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Article Info Abstract
Artical History: Background. Taking into account that oxygen-releasing agents are relatively new in the
Paper received 18 September 2024 periodontal practice it seems to be clinically relevant to validate how such may impact the
Accepted 06 October 2024 results of classical periodontal treatment approaches, if latter are modified by the additional
Available online 15 June 2025 use of active oxygen-containing substances as local therapy modality. Moreover, effect of
oxygen-releasing substances used in periodontology needs to be quantified not only through
Keywords: the changes of clinical criteria, but also through the changes of microbiological parameters
periodontitis, periodontal registered with the precise laboratorial approach.
pocket, periodontal debridement, Objective. To provide comparative quantitative assessment of periodontal pocket microbiota
reactive oxygen species, changes among patients with III-IV stages of periodontitis after modification of standard
chlorhexidine, Aggregatibacter scaling and root planning approaches by application of oxygen-releasing gel with supportive
actinomycetemcomitans hygienic aids and compare effect of such with chlorhexidine-containing agents.

Material and Methods. Patients with III-IV stages of periodontitis were randomly allocated
either to control (20 subjects) or study group (20 subjects). Independently of group allocation
all patients underwent basic non-surgical periodontal treatment according to the EFP
protocols (subgingival instrumentation). Patients within control group additionally to the
basic non-surgical periodontal treatment received post-instrumentational application of
chlorhexidine gel into the periodontal pockets immediately after cleaning. Patients within
study group additionally to the basic non-surgical periodontal treatment received post-
instrumentational application of an oxygen-releasing gel, which was applied immediately after
subgingival instrumentation into the periodontal pockets. The microbiological assessment of
the periodontal pocket biotope was performed using the PeriodontScreen Real-time PCR test.
Samples for the study were collected at different time points: before treatment, two weeks
after treatment, and two months after treatment.

Results. Two months after treatment Aggregatibacter actinomycetemcomitans reappeared,
although in smaller quantities, in 90% of patients in the control group, however, in the study
group, among patients in whom Aggregatibacter actinomycetemcomitans was not detected
after two weeks, it remained undetectable even after two months. Overall, Aggregatibacter
actinomycetemcomitans was identified in only 20% of the patients in the second group after
two months. No significant difference in the average quantitative levels of Porphyromonas
gingivalis and Porphyromonas endodontalis between two groups were observed at different
time points (p > 0.05).

Conclusions. Considering limitations of present study, provided analysis of the obtained data
revealed that oxygen-based preparations exhibit antibacterial properties no less effective than

https: //doi.org/10.56569,/UDJ.3.1-2.2024.151-161  chlorhexidine-based preparations, which allows to recommend such as additional treatment

2786-6572/© 2024 The Author(s). Published modalities for local application and home hygiene aid during complex treatment of patients
by UDJ on behalf of Ukrainian public scientific with periodontitis. Taking into account registered detection levels changes after provided
society Continuing Dental Education. This is treatment it may also be assumed that oxygen-releasing gel demonstrated the most pronounced

an open access article under the CC BY license antibacterial properties against such pathogens as Aggregatibacter actinomycetemcomitans
(http: //creativecommons.org/licenses/by/4.0/).  and Treponema denticola, particularly in 2 months long monitoring.
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Introduction

Chlorhexidine (CHX) is an antimicrobial agent that is often
prescribed for local application during dental treatment in forms of
gels, toothpastes, and mouthwashes. Chlorhexidine-based products
have been studied for over four decades, and CHX itself has been
considered as “gold standard” for controlling bacterial biofilm
within the oral cavity [1, 2]. However, there is ongoing debate among
scientists as to whether chlorhexidine still deserves the title of “gold
standard” nowadays [3]. Despite convincing evidences regarding
usage of chlorhexidine in the form of mouthwash for 4-6 weeks, and
sometimes up to 6 months, which enhances the effect of mechanical
in-home tooth brushing and reduces plaque accumulation, several
studies have shown that CHX demonstrates side effects such as tooth
staining, taste disturbances, and calculus formation after prolonged
use for more than 4 weeks [1, 2, 3, 4]. Additionally, it has been reported
that the usage of chlorhexidine for wound treatment is limited due
to its cytotoxicity toward human fibroblasts [4]. Several studies
have reasoned the potential of using products based on triclosan,
cetylpiridinium, aloe vera extract, tea tree oil, and other plant
essential oils with therapeutic antibacterial effects, for additional
plaque control both for professional and home oral hygiene [5, 6,7, 8,
9,10, 11, 13]. General tendency demonstrates continuous intention for
searching and developing products that provide additional effects on
biofilm, thereby improving the quality of treatment for patients with
inflammatory periodontal tissue diseases.

Relatively recently several studies reported the results of using
products with active oxygen as the main active component for
local antibacterial action during periodontal treatment. Preliminary
research on toothpastes containing active oxygen and lactoferrin
has shown a reduction in the colony-forming units of bacteria,
yielding results comparable to those of chlorhexidine [12]. Different
forms of active oxygen demonstrate strong chemotactic effect on
leukocytes, responsible for lipid peroxidation of bacterial cell walls,
and cause disruption of respiratory burst of neutrophils in wounds or
fluids. Therefore, it is considered a broad-spectrum and nonspecific
antibacterial agent [14].

Among several new products based on active oxygen-releasing
mechanism, Blue®M product line (gel, toothpastes, mouthwashes
of varying concentrations, and an oral foam), developed by Bluem
International (Weinfeld, Netherlands), have been demonstrated
increasing body of evidences that proves its effectiveness in clinical
conditions [15-20]. Previously it has been reported that oxygen-
releasing agents, such as Blue®M intraoral gel, support significant
reduction of periodontal pockets’ depth, and responsible for decrease
within inflammation pattern due to the release of active oxygen itself
[16, 18, 19]. But there is a lack of targeted studies which aimed at
objectifying the impact of oxygen-releasing products on the bacterial
microflora within periodontal pockets, and how microbial proportions
are changing under the influence of active oxygen substance.

It is important to highlight that none of the mouthwashes,
toothpastes, or gels work in isolation from the essential periodontal
treatment, which is based on subgingival instrumentation [21, 22].
These procedures are aimed at removing biofilm and dense dental
deposits from all tooth and root surfaces, creating a biocompatible
root surface suitable for the restoration of clinical attachment levels,
and further recolonization with the balanced microflora [21, 22, 23].

After the introduction of a new classification of periodontal and
peri-implant tissue diseases into clinical practice by the World
Workshop in 2017, the European Federation of Periodontology (EFP)
published S3 Clinical Practice Guidelines for the Treatment of Stage
[-1II Periodontitis in 2020, edited by Prof. Mariano Sanz and David
Herrera et al. [24]. In 2022, the S3 Clinical Practice Guidelines for the
Treatment of Stage IV Periodontitis were published, edited by Prof.
David Herrera and Mariano Sanz et al. [25]. The S3 level represents
the highest standard of evidence and scientific validation for
these treatment approaches. Comprehensive treatment protocols
described in above-mentioned guidelines involve combination of
systemic and local therapies aimed at improving and correcting
condition of periodontal tissues.

Taking into account that oxygen-releasing agents are relatively
new in the periodontal practice it seems to be clinically relevant to
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validate how such may impact the results of classical periodontal
treatment approaches, if latter are modified by the additional
use of active oxygen-containing substances as local therapy
modality. Moreover, effect of oxygen-releasing substances used in
periodontology needs to be quantified not only through the changes
of clinical criteria, but also through the changes of microbiological
parameters registered with the precise laboratorial approach.

Null hypothesis of the present study was formulated as follows:
use of oxygen-releasing gel as local intrapocket treatment modality
and supportive hygienic aids additionally to the standard scaling and
root planning (SRP) procedure does not provide any significantly
different changes within periodontal pocket microbiota compared
to the usage of the chlorhexidine-containing agents for the same
purpose and with the same manner among patients with III-IV stages
of periodontitis.

Objective

To provide comparative quantitative assessment of periodontal
pocket microbiota changes among patients with III-IV stages of
periodontitis after modification of standard scaling and root planning
approaches by application of oxygen-releasing gel with supportive
hygienic aids and compare effect of such with chlorhexidine-
containing agents.

Materials and Methods

Study design

Present research was realized in the form of prospective clinical
study following adapted STROBE checklist, while also considering
specifics of its realization as clinico-microbiological study. Study
cohort was formed out of patients who visited Dental Clinic
«Lumiere Perio Dental» (Kyiv, Ukraine). Following parameters were
used as inclusion criteria: 1) established diagnosis of periodontitis
stage III-IV as per EFP diagnostic guidelines; 2) minimal age of 18
years; 3) no systematic disease or conditions which may significantly
impact patients’ immune host response on the provided treatment;
4) no periodontal treatment during the period of previous 6 months;
5) no antibiotic use during the period of last 3 months; 6) no anti-
inflammatory drugs intake on the constant bases during the period of
last 3 months; 7) patient’s agreement to undergo complex periodontal
treatment as per proposed protocol; 8) voluntarily agreement to take
part in the present research approved by the signature of informed
consent form.

Taking into account above-mentioned inclusion criteria study
cohort was formed out of 40 patients aged 30-55 years with the
following gender distribution: 18 females and 12 males. Patients were
randomly allocated either to control (20 subjects) or study group (20
subjects). Independently of group allocation all patients underwent
basic non-surgical periodontal treatment according to the EFP
protocols (subgingival instrumentation (SI) using a combination of
an ultrasonic device with periodontal tips and Gracey mini curettes).

Patients within control group additionally to the basic non-surgical
periodontal treatment received post-instrumentational application
of chlorhexidine gel (Gingival Gel 0.2% chlorhexidine fluoride,
TePe, Sweden) into the periodontal pockets (PP) immediately after
cleaning. As for home oral hygiene, patients in control group were
prescribed toothpaste (Paroex GUM, SUNSTAR EUROPE, Sweden)
and a mouthwash (Paroex GUM, SUNSTAR EUROPE, Sweden), which
contained CHX. During the first two weeks, the CHX concentration in
toothpaste and mouthwash was 0.12%, and for the next two months,
it was reduced to 0.06%.

Patients within study ground additionally to the basic non-
surgical periodontal treatment received post-instrumentational
application of an oxygen-releasing gel (Blue®M intraoral gel, BlueM,
Wijhe, Netherlands), which was applied immediately after SI into
the periodontal pockets. For home oral hygiene over the next two
months, the patients were BlueM (BlueM, Wijhe, Netherlands) and
BlueM mouthwash (BlueM, Wijhe, Netherlands) with active oxygen.
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Microbiological assessment

The microbiological assessment of the periodontal pocket
(PP) biotope was performed using the PeriodontScreen Real-
time PCR test. Samples for the study were collected at different
time points: before treatment, two weeks after treatment, and
two months after treatment. In both groups, samples were
taken using paper points and Eppendorf tubes from four sites
in the oral cavity, adhering to the methodology for PCR material
collection [26, 27, 28].

Table 1. Quantitative Assessment of the Periodontal Pocket Microbiota

Ukrainian Dental Journal, UDJ - 3 - 1-2 (2024) - 151-161

Both quantitative and qualitative assessment of the periodontal
pocket biotope were perfromed, specifically identifying the following
microorganisms: Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Porphyromonas endodontalis, Treponema
denticola, Fusobacterium nucleatum, Tannerella forsythia, and
Prevotella intermedia.

Quantitative assessment and interpretation of the obtained results
were carried out according to the Table 1, recommended by the
manufacturer of the PeriodontScreen Real-time test system.

Abbreviation Pathogen Limit (copies/ml) Clinical significance

Aa Aggregatibacter 10*4 High risk of disease development. May lead to bone tissue destruction.

actinomycetemcomitans Associated with aggressive forms of periodontitis and gingivitis.

Pg Porphyromonas gingivalis 10*5 High risk of disease development. Produces proteases, endotoxins, and
cytotoxins, damaging the integrity of the gums and bone tissue. A key disease
marker alongside A.a.

Tf Tannerella forsythia 10*5 High risk of disease development. Produces virulence factors (proteases,
lipopolysaccharides). May suppress the immune system and contribute to the
progression of the disease into a chronic form.

Td Treponema denticola 10*5 High risk of disease development. Facilitates the adhesion of other pathogens.
Often appears at the onset of rapidly progressing disease.

Pd Porphyromonas endodontalis 10*6 Moderate risk of disease development. Produces active enzymes and
metabolites. May inhibit phagocytosis and impair local immunity.

Fn Fusobacterium nucleatum 10*6 Moderate risk of disease development. Appears during acute periodontal
diseases, especially gingivitis.

Pi Prevotella intermedia 10*6 Moderate risk of disease development. Plays a role in the formation of the biofilm

framework, facilitating the adhesion of pathogenic bacteria. Exhibits pathogenic
properties at high concentrations.

The material was delivered to the laboratory using disposable sterile
paper points placed in sealed plastic Eppendorf tubes with a volume
of 1.5 mL, one paper point per tube. If the time from collection to
delivery exceeded 2 hours, the samples were stored in a refrigerator
at a temperature of 6+2°C. No transport medium was used.

This method was used to eliminate additional, even minimal,
dilution of the material during the study. It is now known that DNA
is more stable during transport and storage compared to RNA,
which eliminates the need for a transport medium. Furthermore, by
dividing the material immediately into individual Eppendorf tubes,
cross-contamination of the samples is prevented, and subsequent
sample processing is simplified. Each tube was properly labeled and
accompanied by a referral form containing the necessary information.

At the pre-processing stage, 100 pL of sterile 0.9% sodium
chloride solution was added to each tube containing a paper point
using sterile disposable tips with aerosol filters, as recommended
for use in PCR laboratories. The tubes were left at room temperature
for 20 minutes to allow the extraction of microbial mass into the
solution. Every 5 minutes, the tubes were vortexed for 3-5 seconds
to enhance the extraction process. After the extraction process, the
tubes were centrifuged on a vortex at 1000 rpm for 30 seconds to
settle the droplets. Afterward, the paper point was removed from
the tube using sterile tweezers, carefully squeezed against the walls
of the tube to remove excess liquid and then disposed in a container
with a disinfectant solution. Then we added to the tubes with the
extract 100 pL of lysis solution and then extracted nucleic acids
using the precipitation method according to the manufacturer's
recommended instructions.

The obtained nucleic acid samples were transferred to the
amplification room, where amplification was performed according
to the instructions for the reagent kit used to detect opportunistic
microorganisms of the oral cavity by real-time PCR. The PCR kit
included an endogenous internal control, in each reaction tube
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containing the PCR master mix.

The endogenous internal control detects a sequence of human
genomic DNA, which should always be present in each extracted
sample. This approach allows for monitoring not only potential
reaction inhibition but also the accuracy of clinical sample collection,
the efficiency of sample preparation, and analytical errors (such as
a missing sample in the amplification mix). In all tested samples, the
internal control functioned correctly.

After amplification, the quantity of each microorganism was
calculated using the indicator cycle value, determined by the
software. This calculation was based on a panel of positive standards
with known concentrations. The microbial load was measured in
copies per 1 mL.

Organoleptic evaluation

All patients from study and control groups completed originally
developed questionnaire, aimed at evaluating organoleptic properties
of the products (oxygen-releasing mouthwash and chlorhexidine-
containing mouthwash) and registering patients’ feedback.

In the questionnaire, each patient from both groups was asked to
answer following three questions:

1. Did you find the mouthwash pleasant in taste?

2. Did you experience any unpleasant symptoms by the end of the

second week, such as staining or taste disturbances?

3. Was the mouthwash better than those you had used before?

Statistical analysis

Statistical processingand comparative analysis of datarepresenting
different periopathogens’ concentrations and detection levels was
carried out using basic inferential statistics principles. Frequency of
pathogen detection in all patients from both groups at different time
points was assessed in percentage values, and obtained values were
compared between study and control group.
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Significancy of the calculated differences among detection
levels and concentrations levels of periopathogens, observed at
various monitoring time periods, was measured using Student's
t-criterion for parametrical variables and Mann-Whitney’s U-test
for nonparametric variables. Observed outcomes were classified as
statistically reliable only under condition of p < 0.05 (significance
level of 0.95).

Results

Analysis of periodontal pocket biotope of all patients carried
out with PeriodontScreen test before treatment has shown no
statistical differences between study and control groups in regard
to all targeted periopathogens both for the detection levels and
concentrations rates (p > 0.05).

Porphyromonas gingivalis, Porphyromonas endodontalis, and
Treponema denticola were detected in all patients of both groups
before treatment (100% detection level), indicating the high virulence
of these red complex periodontopathogens.

Tannerella forsythia was not detected at the beginning of
treatment in 7 patients from the control group and 6 patients
from the study group. Fusobacterium nucleatum was not detected
in 5 patients from the control group (25%), and in 4 patients from
the study group (20%), while difference of detection rate was not
statistically argumented (p > 0.05). Prevotella intermedia was not
detected in 5 patients from the control group (25%), and in 4 patients
from the study group (20%).

Two weeks after the treatment, the number of periodontopathogens
significantly decreased in both groups (p < 0.05), reaching a relative norm
according to the quantitative assessment algorithm presented in Table 1.

After two months, most pathogens reappeared, but in significantly
lower quantities in both groups compared to the situation before the
treatment, difference between which was statistically approved both
for the study group (p < 0.05) and for the control group (p < 0.05). No
significant differences in the quantitative and qualitative indicators
were found between study and control groups at different time
points after treatment (p > 0.05), nor did any specifically different
patterns of changes were registered regarding Fusobacterium

Report of PCR analysis result

Preferences of analysis.

Date: 05.01. 2024, 12:18:55

Protocol number: 0

Operator: Guest
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Fig. 1a. Result of the analysis of a patient from control group before
treatment
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nucleatum, Tannerella forsythia, and Prevotella intermedia either in
study group or in control group.

However, it is important to note that at the beginning of the study,
Aggregatibacter actinomycetemcomitans was not detected in 40%
of patients in the control group, and in 45% patients in the study
group. However, two weeks after treatment it was not detected
at all in 75% of patients in the control group and 80% in the study
group. After two months, Aggregatibacter actinomycetemcomitans
reappeared, although in smaller quantities, in 90% of patients in the
control group, however, in the study group, among patients in whom
Aggregatibacter actinomycetemcomitans was not detected after
two weeks, it remained undetectable even after two months. Overall,
Aggregatibacter actinomycetemcomitans was identified in only 20%
of the patients in the second group after two months.

Treponema denticola was detected in 90% of patients in both
groups before treatment. After two weeks, its quantity hasr
significantly decreased: it was not detected in 60% of patients in
both groups. However, after two months Treponema denticola was
detected in all patients in the first group (100% detection level),
although in significantly lower quantities compared to situation
before treatment (p < 0.05). However, in the second group, it
remained undetectable in 75% of patients after two months,
(including 100% of those in whom it was already absent two weeks
after treatment).

It was also revealed that periodontopathogens that were not
detected in specific subjects in both groups before treatment
remained undetectable after two weeks and two months after the
treatment, however, only 3 patients were characterized with such
feature (1 in study group, and 2 in control group).

Porphyromonas gingivalis (Pg) and Porphyromonas endodontalis
(Pe), these pathogens were detected in 100% of patients in both
groups before treatment, in high quantities. Their presence persisted
in both groups after two weeks and two months, but in significantly
lower quantities (p < 0.05). No significant difference in the average
quantitative levels of Porphyromonas gingivalis and Porphyromonas
endodontalis between the two groups were observed at different
time points (p > 0.05).

Examples of PCR real-time samples are presented in Figures 1a, 1b,
1c, and 2a, 2b, 2c.
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Responses obtained from questionnaire regarding organoleptic
features of mouthwashes containing either chlorhexidine or active
oxygen revealed that patients did not notice significant differences
in the tastes of both mouthwashes itself, but 15% of the patients
from the control group evidenced unpleasant symptoms, such as
staining and taste disturbances, after two weeks of usage. Patients
from the study group that were using oxygen-releasing mouthwash

Qai. DID THE MOUTHWASH AID TASTE GOOD TO YOU?

100%
80%
60%%
40%
0%
Group 1: 0.12%4 CHX Group 2: active oxigen
" no 0% o%
™yes 100% 100%
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did not notice any unpleasant symptoms two weeks after hygiene
aid use. 90% of patients from the study group also noticed that
present mouthwash with oxygen-releasing feature was better than
one they used before, while 65% from the control group answered
that chlorhexidine-based mouthwash used in present study was not
better compared to one they have used before (Figure 3).

Q2. DID YOU HAVE ANY UNPLEASANT SYMPTOMS AT THE END
OF THE 2ND WEEK: STAINING, TASTE DISTURBANCES?

Group 1: 0.12% CHX
15%
85%

Group 2: active oxigen
100%

0%

Q3. WAS THE MOUTHWASH BETTER THEN THE ONES YOU
USED BEFORE?

90%
80%
70%
60%
50%
40%
0%
20%
10%

0%
Group 1: 0.12% CHX

65%

35%

™ no

™ yes

&

Group 2: active oxigen

10%

g90%

Fig. 3. Evaluation of the organoleptic properties of mouthwashes containing chlorhexidine and active oxygen. The survey was conducted two

weeks after application

Discussion

Considering obtained results of present study, which demonstrated
analogical pattern of changes for Fusobacterium nucleatum,
Tannerellaforsythia, Prevotellaintermedia, Porphyromonas gingivalis
and Porphyromonas endodontalis among study and control groups,
but differences regarding Aggregatibacter actinomycetemcomitans
and Treponema denticola in means of detection rates noticed
among study and control groups especially at two months period
after provided treatment, it may be resumed that formulated null
hypothesis may be partially rejected. Generally, both chlorhexidine-
based and active oxygen-based products demonstrated good
antimicrobial activity at various stages of treatment.

Localdeliveryofthe drugsintothe periodontal pocket characterized
with the number of advantages compared to the systematic
drug delivery, one of which is direct contact of active substance
with surrounding periodontal tissues while also minimization of
systematic effect of different substances [29, 30]. Direct contact
of locally delivered drug promotes its faster and improved effect,
while form of delivery may be represented by periodontal chips, gels,
intrapocket irrigation solutions, ointments and mouthwashes [29,
30]. Even though different chlorhexidine formulation has been used
previously in periodontal practice, new agents with specific target
advantages have been presented, efficiency and usage reasonability
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of which undergoes now through laboratory and clinical validation
[31]. One of the most promising representatives of locally delivered
agents in periodontics are such with oxygen-releasing effect [16,
17, 18, 32, 33]. Topical oxygen therapy supports and promotes
periodontal tissue healing after different periodontal interventions,
while also prevents infection development, improves processes of
reepithelialization, collagen production and angiogenesis [33, 34].
Important advantage of local oxygen therapy is that it’s not causing
development of microbial resistance considering broad-effect
oxidation action.

Several previously published clinical case reports have
demonstrated effectiveness of using topical oxygen-releasing agents
through the course of gingivitis or periodontitis treatment [18, 33, 34].
But effectiveness of such was also approved by several randomized
and prospective clinical and clinico-microbiological studies.

In the split-mouth study of Singh A. et al it was proved that
additional usage of oxygen-releasing gel installed within periodontal
pocket after SRP procedure provided statistically approved benefit
in means of changes within periodontal pocket depth, clinical
attachment level and bleeding on probing compared to the solely
realization of SRP without usage of any additional local drug [19].
Garcia C. et al. also demonstrated that application Blue®M gel
together with SRP characterized with better clinical improvement
than SRP procedure alone [35]. Application of Blue®M inhibited
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bone resorption and inflammation to greater extent compared
to SPR group, but effect of such was lesser compared to targeted
photodynamotherapy [35].

Another split-mouth randomized clinical study held among dental
patients with generalized bleeding on probing and periodontal pocket
with more than 5 mm depth demonstrated that patients who received
application of oxygen-releasing gel within periodontal pocket after
SRP in 3 months demonstrated greater tendency to the pocket depth
reduction compared to the patients who received chlorhexidine gel
intra-pocket installation with the same purpose [35].

Previous randomized clinical trial of split-mouth design
demonstrated that local application of oxygen-releasing gel into
the periodontal pocket after provided scaling and root planning
demonstrated significantly better improvement in means of
periodontal pocket depth, clinical attachment level and wound
healing index in comparison to usage of 0.2% chlorhexidine gel with
the same purpose [36]. It is worth noting that in the same study
authors found no difference between application of either oxygen-
releasing gel or chlorhexidine gel in means of gingival index and
plaque index improvements at the 3 months control assessment
after the scaling and root planning combined with local intra-pocket
drug delivery [36].

In the prospective clinical study held among patients with II stage
periodontitis treated with SRP and local drug delivery it has been
shown that scenario of SRP combined with oxygen-releasing gel
demonstrated greater capability to reduce values of gingival index,
probing depth, clinical attachment loss, while also to decrease
total oxidant status and oxidative stress index, and increase total
antioxidant capacity compared to the outcome registered after
SRP combined with intra-pocket chlorhexidine gel application [37].
Above mentioned findings may be used to suggest that oxygen-
releasing agents provide better potential to re-establish oxidant-
antioxidant imbalance, which is developing within oral cavity due to
the periodontitis pathology.

Another split-mouth randomized controlled trial highlighted that
the usage of oxygen-releasing gel may be beneficial at the sites where
the access to the base of periodontal pocket may be complicated
as an alternative to the chlorhexidine gel [38]. Agarwal S. et al. also
noted that the periodontal pocket depth reduction and clinical
attachment re-establishment were greater when SRP was combined
with oxygen-releasing gel as local drug compared to chlorhexidine
gel. In the randomized controlled study authors also noted that
P. gingivalis count within the subgingival plaque samples was
statistically lower in group where oxygen-releasing gel was used as
adjunct local agent compared to control group where chlorhexidine
gel was used with the same purpose [38]. Our study on the other
hand demonstrated significant reduction of Porphyromonas
gingivalis bacterial load after application of Blue®M oxygen-
releasing agent, but such changes were analogical to cases with
chlorhexidine application. It is worth noting that in present study
analysis of all major periodontal pathogens was held, and detection
rate’s reduction for Aggregatibacter actinomycetemcomitans and
Treponema denticola was significantly greater in scenarios of using
oxygen-releasing agent than chlorhexidine-based agent as topical
intrapocket medication.

Within the clinic-microbiological study of Koul A. it was found
that application of Blue®M gel into the periodontal pockets after
SRP support reduction of colony forming units of Porphyromonas
gingivalis and Aggregatibacter actinomycetemcomitans assessed
semiquantitatively, but such reduction was comparatively lower
compared to the application of chlorhexidine gel with the same
purpose [16]. However, considering that Bluem® gel group
demonstrated analogical reduction within gingival index and
periodontal pocket depth compared to the chlorhexidine group
it was concluded that impact of above-mentioned agents is
coequally effective [16]. In our study partially analogical results were
obtained, because pattern of changes for Porphyromonas gingivalis
was the same between study and control groups, but regarding
Aggregatibacter actinomycetemcomitans controversial tendency
was observed, because patients supported with intrapocket
oxygen-releasing agent application were characterized with greater
reduction in detection level compared to control group. Such
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inconsistencies between studies could be argumented by the fact
that in Koul's study CFU was targeted criteria for investigation by
culturing methodology, while in present study PeriodontScreen
PCR-approach was used.

In clinico-microbiological study of Agarwal R. it was found that
treatment modalities with combination of SRP procedure either
with oxygen-releasing gel or chlorhexidine gel provides better
improvements of clinical parameters, including gingival index,
periodontal pocket depth and clinical attachment level compared
to the stand-alone procedure of scaling and root planning [39].
Also, both agents were equeally affective in significant reduction
of red complex bacteria (Porphyromonas gingivalis, Treponema
denticola, and Tannerella forsythia) microbiological count [39]. Even
though differences in microbiological count of Porphyromonas
gingivalis, Treponema denticola, and Tannerella forsythia between
SRP combined with oxygen-releasing gel and SRP combined with
chlorhexidine gen were not statistically significant, but in-detailed
analysis of results revealed that oxygen-releasing modality was
characterized with greater levels of above-mentioned bacteria
reduction. In present study decreasing detection rate of Treponema
denticola was noted with more pronounced manner among group
of patients treated with the use of oxygen-releasing agent than in
group of subjects treated with chlorhexidine intrapocket applications
additionally to standard SRP procedures.

Pilot study of Deliberador et al. demonstrated that within
laboratorial conditions Blue®M oral gel demonstrated inhibitory
halo effect against Porphyromonas gingivalis and such was
relatively analogical to the effect obtained by chlorhexidine if dose
concentration of Blue®M oral gel was kept at 75-100% range [15]. In
present study changes of Porphyromonas gingivalis detection rates
were similar between study and control group with generalized
tendency to the reduction on the background of provided SRP
combined either with oxygen-releasing gel or chlorhexidine gel.

Usage of oxygen-releasing agent was described not just solely for
the non-surgical periodontal aims, but also as an aid to the different
surgical procedures. Julianna H. and Tarek S. demonstrated that
oxygen-releasing agents tend to decrease pain symptoms after
gingival surgical depigmentation procedure, while also such approach
supports wound healing and reepithelization processes [17].

Analysis of different oxygen-releasing agents is still ongoing,
demonstrating that by the mechanism of action such could be more
effective against green and purple periodontal complexes, while
chlorhexidine seems to be more sufficient with the impact on red-
complex bacterial proportions and alterations of different bacterial
complexes ratio [40]. Moreover, recent study on cytotoxicity
of oxygen-releasing agents was held demonstrating analogical
apoptosis rates for oral human fibroblasts under the influence of
chlorhexidine and Blue®M, while also representing and differences
of such agents in means of keratinocytes apoptosis rates and
capacities of wound closure within the scratch assay [12].

Most of studies dedicated to the clinical assessment of
oxygen-releasing gels used in complex of periodontal treatment
characterized with relatively low study sample sizes, which in turn
causing limitation for further generalization of obtained results. Also,
most of such studies are characterized with short term monitoring
period within the range of 3-6 months, which makes it hard to
objectify durability of treatment effects after oxygen-releasing gel
application. There is still deficiency of studies targeted at assessment
of bacteriological parameters changes under the conditions of using
oxygen-releasing agents, such as Blue®M gel or mouthwash in
various clinical scenarios of periodontitis treatment.

Limitations of presents study associated with relatively small
study sample and short period of monitoring for two months, but
such are argumented by the pilot design of clinico-microbiological
study on the base of dental clinic located in Ukraine. Also, further
studies should be aimed at providing in-detail analysis of periodontal
pathogens concentrations and fluctuations of their bacterial loads
through the longer period of monitoring among greater number of
patients, while present study focused on detection rates and factual
differences in parameters established for groups of patients treated
either with oxygen-releasing gel or chlorhexidine-containing gel.
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Conclusions

Considering limitation of present study, provided analysis
of the obtained data revealed that oxygen-based preparations
exhibit antibacterial properties no less effective than CHX-based
preparations, which allows to recommend such as additional
treatment modalities for local application and home hygiene aid
during complex treatment of patients with periodontitis. Taking into
account registered detection levels changes after provided treatment
it may also be assumed that oxygen-releasing gel demonstrated the
most pronounced antibacterial properties against such pathogens as
Aggregatibacter actinomycetemcomitans and Treponema denticola,
particularly in 2 months long monitoring.

However, further large-scale studies are needed to confirm these
findings in definitive manner. When comparing overall patient
feedback on the organoleptic properties and side effects of the
studied preparations, it was observed that the hygiene products
offered to both groups have pleasant taste qualities. However,
oxygen-based preparations do not cause side effects in 100% of
cases and do not induce unpleasant sensations during their use,
unlike CHX-based preparations. Some patients experienced tongue
and cervical tooth staining, as well as slight taste alterations by the
end of the second week of chlorhexidine-based aids usage.
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AHoTanis

Becmyn. 3 orzmsamy Ha Te, WO 3aco6H, SIKi BUBINIBHSIOTb KHUCEHb, € BiJJHOCHO HOBUMHU Y
MapOJOHTOJIOTIYHIM NPaKTULli, BAJAETHCS KIIHIYHO [OOLIJIBHAM OLIHWATH, SIKUM YMHOM iX
3aCTOCYBAaHHS MOJXE BIUIMBATU HA PE3YJIbTaTU KIACUYHUMX METOLIB JIiKyBaHHS NAPOJOHTHUTY,
4KIO OCTaHHI MOANQIKYIOTbCA IUISIXOM 10AATKOBOTO BUKOPHCTAHHS aKTUBHUX KMCHEBMICHUX
PEYOBUH SIK JIOKAJbHOTO TEPaNeBTUYHOro 3acoby. Kpim TOro, BIJMB KHCHEBUBINBHSIIOUMX
CIIOJIyK y NapOJOHTOJIOrII [10Tpebye KibKiCHOrO BU3HAYEHHS He Julle 32 3MiHaMu KJIiHIYHUX
[OKa3HUKIiB, ajie U 3a JuHaAMiKOl MiKpOGiOIOriYHMX IapameTpiB, 3apeecTpoBaHUX i3
3aCTOCYBAaHHSIM TOUYHUX J1a60PaTOPHUX METO/IiB.

Mema. HajaTy NOpiBHSJIBHY KiIbKiCHY OLIiHKY 3MiH MiKp06i0TH MapojoOHTalbHUX KUIIEHDb Y
nauieHTiB i3 napogoututom IlI-1V cragii micig mopudikauii cTaHAAPTHUX METOAMUK CKEWMJIIHTY
Ta 3IVIaJKyBaHHS KODEHIB IIJIIXOM 3aCTOCYBaHHS TeJlio, WO BUBIJIbHAE KUCEHb, Y MOEJNHAHHI
3 IONOMDKHMMM TirieHiYHUMU 3ac006aMU, Ta MOPIBHATU €(PEKTUBHICTb TAaKOro MiAXomdy 3 Aielo
3ac00iB, 110 MiCTATb XJIOPTeKCUIMH.

Mamepiaau ma memoou. Ilaunientu 3 mapomontutom III-IV crapnii G6ysnu paHmomizoBaHO
pO3NoineHi Ha KOHTPOJbHY Ta MAOCHiIKyBaHy Ipynu B chiBBifHomeHHi 111 mo 20 oci6..
HesanexxHo Bifi posmominy Bci marieHTH mpoimiy 6a3oBe HeXipypriyHe MapomoHTOJOTidYHe
JIIKyBaHHS BiJOBITHO [0 INPOTOKOJIB €Bpomnericbkoi ¢penepauii nmapogonrosorii (EFP), ske
BKJIIOYA/IO CY0'SICEHHY iHCTpyMEHTa/lbHy OOpOO6Ky. [lalieHTM KOHTPOJBbHOI TPy, OKpiM
6a30BOr0 HEXipYpriyHOro MapOAOHTAIbHOrO JIIKyBaHHS, OJpa3y Micjisl OYUILEHHS OTPUMYBAIU
MOCTIHCTPYMEHTAJIbHE BHECEHHS TeJII0, 10 MiCTUTh XJIOPT€KCUAMH, Y MapOJOHTAIbHI KULIEHI.
TNanieHTV B 1OCTiAKYBaHil rpymi, OKpiM 6a30BOro HEXipPypriyHOro NapoIOHTaIbLHOTO JIIKyBaHHS
OTPMMYBAJIM BHECEHHS TeJIo, IO BUBINbHSE KUCEHb, SIKUI TaKOX BBOJAUIN 6€3TMOCepeHbO
y IapOJOHTajbHi KUIIEHi oppasy micys  mif'sceHHOi iHCTpYMeHTasbHOI  OGPOOKM.
Mikpo6iosioriuHy oO1iHKy 6i0TOIy MapoAOHTaNbHUX KUIIEHb MPOBOJMIN 3a Aonomoroio I1JIP
tecty PeriodontScreen Real-time. 3pasku mys JociimkeHHs Oyau BimbupaHi y TpuU 4acosi
MIPOMIXKKU: [0 TIOYATKYy JIIKyBaHHS, 4Yepe3 J1Ba TVOKHI I1iCsis JIIKyBaHHs Ta Yepe3 JBa Micsi micys
JIIKYyBaHHS.

Pesyavmamu. Yepes nBa micani micins jikyBaHHS Aggregatibacter actinomycetemcomitans
3HOBY BUAB/AAM Y 90% nanieHTiB KOHTPOJILHOI IPYIIM, X04Ya M y MEHIIMX KiJIbKOCT4X. [IpoTe B
IOCJIIPKYBaHIl rpymi cepe, NalieHTiB, y skux Aggregatibacter actinomycetemcomitans He 6yB
BUSBJIEHUI Yepe3 [1Ba TYOKHI MM JiKyBaHHS, MOTO BiICYyTHICTb 30epiranacst HaBiThb Yyepes3 JBa
Micaui. 3arazoM, yepes [Ba Micsui miciis JikyBaHHS Aggregatibacter actinomycetemcomitans
6y710 BusiBnieHo auuie y 20% nauieHTiB apyroi (gocigxkysanoi) rpynu. CTaTUCTUYHO 3HAYyHIO1
pisHMLi B cepegHix KimbKicHUX piBHSIX Porphyromonas gingivalis Ta Porphyromonas endodontalis
MIK JIBOMa TpyIiaMu B pi3Hi nepioan yacy He BusBieHo (p > 0,05).

BucHoeku. 3 ypaxyBaHHSIM OOMEeXEeHb JJAHOTO JOCI/I)KEHHSsI, TPOBEJIEHUII aHali3 OTPMMaHUX
JaHWUX I0Ka3aB, IO MpernapaTy¥ Ha OCHOBi aKTHBHOTO KHCHIO BUSIBJISIOTh aHTH6GaKTepiasibHi
BJIACTUBOCTI, He MeHII e(eKTUBHI, HDK 3aco6u Ha OCHOBi xyoprekcuauny. lle mae mimcrasu
PEKOMEHJYBATH iX SIK I0JaTKOBI JIiKyBaJIbHi 32C06M J1711 IOKAJbHOTO 3aCTOCYBaHHSI Ta MiATPUMKU
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ririeHM MOPOKHMHU POTa Iifl YaCc KOMIUIEKCHOTO JIiKyBaHHS TAalli€eHTiB i3 NapOJOHTHUTOM.
3Ba)kaloyy Ha 3apeeCTPOBaHi 3MiHM PiBHIB BUSBJIEHHS MiKDOOPraHi3miB IIiC/s ITPOBELEHOrO
JIiKyBaHHSI, MO>KHA TaKOX NPUIYCTUTH, IO T€Jlb, SIKUU BUBIJIbHSAE KUCEHb, MPOJAEMOHCTPYBaB
HalBUpaXeHimi aHTu6aKkTepiaspHi BIACTMBOCTI MO0 TAKWX IMATOTEHiB, K Aggregatibacter
actinomycetemcomitans Ta Treponema denticola, 0oco61BO 3a pe3yibTaTaMi JIBOMiCSYHOTO
MOHITOPIHTY.

3agBa npo KoHPIIKT iHTEepeciB
ABTOpM HE MalOTh NOTEHIIITHOTO KOHQIKTY iHTEPECiB, IKMI1 MOXXE BIUIMHYTU HA PilllEHHS TIPO
ny6Jtikaniio 1iei crarrti.

3agBa npo pinaHCcyBaHHSA
He 6y7n0 oTpumaHo >xofHOT0 diHaHCYBaHHS [17Is1 IOTIOMOTH B ITiITOTOBIIi Ta MPOBEIEHHI 1IbOTO
JOCJIIPKEHHS, a TAKOXX y HAallMCaHHi Liel cTaTTi.
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