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Abstract: Due to the high incidence of inflammatory diseases of periodontal and peri-implant tissues,
the problems of effective treatment of dental patients, reduction of the invasiveness of surgical
interventions, and improvement of the course of the postoperative period remain urgent. In order to
improve the effectiveness of treatment of patients in these categories, we conducted a study in which
we analyzed the results of treatment of 100 patients with generalized periodontitis and peri-implantitis
using traditional surgical techniques and with neodymium and erbium lasers. We used a microbiological
research method to study changes in the quantitative and qualitative composition of the microbiota
before and after the operations. The results of quantitative monitoring of the microbiota of the
postoperative wound carried out in our study indicate that the dynamics of contamination with the use
of traditional surgical and laser technologies are fundamentally different. With the traditional technique
of surgical intervention, the maximum level of microbial colonization on day 3 was 8.2 + 0.4 Ig CFU,
which creates a risk of developing purulent-inflammatory complications, while when using laser
technologies, the microbial colonization during these periods was significantly less than after traditional
surgical operations: 4.4 + 0.3 Ig CFU - when using the Nd: YAG laser and 5.9 + 0.4 - when using the
Er: YAG laser. This level of colonization is within the normal range of resident (normal) microbiota on
the oral mucosa.
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1. Introduction

Inflammatory periodontal diseases are among the most common, both in Russia and
abroad [1, 2]. According to the WHO, severe periodontitis occurs in 15-20% of patients aged
35 to 44 years all over the world.

The widespread introduction of dental implant-supported prosthetics into dental
practice has led to an increase in the number of patients with peri-implantation mucositis and
peri-implantitis, which represent the inflammatory diseases of the peri-implant tissues. They
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are similar to gingivitis and periodontitis but differ in a number of features that should be taken
into account when diagnosing, treating, and predicting the outcome of the disease [3].

Surgical techniques for the treatment of patients with inflammatory diseases of the
periodontal and peri-implant tissues are widely described in the literature. However, the
difficulties of performing surgical manipulations are in the conditions of insufficient visibility
of the operating field due to bleeding as a result of the use of special cutting and rotary
instruments [4, 5]. On the other hand, antibiotic therapy, which is part of the treatment complex
in outpatient surgery, is carried out using antimicrobial chemotherapeutic drugs that affect not
only the pathogenic but also the resident microflora of the oral cavity and cause the
development of resistance of periodontal pathogens to antibiotics [4, 6, 7]. As a result, in the
postoperative period, clinically, pronounced edema, pain syndrome, a long healing period of
soft tissues, and the possibility of the formation of rough scars are noted [8].

In recent years, new technologies have been actively introduced into medical practice,
including treatment with laser radiation. [9-11]. The advantages of laser radiation are short
duration and selectivity of exposure, which makes it less traumatic. This, in its turn, contributes
to a shortening of the phase of inflammation, namely, earlier proliferation, which clinically
determines a decrease in the severity of pain syndrome, collateral edema, and the formation of
soft elastic scars. According to a number of authors, laser radiation has a pronounced
antimicrobial effect [12-14]. The literature describes the positive results of the use of the
erbium laser in periodontology [8, 13] and in the treatment of patients with peri-implantitis [15,
16]. A few works are dedicated to the combined use of erbium and neodymium lasers in
periodontology [17, 18].

There are significantly fewer publications dedicated to the use of a neodymium laser.
Thus, the results of a retrospective study by Italian authors, who studied the effectiveness of
the use of neodymium laser radiation in the treatment of patients with periodontitis according
to the PerioBLAST protocol (biological periodontal therapy using a laser) were presented [10].
Another promising neodymium laser treatment protocol for periodontal disease, proposed by
Gregg and McCarthy in 1990, is LANAP, a procedure for creating a new epithelial attachment
using a laser [19, 20]. It should be noted that the neodymium laser has the deepest soft tissue
penetration of all dental lasers. Scientists managed to develop a dental neodymium laser not so
long ago. At the same time, such advantages of the laser as the ability to act not only on water
but also on proteins, especially hemoglobin, are preserved. However, an in-depth analysis of
the impact of studying the neodymium laser, including the KTP laser, on the microbiota of
periodontal and peri-implant pockets has not been carried out.

Thus, it is of interest to study the antibacterial efficiency of neodymium laser radiation
in the surgical treatment of patients with inflammatory diseases of the periodontal and peri-
implant tissues.

2. Materials and Methods

On the basis of the Department of Oral Surgery of the First Moscow State Medical
University named after 1.M. Sechenov and a private profile clinic, in the period from 2013 to
2018, we examined and treated 104 patients with inflammatory diseases of periodontal and
peri-implant tissues: 72 patients with chronic generalized periodontitis of moderate and high
severity and 32 patients with peri-implantitis, which developed on different terms after the
placement of dental implants. All patients were randomly divided into 3 groups according to
the method of treatment:
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| - treatment with a neodymium laser (Nd: YAG);
Il - treatment with an erbium laser (Er: YAG);
I11 - traditional surgical treatment.

The age of the patients in the groups corresponded to the WHO aged categories of 31—
40 and 41-50 years and was not statistically different across the comparison groups.

Patients of groups | and Il underwent treatment of periodontal pockets and the area
around the implants with neodymium and erbium lasers. Patients of group 111 (control group) -
traditional periodontal and outpatient surgical treatment.

All patients underwent clinical, radiological, and microbiological examination,
including pre- and postoperative examination with the determination of the periodontal index;
qualitative and quantitative analysis of the composition of the microflora of the periodontal
pocket and peri-implant pocket using the bacteriological method and PCR diagnostics;
radiation research methods for diagnostics and control of bone tissue regeneration; assessment
of the effect of radiation of various types of laser on the surface of titanium implants using
scanning electron microscopy.

To assess the effectiveness of the use of different technologies, we carried out a
quantitative and qualitative assessment of the composition of the microbiota of the surgical
wound before and after surgery on the 3rd, 5th, and 7th days. For fast and high-quality
monitoring in the dynamics of the postoperative period, we, for the first time in operations of
this type, used the apparatus for circular seeding and automated recording of results Scan500
(Interscience, USA).

For microscopic examination, we used traditional technologies of light microscopy
under immersion. From the test material and isolated pure cultures, we gathered preparations
that were fixed in the flame of an alcohol lamp and stained according to H. Gram's method,
using aniline dyes (gentian violet, fuchsin), Lugol's solution, and 96% ethanol to discolor
smears.

Statistical processing was carried out by the method of nonparametric statistics,
according to Mann - Whitney, with the determination of the probability of differences in the p-
value, taking into account the obtained middle values, middle errors, and sample sizes. The
significance of differences in the frequency of detecting microorganisms was calculated using
the nonparametric 2 test with Yates correction for sample continuity. Values of p<0.05 were
taken as a significant difference.

3. Results and Discussion

The average data of the quantitative dissemination of exudate taken with a standard
swab from the surface of the surgical wound of the mucous membrane, expressed in terms of
the decimal logarithm, ranged from 6.5 to 3.0 in the normal course of the postoperative period
(106-103 CFU).

The research results obtained in the comparison groups are presented in table 1.

The initial contamination of exudate in patients did not differ by groups and correspond
to the normal level of 104-7 CFU. In group I, immediately after the intervention, the microbial
contamination of 5.7 Ig CFU was significantly lower than before. Later, and this was typical
for the postoperative period after the application of the Nd: YAG laser, a statistically significant
decrease in microbial contamination was observed, which stabilized on the 7th day at the level
of 3.5 1g CFU.
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Table 1. The quantitative composition of the microbiota of the surgical wound (Ig CFU).

Group Ezzﬁ:#trgical tArEt:trmse%:gical 3d day 5th day 7th day

| 6,5+0,4 5,7+0,3* 4,4+0,3* 3,5+0,2* 3,5+0,3

Il 6,35+0,5 6,4+0,4 5,9+0,4* 4,5+0,4* 4,3+0,3

11 6,25+0,5 6,8+0,4 8,2+0,4* 5,4+0,3* 4,9+0,3*

Sinificane of mergro | oh <005 | D002 | il ili<hoz | pi— <00z
! pl—I1<0,05 pl—I1<0,05 pl—I1<0,05

*reliable difference from the value in the previous period.

In group 11, a statistically significant decrease in microbial contamination to 5.9 Ig CFU
was achieved on day 3, but it was significantly higher than in group I. On the 5th day, there
was a further decrease in microbial contamination to 4.5 Ilg CFU, which was again significantly
higher than in group I.

On the 7th day, the microbial count stabilized at almost the same level and amounted
t0 4.9 Ig CFU.

In group 111, immediately after surgery, the exudate contamination of 6.8 I|g CFU was
statistically significantly higher than in groups | and Il, where laser technology was used. On
the 3rd day, the microbial contamination increased sharply to 8.2 Ig CFU. Further, as the
inflammatory reaction subsided, a statistically significant decrease in the degree of microbial
contamination was observed, but nevertheless, they were statistically significantly higher than
when using laser technologies.

Considering the important role of the qualitative or species composition of the
microbiota, in particular, the fact that different species may differ in their pathogenic potential
or drug resistance, during the monitoring, we dwelt on some features that could be traced from
the results of the identification of isolated strains of microorganisms (Table 2).

During the operation, representatives of 17 major taxon were isolated from patients,
among which were the main inhabitants of the oral cavity performing stabilizing functions in
the microbiocenosis-streptococci (mainly S. sanguinis and S. mitis/oralis group) and
diphtheroid (Corynebacterium sp.). They accounted for 30.7 and 7.7%, respectively. A
significant place in the composition of the microbiocenosis was occupied by gram-positive
anaerobes, which accounted for 23.1%. The most aggressive of these are peptostreptococci,
peptococci, and clostridia. The representation of gram-negative anaerobes was also significant
- 15.4%, among which there were aggressive species of the periodontal pathogenic group:
Fusobacterium sp., P. gingivalis and P. intermedia.

Quite high (13.9%) was the proportion of enterococci and enterobacteria, which are
capable of causing severe inflammatory complications of surgical interventions. In 9.2% of
cases, that is, in every tenth patient, yeast fungi of the genus Candida were determined.

After performing surgical operations and appropriate treatment, the picture of the
representation of the microbial flora changed significantly. Moreover, the number of isolated
strains decreased from 65 to 25 in group I, to 17 in group I, and to 43 strains in the control
group.

Correspondingly, the share of the main taxa in the structure of the microbiocenosis of
the surgical wound changed, which allowed us to predict the development of dysbiotic changes
in the postoperative period during traditional surgical treatment with antibiotic therapy or when
using surgical lasers.
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(frequency of isolation from material in%).

Table 2. Results of identification of microorganisms from a surgical wound during surgery and after treatment

Taxon Be{:ggtsmuggitcal Group | Group Il Group 111
Streptococci 20,0—30,7 12,0—48,0*# 7,0—41,2 18,0—41,7
S. sanguinis 14,0215 9,0—36,0 7,0—41,2 12,0279
S. mitis/oralis 3,0—4,6 2,0—-8,0 — 3,0—6,9
S. intermedius 3,046 1,04,0 — 3,069
Diphtheroids 5077 5,0—20,0*# —* 493
Corynebacterium 4,0—6,2 5,0—20,0 — 4,0—9,3
Actinomyces sp 1,0—15 — — —
Gram (+) anaerobes 15,0—23,1 2,0—-8,0 —* 4,0—9,3
Propionibacterium 2,0—3.1 1,04, — 1,0—2,3
P. niger 4,0—6,2 — — —

P. anaerobius 3,046 1,0—4,0 — 2,046
S. anaerobius 2,0—-3,1 — — 1,0—2,3
Clostridium sp 4,0—6,2 — — —
Gram (-) anaerobes 10,0—15,4 1,0—4,0*# 3,0—17,5* 4,0—9,3
Fusobacterium sp. 3,0—4,6 — — 1—23
Leptotrichia sp. 1,0—1,5 — — —

P. gingivalis 3,046 1,0—4,0 2,0—11,8 3,0—6,9
P. intermedia 3,046 — 1,059 2,0—4,6
Other bacteria 9,0—13,9 3,0—12,0%# 5,0—29,4* 7,0—16,3
Enterococcus sp. 50—7,7 3,0—12,0 50—29,4 7,0—16,3
Enterobacteriaceae 4,0—6,2 — — _
Candida sp. 6,0—9,2 2,0—8,0*# 2,0—11,8* 6,0—13,9
Total 65—100 25—100 17—100 43—100

The significance of the differences according to the 2 test is <0.05: * - compared with group Il1; # - compared
with group 1l.  Lines 1-7 - predominantly aggressive species, Lines 8-23 - mainly stabilizing species.

During traditional surgical interventions (group |Ill), the predominance of
microaerophilic streptococci (41.7%) was noted, diphtheroids were isolated (9.3%), but the
share of potentially aggressive species - anaerobes (18.6%), other bacteria (16, 3%), yeast fungi
(13.9%).

After using the Nd: YAG laser, the dominant flora was stabilizing: 48% were
microaerophilic streptococci, and 20% were corynebacteria (diphtheroids). The share of
representatives of aggressive anaerobic species accounted for 12% and the same - for other
bacterial species. The number of cases of detection of candida fungi decreased, but their relative
proportion remained practically unchanged.

After using the Er: YAG laser, the dominant flora was also microaerophilic
streptococci, which accounted for 41.2%; however, corynebacteria and almost all Gram (+)
anaerobic species were absent.
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Accordingly, the relative frequency of Gram (-) anaerobes, other bacteria, and candida
fungi turned out to be significantly higher than in the case of the Nd: YAG laser.

Considering the results of a qualitative study of the microbial flora, it can be concluded
that the Er: YAG laser had the most severe effect on the microbiota of the surgical wound;
however, this did not lead to the normalization of the species composition towards a decrease
in the release of aggressive species. More than 2/3 of taxa (12 out of 17) were not detected after
the application of this type of laser, which can be regarded as the development of a dysbiotic
shift in the oral mucosa.

The data we obtained on the nature of the effect of the niodine laser in comparison with
the erbium laser on the microbiota of the oral cavity, allow us to give a full characterization of
the features of the microbiocenosis of the wound under conditions of laser exposure,
corresponding to the known literature data [12—14, 18], but for the first time allow us to
substantiate the high efficiency of the niodine laser in terms of its antimicrobial action.

4. Conclusions

Thus, we can conclude that the most favorable from the point of view of the risk of
developing possible dysbiotic changes or wound suppuration in the postoperative period are
the results of exposure to the Nd: YAG laser, which demonstrated the maximum reduction in
the proportion of aggressive Gram (-) anaerobic bacteria and fungi while maintaining more 1/2
taxa of resident microorganisms. A clear reduction in the number and frequency of isolation of
periodontal pathogenic species was noted. The use of the Er: YAG laser was characterized by
the development of a dysbiotic shift due to the eradication of not only aggressive but also, to a
large extent, normal microbiota. In the control group, the number of preserved taxa was
maximum, but at the same time, periodontopathogenic species remained, and the relative
proportion of fungi of the genus Candida even increased.
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