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ABSTRACT

The aim: Study of the dynamics of changes in the average values of the index of mucosal microcirculation after dental implantation with immediate
intraoperative prosthetics.

Materials and methods: In dlinical conditions, 55 patients aged from 29 to 60 years with a diagnosis of partial absence of teeth requiring orthopedic
treatment using implants on the lower jaw were treated and examined. In the course of the latest achievements, the following methods were used: clinical
protocol ofimmediate implantation with Solidum and Simplex implants of the <ART IMPLANT» system on the lower jaw by the one-stage implantation method,
with immediate intraoperative loading and the manufacture of a temporary non-removable dental prosthesis, determination of the microcirculation index in
dynamics using the laser Doppler method flowmetry, statistical analysis.

Results: The obtained results indicate a pronounced reaction of microcirculation up to the 3rd day after surgery, an increase in blood perfusion of the mucous
membrane by 2.7 times while maintaining vasomotor activity, which indicates adaptation to the injury and immediate loading of the denture in the postoperative
period. 3 months after dental surgery and immediate intraoperative prosthetics, all indicators of microcirculation approach the initial values before surgery.
Conclusions: With the help of laser Doppler flowmetry, the fact of a sharp restoration of microcirculation after dental implantation surgery with immediate
intraoperative prosthetics is confirmed.

KEY WORDS: Laser Doppler flowmetry, immediate intraoperative prosthetics, immediate implantation, indicators of microcirculation, implants of the

«ART IMPLANT» system, osseointegration.

INTRODUCTION

As a result of monitoring and analysis of clinical
and experimental studies on the success of dental
implantation in the early and distant periods of
observation, scientists managed to substantiate the
feasibility of introducing into clinical practice not only
classical, but also modified protocols of implantation
with different terms of subsequent loading [1,2]. At
the 6th ITI (International Team of Implantologists)
Consensus Conference, held in Amsterdam in April
2018, a group of scientists led by German Gallucci
developed a unified classification of dental implant
installation and loading protocols for all practically
possible clinical situations. Based on the analysis of
the publications selected for monitoring that met
the evidence criteria, the implant survival rates were
calculated with the determination of success and
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predictability of each protocol [3,4]. Today, there is
a trend towards shortening the terms of subsequent
orthopedic rehabilitation. Immediate implantation
and immediate intraoperative functional masticatory
load allow to reduce the duration of treatment and
the volume of surgical intervention and to obtain a
high functional and aesthetic result [4]. Today, there
are discussions about the features of the formation
and level of reduction of peri-implant bone tissue
in various conditions, in particular, under load and
micromobility [5]. It has been established that around
loaded implants there is an increase in blood flow
and vasomotor activity of the microcirculatory bed
of the supporting tissues, an increase in the volume
of bone tissue and an increase in torque, which is an
optimal prediction of the acceleration of the rate of
osseointegration [6]. The modern systematization
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of views on the differentiation of the results of
immediate loading and immediate implantation and
their interpretation from the point of view of the
modern understanding of the mechanisms of bone
remodeling expands the opportunities for discussion
and argumentation of the prognosis of various dental
implantation protocols taking into account the initial
conditions of the clinical situation [7,8]. There are a
large number of methods and devices that allow you
to evaluate various characteristics of the movement
and distribution of blood in the body, starting from the
simplest: visual observation, listening, palpation, etc.
In the 17th century, Marcello Malpighi invented the
liquid plethysmograph. From that moment, the era of
instrumental blood circulation research began [9,10].
In domestic implantology, standard examination
methods do not allow detecting disorders that
occur in the mucous membrane area during dental
implantation. Therefore, the use of highly informative
methods of assessing hemodynamics and metabolism
reveal hidden mechanisms of disease development.
To date, the study of the state of microcirculation is
carried out using various methods, forexample, such as
laser diagnostics. With the development of science and
technology, new opportunities for blood flow research
appeared, in particular with the help of laser Doppler
flowmetry [11]. The use of laser Doppler flowmetry
(LDF) to analyze capillary hemodynamics in real
time made it possible to determine microcirculation
changes during dental implantation, both two-stage
and with immediate loading. The LDF method is
based on the use of low-power helium-neon laser
radiation (A = 632.8 nm), which penetrates well
into the surface layers of tissues. When radiation is
reflected from moving objects (which are erythrocytes
in microvessels), there is a change in the frequency
of the signal (Doppler effect). Determination of the
intensity of microcirculation in tissues is based on
this effect [12-16]. An early local sign of pathological
disorders is vasoconstriction of arterioles, stagnation
in venules and a decrease in blood flow in nutritional
capillaries. At the same time, the rhythmic changes
of hemodynamics in the microcirculatory channel are
disturbed. Successes in the clinical application of the
results of microcirculatory studies are associated with
the use of capillaroscopy, assessment of microblood
flow by laser Doppler flowmetry, and others. The
clinical importance of studying microcirculation is
determined by the possibility of early detection of
tissue viability disorders [17]. Understanding the
negative and early terms of implant loading under the
influence of functional occlusive loading in conditions
with expert analysis of hemodynamic changes in the
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microcirculatory channel around implants is limited
in fundamental research. Also, there is not enough
convincing experimental data on the dynamics of
changes in the average values of the microcirculation
index (IM) after dental implant surgery and immediate
intraoperative prosthetics.

THE AIM

The aim of the study was to Study of the dynamics of
changes in the average values of the index of mucosal
microcirculation after dental implantation with
immediate intraoperative prosthetics.

MATERIALS AND METHODS

The clinical study was conducted on the basis of the
Department of Post-Graduate Education Dentistry of
the Uzhhorod National University, the dental clinic «Art
dentistry» (Zaporizhia, Ukraine), the university dental
clinic of Debrecen University (Debrecen, Hungary). The
study was carried out taking into account the main
provisions of the GCP ICH and the Helsinki Declaration
on Biomedical Research, the Council of Europe Conven-
tion on Human Rights and Biomedicine (2007) and the
recommendations of the Committee on Bioethics under
the Presidium of the National Academy of Sciences of
Ukraine (2002) and the positive opinion of the bioethics
commission of the Uzhhorod National University .

In clinical conditions, 55 patients (25 male and
30 female patients), aged from 29 to 60 years with
a diagnosis of partial absence of teeth (10 - 08.1),
requiring orthopedic treatment using implants on the
lower jaw, were treated and examined. Prosthetics were
performed with fixed orthopedic structures. In order to
replace the defect, 65 Solidum and Simplex implants of
the «<KART IMPLANT» system were installed on the lower
jaw by the method of one-stage implantation, with
immediate intraoperative loading and the manufacture
of a temporary non-removable dental prosthesis.
Prosthodontics were performed on 65 implants, 65
temporary plastic crowns were made, and then 65
ceramic or metal-ceramic crowns (Table I). All patients
were fitted with dental implants in the defect area of 1-2
teeth on the lower jaw with immediate loading, using
intraoperative prosthetics.

The inclusion criteria were - partial loss of teeth, the
extent of the defect of 1-2 teeth on the lower jaw (see
Fig. 1). Satisfactory or good level of oral hygiene, healthy
mucous membrane of the oral cavity, sufficient volume
of the jaw bone and its satisfactory density, sufficient
space for installing a dental prosthesis, absence of en-
docrine diseases.
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Table 1. Distribution of used implants

Implantation system Number of implants

Dentition defect

Number of crowns

1 tooth 2 teeth
Solidum system «ART IMPLANT» 32 32 8 7
Simplex system «ART IMPLANT» 33 33 31 4
Together 65 65 39 11
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Fig. 2. Clinical situation after implantation

The exclusion criteria were - lack of positive motivation
for treatment with the use of dental implants, age of
the examinee over 65 years, low level of oral hygiene,
alcohol abuse and tobacco smoking, chronic generalized
periodontitis of medium and severe degrees, significant
atrophy of the alveolar part in the area of the dentition
defect of the lower jaw , insufficient density of the jaw
bone, osteoporosis, insufficient prosthetic space, presence
of endocrine diseases, immunodeficiency, blood diseas-
es, radiation and chemotherapy, systemic corticosteroid

therapy, chronic somatic diseases in the stage of decom-
pensation. Planning and treatment of patients was carried
out according to the following algorithm: cone-beam
computed tomography was performed to obtain files in
dicom format for further planning of dental implantinstal-
lation (see Fig. 1).In the future, after intraoral scanning with
an optical scanner to obtain afile in STL format, dicom and
STL format files were combined in the 3Diagnosis comput-
er program to compile a complete clinical picture, which
includes all anatomical formations of the selected area, a
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virtual placement of the implant and its superstructure
was carried out . A virtual model of the surgical template
is created using the received data about the state of the
implant in the PlastyCAD software. The template was
printed using a 3D printer. Patients underwentimmediate
implantation with passive occlusal loading according to
traditional one-stage surgical protocols (Schwartz-Arad D.
etal,, 2007) under Sol local anesthesia. Articaini 4% with a
vasoconstrictor 1: 100,000.

After the surgical stage of dental implantation, an opti-
cal transfer was installed in the joint of the implant. After
obtaining an optical impression, the transfer was tempo-
rarily changed to a gingival former (see Fig. 2). After the
laboratory production of the temporary superstructure
using a RolandDWX-51D milling machine, it was installed
in the joint of the implant with a force of 10-15 N.

To evaluate the results of microcirculation research using
the laser method Doppler flowmetry (LDF) in patients with
partial adentia, the condition of the frontal and lateral areas
of the lower jaw was studied using system moor VMS LDF2
(785 £ 10 nm, maximum power 2.5mW) (Moor Instruments
Ltd. Millwey Axminster Devon EX13 5HU, UK) (Fig. 1) and
needle probes as per the manufacturer’s instructions, and
were processed by the use of specialized software (moor
VMS-PC, V 3.1 for Vascular Monitor System).

The results of laboratory and clinical studies were
processed by methods of variational statistics with de-
termination of the mean value, its errors, Student’s t-test
for multiple comparisons, using Excel (MS Office 2010,
Microsoft, USA) and STATISTICA 6.0 (StatSoft, USA).

Differences in indicators at the level of significance p
<0.05 were considered statistically significant.

RESULTS

According to the data of the patients before the dental
implantation operation, the integrated indicator
of microcirculation (IM), which reflects the level of
blood flow in the mucous membrane, was on average
8.50 = 0.43 points. (Figure 3). At the same time, the
temporal variability of blood perfusion o, which
characterizes fluctuations in the flow of erythrocytes
in the microcirculatory channel, was 0.90 + 0.04 p.o.
(Figure 4). Vasomotor activity of microvessels (Kv) was
equal to 10.59 + 0.48% (Figure 5). After dental implant
surgery with immediate intraoperative prosthetics, after
3 days IMincreased sharply by 2.7 times (P < 0.001) and
the fluctuation of erythrocyte flow (o) also increased by
3.1 times (P < 0.001) (Figures 3, 4).

However, vasomotor activity (Kv) increased by 7.06%,
which indicates compensatory reactions of the micro-
circulation system in the mucosa (Figure 5). 10 days
after the operation, the level of blood flow in the micro-
circulatory channel of the PM began to decrease, but
it significantly exceeded the initial values by 125.88%
(p <0.001). Fluctuation of the flow of erythrocytes (o)
in the microcirculatory channel also had a tendency
to decrease in amplitude, while its values exceeded
those before surgery by 123.33% (p <0.001). Kv at the
same time remained approximately at the same level

Table Il. Indicators of vascular tone in the microcirculatory channel of the mucous membrane in the area of installation of dental implants with immediate

load according to the wavelet analysis of LDF- grams.

Before 3 days 10 days After the operation 3 months
the operation after surgery after surgery in 1 month after the operation
NT
n 25 23 23 21 19
M 3,57 4,07 2,50 2,88 4,71
m +0,16 +0,18 +0,11 +0,13 +0,21
p< 0,05 0,001 0,05 0,05
MT
n 25 23 23 21 19
M 2,22 2,19 4,41 2,46 2,75
m +0,10 +0,10 +0,20 +0,11 +0,12
p< 0,001 0,05
SHI
n 25 23 23 21 19
M 0,62 0,54 1,77 0,85 0,59
m +0,03 +0,02 +0,08 +0,04 +0,03
p< 0,05 0,001 0,05

Notes: p - significant differences after surgery
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of erythrocyte flow fluctuations ( o) after dental
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(Figures 3, 4, 5). After 1 month, a decrease in IM and
o was recorded to 16.90 + 0.85 perf. units. and 1.90 +
0.09 perf. units. in accordance. However, their values
significantly exceeded the initial level by 1.99 and 2.11

times (p <0.001). In the remote period, 3 months after
the operation, the blood flow level (IM) in the mucous
membrane was on average 8.50 + 0.43 perf. units,
which is 34.12% higher than the initial level before the
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operation (p < 0.05). At the same time, the fluctuation
of the flow of erythrocytes (o) in the microcirculatory
channel was 2.10 £ 0.09 perf. unitincreased by 133.33%
(p <0.001), which may indicate the improvement of
the trophic function in the mucous membrane, which
is an indicator of the restoration of the entire jaw bone
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3 months
after surgery

Fig. 6. Dynamics of changes in neurogenic tone
(NT) after dental implant surgery and immediate
intraoperative prosthetics according to wavelet
analysis of LDF-grams

Fig. 7. Dynamics of changes in myogenic tone
(MT) after dental implant surgery and immediate
intraoperative prosthetics according to wavelet
analysis of LDF-grams

SHUNTING INDEX

Fig. 8.The dynamic of changes in the shunt index
(SHI) after dental implant surgery and immediate
intraoperative prosthetics according to the wave-
let analysis data of LDF — gram

complex.The analysis of these indicators, reflecting the
vasomotor activity (Kv) in the microcirculatory channel,
revealed an increase in its values by 73.98% compared
to the preoperative values (p <0.001) (see Figure 5).
The results of wavelet analysis of LDF - grams,
presented in Table Il, revealed an increase in the
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neurogenic tone (NT) of precapillary vessels in the
microcirculatory channel of the mucous membrane
of the jaws 3 days after dental implantation with
immediate loading by 13.93% (p < 0.05), and after
10 days - a decrease by 30.04% (p <0.001) compared
to the initial values. 1 month after surgery, NT had a
tendency to increase, but its values were lower than
the initial level by 19.28% (p <0.05). After 3 months,
NT amounted to 4.71 £ 0.21 perf. units. and exceeded
baseline by 31.88% (p <0.05) (see Figure 6) (see Table
I). Myogenic tone (MT), which is also involved in the
active regulation of microcirculation before dental
implant surgery, was equal to 2.22 + 0.10 perf. units.
After dental implantation with immediate loading,
after 3 days, the values tended to decrease, and after
10 days after surgery, they increased by 99.06% (p <
0.001).

One month after dental implantation withimmediate
loading, the values dropped and differed from the
preoperative level by 10.97%, and by 24.24% - after 3
months (p < 0.05) (see Figure 7) (see Table Il).

The shunting index (SHI), which characterizes the
ratio of shunting and nutritional blood flow in the
microvascular network, was initially 0.62 + 0.03 u.o. 3
days after dental implantation, his digital values tended
to decrease (see Figure 8). After 10 days, its values
increased by 2.85 times, which may indicate the reaction
of the microcirculation in the mucous membrane to
the traumatic injury of the jawbone during dental
implantation and immediate intraoperative prosthetics
(p < 0.001). One month after the operation, the SHI
decreased and was higher from the initial level by
37.48% (p <0.05), and after 3 months its values slightly
differed from the preoperative level - 0.59 + 0.03 u.o.
This may indicate the restoration of blood circulation
in the microcirculation system of the jawbones after
dental implantation.

DISCUSSION

According to research Janos Jarabin, Zsoéfia Bere: the
non-implanted yet previously operated contralateral
sides of the patients demonstrated marginally lower
(p = 0.09) blood flux index. The STR sides however,
showed significantly lower (average 217 %) provoked
blood flux compared to cotrols (p < 0.001). At the STP
sides a maladaptation could be observed (average 316
%) compared to the contralateral sides (p = 0.53). STP
sides demonstrated a significantly better blood flow
improvement compared to the STR sides (p = 0.02).

These results suggest a favorable postoperative con-
dition of vascular microcirculation after STP, than after
STR surgery [18].

According to research Vladimir Kokovic, Elena Krsljak:
the measured PU values ranged from 17.5 to 130.7 with
amean of 53.05. LDF>60 PU was measured at 8 implants
sites, LDF<60 and = 40 PU at 18sites, and LDF<40 PU at
10 sites. There were no statistically significant differenc-
es between mean values of the left and right sides of the
mandibles as well as between different implants posi-
tions. There was no statistically significant differencein
vascularity between men (53.3) and women (51.5) [19].

According to research F F Losev , E K Krechina , M
M Kayugin LDF data, it was established that the level
of microcirculation in the mucous membrane of the
alveolar ridge in response to the functional load after
fixation of the removable prosthesis with fixation on
locators (group 1) and on telescopic crowns (group 2),
it is accompanied by an increase in the level of M and
o by 37% and 66%, and by 2.2-2.4, respectively, which
indicated the development of hyperemia in the mi-
crocirculatory bed, which is associated with functional
load and persists up to 3 and 6 months, respectively.
Restoration of microcirculation occurs after 6 and 12
months, respectively, after prosthetics, depending on
the supporting elements. After fixation of the remov-
able prosthesis, SpO2 and U decreased, which charac-
terized the development of hypoxia in the tissues due
to functional load, which stopped after 3 and 6 months,
respectively [20].

CONCLUSIONS

The use of laser Doppler flowmetry made it possible
to monitor the microcirculation system during dental
implantation and immediate intraoperative prosthetics.
The obtained results indicate a pronounced reaction
of microcirculation up to the 3rd day after surgery, an
increase in blood perfusion of the mucous membrane
by 2.7 times while maintaining vasomotor activity,
which indicates adaptation to the injury and immediate
loading of the denture in the postoperative period.

3 months after dental surgery and immediate intra-
operative prosthetics, all indicators of microcirculation
approach the initial values before surgery. This fact
confirms the positive dynamics of recovery of microhe-
modynamics after dental implantation and immediate
intraoperative prosthetics, thus, the dynamics of osse-
ointegration is accelerated, which is confirmed by high
indicators of the implant stability coefficient.
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