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Dental caries remains a widespread chronic disease requiring effective risk assessment strategies. The purpose of the study
was to identify risk factors for caries development and progression in young adults. The study involved 26 dental students aged
19-20 years, divided into three groups: caries-free, compensated caries, and subcompensated caries. Complex examination
included assessment of salivary flow rate, viscosity, and pH, and plaque age using indicating tablets, as well as microscopic analysis
of Gram-stained dental plaque. The results showed that salivary flow rate and pH (6.0-7.0) were within physiological norms for
all groups. However, patients with caries exhibited increased salivary viscosity and a prevalence of mature dental plaque (>48
hours). Microbiological analysis revealed a dominance of Gram-positive cocci, morphologically similar to Streptococcus species,
in the plaque of caries-active individuals. It is concluded that local factors, such as salivary viscosity and biofilm maturity, are
critical determinants of risk even when general salivary parameters are normal.

Key words: dental caries, risk factors, saliva, salivary viscosity, dental plaque, oral microbiota.
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CKPHUHIHI" ®PAKTOPIB PU3UKY PO3BUTKY KAPIECY

Kapiec 3y0iB 3anumaeTsbesi MOMIMPEHUM XPOHIYHUM 3aXBOPIOBAHHSAM, IO BUMAara€ e()eKTUBHUX CTpATETiil OLIHKUA PH3HKY.
Meroro fociimkenHs 0yiio BUSHaUMTH (HaKTOPU PU3MKY BUHUKHEHHS Ta IIPOrPECYBAaHHS Kapiecy y MOJIOAMX Jofei. Y pociipKreHHi
B3SUIH y4acTb 26 CTYIEHTIB-CTOMATONOTiB BikoM 19-20 pokiB, pO3NOIIEHHX Ha TPH IpyHH: Oe3 Kapiecy, 3 KOMIICHCOBAHOIO Ta
cyOKoMITeHCOBaHOK (hopMamu Kapiecy. KomrmiekcHe o0cTe)XeHHS BKIIIOYANO OMIHKY MIBUAKOCTI CIMHOBHIUICHHS, B’3KOCTi, pH,
JIABHOCTI HAJIbOTY 3 BUKOPHCTAHHAM IHANKATOPHHUX MITYJIOK Ta MiKPOCKOIMIYHHMI aHaIi3 3yOHOro HaJIBOTY, 3abapeieHoro 3a ['pamom.
Pesynerary mokazanw, mo MBHAKICT cimHOBHALIEHHS Ta pH (6,0—7,0) Oyin B Mexxax (¢i3ionoriaaoi HopMu y Beix rpynax. OnHak y
MALi€eHTIB 3 KapiecOM BHUSBICHO IIBHINEHY B’S3KICTh CIMHU Ta NEPEeBaXKaHHS 3pLIOro 3yOHOro HaimboTy (>48 romuH).
MikpoGiosoriunuii aHaITi3 BUSBHUB JOMiHYBaHHS TPaMIIO3UTHBHHX KOKiB, MOpdoIoriuHo noxiOHuX 10 BUIIB Streptococcus, y HAbOTI
oci0 3 aKTMBHUM KapiecoM. 3poOIeHO BHCHOBOK, IO JIOKAJIbHI (haKTOpH, Taki SIK B’SI3KICTH CIMHH Ta 3pUIICTh OIOILTIBKH, €
KPUTHYHHMH JCTCPMiHAHTAMH PU3HKY HABITh 38 HOPMAJIBHUX 3arajbHUX MapaMeTpiB CIIMHH.

KurouoBi ciioBa: kapiec 3y6iB, hakTopu pu3HUKYy, CIMHA, B’SI3KICTh CIIMHHM, 3yOHUI HAIIIT, MiKpOoOiOIIeHO3 TOPOXKHUHHU POTA.

Funding. The work is a fragment of the research project “Substantiation of the choice of methods of treatment of diseases
of the oral cavity organs depending on their morphofunctional features”, state registration No. 0124U004553.

Dental caries remains one of the most common [9]. The current understanding of caries defines it as
chronic noncommunicable diseases in the world and a biofilm-mediated, diet-modulated, multifactorial,
continues to be a significant public health problem, and dynamic disease characterized by alternating
despite significant progress in preventive and processes of demineralization and remineralization
restorative dentistry [2, 10]. According to current of dental hard tissues [8, 9, 10].
epidemiological data, caries affects individuals of all Saliva plays a key role in maintaining oral
age groups and is accompanied by significant homeostasis and protecting against caries through its
functional, psychosocial and economic consequences buffering  properties, antimicrobial  activity,
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mechanical cleansing, and participation in enamel
remineralization [2, 4]. Disturbances in salivary flow
rate, viscosity, and pH can alter the ecological
balance in the oral cavity, promoting the
accumulation and maturation of dental biofilm and
increasing susceptibility to cariogenic agents [2, 4].
Even minor changes in salivary properties can
significantly affect the course of caries, especially in
young individuals exposed to behavioral and
nutritional risk factors [2, 3].

Dental biofilm is a highly organized microbial
community, the composition and metabolic activity
of which are closely dependent on environmental
conditions, particularly the characteristics of saliva
[6, 7]. The dominance of acidogenic and aciduric
microorganisms, primarily Streptococcus mutans and
related species, is closely associated with the
initiation and progression of caries [6, 9]. The
presence of mature dental biofilm is considered a key
factor in caries risk, making it appropriate to assess
the age of dental plaque and its microbial
composition in clinical studies [7].

Current approaches to the management of caries
patients emphasize individual risk assessment and
early detection of biological factors, rather than just
the diagnosis of cavitation lesions [10]. In this
context, a comprehensive assessment of the
functional state of saliva and oral microbiological
characteristics is necessary to predict caries risk and
implement personalized preventive measures [2, 9,
10]. However, data on the relationship between
salivary flow, plaque maturity, and microbiological
characteristics in the population remain limited.

Therefore, further study of salivary parameters
and oral microbiological characteristics in relation to
the risk of caries development is relevant and
necessary to improve evidence-based preventive
approaches and support personalized patient
management strategies in modern dental practice.

The purpose of the study was to identify local
risk factors for the development of carious lesions in
patients, as well as the risk of progression of existing
lesions.

Materials and methods. The initial patient
selection, direct observation, and analysis of the data
obtained were conducted at the Poltava State Medical
University in Poltava.

The material for microbiological and clinical
research comprised the results of a comprehensive
dental examination of 26 students aged 19-20 who
were in the 3rd year of the Faculty of Dentistry at
Poltava State Medical University. And belong to the
category of fully capable individuals capable of
independently providing informed voluntary consent.
In this study, vulnerable populations, as defined by
the Good Clinical Practice (GCP) classification, were
not included [1, 10, 11].

All those surveyed provided informed consent
in writing to participate in the study. The formation
of the study groups was in accordance with generally
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accepted principles of clinical dental research [9, 10].
No participants dropped out of the study, were lost to
follow-up, or crossed over between groups during the
study period, so the size of the analyzed sample
remained identical to the original distribution.

Permission from the local bioethics committee
for this study was not obtained, as it was conducted
from October to December 2024 as part of student
research work. References were made to National
regulatory documents of Ukraine: Constitution of
Ukraine (Articles 28, 32 — the right to respect for
dignity and inviolability of private life);
Fundamentals of Ukrainian legislation on healthcare;
Law of Ukraine “On Protection of Personal Data”;
Order of the Ministry of Health of Ukraine No. 690
dated 23.09.2009 “On approval of the Procedure for
conducting clinical trials of medicinal products”
(regarding compliance with GCP principles) [7].

The distribution of the surveyed students into
groups based on the forms of caries was carried out
based on a comprehensive clinical and
epidemiological assessment of the intensity and
activity of the carious process. The intensity of caries
was determined using the DMFT (Decayed, Missing,
Filled Teeth) index, in accordance with the World
Health Organization's recommendations set out in
Oral Health Surveys: Basic Methods.

The examination was performed according to
the standard WHO clinical and epidemiological
protocol using a dental mirror and probe under
artificial lighting. Caries intensity was determined as
the sum of the component values DMFT for each
subject [11].

When forming groups, the total DMFT value,
the structure of the index (ratio of the components of
DMFT), the number of active carious lesions, and the
presence of complications were taken into account.
The compensated form was determined under the
conditions of the predominance of filled teeth and the
minimum number of active lesions; subcompensated
— in the presence of a moderate amount of active
caries and a balanced ratio of the index components;
decompensated — with the dominance of the K
component, high intensity of caries and the presence
of clinical signs of process progression [8].

Patients were divided into 3 groups: the first
group included 10 people without carious lesions of
hard dental tissues; the second group included 9
students with compensated (caries intensity (CIV) up
to 4 units); the third group included 7 students with
subcompensated caries (caries intensity (CIV) more
than 4 units).

Clinical  examination  included  visual
assessment of the condition of the oral mucosa and
functional activity of the minor salivary glands of the
lower lip mucosa. To obtain objective data, the lower
lip was turned outward, the mucosa was thoroughly
blotted with a sterile bandage, and, under sufficient
lighting, the appearance of saliva droplets from the
ducts of the minor salivary glands was observed.
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Secretion was assessed by the time of saliva
appearance: 1 — the appearance of droplets after more
than 60 seconds was considered as reduced
salivation, 2 — after less than 60 seconds, as normal
secretory activity [2, 3].

The consistency of the oral fluid was also
assessed using tweezers during functional rest. 1
point — The presence of sticky foamy residues or
pronounced foaminess with bubbles indicated
increased saliva viscosity, 2 points — while clear
watery saliva corresponded to normal parameters.
The assessment was carried out according to the
criteria of physicochemical properties of saliva
described in the literature [4].

The acid-base state of oral fluid (pH) was
determined using indicator strips dipped into
unstimulated saliva samples and compared with the
resulting color to the manufacturer's standard color
scale. The description of the oral fluid pH scale is
provided below.

Standardized pH color scale:

— 1 point — pH 5.0 — deep orange: indicates
severe acidosis of the oral cavity (critical level for
enamel demineralization).

— 2 points — pH 5.5 — light orange/ochre:
threshold value for enamel demineralization
(“critical pH”).

— 3 points — pH 6.0 — yellow-brown: moderate
acidity; observed with carbohydrate consumption or
reduced salivation rate.

— 4 points — pH 6.5 — yellowish-green: slight
acidity; often borders on the lower limit of the
physiological norm.

— 5 points — pH 7.0 — green: neutral
environment; optimal state of oral fluid for
remineralization processes.

— 6 points — pH 7.5 — dark green: slightly
alkaline reaction; characteristic of high stimulated
saliva secretion.

— 7 points — pH 8.0 — blue-green: alkaline
reaction; may occur with an excess of mineral salts
or specific diets.

The method is simple, reproducible, and widely
used in dental clinical and laboratory research [4, 9].

For microbiological analysis, dental plaque was
collected from the tooth surfaces with a sterile swab.
The obtained material was applied to a glass slide,
where it was fixed by air drying and stained by
Gram's method wusing gentian violet (LLC
Pharmaktiv, Ukraine) for primary staining, Lugol's
solution (LLC Pharmaktiv, Ukraine) for fixation,
ethyl alcohol for differentiation, and magenta (LLC
Pharmaktiv, Ukraine) for contrast staining. Our
studies allowed us to determine only the group
affiliation of microorganisms — gram-positive or
gram-negative. After staining, the smears were
examined under a light microscope to detect and pre-
identify microorganisms, according to standard
diagnostic microbiology techniques [1, 6].

The age of dental plaque was determined using
special indicator tablets. Absence of plaque was
scored as 1 point, the appearance of pink or red color
indicated fresh plaque as 2 points, while blue or
purple color indicated the presence of old plaque as 3
points, formed for at least 48 hours, which is
consistent with modern ideas about plaque biofilm
and its clinical significance [6, 7].

Results of the study and their discussion.
According to the results of the clinical and
microbiological examinations, in most of the
examined individuals, the rate of salivation was
within the physiological norm. Salivary droplets
from the minor salivary glands of the mucous
membrane of the lower lip were observed within 60
seconds, in both students without carious lesions and
individuals with compensated and subcompensated
forms of caries. No signs of severe hyposalivation
were detected in the studied groups. Saliva and
plaque status indicators are given in Table 1.

Table 1

Characteristics of risk factors in the study groups

Indicator Group 1 (n=10) Group 2 (n=9) Group 3 (n=7)
Salivation rate, s (M#m) 51.6£1.7 53.6+1.8 51.0+1.3
pH value (M+m) 6.5+0.17 6.4+0.18 6.6+0.20
Thick saliva, % (abs.) 30.0 % (3) 22.2%(2) 57.1% (4)
Old plaque, % (abs.) 60.0 % (6) 66.7 % (6) 71.4 % (5)
Gram-positive bacteria, % (abs.) 60.0 % (6) 77.8 % (7) 100.0 % (7)

Statistical analysis demonstrated no significant
intergroup differences in salivation rate and acid-base
status of oral fluid (p > 0.05). The average secretion
rate ranged from 51 to 54 seconds, indicating
preserved functional activity of the minor salivary
glands in all subjects. The data suggest that in young
individuals with initial or compensated forms of
caries, salivation is not a leading risk factor.

At the same time, the analysis of the qualitative
characteristics of saliva demonstrated certain
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differences between the groups. In group 3
(subcompensated form of caries), the frequency of
detecting thick, viscous saliva was 57.1 %, almost
twice that of the similar indicators in the group
without caries and the group with a compensated
course. Increased saliva viscosity can reduce its self-
cleaning function, slow the elimination of
microorganisms, and promote the longer retention of
dental plaque on the enamel surface. Thus, even with
a normal secretion rate, changes in the rheological
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properties of saliva can play a significant role in the
formation of a cariogenic situation.

The study of the acid-base state showed that the
pH values in all groups were within 6.0-7.0,
corresponding to the physiological range. The
absence of significant differences between the groups
indicates that the buffer properties of saliva were
preserved in the examined individuals. However, it
should be taken into account that the measurement
was carried out under resting conditions, without
functional load; the obtained values do not reflect
dynamic changes in acidity, which can be observed
after eating and have greater clinical significance for
the initiation of demineralization processes in hard
dental tissues.

Microscopic examination of Gram-stained
dental plaque smears revealed a predominance of
Gram-positive coccal microflora in all groups. In
group 3, the detection frequency of Gram-positive
bacteria was 100 %, which was statistically higher
than the corresponding indicators in other groups.
Morphologically, microorganisms were represented
mainly by cocci arranged in chains, a characteristic
of the genus Streptococcus. Taking into account the
clinical picture and cariogenic potential, the presence
of Streptococcus mutans can be assumed; however,
the Gram-staining technique used does not allow for
accurate species identification.

A moderate positive correlation was found
between the presence of gram-positive bacteria and
old dental plaque (r=0.56), as well as between
bacterial contamination and increased saliva
viscosity (r = 0.40). This indicates that mature dental
biofilm is conducive to the accumulation and
proliferation of cariogenic microorganisms. With
increasing plaque age, the structural organization of
the biofilm develops, a matrix of extracellular
polysaccharides forms, and the microbial
consortium's resistance to mechanical and chemical
influences increases.

The results of the age-indicator tablets showed
that some respondents, especially those with caries,
had old dental plaque that appeared blue or purple. In
group 3, this figure was 71.4 %, which may indicate
insufficient  personal hygiene or reduced
effectiveness of the oral cavity's self-cleaning
mechanisms. At the same time, even in the group
without clinical manifestations of caries, the
proportion of people with old plaque was quite high
(60 %), indicating a potential risk of future
pathological processes.

In general, the results confirm the multifactorial
nature of the carious process. In the studied cohort of
young individuals, the key role was played not by
quantitative indicators of salivation or average pH
level, but by qualitative characteristics of oral fluid
and the state of dental biofilm. Increased saliva
viscosity, the presence of mature plaque, and a high
frequency of detection of gram-positive microflora
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collectively contribute to a local decrease in pH
within the biofilm and the initiation of enamel
demineralization.

It is important to note that the lack of significant
differences in baseline salivary parameters between
groups may be attributable to the subjects' relatively
young age and the absence of systemic pathology. In
older age groups or in the presence of somatic
diseases, changes in salivary secretion may be more
pronounced and have a greater impact on caries
development.

The results obtained indicate that in the
majority of the examined students, the functional
activity of the minor salivary glands of the lower lip
mucosa remained within the physiological norm,
regardless of the presence of carious lesions. The
absence of signs of pronounced hyposalivation in
young people is consistent with data from modern
studies, which indicate preservation of the secretory
function of the salivary glands in the absence of
systemic diseases and drug load [2, 3].

At the same time, the detected increase in the
viscosity of oral fluid in some individuals with caries
can be considered an unfavorable local factor that
contributes to the retention of dental plaque and the
disruption of the natural self-cleaning processes of
the oral cavity. Similar changes in the
physicochemical properties of saliva have been
reported in the literature to indirectly affect the
formation of cariogenic biofilm [4, 6].

The pH values of the oral fluid across all studied
groups were within the physiological range, with no
statistically ~ significant  differences  between
individuals with intact teeth and those with initial
caries. This confirms the proposition that the acid-
base balance of saliva at a young age is relatively
stable, and that its local fluctuations are primarily due
to microbial biofilm activity rather than to the overall
pH of saliva [4, 9].

Microbiological examination of dental plaque
showed a predominance of gram-positive cocci,
consistent with current understanding of the key role
of Streptococcus mutans in the pathogenesis of
caries. The more frequent detection of old plaque in
individuals with caries and its correlation with
greater microbial contamination support the concept
of mature biofilm as the main reservoir of cariogenic
microorganisms [1, 7].

Thus, the results of the study indicate that, even
with preserved indicators of salivation rate and oral
fluid pH, increased saliva viscosity and the presence
of outdated dental biofilm are associated with higher
microbial contamination. This creates prerequisites
for the formation of a cariogenic situation and
progression of the carious process. The obtained data
emphasize the need for a comprehensive assessment
of risk factors, including analysis of both the
physicochemical properties of saliva and the state of
the dental biofilm, to enable timely prevention and
individualized hygiene recommendations.
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Limitations. During the research, we faced high cost, as well as resource constraints in research
limitations in planning due to the limited variety of activities.
reagents, stemming from their low availability and

Conclusions

1. In the majority of examined students, the salivation rate and pH values of oral fluid corresponded to
the physiological norm, regardless of the presence of carious lesions of hard dental tissues.

2. In individuals with compensated and subcompensated forms of caries, an increase in saliva viscosity
was more often observed, which may contribute to the formation and retention of dental plaque.

3. Microbiological analysis of dental plaque revealed the dominance of gram-positive coccal microflora,
characteristic of cariogenic biofilm, with a higher prevalence in individuals with old dental plaque.

4. The presence of mature dental biofilm has been associated with increased microbial contamination and
can be considered as one of the leading risk factors for the development and progression of caries.

5. The results obtained confirm the feasibility of a comprehensive assessment of the oral cavity condition,
taking into account the properties of saliva and the characteristics of the dental biofilm for early detection of
caries risk and individualization of preventive measures.
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