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Annotation. The paper presents the results of a molecular genetic study of 
dental alveoli prior to direct dental implantation. Methods of preparing jaw bone 
tissue in the implantation zone are considered and a comparative analysis of 
their effectiveness is conducted. It is established that the use of laser exposure 
in the area of ​​dental alveoli on foci of odontogenic infection after the extraction 
of teeth with granulomas and cystogranulomas contributes to the optimization 
of bone tissue reparative regeneration processes by reducing the content of 
periodontopathogenic microorganisms.
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Introduction
According to specialized literature, scientific research positively substantiates 

the method of direct dental implantation with immediate loading; a number of au-
thors have conducted a medical and biological substantiation of immediate dental 
implantation, the advantages of which are currently considered to be:

	– preservation of the volume and architecture of the bone in the area of ​​
extracted teeth, 60.0%-90.0% of the volume of the alveolar bone tissue 
is preserved. While without implantation, after tooth extraction, due to 
resorption and atrophy of bone tissue after 12 months, the height of the 
alveolar process decreases by 3.0-7.0 mm and is approximately 40.0%-
50.0% of the previous volume;
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	– preserving the contour of the alveolar bone and creating the prerequisites 
for achieving an aesthetic treatment result;

	– minimizing the number of operations and, as a result, minimizing both the 
traumatic impact on tissues and the negative psychological background 
for patients;

	– significant reduction in treatment duration by at least 3-6 months [2,5].
At the present stage, this method is popular, a one-stage surgical protocol al-

lows to implement the patient’s chewing and aesthetic task in the shortest possible 
time. Optimal recovery paths of this method, unfortunately, are also accompanied 
by the development of inflammatory-destructive complications in the bone tissue 
surrounding the dental implant [1,3].

In the works of T.G. Robustova (2001) it was proven that the healing of bone 
tissue is affected by the trauma of the operation, preservation of the integrity of the 
periosteum and local blood supply, which ensure the functioning of osteoblasts. 
However, histological and morphometric results of experimental studies with im-
mediate loading showed that integration is significantly affected by the anatomical 
localization of the intervention. A number of researchers believe that adequate 
morphogenesis occurs only with a single-stage surgical intervention [8].

In the dental alveolus after tooth extraction, the processes of bone tissue regen-
eration occur more actively than after the installation of an implant in the formed 
bone, due to significant changes in the structure of the jaw bone. Thus, the instal-
lation of an implant immediately in the alveolus after tooth extraction is more 
successful than after several months, since the cortical bone retains its density and 
volume. In this case, it is important to carry out curettage and instillation of the 
dental alveolus with antiseptics in order to remove pathological tissues, granula-
tions, and microorganisms [4,11]. Healing of the dental alveolus and engraftment 
of the implant occur simultaneously, due to which the volume of surgical interven-
tions and treatment periods are reduced, and the implant placed in the socket also 
prevents narrowing of the alveolus.

The stages of the operation include tooth extraction with careful syndesmoto-
my and subsequent treatment of the bone wound. During revision of the alveolus, 
tissue scraping or active curettage, removal of ingrown mucous membrane, instil-
lation of an antiseptic or installation of a tampon soaked in an antibiotic in the den-
tal alveolus, then osteotomy and installation of the implant are performed. How-
ever, a number of authors note a high percentage of up to 20.0% of complications 
after direct implantation into the alveoli of teeth with chronic foci of odontogenic 
infection [7]. Research on reducing inflammatory and infectious complications 
and optimizing the processes of osseointegration during direct dental implantation 
after extraction of teeth with periapical foci of infection remains relevant. The 
existing methods of managing the alveolus of the extracted tooth for installation 
of a dental implant are not sufficiently substantiated [6, 9,12]
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Purpose of the work – to determine the effectiveness of methods for preparing 
jaw bone tissue for direct dental implantation.

Materials and methods
The study involved 120 patients (62 women, 58 men) with partial secondary 

edentia who underwent tooth extraction with simultaneous installation of dental 
implants. The average age of the patients was: 49.5 years for men and 45.6 years 
for women.

In order to obtain data on the composition of the microbial flora in the dental 
alveolus, molecular biological microbiological studies were conducted.

For the study, patients were divided into groups:
- control group (30 patients) – patients underwent sampling of material from 

the dental alveolus immediately after tooth extraction;
- group 1 (30 patients): material was collected after tooth extraction, while the 

dental alveolus was treated manually using a curettage spoon, followed by instil-
lation with an antiseptic - 0.05% aqueous solution of chlorhexidine bigluconate;

- group 2 (30 patients) microbiological examination was carried out after treat-
ment of the dental alveolus with a spherical tip with a diamond coating using a pi-
ezosurgical device (piezotome) and instillation of the alveolus with 0.9% isotonic 
sodium chloride solution

- Group 3 (30 patients) sampling for the study was carried out after tooth ex-
traction using laser exposure to bone tissue in the area of ​​dental implant installa-
tion.

The effectiveness of treating the walls and bottom of dental alveoli from gran-
ulations, remnants of epithelial tissue, and chronic foci of odontogenic infection 
was assessed using binacular optics.

Results of the molecular genetic method of studying the contents of dental 
alveoli directly during tooth extraction

The obtained results of the molecular genetic study of the contents of the den-
tal alveoli during direct tooth extraction in patients of the control group state the 
following microbial composition of biotopes: aerobic opportunistic microflora 
was detected: Enterobacteriaceae DNA - in 100.0% of patients, Staphylococcus 
spp. - in 73.3% of patients, Streptococcus spp. - in 73.3% of patients, Escherichia 
coli - in 46.6% of patients, Enterobacter spp. - in 30.0% of patients, Klebsiella 
spp. in 1.0% of patients, Proteus spp. - not detected, Serratia spp. - not detected, 
Pseudomonas aeruginosae - not detected, Enterococcus faeclais / E. Faecium - in 
3.0% of patients. A high DNA titer (more than 1.0*104 GE/ml) was detected in 
50.0% of cases observed in this group with predominant detection of DNA of 
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus epidermidis.

The periodontopathogenic microflora of the dental alveoli is represented by 
the following composition: Prevotella intermedia - in 3.3% of patients, Trepone-
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ma denticola - in 56.6% of patients, Aggregatibacter actinomycetemcomitans - in 
3.3% of patients, Porphyromonas gingivalis - in 76.6% of patients, Tannerella 
forsythia - in 50.0% of patients.

In 16 (36.0%) samples of biological material from patients, the identified path-
ogens were present as part of a polymicrobial infection: DNA of Staphylococcus 
spp. + Streptococcus spp. – in 8 samples (26.6%), DNA of Staphylococcus spp. 
+ Enterobacteriaceae were detected in 11 samples (36.6%), which gives reason 
to assume that they form biological communities in the form of biofilms, and 
therefore have a unique ability to minimize the influence of protective factors of 
the human body.

Results of molecular genetic method of studying the contents of the dental 
alveolus after manual curettage

In group 1, after processing the dental alveolus with a manual instrument, sur-
gical curettage revealed a predominant presence of opportunistic microorganisms 
- during a quantitative study, the content of DNA of aerobic opportunistic micro-
flora remains high (≤1.0*104 GE/ml): DNA of Enterobacteriaceae - in 100.0% of 
patients, Staphylococcus spp - in 56.6% of patients, Streptococcus spp. - in 73.3% 
of patients.

After dental manipulations, qualitative studies of DNA of aerobic opportunis-
tic pathogens demonstrated a slight decrease in the presence of Escherichia coli 
DNA - by 40.0% and Staphylococcus aureus DNA - by 40.0%. The remaining 
species composition of periodontopathogenic microflora did not change.

At the next stage, studies were conducted to determine the quantitative levels 
(concentrations) of DNA of opportunistic aerobic flora microorganisms in sam-
ples from the dental alveolus. It was found that in patients of the 1st main group 
and the comparison group, the quantitative levels of DNA of opportunistic mi-
croorganisms did not have statistically significant differences (p≥0.005). At the 
same time, the concentration (Me (Q25/75)) of Staphylococcus spp. DNA was 
6.35 (4.41/9.07) ×105 copies/ml, including MSSA – 7.29 (5.19/9.30) ×103 copies/
ml, MRSA – 7.51 (5.37/9.28) ×103 copies/ml and MRCoNS – 8.56 (6.42/9.95) 
×103 copies/ml, Streptococcus spp. DNA – 5.89 (3.42/8.25) ×105 copies/ml and 
Enterobacteriaceae DNA – 5.16 (2.91/7.22) ×104 copies/ml.

A quantitative study of the concentrations of DNA of periodontopathogenic 
microflora in the dental alveolus did not show a significant decrease in the num-
ber of microorganisms (p≥0.05) after curettage: Treponema denticola in 50.0% of 
patients, Porphyromonas gingivalis in 50.0% of patients, Tannerella forsythia in 
33.3% of patients.

At the same time, it should be noted that the capabilities of PCR diagnostics are 
limited by the sensitivity of test systems that are capable of detecting DNA frag-
ments of microorganisms at their concentration in a biological sample of 103 cop-
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ies/ml and higher. Thus, the molecular biological study allowed us to determine 
the composition of the microbial flora at diagnostically significant concentrations 
of these microorganisms of 103 GE/ml and higher genomic equivalents/ml. It is 
possible that the presence of other microorganisms in lower concentrations was 
not detected due to the diagnostic threshold (detection limit) of the test system.

Results of the molecular genetic method of studying the contents of dental 
alveoli after using the mechanical method

In group 2, the dental alveolus was treated with mechanical methods, which 
included subgroup A - treatment of the dental alveolus with a spherical bur and 
a physiodispenser (in the mode: speed of 450 rpm and force of 25 N/cm2) and 
subgroup B - treatment of the dental alveolus with a spherical nozzle with a dia-
mond coating using a piezosurgical device (piezotome). At the same time, before 
the treatment of the dental alveoli, there was no reliable difference (p≥0.05) in the 
values ​​of the concentration of DNA of opportunistic microflora.

After treatment of the dental alveoli in subgroup A and subgroup B, the con-
centrations of microorganisms significantly differed from the initial values; a de-
crease in the DNA content of aerobic opportunistic and periodontopathogenic mi-
croflora was observed (p≤005).

The detection of DNA of Enterobacteriaceae, Staphylococcus spp, Streptococ-
cus spp. in group 2 decreased by 50.0%, the species-specific detection of DNA of 
aerobic opportunistic pathogens during qualitative PCR studies decreased by 3.3 
times, which was reliably significant (p≤0.05).

In this group of patients, a quantitative study of periodontopathogenic micro-
flora in the dental alveolus showed a reliable decrease (p≤0.05) in the detection of 
microorganisms: Treponema denticola in 30.0% of patients and Porphyromonas 
gingivalis in 46.6% of patients, Tannerella forsythia in 23.3% of patients. Positive 
results of Porphyromonas gingivalis DNA before treatment were determined in 30 
patients (100%), after treatment it was detected in 46.6% of patients.

For an objective assessment of the proposed methods of dental alveolar treat-
ment, a microbiological study was conducted in groups. The state of the microflo-
ra, especially in dynamics, can be an indicator of the effectiveness of the method 
used and have prognostic value. When conducting a quantitative bacteriological 
study, it was found that before the start of treatment, the level of contamination of 
the dental alveoli in patients of the control group and groups 1 and 2 varied within 
105 - 107 and was the same.

After tooth extraction, the results of quantitative detection of Enterobacteriace-
ae DNA (Figure 1) were found in all patients of the control group and group 1 
(100.0%), a statistically significant result of reduction in contamination was ob-
served in group 2 and amounted to 16.6%. The presence of Staphylococcus spp., 
Streptococcus spp. DNA (Figure 2.3) was detected in patients of the control group 
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(73.3%) at the time of tooth extraction, while after alveolar treatment, the DNA of 
these microorganisms significantly decreased by 2.5 times.

Figure 1. Frequency histogram of the distribution of the amount of Enterobacte-
riaceae DNA in patients of the control group, taking into account zero values

Quantitative detection of Porphyromonas gingivalis DNA (Figure 4) and Pre-
votella intermedia immediately after tooth extraction were determined in 100.0% 
of patients, after treatment of dental alveoli their numerical presence decreased by 
50.0% and was detected in 15 patients. The detected Treponema denticola DNA 
after tooth extraction was determined in all 17 patients (56.6%), after mechanical 
curettage it decreased by 2 times and was detected in 9 patients.
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Figure 2. Frequency histogram of the distribution of the amount of Staphylococ-
cus spp. DNA in patients of the control group, taking into account zero values

Figure 3. Frequency histogram of the distribution of the amount of Streptococ-
cus spp. DNA in patients of the control group, taking into account zero values
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Figure 4. Frequency histogram of the distribution of the amount of Porphyromo-
nas gingivalis DNA in patients of the control group, taking into account zero 

values.

DNA of Streptococcus spp., Enterobacter spp. / Klebsiella spp., Proteus spp. 
and Pseudomonas aeruginosae was detected in 10 patients at the time of tooth 
extraction, after the operation the results of these 10 patients were negative. Thus, 
the results of the change in microflora indicate the effectiveness of the method 
used. Patients of group 2 showed a statistically significant decrease in the micro-
bial contamination of the alveoli.

Molecular results-genetic research method contents of the dental alveolus 
after laser exposure

In patients of group 3, immediately after tooth extraction, the microbiological 
composition of the dental alveolus did not differ significantly from groups 1 and 2, 
however, after treatment of the dental alveolus using a diode laser for a duration 
of 10 minutes, the composition of the microflora of the dental alveolus had signif-
icant differences: Prevotella intermedia was not detected in patients, Treponema 
denticola - in 10.0% of patients (n = 3), Aggregatibacter actinomycetemcomitans 
was not detected, Porphyromonas gingivalis was not detected in 12.0% of patients 
(n = 4), Tannerella forsythia was not detected.
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The results of a quantitative study of microorganisms in groups indicate reli-
able differences in the methods used in the treatment of dental alveoli after tooth 
extraction (Figure 5).

In the control group, immediately after tooth extraction, aerobic opportunistic 
microflora was detected in the dental alveoli: Enterobacteriaceae DNA - in 100.0% of 
patients (n=30), Staphylococcus spp. - in 73.3% of patients (n=30), Streptococcus spp. 
- in 73.3% of patients (n=30), Escherichia coli - in 46.6% of patients (n=30), Entero-
bacter spp. - in 30.0% of patients (n=30), Klebsiella spp. in 1.0% of patients (n=30), 
Proteus spp. - not detected, Serratia spp. - not detected, Pseudomonas aeruginosae - not 
detected, Enterococcus faeclais / E. Faecium - in 3.0% of patients (n=30). A high DNA 
titer of more than 1.0*104 GE/ml was detected in 50.0% of cases observed in this 
group with predominant detection of DNA of Staphylococcus aureus, Staphylococcus 
epidermidis, Streptococcus epidermidis.

Figure 5. Quantitative studies – detection of DNA of aerobic opportunistic 
pathogens, %

In group 2, there was no significant difference (p≥0.05) in the values ​​of the 
concentration of DNA of opportunistic microflora before treatment, whereas after 
treatment of the dental alveolus with a spherical bur and a physiodispenser (in the 
mode: speed of 450 rpm and force of 25 N/cm2) and a spherical tip with a diamond 
coating using a piezosurgical apparatus (piezotome), in patients of the main group 
2, a decrease in the DNA content of aerobic opportunistic and periodontopatho-
genic microflora was significantly different from the comparison group (p≤0.05) 
and the main group 1 (p≤0.05).
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The detection of DNA of Enterobacteriaceae, Staphylococcus spp, Streptococ-
cus spp. in the main group 2 decreased by 50.0%, the species-specific detection of 
DNA of aerobic opportunistic pathogens during qualitative PCR studies decreased 
by 3.3 times, which was reliably significant (p≤0.05).

Periodontopathogenic microflora is represented by the following composi-
tion: Prevotella intermedia - in 3.3% of patients (n=30), Treponema denticola - in 
56.6% of patients (n=30), Aggregatibacter actinomycetemcomitans - in 3.33% of 
patients (n=30), Porphyromonas gingivalis - in 76.6% of patients (n=30), Tan-
nerella forsythia - in 50.0% of patients (n=30).

A quantitative study of periodontopathogenic microflora in the dental alveo-
lus showed a significant decrease in the concentrations of DNA of opportunistic 
microorganisms (p≤0.05) in group 1 patients: Treponema denticola in 50.0% of 
patients (n=30), Porphyromonas gingivalis in 50.0% of patients (n=30), Tannerel-
la forsythia in 33.3% of patients (n=30).

In group 2 patients, a quantitative study of periodontopathogenic microflora 
in the dental alveolus showed a significant decrease (p≤0.05) in the detection of 
microorganisms: Treponema denticola in 30.0% of patients (n=30) and Porphy-
romonas gingivalis in 46.6% of patients (n=30), Tannerella forsythia in 23.3% of 
patients (n=30).

A quantitative study of periodontopathogenic microflora in the dental alveolus 
showed a significant decrease in DNA concentrations (p≤0.05) in group 3 patients: 
Treponema denticola concentration decreased by 3.5 times, DNA of Prevotella in-
termedia, Tannerella forsythia, Aggregatibacter actinomycetemcomitans was not 
detected (Figure 6).

Figure 6. Quantitative studies – detection of DNA of periodontopathogenic 
pathogens (copies/ml), %
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In 16 samples of biological material from patients in the comparison group, 
the identified pathogens were present as part of a polymicrobial infection: DNA 
of Staphylococcus spp. + Streptococcus spp. – in 8 samples (26.6%), DNA of 
Staphylococcus spp. + Enterobacteriaceae were detected in 11 samples (36.6%), 
which gives reason to assume that they form biological communities in the form of 
biofilms, and therefore have a unique ability to minimize the impact of protective 
factors of the human body.

In group 1, after treatment of the dental alveolus with a manual instrument and 
surgical curettage, a predominant presence of opportunistic microorganisms was 
revealed - during a quantitative study, the content of DNA of aerobic opportunis-
tic microflora remains high (≤1.0*104 GE/ml): DNA of Enterobacteriaceae - in 
100.0% of patients (n=30), Staphylococcus spp - in 56.6% of patients, Streptococ-
cus spp. - in 73.3% of patients (n=30).

At the next stage, studies were conducted to determine the quantitative levels 
(concentrations) of DNA of opportunistic aerobic flora microorganisms in sam-
ples from the dental alveolus. It was found that in patients of group 1 and the 
control group, the quantitative levels of DNA of opportunistic microorganisms 
did not have statistically significant differences (p≥0.005). At the same time, the 
concentration (Me (Q25/75)) of Staphylococcus spp. DNA was 6.35 (4.41/9.07) 
×105 copies/ml, including MSSA – 7.29 (5.19/9.30) ×103 copies/ml, MRSA – 
7.51 (5.37/9.28) ×103 copies/ml and MRCoNS – 8.56 (6.42/9.95) ×103 copies/ml, 
Streptococcus spp. DNA – 5.89 (3.42/8.25) ×105 copies/ml and Enterobacteriace-
ae DNA – 5.16 (2.91/7.22)×104 copies/ml.

Figure 7. Qualitative studies – differential species-specific diagnostics of DNA 
of aerobic opportunistic pathogens, %
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After dental manipulations, qualitative studies of DNA of aerobic opportunis-
tic pathogens demonstrated a slight decrease in the presence of Escherichia coli 
DNA - by 40.0% and Staphylococcus aureus DNA - by 40.0%. The remaining 
species composition of the microflora did not change.

In patients of group 3 immediately after tooth extraction, the microbiological 
composition of the dental alveolus did not differ significantly from the control 
group, groups 1 and 2, however, after the treatment of the dental alveolus using 
a diode laser for a duration of , the composition of the microflora of the dental 
alveolus had reliable differences: Prevotella intermedia - not detected in patients 
(n = 0), Treponema denticola - in 10.0% of patients (n = 3), Aggregatibacter ac-
tinomycetemcomitans - not detected (n = 0), Porphyromonas gingivalis - in 12.0% 
of patients (n = 4), Tannerella forsythia - not detected (n = 0). The results of the 
microbiological study of the contents of the dental alveoli in the groups of patients 
using PCR diagnostics are presented in Figure 7.

A quantitative study of periodontopathogenic microflora in the dental alveolus 
showed a significant decrease in DNA concentrations (p≤0.05) in group 3 patients: 
Treponema denticola concentration decreased by 3.5 times, DNA of Prevotella 
intermedia, Tannerella forsythia, Aggregatibacter actinomycetemcomitans was 
not detected.

Conclusions.
Conducting preoperative preparation of dental alveoli will prevent the devel-

opment of infectious and inflammatory processes in the area of ​​the installed den-
tal implant by reducing microbial contamination and removing foci of chronic 
odontogenic infection. In order to stop the inflammatory process in the focus of 
odontogenic infection, along with surgical curettage, we consider it possible to use 
laser exposure with a bactericidal effect.
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