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Abstract

AIM. The aim of this study is to investigate the differences in the microbiota of the surface of orthodontic plates
depending on the used hygiene products.

MATERIALS AND METHODS. The study was attended by 36 patients aged 6 to 12 years, undergoing treatment
on removable orthodontic equipment using various hygiene products. The study was carried out using the
determination of the prosthesis hygiene index and microbiological analysis of the material from the surface of
the plate. Statistically, the data analysis included a description of the accounting features, an assessment of
the statistical significance of changes in the indicators under study.

RESULTS. In the structure of the biofilm of a removable plate, microbiological indicators before and after the
experiment showed a pronounced, statistically significant negative dynamics. And also, an improvement in
the hygiene index of the plate and oral cavity.

CONCLUSIONS. The use of various hygiene products with orthodontic patients and the study of the
microbiological status of the surface of the plate after cleaning them will allow you to choose the most optimal
option for cleansing the removable apparatus.
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Pe3iome

LLENTb. N3yunTb pasnnyms Mnkpoduoma noBepxHOCTU OPTOAOHTUYECKMX MNACTUHOK B 3aBUCMMOCTUN OT
NCMOJIb3yEMbIX CPEACTB FMrMeHbl.

MATEPUAJIbl U METOAbI. B nccneposaHum npuHanum yqyactme 36 naumMeHToB B BO3pacTe oT 6 no 12 net
¢ anarHo3om KO07.2 AHoOManumm coOoTHOLWEHWS 3yOHbIX Ayr, NonyyaloLme ne4eHmne ¢ UCNoNb30BaHNEM CbeM-
HOM OPTOAOHTMHYECKOW annapaTypbl C y4€TOM NPUMEHEHUS PAa3INYHbIX CPEACTB FMIrMeHbl NoNoCTu pTa. Mc-
cnefoBaHVE NPOBEAEHO C NMOMOLLBIO ONpeaeneHns NHAEKCa rmrmeHbl NpoTe3a u MMKPobUonornyeckoro
aHanmns3a maTtepuana c NOBEPXHOCTN NAacTUHKN. CTaTUCTUYECKN aHaNnU3 AaHHbIX BKOYaN ONUCaHMe y4eT-
HbIX NPU3HAKOB, OLLEHKY CTAaTUCTMYECKON 3HAYUMOCTN N3MEHEHNI N3yHaeMblX MOKa3aTenen.

PE3YJIbTATHI. B cTpykType 61uodunibMa CbeMHOM NAACTUHKU MUKPOBNONOrnieckme nokasaTenm 4o 1 nocne
9KCNepUMEHTa NoKasaan BbIPaXEHHYIO, CTaTUCTUYECKU 3HAYMMYIO OTPULLATENBHYIO ANHAMMKY. A TakXe Npo-
M30LUI0 CHUXEHMNE MHAEKCA FMIMEHbl MIACTUHKM U NONOCTKM pTa.

BbIBObI. MpuMeHeHne pa3nuyHbIX CPEACTB M’MrMeHbl OPTOAOHTMYECKUMUY NAaLNEeHTaMM N N3y4EeHNEe MUKPO-
OMONOrMYeckoro cratyca noBepxXHOCTU MAACTUHKNU MOCHe UX YNCTKM NO3BONUT BbiOpaTb Hanbosee ontu-
MasibHblli BAPMAHT O4YULLEHNS CbEMHOIO annapara.

KnioueBble cnoBa: CbEMHbIN MAACTUHOYHbIN annapar, MI/IKpO6VIOJ'IOFVI‘-{eCKOG nccneposaHne, BMONMeEHKa,
cpeacTBa rmrneHbl
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INTRODUCTION

According to the World Health Organization (WHO),
as of 2023, oral health problems are among the most
prevalent non-communicable diseases globally, ac-
counting for nearly 3.5 billion cases. Oral diseases af-
fect approximately 45% of the world’s population, indi-
cating a significant deficiency in preventive measures.
The prevention of pathological processes in the oral
cavity includes oral hygiene education, pharmacologi-
cal prophylaxis, and timely treatment interventions'.

An epidemiological survey conducted in Russia in
2019 revealed that among six-year-old children, the
prevalence of caries in permanent teeth, based on the
DMFT index, was 2%. The components of the index were
as follows: Decayed (D) — 0.02%, Missing (M) — 0.00%,
and Filled (F) — 0.00%. At the age of 12, caries preva-
lence reached 72%, with a mean caries experience of
2.38%, the mean number of filled teeth at 0.52%, and
extracted teeth at 0.02%. Among 15-year-olds, the
prevalence of carious lesions increased to 82%, with
the D component at 1.58%, F — 1.38%, and M - 0.04%.
Periodontal health was reported in 90% of 12-year-olds
and 74% of 15-year-olds.

In the city of Kirov, according to epidemiological
dental assessments conducted in 2019 and 2022, the
number of 12- and 15-year-old children diagnosed
with periodontal tissue pathology increased. Among
12-year-olds, the proportion of children without pe-
riodontal lesions was higher than the national average,
whereas in the 15-year-old group, the figure was lower,
with more frequent occurrences of bleeding on probing
and the presence of dental calculus. These indicators
exceed the national average and reflect insufficient rou-
tine oral hygiene practices [1; 2].

Studies conducted across various regions of Rus-
sia have shown that among all dental pathologies, den-
toalveolar anomalies (DAAs) occur in 41.5% to 69.9% of
cases, with approximately every second patient using
removable orthodontic appliances for occlusal correc-
tion. Over the past 20 years, the prevalence of DAAs has
increased by approximately 25%. According to national
epidemiological data, the incidence of dentoalveolar
system disorders among children varies from 37.8 to
85%, depending on the developmental stage of the jaws
and the phase of occlusion formation [3].

' Pan American Health Organization. Global oral health
status report: Towards universal health coverage for oral health
by 2030. Washington, D.C.: PAHO/WHO; 2022. Available at:
https://www.paho.org/en/documents/global-oral-health-status-
report-towards-universal-health-coverage-oral-health-2030
(accessed: 01.06.2025).

dHdodoHmus
————TLT

Research indicates that around 30-40% of patients
experience discomfort when wearing removable plate-
type orthodontic appliances [4]. These devices are of-
ten perceived by the body as foreign objects, leading to
irritation of the oral mucosa. Improved adaptation and
a reduction in inflammatory reactions can be achieved
through effective cleaning of the appliance. Prolonged
use of such prostheses—particularly in the absence of
adequate hygiene-allows microbial biofilms originating
from dental plaque to penetrate up to 2-2.5 mm into the
acrylic base of the plate [5].

The microbial species most commonly found in the
biofilm on orthodontic appliances include Staphylococ-
cus aureus, Streptococcus spp. (S. mutans, S. mitis,
S. sanguis, S. salivarius), Candida yeasts, and various
periodontopathogens such as Aggregatibacter actino-
mycetemcomitans, Porphyromonas gingivalis, Porphy-
romonas endodontalis, Prevotella intermedia, Tannerel-
la forsythia, and Treponema denticola [6].

Therefore, the selection of optimal hygiene pro-
ducts for cleaning orthodontic appliances remains
a relevant and important issue in contemporary ortho-
dontic practice.

AIM

The aim of this study is to perform a comparative
evaluation of the microbiota associated with remo-
vable orthodontic appliances following two different
hygiene protocols: mechanical cleaning using tooth-
paste and a toothbrush, and chemical cleaning using
a specialized active oxygen-based agent. Addition-
ally, the study seeks to assess the impact of appliance
usage on the biochemical composition of oral fluid in
orthodontic patients.

MATERIALS AND METHODS

The study was conducted with the participation of
36 patients aged 6 to 12 years undergoing treatment
with removable orthodontic appliances. The patients
were divided into two groups of 15 individuals each.
The first group included orthodontic patients who used
a specialized active oxygen-based hygiene product for
appliance cleaning. The second group, serving as the
control, included patients who used a medium-bristled
toothbrush and conventional toothpaste for cleaning.

During the study, the prosthesis hygiene index (Tar-
bet modification) was recorded, oral fluid was collected
for biochemical analysis, and biofilm samples were ta-
ken from the surface of the orthodontic appliances
for microbiological evaluation using polymerase chain
reaction (PCR). These parameters were assessed on
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day 1 and day 30 of appliance cleaning using either con-
ventional toothpaste /soap or oxygen-based cleansing
tablets, respectively.

To assess the modified Tarbet index, the orthodon-
tic appliance was removed from the oral cavity and im-
mersed in water for one minute to eliminate food debris.
The tissue-facing surface of the appliance was stained
with erythrosine solution for one minute, after which the
dye was rinsed off. The amount of plaque was evaluated
based on the stained surface area and color intensity.

Unstimulated whole saliva samples were collected
in the morning on an empty stomach, prior to tooth-
brushing, by passive drooling into sterile disposable
tubes (5 mL per patient). The biochemical analysis of
calcium ions (Ca?'), phosphate (P0O.%"), and total pro-
tein content in the saliva was conducted using pho-
tocolorimetric methods with reagent kits “Calcium-
2-Olvex” and “FN-Olvex”. The hydrogen ion concentra-
tion (pH) of the saliva was measured using a HI98103
Checker pH Tester (Hanna Instruments, Romania).
Total antioxidant activity was determined by induced
chemiluminescence, a method based on the assess-
ment of free radical reaction activity in the sample [7].
Salivary pH was additionally measured using the “Ex-
pert-001” pH meter [8].

Microbial samples were collected from the appli-
ance surface using sterile paper points, placed into sa-
line solution, and transported to a microbiological labo-
ratory. Serial tenfold dilutions were prepared using buf-
fer solution and plated on meat-peptone agar (MPA) in
Petri dishes, followed by incubation at 37°C and colony
counting. DNA of periodontal pathogens was extracted
using the “ProbaGS” kit (LLC “DNA-Technology”), in ac-
cordance with the manufacturer’s protocol, and ana-
lyzed by real-time PCR using a DT-96 thermocycler (LLC
“DNA-Technology”). The results were evaluated using
the instrument’s software. Based on the cycle thresh-
old (Ct), the total microbial count was determined, ex-
pressed in colony-forming units per milliliter (CFU/mL),
including the quantity of mesophilic aerobic and facul-
tative anaerobic bacteria. Specific periodontal patho-
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gens were identified, including Aggregatibacter actino-
mycetemcomitans, Porphyromonas gingivalis, Prevo-
tella intermedia, Treponema denticola, and Tannerella
forsythia. The microbial composition was categorized
into microbial complexes according to the classification
by S.S. Socransky [7; 9].

To monitor the cleanliness of the appliance surface,
a photoprotocol was performed using a light electron
microscope (X8 magnification) before and after clean-
ing with oxygen-releasing tablets.

RESULTS

In the first and second groups, the DMFT+dmft index
was 4.25+0.48 and 5.25+0.63, respectively, which is
considered a moderate level and falls within the relative
norm for the 6-12 age group.

At the beginning of the study, the prosthesis hy-
giene index (modified Tarbet) in the two groups ave-
raged 3.5+£0.29 and 3.75%0.25 points, respectively. Af-
ter 30 days of appliance cleaning, the index decreased
to 1.8+0.48 points in the group using toothpaste /soap
and to 0.8 +0.25 points in the group using oxygen-re-
leasing tablets, indicating superior efficacy of the latter.
Visually, the intensity of staining on the appliances was
significantly reduced, not exceeding 25% of the plate
surface.

Biochemical analysis of oral fluid in the control and
experimental groups did not reveal statistically sig-
nificant differences. In Group 1, the salivary pH was
7.28+0.24 at baseline and 7.03+0.02 at the end of the
experiment (p=0.07); in Group 2, it was 7.61+0.26 and
7.59+0.27, respectively (p=0.64) (Fig. 1). The differen-
ces in both groups were not statistically significant.
A slight shift toward acidity was observed in the control
group, whereas Group 2 maintained a consistently alka-
line environment in the oral cavity. Total protein levels in
oral fluid decreased steadily in both groups, indicating
reduced salivary viscosity and, consequently, improved
oral self-cleansing, associated with regular hygiene
of orthodontic appliances regardless of the cleansing
method used.
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Fig. 1. Changes in biochemical parameters in the control group (A) and the group of patients

using an oxygen hygiene product (B)

Puc. 1. IlameHeHns BUOXMMUNYECKMX NOKa3aTesNel B KOHTPONbHOM rpynne (A)
Y rpynne nauueHToB, UCMNOoMb3YIOLWMX KUCNIopoAcoaepXaLlee CpeacTBo rrueHs (B)
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The total microbial count (TMC) in the control group
increased threefold after one month of cleaning with
toothpaste: prior to the intervention, the microbial load
was (1.00+0.1)x 10" CFU/mL, while after the intervention it
reached (3.03+2.33)x 10’ CFU/mL. In contrast, the expe-
rimental group showed a statistically significant (p<0.05)
twofold reduction in TMC. At baseline, the microbial count
was (5.50+2.6) x 10° CFU/mL, and after one month of ap-
pliance cleaning with the specialized hygiene agent, it de-
creased to (3.25+2.25)x 10* CFU/mL, demonstrating the
effectiveness of the active oxygen-based product (Fig. 2).

According to PCR analysis, a significant increase in
the number of periodontal pathogens was observed in
the control group. The microbial load on the applian-
ces used by control group patients before and after the
intervention, respectively, was as follows: Aggregati-
bacter actinomycetemcomitans [(2.80+2.41)x 103 and
(3.25+1.00) x 10* CFU/mL, p<0.05], Porphyromonas gin-
givalis [(2.80+2.41)x10® and (7.75+2.25)x10* CFU/mL,
p<0.05], Porphyromonas endodontalis [(3.00+2.34)x 10°
and (5.25+2.75)x10* CFU/mL, p<0.05], Prevotella inter-
media [(2.80£2.41)x10° and (2.80%2.41)x10* CFU/mL,
p<0.05], Tannerella forsythia [(2.76+2.43)x10? and
(2.78+2.42)x 10* CFU/mL, p<0.05], and Treponema den-
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A

ticola [(2.76+2.43)x10% and (3.25+2.25)x 102 CFU/mL,
p=0.65]. An increase in Candida albicans coloni-
zation was also observed [(3.03+2.33)x10° and
(5.05+2.60) x 10° CFU/mL, p=0.14], possibly due to the
observed decrease in salivary pH. In parallel, a marked
decline in the quantity of Lactobacillus spp. — represen-
tatives of the normal oral microbiota — was noted, which
is considered a negative factor for oral health (Fig. 3).

In contrast, PCR analysis in the experimental group
demonstrated a reduction in the levels of periodontal
pathogens alongside an increase in Lactobacillus spp.
counts. Specifically, the microbial concentrations before
and after the intervention were as follows: Aggregati-
bacter actinomycetemcomitans [(5.50+2.60)x10? and
(8.25+2.25)x 102 CFU/mL, p<0.05], Porphyromonas gin-
givalis [(5.50£2.60)x10? and (7.75+2.25)x 10" CFU/mL,
p<0.05], Porphyromonas endodontalis [(3.25+2.25)x10?
and (7.75+2.25)x 10" CFU/mL, p<0.05], Prevotella inter-
media [(5.50+2.60)x10% and (3.25+2.25)x10' CFU/mL,
p<0.05], Tannerella forsythia [(3.00£2.34)x10? and
(7.75+£2.25)x10' CFU/mL, p<0.05], Treponema denti-
cola [(2.75+2.43)x10° and (5.28+2.73)x10' CFU/mL,
p<0.05], and Candida albicans [(2.80+2.60)x10° and
(5.50+2.49)x 10? CFU/mL, p<0.05] (Fig. 4).
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Fig. 2. Total microbial number in control (A) and experimental (B) groups before and after examination, in CFU/ml
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6.63%

Aggregatibacter “

actinomycetemcomitans |
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Fig. 3. PCR studies data in the control group before (A) and after (B) investigation
Puc. 3. MNLUP nccneposaHune B KOHTPObLHOW rpynne o (A) n nocne (B) nccneposaHus

dHdodoHmus
TN

Porphyromonas

gingivalis Treponema
4.33% denticola
0.80%

Tannerella
forsythia
15.50% Porphyromonas
endodontalis
29.33%
Prevotella
intermedia
15.63%
Aggregatibacter
Candida spp. actinomycetemcomitans
16.89% 18.15%
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Fig. 4. PCR studies data in the experimental group before (A) and after (B) investigation
Puc. 4. MNP nccnegosaHmne B akcnepmumMmeHTansHom rpynne ao (A) n nocne (B) nccneposaHus

Fig. 5. Photos of an orthodontic structure taken on a scanning electron microscope (magnification x8) before (A)

and after (B) cleaning with oxygen-containing tablets

Puc. 5. ®oT10 0pTOAOHTUYECKOIN KOHCTPYKLIMN, CAESIaHHbIE HA CKAHNPYIOLLEM 3N1EKTPOHHOM MUKPOCKONe
(yBenuuyeHue x8) no (A) n nocne (B) YUCTKM KUCnopoacoaepXxalmmm Tabnetkamm

The photodocumentation performed before and
after treatment of the orthodontic appliances with the
oxygen-releasing agent, using a scanning electron mi-
croscope at X8 magnification, visually confirmed a re-
duction in biofilm coverage and plaque accumulation
(Fig. 5).

CONCLUSIONS

1. More effective plague removal from removable or-
thodontic appliances, as assessed by the Tarbet index,
was achieved using an active oxygen-based cleansing
agent compared to conventional cleaning with a tooth-
brush and toothpaste.

2. Biochemical analysis demonstrated that the ab-
sence of significant differences in salivary pH and the re-
duction in total protein content in both the experimental
and control groups were attributable not to the compo-
sition of the hygiene products, but rather to the overall
improvement in appliance and oral hygiene practices.

3. Microbiological examination of biofilm from the
appliance surface revealed that maintaining hygienic
conditions is more effective with regular use of an active
oxygen-based cleansing agent, resulting in a twofold
reduction in total microbial count and a 75% decrease
in biofilm surface area. Therefore, the use of such spe-
cialized products should be recommended as part of
routine care for removable orthodontic appliances.
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