological role in the development of carious lesions,
and Streptococcus sobrinus, the most acidophilic bacterium
that persists in the oral cavity, is also a typical caries-caus-
ing species due to its biochemical properties and effects
on tooth enamel and dental tissue decay. It can continue to
grow and reproduce at pH 5.0 and ferment carbohydrates
by glycolysis, leading to acidification of the surrounding
environment. The phosphotransferase system of Strepto-
coccus sobrinus is also more active at pH 5.0 than in a neu-
tral medium, which can demineralize enamel, especially
in the temporary teeth of children [4].

Currently, Quorum  Sensing is recognized
as an acid-producing strain of streptococcus. In 2002, Dr.
Paul Jensen at the Karl R. Weeze Institute of Genomic
Biology in Illinois, USA sequenced the genome of Strepto-
coccus mutans with a quorum-sensing capability. In 2018,
the genomes of three strains of Streptococcus sobrinus
were also sequenced. The combined action of acid-produc-
ing streptococci has been proven to rapidly destroy teeth
enamel hydroxyapatites, especially in temporary teeth
[16-18].

Prospects for further research

Prospects for further research: inhibition of biofilm
adhesion to enamel promotes the course of physiological
metabolic processes of remineralization and deminerali-
zation in the surface layer of enamel, which is the key to
the occurrence of lesions of hard dental tissues. Therefore,
further study of the effect on adhesion is a promising direc-
tion in preventive dentistry.

Conclusions

Approximately 95-99% of all microorganisms
in environmental conditions exist as biofilms. The biofilm
on the enamel surface of teeth is rich in acid-producing
streptococci, which, due to Quorum Sensing, can lead
to the destruction of enamel hydroxyapatites, especially
in temporary teeth. The most effective way to prevent bio-
film formation is to prevent adhesion to the enamel surface.
This can be achieved through preparations that remineral-
ize teeth enamel and provide medical caries prophylaxis.
We used Remin Pro and Bifluorid 10 (VOCO, Germany) on
clinical situations and indications. These drugs effectively
prevent enamel demineralization in permanent and tempo-
rary teeth among children, making them an effective caries
prevention method.
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Purpose: to assess the effect of drugs for remineralizing caries prevention on biofilm adhesion to tooth enamel to prevent enamel
demineralization in children.

Material and methods. The study included 521 individuals (163 preschoolers and 183 younger schoolchildren in the leading
group and 175 children in the control group). Patients in the leading group were given exogenous caries prophylaxis with Bifluorid
10 varnish and Remin Pro cream (VOCO, Germany). The state of the oral hygiene index was assessed using the Fedorov-Volodkina
index. Descriptive statistical analysis methods and Spearman's correlation coefficient [r] were used to assess the relationship between
the studied parameters. The significance level was set at 5%.

Results. The most effective method of preventing biofilm formation on the enamel surface, especially on primary teeth, which
are rich in acid-forming streptococci, is to prevent bacteria from adhering to the enamel surface. Such properties are presented among
the preparations used for teeth enamel remineralization, as confirmed by the significant improvement of the hygiene index in children
in the leading group, particularly for the good [0; 42%; p <0.001] and satisfactory index [6%; 51%; p <0.001].

Conclusions. According to individual clinical findings, Remin Pro and Bifluorid 10 effectively prevent biofilm adhesion on
enamel surfaces and stop the demineralization of enamel in permanent and temporary teeth among children. It is also an effective
method of primary caries prophylaxis.

Key words: caries, temporary teeth, permanent teeth, biofilm, remineralization, Quorum Sensing, statistical correlations.

Meta HayKOBOTO JOCIIIKCHHS — OLIHUTH BIUIMB TIPEMapaTiB JUId peMiHepallizyrodol MpodiTakTHKN Kapiecy Ha aires3ito 0io-
TUTIBKH 70 eMalti 3y0iB 3 METOr0 MpodiIakTHKH AeMiHepatizalii eMai y JiTei.

Marepiaan Ta MeToqu. /Iis OIIHKY BIUIMBY peMiHEpali3ylOuux KOMIIO3HILiil Ha yTBOPEHHs O10ILTIBKU Ta 3armo0iranHs JeMiHe-
pauizarii emani y miteil Oyno mpoeneHo obcTexxeHHs 521 ocobu. [Iyis oniHKM €(eKTUBHOCTI 3alIPOMOHOBAHOT CXEMH KOMITJICKCHOT
npodimakTHKN Kapiecy B JOCHIIKyBaHI rpymu Oyno BkirodeHo 346 miteif Bikom 3-8 pokis, 3 HuX 163 (46,9%) xmomunku ta 183
(53,1%) aipumakn. JomkineHAT Oyno 163, a aiTeit MOMOAIIOro mMKiTbHOTO Biky — 186. Jlo HaBYanbHUX TPYT YBIHIIIN JITH NEPIINX Ta
JPYTUX KJAciB ABOX MIKLT YKropoaa Ta YOTUPHOX IUTCaIKiB. KOHTpOIbHY IpyIly CKIIANHU JITH TOTO XK BiKYy, sIKi HE OTPUMYBAJIH PeMi-
Hepauti3ytody Tepartito. Lle Oyau y4Hi iHIIUX IKiT i He Oy OXOIUIeH MpodiTakTHYHUMH ITporpamMamH (3araisoM — 175 oci0).
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JliTsiM OCHOBHOT JJOCJIIIXKYBaHOT IPYIH IPOBOMIIN €K30I€HHY MEANKAMEHTO3HY NMPO]IIaKTHKy Kapiecy 3 BUKOPUCTAHHIM peMi-
Hepaii3ytodoro naky bidpropun 10 Ta Pemin IIpo (VOCO, HimMeuunna). /liTh KOHTPOIBHOI IPYIH HE OTPUMYBAITH KOTHUX Mpoditak-
TUYHUX 3aXO0/iB. 3arajJbHOBIIOMUM €(EKTOM MPHU 3aCTOCYBAHHI peMiHEPaTi3yo4oi MPOoQiIaKTHKY € 3MILHEHHS KPUCTANIYHOT PELIITKH
eMaJli 3aB/IsIKH BMOHTOBYBAaHHIO XIMIYHHX €JIEMEHTIB, KOTPIi € B 10HHiH (popMi B penaparax, B cTpykTypy emaii. CtaH iHIEKCy ririeHu
pOTOBOi MOPOKHUHK OIiHIOBaIH 3a iHAeKkcoM DenopoBa-Bomonkinoi. [Ins MiIBUINEHHS PIBHA TirieHH OyJa0 3alpOIOHAHO TPYIOBi
METOIH 3aHAThH (JIEKLis, A1aJOT, HOBTOPEHHS PYXiB), IHAUBIAYalbHI 3aHATTS (IHCTPYKTOP 3 5 AITBMH), TeaTpati3oBaHi irpu i rpym
i3 3aJIy4eHHSIM TepoiB ymtoOeHnx MyabTdinbMiB. [irieHy MopoKHUHH poTa OLHIOBAJIHM YOTUPH pa3H — MEpIIi Ba pa3u Ha MOJEIIIX,
TPETiil 1 YeTBEepTHl — IHAMBIIyaNIbHO B KaOiHETI JiKaps 3 Bidyamizali€ro 3a JonomMoror ¢gapOysamsHoro pozunHy «Finder Plaquey»
(Curaprox, 1lIBeiinapist), AKUif YiTKO BKa3ye Ha HEIOJIKU Tiri€HIYHOTO JOIIALY 3a MOPOKHUHOIO POTa Ta MOKA3ye IIIAXH KOPEKLIi.
Ipocri onucosi Metoau Ta KoedinieHT kopesswii CripMeHa [r] BAKOPUCTOBYBAIIUCS [UIsl CTATUCTUYHOTO aHAai3y, 00 OLIHUTH 3B'SI30K
MDK JIOCHIPKYBaHUMH TTapamMeTpaMu. PiBeHb 3HaTyIIOCTI BCTAHOBHIIM Ha piBHI 5%.

Pe3yabTaTn. MakpoCKOIiuHO BHIUMUI HAJIT, IO YTBOPIOETHCS HA MOBEPXHI eMaii 3y0iB MK YHILIEHHSMH, CKIAJA€ThCS 3
0araTboX BUJIIB MIKPOOpPIaHi3MiB, B TOMY YHCJIi BEIMKOI KiJIbKOCTI Ta PI3HOMaHIHHS KHCIOTOYTBOPIOIOYNX CTPEHTOKOKIB, SIKi MOXKYTb
CIPUYUHUTH PyHHYBaHHS TiIPOKCHANIATHTY eMalli, 0COOJIMBO B THMUYACOBHX 3y0aX, y KOPOTKOCTPOKOBIH MEPCIIEKTHBI 3aBIsSKH TEOPii
BiIUyTTS KBOpyMy. B nmanuit wac Quorum Sensing BiIacTHBHI KHCIOTOYTBOPIOIOUMM INTamaM cTpentokoka. Y 2002 poui a-p [lon
Jlxencen 3 InctutyTy reHomHoi 6iosorii imeni Kapna P. Bize B Iimninoiici, CIIIA, cekBenyBaB reHoM Streptococcus mutans 3a J10110-
Mororo (GyHKIii Bu3HaueHHs KBOpyMy. Y 2018 poli Takok CeKBeHYBaJIl TCHOMH TPHOX IMTaMiB Streptococcus sobrinus. JloBeneHo, mo
CIIIJIBHA J1isl KMCJIOTOYTBOPIOIOYMX CTPENTOKOKIB MOXKE MIBH/KO PYHHYBAaTH TiIPOKCHANATHTH 3yOHOT eMaii, 0COOIMBO Y THMYACOBHX
3y6ax. Haii6inp1r epeKTHBHIM MeTOI0M 3ar00iraHHs yTBOPEHHIO OIOIUTIBKHY € 3arto0iraHHs NpHIMIaHHs OaKTepiil 10 MoBepXHi eMauti.
OxpiM panioHaNbHOI IHIMBIIyaTbHOI TiTi€HH, TAKAMH BIACTHBOCTSIMHU BOJIOIFOTh TAKOXK MPETIApaTH, IKi BAKOPHCTOBYIOTHCS [UISl PEMi-
HepaJti3anii emati 3y0iB, 1[0 MiATBEPIKYETHCS JOCTOBIPHUM ITOKPAICHHSIM MOKa3HUKIB Tri€HH y AiTell OCHOBHOI IPyIH, 0COOIMBO Ha
xopucts [0; 42%; p<0,001] Ta 3agoBinbHUH OKa3HUK [6%; 51%; p <0,001].

BucnoBku. [Tpnbmusno 95-99% Bcix MIKpOOpraHi3MiB B yMOBAaX HAaBKOJHIIIHBOTO CEPEIOBHUINA iICHYIOTh y BHIVIAAL OiOTUTIBOK.
BioriBka, 1110 YTBOPIOETHCS Ha MOBEPXHI eMauti 3y0iB, 6arara Ha KMCIOTOYTBOPIOBAJIbHI CTPENTOKOKH, sIKi 3aBAsku Quorum Sensing
MOXYTh CIIPUUUHSITH PYHHYBaHHS TiJIPOKCHANIATUTIB eMai, 0COOIMBO y TUMUYACOBUX 3yOax. HalieekTuBHimmM criocobom 3amobi-
TaHHS YTBOPEHHIO OIOILTIBKH € 3amo0iranus ii aaresii 1o moBepxHi emaiti. L[boro MoxxHa ZOCSTTH 32 JOIIOMOTOO IIPETapariB, sSKi pemi-
Hepasti3yloTh eMaib 3y0iB i 3a0e3meuyioTh JIiKyBaibHy npodinakTuky kapiecy. BuxopucroBysanu Remin Pro ta Bifluorid 10 (VOCO,
Himeyunna) BiAMOBIHO 10 iHAMBIAYyaJTBHOT KIIHIYHOI CUTYaIlil Ta TIOKa3aHb. 3aCTOCYBAHHS IIMX IMpenapariB ¢()eKTUBHO 3armodirae
JeMiHepai3alii eMati HOCTIHAX 1 THMYacoBUX 3y0iB y IiTEH, 0 pOOUTH iX e(EeKTUBHIM METOAOM MPO(ITAKTUKU Kapiecy.

KirouoBi cioBa: xapiec, TuM4yacoBi 3you, mocTiiHI 3yOu, OlormmiBKa, peMiHepasizalis, BiIAyTTs KBOPOMY MIKpOOPTaHi3MiB,
CTaTUCTUYHI KOPEJIALIi.
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