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INTRODUCTION
Based on the results of monitoring and analysis of clinical 
and experimental studies on the success of dental im-
plantation in the early and long-term follow-up periods, 
scientists were able to justify the feasibility of introducing 
into clinical practice not only classical, but also modified 
implantation protocols with different periods of fol-
low-up load [1,2]. The systematization of modern 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 [3-6]. As the analysis of scientific sources on 
dental implantation shows, specialists are increasingly 
turning to one-stage implantation with the use of imme-
diate loading [5, 7-9]. Today, there are discussions about 
the features of the formation and the level of reduction 

of peri-implant bone tissue in various conditions, in 
particular, under load and micromobility [10].

Specialists in practical dentistry do not have a single 
opinion regarding the terms of application of imme-
diate masticatory load. Most of the publications are 
devoted to determining the indications and evaluat-
ing the clinical results of prosthetics before the use of 
immediate loading, diagnostics and anatomical and 
topographical features of bone tissue in the areas of 
implant installation with complete and partial adentity 
[11-13]. The influence of personalized dental implanta-
tion protocols on the processes of osseointegration and 
analysis of the results is also being studied prosthetics 
with the use of immediate loading [14-16]. The very 
term immediate load also causes controversy among 
clinicians. Foreign researchers define a period of up to 
48 - 72 hours between the implantation operation and 
the installation of a temporary prosthesis, as the period 
of the beginning of the impact of immediate load on 
the implants [17].
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In clinical practice today, there is a tendency 
to shorten the terms of predicted and successful 
orthopedic rehabilitation. Dental implantation with 
immediate intraoperative functional chewing load 
allows to reduce the duration of treatment and the 
volume of surgical intervention and to obtain a high 
functional and aesthetic result. Such a modified 
surgical protocol can be performed only by specialists 
with high manual capabilities and extensive clinical 
experience, if certain clinical conditions are met and 
maintained [16-18].

In this regard, especially in recent years, the 
commitment of patients and dental specialists to the 
use of immediate masticatory loading with implant-
supported dentures in the treatment of patients with 
partial and complete edentination of the jaws has 
significantly increased. The capabilities of computer 
tomography (CT ) and computer programs (3d 
modeling), which are used in the planning of dental 
implant technologies and dental prosthesis designs, 
have expanded [18-20].

The success of treatment is usually associated with 
individual protocols, which include the use of temporary 
splinting prostheses at almost all clinical stages, 
starting from the moment of installation of implants 
and covering the period of their osseointegration, up 
to the manufacture of permanent dental prostheses 
[19,21,22].

To date, precise objective hardware assessment 
of osseointegration is not possible. The stability of 
implants can be interpreted as the absence of their 
clinical mobility, which is also one of the criteria for 
osseointegration. Therefore, achieving and maintaining 
the stability of implants is the main condition for a 
successful long-term clinical result of implantation 
[22, 23].

Nevertheless, clinically stable implants also have mi-
cromobility when they are loaded. When a lateral load 
is applied to an osseointegrated implant, the implant 
is displaced, but returns to its original position imme-
diately after its removal, depending on the type of 
peri-implant bone. A stable implant may have varying 
degrees of stability (ie, varying degrees of displacement 
or resistance to loading) depending on factors related 
to bone quality, surgical technique, and implant de-
sign. Therefore, the result of the assessment of implant 
stability largely depends on the assessment method. 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 accel-
eration of the rate of osseointegration [23].

In modern implantology, standard examination 
methods do not allow detecting disorders that occur in 
the peri-implant mucosal zone during dental implanta-
tion. Therefore, the use of highly informative methods 
of assessing hemodynamics and metabolism reveals 
hidden mechanisms of disease development. To date, 
the most objective method of assessing the state of 
microcirculation is laser diagnostics, in particular laser 
Doppler flowmetry [24, 25], the use of such a technique 
allows for the analysis of capillary hemodynamics on 
a real-time scale and allows to determine changes in 
microcirculation during various protocols of dental 
implantation and functional load [26-28].

AIM 
To study the specifics of the impact of immediate in-
traoperative loading with a splinting component on 
supporting tissues during a one-stage implantation 
protocol.

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) in 
the period 2020-2024.. 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 Convention 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 .

Orthopedic treatment of 55 patients aged 29 to 
60 years was performed according to the proposed 

Fig. 1. Clinical situation before the operation.
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treatment protocol. All patients were fitted with dental 
implants in the defect area of 1-2 teeth on the upper 
jaw with immediate loading, using intraoperative 
prosthetics. A total of 65 implants of the ART IMPLANT 
system were installed (certificate of compliance of 
products with requirements NoUA.101.MD.3.1024 - 
23.00).

Planning and treatment of patients was carried out 
according to the following algorithm: cone beam 
computed tomography (CBT) was performed to obtain 
files in dicom format for further planning of dental 
implant installation. Later, after intraoral scanning with 
an optical scanner to obtain a file in STL format, dicom 
and STL format files were combined in the 3Diagnosis 
computer program to display the complete clinical 
picture, which includes all anatomical formations of 

the selected area, virtual positioning of the implant 
and its superstructure was carried out . A virtual 
model of the surgical template was created using 
the received data on the state of the implant in the 
PlastyCAD software. The template was printed using 
a 3D printer. Milled provisional splinting structures 
were made beforehand, followed by their rebasing 
in the oral cavity on temporary titanium abutments 
fixed to the Multi-unit abutment. Under the condition 
of using Basis implants of the Art Implant system, 
temporary splinting structures were made in advance 
according to the Malevez Chantal method. A feature 
of the ART IMPLANT system implant thread is a trape-
zoidal compression shape, which turns into a cutting 
shape - this, in turn, contributes to the condensation 
of the cancellous bone and ensures reliable primary 

Fig. 2. Cone-beam computed tomography (three-dimensional model of the upper jaw) with virtual simulation of dental implant installation.
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stability, while not losing the self-tapping properties 
of the implant, which greatly facilitates its installation.

The stability of the implant was assessed by the 
value of the stability coefficient using the Osstell 
ISQ device (Integration Diagnostics, Sweden). Also, 
the patients underwent a study of microcirculation 
in the peri-implant zone by laser Doppler flowmetry 
(LDF) using the moor VMS LDF2 system ((785±10) 
nm, maximum power 2.5 mW) (Moor Instruments Ltd. 
Millwey Axminster Devon EX13 5HU, Great Britain ) and 

processed using 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 
determination of the mean value, its errors, Stu-
dent’s t-test for multiple comparisons, using Excel 
(MS Office 2018, Microsoft, USA) and STATISTICA 6.0 
(StatSoft, USA). Differences in indicators at the level 
of significance p <0.05 were considered statistically 
significant.

Fig. 3. Clinical situation after one-stage surgical implantation protocol after 14 days.

Fig. 4. Clinical situation after one-stage surgical implantation protocol after 3 months.

Fig. 5. Indicators of microcirculation according to LDF data in patient A. before dental implantation surgery.
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Fig. 6. Indicators of microcirculation according to LDF data in patient A. 3 days after dental implant surgery and immediate intraoperative prosthetics.

Fig. 7. Indicators of microcirculation according to LDF data in patient A. 10 days after dental implant surgery and immediate intraoperative prosthetics.

Fig. 8. Indicators of microcirculation according to LDF data in patient A. 1 month after dental implant surgery and immediate intraoperative prosthetics.

Fig. 9. Microcirculation indicators according to LDF data in patient A. 3 months after dental implant surgery and immediate intraoperative prosthetics.
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is stable, without clinical and radiological signs of 
peri-implantitis, slight recession of the gingival mar-
gin is noted.

The study of the microcirculation of the mucous 
membrane in the peri-implant zone by the method 
of laser Doppler flowmetry (LDF) was carried out 
before the operation, as well as 3 days, 10 days, 1 
month and 3 months after implantation (Fig. 5, Fig. 
6, Fig. 7, Fig. 8, Fig. 9).

The results of LDF-gram wavelet analysis, shown in 
Table 1, revealed an increase in the 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 
14.77% (p<0.05), and after 10 days - a decrease by 
28.11% (p<0.001) compared to the initial values.

After 1 month (Table 2) after the operation, NT tended 
to increase, but its values were lower than the initial lev-
el by 17.78% (p<0.05). After 3 months, NT exceeded the 
initial level by 30.05% (p<0.05). The index of myogenic 
tone (MT) after dental implantation with immediate 
loading after 3 days tended to decrease, and after 10 
days after the operation, its value increased by 96.86% 
(p<0.001).

1 month after dental implantation with immediate 
loading, MP values dropped and differed from the 
preoperative level by 11.07%, and by 21.98% after 3 
months (p <0.05).

The value of the shunt index (SI) 3 days after dental 
implantation had a tendency to decrease, and after 
10 days its values increased by 3.11 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). 1 
month after the operation, the SI decreased and was 
higher than the initial level by 38.02% (p<0.05), and 
after 3 months, its values slightly differed from the 
preoperative level.

When assessing the stability of dental implants 
using the «Osstell ISQ» device (Sweden), a clinical and 
functional examination of the state of supporting 
tissues in the area of the implant on the upper jaw was 
carried out in 55 patients with a diagnosis of partial 
absence of teeth (ICD-10 - 08.1), the size of the defect 
- one - two teeth.

The installed implants reached an average level of 
stability, in particular for implants of the ART IMPLANT 
system - the stability coefficient was from 65 to 75 
(percentage point), which on average is (71±0.5) 
percentile. These data indicate that the stability of the 
implant allows planning the beginning of prosthetics 
with permanent orthopedic structures (Table 3).

RESULTS
When examining the dental status, attention was paid 
to patients’ complaints, which were reduced to aesthetic 
and masticatory insufficiency caused by the presence 
of defects in the dentition, difficulties in chewing food 
on the side of the defect. The examination includes an 
assessment of the state of the periodontal teeth, de-
tection of dentition deformations and determination 
of the level of oral hygiene. Analysis of patient history 
data showed that the cause of tooth loss in all patients 
was a complication of caries.

On the diagnostic models of the jaws, the relationship 
of the tooth rows during various occlusal movements 
was studied, some anthropometric parameters were 
determined - the length of the tooth row defect, the 
width and height of the edentulous alveolar ridge. In 
the articulator, with the help of diagnostic models, the 
structural features of the future dental prostheses were 
specified, and the relationship of the implant head with 
the opposing teeth was also determined. Kennedy’s 
classification was used to systematize dentition defects 
and determine the indications for choosing the type of 
implantation and the design of a dental prosthesis: 61% 
of patients were missing one tooth, 39% were missing 
two teeth. Depending on the type of dentition defect, 
all patients underwent orthopedic treatment with the 
manufacture of fixed structures supported by dental 
implants.

CLINICAL CASE
Patient A., born in 1962, diagnosed with chronic irre-
versible periodontitis of teeth 2.4, 2.5 (Fig. 1).

A clinical and radiological examination was carried 
out using cone-beam tomography and computer virtual 
simulation of the stages of surgical and orthopedic 
treatment. We also determined the condition and 
dimensions of the implant, measured the distance to 
the maxillary sinus, the volume of bone tissue of the 
alveolar process of the upper jaw in the projection of 
teeth 2.4, 2.5 (Fig. 2).

After the examination, the patient’s treatment plan 
was drawn up: a one-stage surgical protocol of implan-
tation with Basis dental implants of the ART IMPLANT 
system with bone plastic and one-moment intraoper-
ative provisional prosthetics with splinting component 
was carried out (Fig. 3).

Three months after the operation, a permanent 
metal-ceramic bridge-like prosthesis was made (Fig. 4).

After 1 year, the patient has no complaints, a sat-
isfactory state of oral hygiene is noted, the mucous 
membrane is pale pink in color, moderately moistur-
ized, without signs of gingivitis. The installed crown 
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and resorption around dental implants with different 
optimized surfaces and its quality attract the attention 
of specialists in connection with the development of 
various installation and loading protocols (Zaid MB, 
O'Donnell RJ, Potter BK, Forsberg JA., 2019).

Fundamental studies of the condition of the bone 
tissue around the implanted material are important 
for evaluating the optimal timing of early functional 
loading of the implant, as early load function promotes 
osseointegration, however, in the complex context of 
bone remodeling, their disintegration is possible [11]. 
There is a study in which 29 articles corresponding to 
the inclusion criteria were selected out of 889, which is 
based on the evaluation of different loading protocols 
(immediate, immediate non-occlusal, early and conven-
tional loading) of dental implants on the processes of 
osseointegration and marginal bone loss (Sommer M, 
Zimmermann J,. Grize L, Stübinger S., 2020).

In the experiment, we performed a comparative anal-
ysis of the dynamics of remodeling of the bone tissue of 
the lower jaw of pigs under the conditions of using im-
plants without splinting and with splinting components 
according to the indicators of the study of bone tissue 
formation at the interface “implant - bone” (bone implant 
contact, BIC) and distance (1000 μm) ( peri-implantation 

Based on the results of frequency resonance analysis, 
it was established that implants with a high ISQ index 
(more than 65 u.o.) maintain an appropriate level of 
stability. However, due to the process of osseointegra-
tion, the primary mechanical stability is supplemented 
by biological stability.

The technology of frequency-resonance analysis 
provides the doctor with important information about 
the condition of the “implant-bone” connection area in 
the dynamics of treatment and control.

Studies have shown that implants with high stability 
coefficient values at follow-up examinations are suc-
cessfully integrated, while low stability values may be 
a sign of implant failure. 	

DISCUSSION
One of the most important conditions of dental im-
plantology is the creation of conditions for long-term 
and stable stability of implants. The success of the 
introduction of non-biological implants into the bone 
depends on osseointegration, that is, the formation of 
a direct structural-functional connection between the 
implant and the bone. Data on the features of osseointe-
gration, bone tissue state processes, bone formation 

Table 1. State of the basic parameters of the microcirculation of the peri-implant zone of the upper jaw during dental implantation with immediate 
intraoperative prosthetics according to LDF data for the periods before the operation, after 3 and 10 days

Indexes
Before the operation 3 days after surgery 10 days after surgery

MI σ Kv MI σ Kv MI σ Kv

n 25 23 23

M ±m 8,50±0,43 0,90±0,04 10,59±0,48 24,70±1,24 2,80±0,13 11,34±0,52 19,20±0,96 2,01±0,09 10,47±0,48

р < 0,001 0,001 0,001 0,001

• MI - microcirculation index
• p is the reliability of the differences between indicators before the operation and in different periods after the operation.

Table 2. The state of basic indicators of microcirculation of the peri-implant zone of the upper jaw during dental implantation with immediate intraop-
erative prosthetics according to LDF data for the periods after surgery in 1 and 3 months

Indexes
1 month after surgery 3 month after surgery

MI σ Kv MI Σ Kv

n 21 19

M ±m 16,90±0,85 1,90±0,09 11,24±0,51 11,40±0,57 2,10± 0,09 18,42±0,84

р < 0,001 0,001 0,05 0,001 0,001

• MI - microcirculation index
• p is the reliability of the differences between indicators before the operation and in different periods after the operation.

Table 3. Results of evaluation of the stability of ART IMPLANT implants according to the ISQ index (n=65)
Terms of observation ISQ index (units)

At the time of installation of the implant 71,00±0,10, p <0,05

14 days after implant placement 65,00±0,08, p <0,05

1 month after implant placement 69,00±0,03, p <0,05

3 months after implant placement 74,00±0,05, p <0,05
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functioning of the implant.
Similar results were also described in the publication 

Chranovic B.R., Albrektsson T. and Wennerberg A. (2014), 
in which the authors noted that the cumulative rate 
of loss of intraosseous supports installed during the 
implementation of the immediate implantation pro-
tocol reached 4.0%, and exceeded the similar rate of 
implants, installed in the sockets of the teeth after their 
healing (3.09%) [12]. Thus, the researchers were able to 
establish that the relative risk of loss of dental implants, 
with immediate implantation, is 1.58 with a 95% con-
fidence interval of 1.27-1.95 (p=0.0001). However, the 
difference between the survival of implants installed 
according to the immediate and delayed protocol was 
statistically justified only in cases of analysis of single 
orthopedic structures.

 CONCLUSIONS
The use of a splinting component during immediate 
intraoperative functional masticatory load accelerates 
the dynamics of bone tissue remodeling processes 
around the implant.

The use of laser Doppler flowmetry (LDF) is important 
for the analysis of capillary hemodynamics of the peri-im-
plant zone, it allows to determine the dynamics of micro-
circulation indicators, which is the optimal forecast of the 
rates of osseointegration in various protocols of dental 
implantation and functional load, which is consistent 
with high indicators of the coefficient of implant stability.

Thus, it should be stated that the clinical use of a 
one-stage surgical protocol of implantation with dental 
implants of the «ART IMPLANT» system in the rehabil-
itation of patients demonstrates a reliable degree of 
stability of installed dental implants and allows short-
ening the waiting period for permanent prosthetics, as 
well as reducing the duration of the entire treatment, 
which ultimately leads to increasing optimization of 
treatment efficiency and patient satisfaction.

area, BIV (bi i vi) to determine osseointegration and 
predict the long-term stability of implants. We observed 
that after 3 months after implantation, the BIC was 75%, 
statistically significantly higher compared to the use of 
implants without splinting - 47%, it was established, that 
in conditions without splinting for a period of 3 months 
after implantation, secondary remodeling occurs with 
increased osteoclastic resorption, which is a forecast 
of implant instability. To objectify the data of the mor-
phological study, a morphometric comparative assess-
ment of the integration of the implant with the bone in 
dynamics was carried out. It was proved that primary 
osteogenesis does not proceed according to the contact 
type, that is, starting from the surface of the implant, 
but according to the remote type from the side of the 
mother bone [11]. The obtained data are consistent with 
the research results of Adamantia Byraki, Anca Viochiţa 
Costea, George Cristian Curcă, Sorin Hostiuc (2019).

 In a study by Barbier and colleagues (2011), in which 
immediate loading of implants installed immediately 
in sockets of extracted teeth and in sockets after heal-
ing was carried out, it was established that the time of 
implantation does not affect the level of reduction of 
peri-implant bone tissue (p>0.3).

The average decrease in the height of the bone crest 
relative to the reference reference point ranged from 
0.25 mm to 0.48 mm after 1 year after loading the in-
frastructure, which corresponds to the scale of success 
criteria proposed by Albrektsson T. and Zarb G (1989). 
Considering the obtained indicators and the recorded 
100% implant survival rate, the authors concluded that 
the proposed and described approach of immediate 
implantation with subsequent immediate loading can 
be considered successful, based on a 1-year monitoring 
period [12].

The data obtained by us allow us to conclude that 
when carrying out immediate loading during dental 
implantation according to our proposed method, the 
stability of the implant always remains sufficient for the 
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