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The widespread use of adhesive systems in many branches of modern dentistry is often accompanied by com-
plications associated with their physical, mechanical and biological characteristics, mistakes at the stages of adhe-
sive preparation, and the irrational choice of bonding agents for individual clinical situations. The work aimed to
study the known physical, mechanical and clinical properties of modern adhesive systems, the latest trends and ap-
proaches to their improvement, and prospects for the further development of restorative dentistry. The most popular
adhesive systems for direct photocomposite restorations remain bonds of the V and VIl generations, which are used
according to the classic protocols of total etching or self-etching, respectively. The obtained results of laboratory and
clinical studies of these adhesive systems are often contradictory and emphasize the problem of creating a reliable
connection between the photocomposite and the dentin of the teeth. In order to increase the clinical effectiveness
of direct photocomposite restorations, universal adhesive systems and self-adhesive composites were developed,
which have extended indications for use in certain clinical situations and significantly simplify adhesive preparation.
However, the existing experience of using these new materials also demonstrates the development of complications,
even in the short period of operation of restorations. To date, no adhesive systems have an optimal set of physico-
mechanical and clinical characteristics for the direct restoration of defects in the hard tissues of teeth with photo-
composite materials. The known results of laboratory and clinical studies of similar adhesive systems demonstrate
significant discrepancies regarding the indicators of adhesive strength, the tightness of the dentin-photocomposite
interface, the success of restorations, which is explained by the lack of standardized methods of their testing and
clear criteria for evaluating clinical effectiveness.

Key words: adhesive systems, photocomposite restorations, adhesive preparation technique, clinical effective-
ness, adhesive strength.

Connection of the publication with planned re-
search works.

This work was carried out as part of the SRW of the
Department of Stomatology, «Optimization of approach-
es to the diagnosis, treatment and prevention of dental
diseases», state registration number 0120U104631.

Introduction.

In order to restore the anatomical shape of the
teeth, photocomposite materials are widely used. A
reliable connection of restorations and hard tooth tis-
sues is provided by adhesive systems (AS), which are
monomers of organic resins with small inorganic filler
content. Several requirements are put forward to AS. In
particular, they must be bioinert, have high physical and
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mechanical characteristics in terms of creating a strong
adhesive bond between heterogeneous substrates, reli-
ably seal the dentinal tubules, not affect the quality of
polymerization of the restorative material, provide good
marginal fit, be convenient in work, etc. [1].

Despite the many-year history of developing AS and
restorative materials, complications in the form of in-
creased sensitivity, pulp inflammation, secondary car-
ies, impaired marginal fit and photocomposite fixation
are often registered after tooth restoration. The reasons
for such cases are non-compliance with adhesive prepa-
ration protocols, excessive ingress of moisture on the
hard tissues of the teeth or, on the contrary, their dry-
ing, shrinkage of filling materials, the destructive effect
of dentin enzymes, bacteria, saliva on the hybrid layer
[2,3,4].

Today, the main techniques of adhesive preparation
before restorative treatment remain the total etching of
hard tooth tissues with orthophosphoric acid solutions
followed by washing with water or the use of self-etch-
ing ASs, which does not involve additional application
of acid solutions on the surface of enamel and dentin
[5, 6]. Reducing the number of stages of the adhesive
protocol due to the use of AS VII generation reduces the
risks of postoperative sensitivity of the teeth. It short-
ens the treatment time, but the strength of the adhe-
sive connection is lower compared to ASs V generation,
which, due to their physical and mechanical properties,
remain the most popular in daily dental practice [3]. The
effectiveness of AS V generation, in turn, depends more
on the precise execution of the stages of adhesive prep-
aration following the instructions of the manufacturing
companies, which increases the risks of developing neg-
ative consequences for the dental pulp [7].

In view of modern scientific knowledge, one of the
main problems of restoring the anatomical shape of
teeth with direct restorations is creating a durable and
reliable connection between the composite and the
dentin of the teeth [6, 7, 8]. Further improvement of
AS aims to ensure high integration of their monomers
into the structures of hard dental tissues, simplifying the
technique of working with them, improving physical and
mechanical properties and reducing the harmful effect
on dental pulp. Determining the optimal AS and its ap-
plication protocol will allow the restoration of defects of
hard dental tissues with photocomposite materials with
a reliable prognosis, long service life and minimal risks
of developing complications.

The aim of the study.

To analyze the known physico-mechanical and
clinical properties of modern adhesive systems, the
latest trends and approaches to their improvement, and
prospects for the further development of restorative
dentistry.

Main part.

Various laboratory studies are used, regulated by
the international standard 1SO 11405:2015 [9, 10], to
determine AS’s physical and mechanical characteristics.
First of all, for AS testing, samples of extracted teeth
are studied with photocomposite cylinders fixed on
their surfaces, on which the strength of the adhesive
bond to the hard tissues of the teeth is recorded by the
methods of detachment and shear, the tightness of the
restorations, the line of the adhesive connection and the
created hybrid layer are examined by chromatography,

scanning electron, infrared or stereomicroscopy [5, 9,
11,12].

Standardized methods of  studying the
physicomechanical characteristics of AS are not
without certain shortcomings, the main of which is the
inconsistency of the sample sizes or the geometry of the
adhesive connection line with clinical conditions, which
leads to the unreliability of the obtained results [12]. To
eliminate such discrepancies, microtensive tests were
developed to determine the strength of the adhesive
bond by tensile and shear methods, which make it
possible to study the mechanical characteristics of small
samples [12, 13]. In addition, they use technologies of
artificial «ageing» of samples together with cyclicloading
until their complete destruction [5, 12]. According to the
ISO standard, the protocol for testing dental materials
also includes 500 cycles of temperature changes from
+5°C to +55°C, while in the oral cavity, temperature
fluctuations occur, on average, 10,000 times during
the year [12]. To optimize the conditions of laboratory
studies to bring them closer to clinical samples, it is
also possible to place the samples in an aggressive
environment, for example, solutions of alcohol, sodium
hypochlorite or artificial saliva. Acceleration of the
artificial ageing process is achieved through mechanical
and chemical influences and constant changes in the
temperature of the environment in which the samples
are located [12].

One of the debatable aspects affecting the
reliability of restorations is the method of adhesive
preparation of hard tooth tissues [14]. With the
development of modern ASs, the issue of adhesion of
photocomposite material to tooth enamel is almost
solved because existing ASs ensure reliable retention of
photocomposite materials to this substrate. The enamel
etching time recommended by manufacturers is from
15 to 30 seconds, which, in turn, affects the strength
of the adhesive bond. In addition, manufacturers’
instructions on dental materials do not describe the
need for preliminary enamel grinding before adhesive
preparation [15]. However, a laboratory study proved
that preliminary grinding with finely dispersed enamel
burs increases the strength of the adhesive bond by 2.2
times [15]. At the same time, increasing the exposure
time of orthophosphoric acid to 30 s allows for improving
the marginal adhesion of restorations to enamel by 15%
compared to similar etching for 15 s [1].

The dentin-photocomposite interface is considered
to be a more problematic link in the restoration of tooth
defects with direct restorations, because the leakiness
of the adhesive connection in this area quickly leads
to complications in the form of the development of
secondary caries, impaired fixation of restorations,
and pulp inflammation [12]. It is known that the
reliability of this interface depends on the quality of
the organization of the hybrid layer, which is formed by
AS monomers and collagen fibres of dentin teeth. The
result of the combined effect of cyclic chewing load,
violation of the technique of adhesive preparation,
and chemical degradation of AS under the influence of
bacterial enzymes and saliva is the gradual degradation
of the hybrid layer and a decrease in the strength of
restorations [12].

In a laboratory study using a stereomicroscope, the
width of the gap between the restoration and the dentin
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was studied, which for modern ASs, according to the ISO
standard, can vary from 1 um to 18 um [10]. In this study,
domestic AS VII generation Jen-Unibond SE, Jendental,
was used, and the average size of the gap between
the restorative material and dentin was 3.89+0.58 um
[9]. In addition, the authors investigated the degree of
microleakage when using the same adhesive system.
They found that after exposure to the dye for 24 hours
on samples of extracted teeth with restored cavities,
no dye penetration at the photocomposite-hard
tooth tissue interface was observed, which meets the
requirements of the standard [9, 10].

Scanningelectron microscopy (SEM) makes it possible
to study the quality of contact of the photocomposite
with dentine and tooth enamel in more detail when
using different ASs [11]. Thus, in one study, it was
determined that V and VIl generation ASs can create
uniform hybrid layers on the surface of normal dentin
of samples of extracted teeth, while the penetration
depth of ASs in the samples of both groups did not differ
reliably and ranged from 2.5 pm to 5.1 um in dentinal
tubules and from 5.2 um t0 9.3 um in enamel pores [11].
While the study of the marginal fit of the restorations
used to restore Class V defects according to Black in
laboratory conditions, the researchers determined
microleakage of a 2% methylene blue solution at the
photocomposite-cement interface, which was greater
than the similar indicator in the photocomposite-
enamel area after 200 thermocycles [16]. The average
indicators of dye penetration along the gingival border of
restorations were 2.63+0.92 points for AS V generation
and 2.66+1.06 points for AS VIl generation, while these
values differed from each other unreliably (p>0.05).
In the area where the photocomposite adheres to the
enamel, a smaller depth of microleakage was registered
precisely for restorations made with the use of AS VII
generation - 1.23+1.04 points, while the indicators of
AS V generation were unreliably (p>0.05) higher and
amounted to 1,36+1.35 points [16].

With the help of confocal laser microscopy of
samples of removed premolars with restored cavities of
Class V, according to Black, the severity of microleakage
in points for using different ASs was also determined.
The samples using the V generation AS received the
lowest number of points after a week of storage in an
isotonic solution - 46.65 points, and the samples from
the VII generation AS - 51.69 points [17]. It is worth
noting that no microleakage was found in any of the
samples studied in the study, which, in turn, determines
the use of laser microscopy for the laboratory study of
AS properties.

Regarding the tightness of the adhesive connection,
the study results of samples formed from fragments of
extracted teeth and AS of V, VI and VII generations are
known. The degree of dye penetration, namely 50%
silver nitrate solution, along the dentin-photocomposite
interface after 24 hours of storage was, on average,
0.2506+0.023 pm, 0.0611+0.028 um, and 0.2869+0.017
pum for AS V, VI and VIl generations, respectively.
However, after three months of storage, the smallest
values were determined in the samples made using
AS VIl generation - 0.5544+0.017 um. This indicator
was significantly (p<0.001) lower than in the samples
from AS V and VI generations - 0.7313+0.054 um and
0.9113+0.031 um [18].

The clinical effectiveness of applying nano-filled
AS V generation according to the criteria of «marginal
fit» and «marginal staining» of restorations in patients
with carious lesions of Il class, according to Black,
within six months was 90.0% and 92.0%, respectively.
At the same time, the success rate of restorations with
AS VII generation according to the same criteria was
78.7% and 87.2%. After 12 months, the effectiveness of
treatment in the same patients predictably decreased
and amounted to 80.0% and 84.4% for restorations with
AS V generation and with AS V generation — 62.2% and
67.6% [19].

Studying the strength characteristics of various ASs
in laboratory conditions through microtensive tests
also shows rather ambiguous results. The indicators
of the maximum adhesive tensile strength of samples
from AS V and VIl generations obtained in the study
after 24 hours differed unreliably (p>0.05). They were,
on average, 31.4849.67 MPa and 28.02+7.17 MPa,
respectively. After six months of artificial ageing of the
samples, similar values were equal to 28.94+5.57 MPa
and 31.44+5.57 MPa and also did not show a significant
(p>0.05) difference [5].

Other researchers in laboratory conditions
proved that dentin samples of extracted teeth with
photocomposite cylinders adhesively fixed on them
have significantly (p<0.05) different adhesive strength,
the indicators of which depend on the used AS. The
maximum tensile strength index was recorded in the
samples made using the VIl generation AS, namely 21.7
MPa, which was 7.63 MPa higher than the corresponding
value of the V generation AS samples [20].

The authors obtained opposite results in a similar
work, where they determined the strength of the
adhesive bond by the tensile method between dentin
and flowable, universal and bulk-fill photocomposite
materials using AS V and VIl generations [6]. In addition,
the influence of the polymerisation method of the filling
material (Turbo Program or Soft-Start) on the strength
of the bond with the dentin of the removed teeth was
studied. According to the obtained data, the samples
made using V generation AS showed significantly
(p<0.05) higher adhesive strength, regardless of group
membership and photocomposite polymerization
program [6].

Other scientists believe that the maximum clinical
effectiveness of restoration of defects of hard dental tis-
sues with direct restorations can be achieved using AS,
both by the technique of total etching and self-etching
[21]. According to the authors, the treatment result de-
pends on a combination of several factors, in particular,
double application of AS on the surface of dentin, im-
mediate polymerization of AS after its application to the
walls and bottom of the formed cavity, the use of addi-
tional substances to inhibit the action of dentin enzymes
and strengthen the network of collagen fibres [21].

Contradictory results of laboratory studies of the
characteristics of the most popular AS V and VII genera-
tions and a rather low level of success of tooth resto-
rations in clinical conditions determine the need to de-
velop the latest AS, which should combine the positive
properties of bonds of previous generations, have a sim-
ple application technique and ensure a reliable adhesive
bond in the long term using.
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The result of this direction of development of restor-
ative dentistry technologies was the creation of univer-
sal ASs. Depending on the clinical situation, these ma-
terials allow adhesive preparation, both in the concept
of total etching and self-etching [21]. In cases requiring
preferential adhesion of the photocomposite material
to the enamel, it is recommended to use a complete
etching of the tooth surfaces with a 30-40% solution of
orthophosphoric acid, followed by careful washing with
water and applying AS. At the same time, reliable reten-
tion to the dentin surface with a low probability of de-
veloping postoperative sensitivity will be ensured using
AS without prior etching, similar to the VIl generation
adhesives. A significant number of universal ASs are rep-
resented on the Ukrainian dental market: Tetric Bond
Universal, Ivoclar Vivadent; Universal Bond Quick, Ku-
raray Noritake; Prime&Bond Universal, Dentsply; Single
Bond Universal, 3M ESPE; Kerr Optibond Universal, Kerr.
Known research results confirming the clinical effective-
ness of universal ASs after 36 months of operation of
restorations in the lateral areas of the tooth rows at the
level of 100% for the total etching technique and 95.2%
for self-etching, on the other hand, restoration of teeth
with AS V generation in the same period had no viola-
tions only in 76.2% of cases [22].

When studying the strength of the adhesive bond
by the shear method and the presence of nanoleakage
in the interfaces created by universal ASs in laboratory
conditions, it was found that the use of these ASs ac-
cording to the self-etching protocol provides the aver-
age strength of the dentin-photocomposite connection
- 36.71+4.87 MPa, which is 1.67 times greater than the
similar indicator for total etching — 22.79+4.68 MPa. In
addition, with the help of scanning microscopy, nanole-
akage was recorded in the area of the hybrid layer in all
samples made using the total etching technique, unlike
the other group, where cases of nanoleakage were not
recorded at all [23]. The collapse of collagen fibres can
explain a similar phenomenon after applying an ortho-
phosphoric acid solution, which, in turn, does not allow
AS monomers to infiltrate the collagen network fully. In
addition, under the action of an acidic environment, a
significant amount of matrix metalloproteinases are re-
leased, which contribute to the degradation of the hy-
brid layer and the disruption of the edge fit of the pho-
tocomposite.

During the laboratory study of the strength of the
adhesive bond using microtensive tests of two uni-
versal ASs with different pH levels, it was established
that the indicators of the samples made according to
the protocols of total and self-etching did not differ
reliably (p>0.05) and amounted to 13.78+5,11 MPa
and 12.41+3.71 MPa for AS with ultra-low acidity,
8.09+2.33 MPa and 7.85+2.27 MPa for AS with low acid-
ity [24]. Also, the composition of monomers in universal
AS significantly impacts the strength of adhesion to den-
tin. The average values of the adhesive bond strength
of AS containing 10-methacryloyloxyethyl dihydrogen
phosphate and 4-methacryloyloxyethyl trimellitate an-
hydride in laboratory conditions were more than two
times higher, namely 17.55+9.47 MPa, relative to the
values of AS with traditional monomers — 7.88+8.83
MPa [25].

In another work, the use of universal ASs using the
total etching technique provided higher indicators of the

microtensive strength of the samples compared to simi-
lar ASs used according to the self-etching protocol [26].
After 24 hours after production, the samples formed
using the etching gel (group I) showed tensile strength
at 33.9+3.2 MPa. On the other hand, in the samples
made only with the use of universal AS (group Il), this
indicator was reliably (p<0.05) lower and was 24.1+2.6
MPa. However, the indicators of nanoleakage were also
higher for the samples of the | group. In particular, they
were 15.041.2%, and for the Il group - 9.5+0.9%. Elec-
tron micrographs obtained with the help of SEM show a
greater penetration of the adhesive into the dentinal tu-
bules precisely in the sections of the samples prepared
according to the total etching protocol [26].

Increasing the strength of the adhesive bond when
using universal ASs can be ensured by using protocols
of selective etching of dentin for 3 seconds and active
rubbing of ASs into its surface. In the experiment, the
average adhesive tensile strength of samples with pho-
tocomposite cylinders fixed on their surface using the
self-etching technique after six months was 38.445.3
MPa. However, when applying selective etching and ac-
tive rubbing of AS for 15, 20 and 35 s, the same indicator
was 45.6+4.2 MPa, 47.9+5.7 MPa and 48.3+4.7 MPa, re-
spectively [27]. Such results can be explained by forming
a more pronounced hybrid layer due to deeper dentin
demineralization.

In order to simplify the preparation of hard dental
tissues for restoration and shorten the treatment pe-
riod, universal ASs have been developed, which can be
used in the “without waiting” mode, i.e., their polym-
erization is conducted immediately after application to
the surface of the cavity [28]. According to the results
of a randomized study, it was found that the clinical ef-
fectiveness of such tooth restorations after six months
of use did not differ significantly (p>0.05) from restora-
tions made using universal AS, the polymerization of
which was performed after 20 seconds, regardless of
the adhesive preparation technique. After 18 months
of operation, the proportion of successful restorations
without disruption in patients in whom polymerization
of AS was performed immediately was 100% and 90.9%
for adhesive preparations in the mode of total etching
and self-etching, respectively. At the same time, the effi-
ciency of restorations with universal AS before polymer-
ization, which was expected for 20 seconds, was found
at 95.5% for total etching and 90.9% for the self-etching
technique [28].

Self-adhesive composites (AS VIII generation) be-
came minimally sensitive to the technique of adhesive
preparation and the most convenient for everyday clini-
cal use [21]. These composites are already widely rep-
resented on the Ukrainian market of dental materials,
in particular, Vertise Flow, Kerr; Xeno IV, Dentsply; Filtek
Supreme Plus Flow, 3M ESPE; Tetric EvoFlow, Ivoclar
Vivadent. Using such materials involves the one-time
application of photocomposite to the restorative sur-
faces of the teeth without the prior application of any
additional solutions, which makes it impossible to make
mistakes and shortens the treatment time. This technol-
ogy determines the use of these materials not only as
an adaptive part of direct restorations but also for fixa-
tion of orthopaedic structures and orthodontic devices,
repair of ceramics, sealing of fissures and independent
restoration of small carious cavities in permanent and
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temporary teeth [29]. A significant disadvantage of self-
adhesive composites is low adhesive strength to dentin,
which is associated with imperfect formation of the hy-
brid layer. An increase in the strength of the adhesive
bond with the use of similar ASs is achieved by pre-
etching the hard tissues of the teeth [14]. In a labora-
tory study, it was established that treatment of dentin
with orthophosphoric acid for 15 seconds increases the
average adhesive strength by three times - 17.01+5.02
MPa, compared to the standard use of a self-adhesive
composite - 5.59+3.34 MPa [14]. However, the use of
pre-conditioning of the hard tissues of the teeth negates
the advantages of self-adhesive composites and creates
prerequisites for complications from the pulp.

In a similar study, the adhesive strength of a self-
adhesive composite was studied under conditions of
additional use of only etching gel (I group of samples),
only primer (Il group) or alternate application of ortho-
phosphoric acid, primer and adhesive (Ill group) on the
dentin surface of samples [30]. Indicators of microten-
sive strength after 24 hours of artificial ageing differed
significantly (p<0.05) and were 2.4+0.8 MPa, 8.8+0.8
MPa and 22.4+0.3 MPa for I, Il and Il groups of sam-
ples, respectively. In the electron micrographs of the 1st
group, a significant number of exposed collagen fibres,
not impregnated with monomers of the self-adhesive
composite, were determined, which creates conditions
for their enzymatic and hydrolytic degradation and ex-
plains the lower strength of the adhesive bond. In other
groups, on the contrary, free collagen fibres were not
recorded. Instead, the formation of an organized hybrid
layer with significant penetration of adhesive resins into
the dentinal tubules was recorded [30].

Another factor affecting the clinical effectiveness
of restorations is the AS polymerization mode [31]. In
a clinical study, the authors recorded the lowest num-
ber of complications and the highest clinical efficiency at
the level of 93.3% after 24 months in patients in whom
AS polymerization was performed by stepwise light ex-
posure to each wall and bottom of the formed cavities
using a special nozzle on the light guide of the photopo-
lymerizer [31]. The clinical efficiency of restorations per-
formed using one-time light exposure or under the “soft
start” mode on AS was 69.2% and 57.4%, respectively.

In order to reduce the polymerization stress in the
photocomposite-dentin interface, simultaneous po-
lymerization of AS and the first layer of the flowable
photocomposite is proposed [1]. However, a laboratory
study proved a significantly (p<0.001) lower strength of
the adhesive bond using this method of polymerization
compared to the standard step-by-step method using
AS V generation (by 8.14 MPa), VIl generation (by 7.63
MPa) and universal AC (by 3.65 MPa) [20].

For a long time, the “gold standard” in adhesive
dentistry has been considered a two-component AS
V generation, which is used according to total etching
[21]. At the same time, treatment of the dentin surface
with orthophosphoric acid leads to the formation of a
non-uniform hybrid layer and, as a result, a leaky line
of the adhesive connection, a violation of the marginal
fit, the development of postoperative sensitivity, sec-
ondary caries, etc. The efforts of manufacturing com-
panies, aimed at preventing excessive demineralization
of dentin by acid solutions and simplifying the adhesive
preparation protocol, made it possible to develop self-

etching two- and one-component ASs of the VI and VII
generations, which, at the same time, demonstrated
significantly lower fixation strength of photocomposite
materials to hard tissues teeth. The search for a mate-
rial with an optimal balance between the strength of
adhesion to dentin and the creation of a reliable hybrid
layer with hermetic isolation of dentinal tubules is the
main direction of further improvement of AS. The most
famous results of this search were the introduction of
universal AS and self-adhesive composites into clinical
practice. However, the clinical effectiveness of these
new materials remains controversial, even in studies
with short follow-up periods.

Promising ways to improve the physicomechanical
and biological properties of AS appear to be changes in
their application protocols, for example, selective etch-
ing of enamel and dentin, reduction of orthophospho-
ric acid exposure time, active application of adhesive,
new polymerization modes, etc. On the other hand, a
meaningful way to increase the clinical effectiveness of
direct photocomposite restorations is the influence on
the structural components and enzymes of the dentin
itself, which are responsible for the structure of the hy-
brid layer when using any AS. Due to the modification
of the AS composition or the preliminary application
of substances to the dentin surface that can deactivate
matrix metalloproteinases of dentin or improve the
configuration of the collagen network, it is possible to
create a highly organized hybrid layer that is not prone
to catalytic esterase degradation, especially during the
significant period of operation of the restorations.

Conclusions.

To date, no adhesive systems have an optimal set
of physico-mechanical and clinical characteristics for
restoring defects in hard dental tissues with photocom-
posite materials. The known results of laboratory and
clinical studies of similar adhesive systems demonstrate
significant discrepancies regarding the indicators of ad-
hesive strength, the tightness of the dentin-photocom-
posite interface, the success of restorations, which is
explained by the lack of standardized methods of their
testing and clear criteria for evaluating clinical effective-
ness.

Modern universal adhesive systems and self-adhe-
sive composite materials make it possible to effectively
restore the anatomical shape of teeth in specific clini-
cal situations using defined protocols and require fur-
ther study to expand the indications for their use and
improve the prognosis of restorative treatment in the
long term of use.

Prospects for further research.

Modifications of the composition of adhesive sys-
tems or protocols of adhesive preparation can improve
the physical, mechanical and biological characteristics
of the hybrid layer on the surface of the dentin, which,
in turn, will increase the efficiency of restoration of de-
fects in the hard tissue of teeth by photocomposite res-
torations and requires further study in laboratory and
clinical conditions.
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LLlupoke e6uKkopucmaHHa adz2e3usHUX cucmem y 6azameox 2any3ax Cy4acHoi cmomamosoeii HepioKo
CYnpoBOOHYEMbCA BUHUKHEHHAM YCKAAOHEHb, [M08°A3aHUX 3 iX (bi3uKo-mexaHiYyHUMU ma 6iono2iyHuUMuU
XapakmepucmuKamu, noMuAKaMuU Ha emanax ad2e3usHoi NidcomosKu, HepayioHaA6HUM 8ubopom 6OHOUH208UX
azeHmig 0415 OKpeMux KaiHiYHux cumyayiti. Memoro pobomu cmasno us4YeHHA 8i00MUX (hi3UKO-MexaHiYHUX ma
KAiHiYHUX 81acmusocmeli cy4acHuUx a02e3usHUX cucmem, Hog8imHix meHoeHUil ma nioxo0ie uj000 ix yOOCKOHA/1EHHS,
nepcrnekmue rnooasnbwWozo po3sumMKy pecmaspauiliHoi cmomamonoeii. Halibinew nonyasgpHumu adz2e3usHumu
cucmemamu 048 NPAMUX OMOKOMIo3uyiliHux pecmaspauili 3aauwaromsca 6oHOu V ma VIl nokoniHe, AKi
8UKOPUCMOBYHOMb 3a K/AACUYHUMU [POMOKOAAMU MOMAsnb6HO20 NpompasneHHA abo camonpompasneHHs,
8i0rn08i0HO0. OMmpumaHi pe3zysbmamu n1abopamMopHUX Ma KAIHIYHUX 00Cni0HeHb Uux ad2e3usHuUxX cucmem HepioKo
Maromes cynepedausulixapakmepiniokpecaoomenpobaemy cmeopeHHa HadiliHo20 38 A3KY MiH (hOMOKOMMO3UMOM
ma deHmuHom 3ybig. 3 Memoto Ni08UWEHHS KAiHIYHOT ehpekmusHoCMi MPAMUX (hoMOKoMMo3UyiliHux pecmaspayili
bynu po3pobreHi yHieepcasnbHi adze3usHi cucmemu ma camoad2e3usHi KOMMO3UMu, Wo Maroms pPo3WUpeHi
MOKA3aHHA 00 30CMOCYBAHHA 8 Me8HUX KAIHIYHUX cumyauiax i cymmego cnpowytoms ad2e3usHy ni0d2omosky.
OO0HaK HaasHuUll 00C8i0 BUKOPCUMAHHSA YUX HOBIMHIX Mamepiasnie MaKkox 0eMOHCMPYE PO38UMOK YCKAAOHEHb,
Hasime y KOpomkKi mepmiHu ekcrayamauyii pecmaspauili. Ha cb0200HiWHIl 0eHb 8i0cymHi adze3usHi cucmemu,
AKI Mmaromes onmumasnsHUl Habip i3UKO-MexaHIYHUX Ma KAiHIYHUX XapaKkmepucmuk 04 rnpamo20 8i0H08/1eHHSA
deghekmis meepdux mraHuH 3ybie pomokomno3suyiliHumu mamepianamu. Bioomi pezynsmamu nabopamopHuUx ma
KAIHIYHUX 00CNiOMH(eHb AHAM02iYHUX a02e3UBHUX CUCMeM 0eMOHCMpPYoMs Cymmeai po36ixHocmi ujo00 NOKA3HUKI8
adze3usHoi MiyHocmi, 2epmemuyHocmi iHmMepgelicy deHMuH-gpomoKkomnosum, ycriwHocmi pecmaspayili, wo
MOACHIEMbCA 8i0CYyMHICmI0o cmaHOAapmMuU308aHUX memodis ix eunpobysaHb ma YimKux Kpumepiie OUiHIO8AHHSA
KniHiYHOI echekmugHOCMI.

Knw4oei cnoea: adze3usHi cucmemu, (homoKoMno3uyiliHi pecmaspauii, mexHika ad2e3usHoi Mi02omosKu,
KAiHIYHa eghekmusHicmb, ad2e3usHa MiyHicms.

38’A30K nyb6aikauii 3 n1aHOBMMUM HAyKOBO-4OCNIg-
HUMM poboTamu.

[aHa poboTa BUKOHaHa B pamKax HAP kadenpu cTo-
maTonorii «OnTumisayia nigxoadis WoOAO AiarHOCTUKM,
NiKyBaHHA Ta NPodiNaKTUKM CTOMATONOTYHNX 3aXBOPIO-
BaHb», N2 nepxaBHOi peecTpayii 0120U104631.

Bcryn.

3 MeTol BiAHOBNAEHHS aHAaTOMIYHOI dpopmu 3y6iB
LMPOKO BUKOPUCTOBYIOTb (POTOKOMMO3ULIMHI MaTepi-
anu. HagiHe 3’eaHaHHA pecTaBpauin Ta TBEpAUX TKa-
HUWH 3y6iB 3abe3neyytoTb aaresmnsHi cuctemu (AC), aki
npeacTaB/sieHi MOHOMEPaMM OPraHiYHMX CMO i3 HeBe-
NIMKMM BMICTOM HeopraHiyHoro HanosHtoBava. [lo AC
BMCYBAOTb HMU3KY BUMOT, 30Kpema, BOHM MOBUHHI ByTH
6ioiHEPTHMMM, MaTK BUCOKI i3MKO-MexaHiyHi xapak-
TEPUCTUKMU B YAaCTUHI CTBOPEHHA MILLHOTO aAre3nBHOro
3B’A3KY MiXK pisHOpigHMMM cybcTpaTamu, HaginHo rep-
METU3YBaTU AEHTUHHI KaHa NbLii, He BN/MBATK Ha AKICTb
nonimepusadi BigHoBNOBaNbLHOrO maTtepiany, 3abesne-
YyBaTM rapHe KpailoBe NpUAsAraHHs, 6yTn 3py4HUMM B
poboTi Towo [1].

HesBaxatoum Ha HaratopiyHy ictopito po3BuTKy AC
Ta pecTaBpalilHKUX MmaTepianis nicaa BigHoOBNEHHA 3y6iB
HEpPIAKO PEECTPYIOTb YCKNAAHEHHA Y BUINALI NigBuLLe-
HOI YyTAMBOCTI, 3anafeHHA Mynbnu, BUHUKHEHHA BTO-
PUHHOrO Kapiecy, NOpPYyLeEHHA KPaloBOro MpUAATraHHA
Ta ¢ikcauii doTokomnosuTta. NMprUunMHamm Taknx BuNaa-
KiB BBaalOTb HEAOTPMMAHHA NMPOTOKONIB aAre3anBHOI
niAroToBKKM, HAAMIpPHE NOTPANAAHHA BOJIOTM HA TBEpPAi
TKaHWHM 3y6iB abo, HaBNaKMK, ix NepecyLyBaHHA, ycaaKy

naombyBanbHUX MaTepianis, PynHiBHY Ail0 pepmeHTiB
OEHTUHY, 6akTepii, CAMHKU Ha ribpuaHuii wap [2, 3, 4].

Ha cborogHi OCHOBHMMM TEXHIKaMK aAre3nBHOI Nifa-
rOTOBKWU nepej, pectaBpaLiiHUM NiKyBaHHAM 3anuLua-
I0TbCA TOTaZibHE MPOTPABAEHHA TBEPAMX TKAaHWH 3y6is
po3unHamu opToHOCPOPHOI KMCAOTM 3 NOoAA/bLIMM
NPOMMUBAHHAM BOLO abo 3aCTOCYBaHHA CaMoNpoTPaB-
motoumx AC, wo He nepeabavae [oAaTKOBOI anikaLil
PO34YMHIB KMCNOT Ha NOBEPXHi emani Ta AeHTUHY [5, 6].
3MeHLIeHHA KiNbKOCTi eTaniB afresnBHOro MnpoTOKO-
Ny 3a paxyHoK BuKopwuctaHHA AC VII reHepauii 3HUXKYE
PU3MKKM nocTonepaLiinHoi YyTanBocCTi 3ybiB, CKOpouye
Yyac NiKyBaHHA, afe MiLHICTb afresuBHOro 3’'€eQHaHHA €
HUMKYOLO B NMOPIBHAHHI 3 AC V NOKONiIHHA, fAKi 3aBAAKK
CBOiM i3MKO-MeXaHIYHMM BNACTUBOCTAM 3a/1MULIAKOTLCA
HalbiNbW NONYNAPHUMM HA LLOAEHHOMY CTOMATONOT Y-
Homy npuiiomi [3]. EperTuBHicTb AC V reHepalui,ii, B cBOtO
yepry, Binblue 3aneXnTb Bif NPeLm3iiHOro BUKOHAHHA
eTanis agre3MBHOI NiAroTOBKM, BiANOBIAHO A0 IHCTPYK-
Ui Gipm-BMPOBHMKIB, WO NiABULLYE PUSUKU PO3BUTKY
HeraTMBHUX HacniaKiB gns nynbnu 3y6is [7].

3 ornAaay Ha Cy4acHi HayKOBi 3HAHHA, O4HIEI0 3 OCHO-
BHUX Npobsiem BigHOB/MEHHA aHaTOMiYHOI dopmu 3y6iB
NPSAMUMM PeCTaBpaLisMM NOCTAaE CTBOPEHHA [OBro-
BiYHOroO Ta HaAiMHOro 3B’A3KY MiX KOMMO3WUTOM i AeH-
TMHOM 3yb6iB [6, 7, 8]. Moganblie BAOCKOHaneHHA AC
MOHOMEPIB A0 CTPYKTYP TBEPAMX TKaHWH 3y6is, cnpo-
LWEHHA TEXHIKM PobOTM 3 HUMM, NiABULLEHHS i3UKO-
MeXaHIYHMX BNAaCTUBOCTEN Ta 3MEHLUEHHS WKignmMBoro
BM/IMBY Ha nynbny 3y6iB. BusHayeHHA onTumanbHoi AC
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Ta NPOTOKOY ii 3aCTOCYBaHHA A,03BONNTb BiAHOBNOBATH
nedeKTn TBepaMX TKaHUH 3y6iB GOTOKOMMNO3ULIMHUMM
mMmaTepianamu 3 HagiiHMM NPOrHO30M, TPUBANUMU TEp-
MiHaMM eKkcnayaTauii Ta MiHIManbHUMU PU3UKAMKN PO3-
BUTKY YCKNaAHEHb.

MeTta gocnigeHHs.

MpoaHanisyBaTu Bigomi ¢isMKo-mexaHiuHi Ta KNiHiu-
Hi BNACTMBOCTI Cy4aCHWX aAre3anBHUX CUCTEM, HOBITHI
TeHAeHUjii Ta niaxoam Wwono iX yAOCKOHaneHHsa, nep-
CNEKTMBM MOAANbLIOFO PO3BUTKY pPecTaBpaLiifHOl cTo-
MaTonorii.

OcHOBHa YacTuHa.

[Ona Bu3HaueHHA i3nMKO-MexaHiYHUX XapaKTepuc-
TMK AC BWKOPUCTOBYIOTb Pi3HOMaHITHI /nabopaTop-
Hi [OCNigXKeHHA, AKi pernameHToBaHi MiXKHapogHUM
ctaHgaptom I1SO 11405:2015 [9, 10]. Hacamnepes, 3
meTol TecTyBaHHA AC NpoOBOAATb BMBYEHHA 3paskKiB
BuAaneHux 3ybis 3 3adikcoBaHMMM Ha iX NOBEPXHAX
GOTOKOMMO3ULIMHUMM LUUNIHAPAMM, HA AKUX PEECTPY-
I0Tb MiLHICTb aZre3MBHOro 3B’A3KY A0 TBEPAMUX TKAHWH
3y6iB meTogamu BigpuBy Ta 3CyBY, repMETUYHICTb pec-
TaBpaLii, A4OCNiAKYIOTb NiHiI0 aare3MBHOro 3’€AHaHHA
Ta CTBOPEHUN FOPUAHMIA Wap Waaxom xpomaTtorpadii,
CKaHYHYOI e/IeKTPOHHOI, iHppaKpacHoi abo ctepeomi-
Kpockonii [5, 9, 11, 12].

CTaH4apTM30BaHi meToaM BUBYEHHA ¢i3nKo-me-
XaHiYHUX Xxapaktepuctuk AC He nosbaBfieHi neBHUX
HeAoNiKiB, OCHOBHMMW 3 AKUX HA3MBalOTb HEBIANOBIA-
HiCTb pO3MipiB 3pa3kiB abo reomeTpii NiHii agresnBHoro
3’€eAHaHHSA KNiHIYHUM yMOBaM, WO NPU3BOAUTL A0 He-
OOCTOBIPHOCTI OTpMMaHuxX pesyabtatie [12]. Ona ycy-
HEHHs NoAibHWMX po36ixkHoCTel bynn po3pobaeHi mikpo-
TEH3MBHI TeCTU ANA BU3HAYEHHA MILHOCTI aAre3anBHOro
3B’A3KYy MeToAamMu po3TAry Ta 3CyBY, AKi 4alOTb 3mory
BMBYMTU MEXAHIYHI XapaKTEPUCTMKM 3pasKiB Masioro
po3mipy [12, 13]. Kpim TOro, BUKOPUCTOBYOTb TEXHO-
NOrii WTYYHOro «CTapiHHA» 3Pa3KiB PAa30OM 3 LIUKAIYHUM
HaBaHTAaXKEHHAM 40 MOMEHTY iX MOBHOrO pyMHYBaHHSA
[5, 12]. BianosigHo go crtaHgapty ISO, npoTokon Tec-
TYBaHHA CTOMATO/IOFYHMX MaTepianiB TAaKOXK BK/OYAE
500 umkniB 3miHK TemnepaTypu Big, +5 °C go +55 °C, y
TOW Yac, AK Y NOPOXKHMHI POTa NPOTATOM POKY KOJIMBAH-
HA TemnepaTtyp npoxogutb, y cepegHbomy, 10000 pa3s
[12]. Ons onTumiszauii ymoB nabopaTopHUX AOCNiAKEHD
3 METOI X HabAMMKEHHA A0 KAIHIYHUX 3Pa3KM TaKoXK
MO/IMBO PO3TallyBaTW B arpecMBHOMYy CepefoBuLLi,
Hanpuknag, Po3uYnHax cnupTy, rinoxnopuTy HaTpito abo
WTYYHiN cnuHi. MpUCKOPEHHA npoLlecy LWTYy4YHOro cra-
PiHHA [OCArA€TbCA LWAAXOM MNOEAHAHHA MEXaHIYHOro,
XiMiYHOrO BNAMBIB Ta NOCTIAHOI 3MiHM TemnepaTypu ce-
pefosuLLa B AKOMY nepebysatoTb 3pasku [12].

OOHUM 3 AUCKYCIMHUX aCNeKTIB, LLLO BMN/MBAE Ha Ha-
AOiMHICTb pecTaBpaliil, BBa)KatoTb crocib agresmsHOI
niaAroToBKM TBEPAMX TKaHMH 3y6iB [14]. 3 po3pobKoto cy-
yacHux AC malixKe BUpILLeHi NTaHHA agresii GoToKom-
No3uLiMHOro maTepiany Ao emani 3ybis, age icHytoui
AC 3a6e3neuytoTb HaginHy peTeHLito GOTOKOMMNO3ULiN-
HUX MaTepianiB Ao uboro cybctpaTy. PekomeHpgoBa-
HUIM dipMamm-BMPOBHMKAMM Yac NPOTPABAEHHA emani
cknagae Big 15 ¢ go 30 ¢, wo, B CBOK 4epry, BNAMBAE
Ha MiLHiCTb agresanBHOro 38’A3Ky. [10 TOro X B iHCTPYK-
LifAX BUPOBHMKIB CTOMATONOrYHMX MaTepianiB He onu-
caHa HeobxigHicTb nonepeaHbOro WNidyBaHHA emani
nepeg npoBeAeHHAM aAre3nMBHOI Nigrotosku [15]. BTim,
y nabopaTopHOMY AOChiAXKeHHi byno JoBeneHo, WO

nonepegHe wWnipyBaHHs gpibHoancnepcHMmmM 6opamu
emMani MigBULLYE MiLHICTb aAresMBHOro 3B's3Kky y 2,2
pa3u [15]. BogHouac 36inbweHHA fo 30 c Yacy ekcnosu-
uii opTtodocdopHOi KMC/IOTU A03BOSAE MOKPALLMTM Kpa-
MoBe MpuaAraHHA pectaBpauii Ao emani Ha 15% Bia-
HOCHO aHa/0rivYHOro NpoTpaB/eHHs npotarom 15 ¢ [1].

BinbWw NPo61EeMHOI TAHKOO BiAHOBNEHHSA AedEeKTiB
3yb6iB NpAMMMM pecTaBpaLismMmM BBaxaloTb iHTepdeic
[EHTUH-POTOKOMMO3UT, aasKe HerepMeTUYHICTb aare-
3MBHOTO 3’€4HAHHA B Uil AiNAHL WBWAKO NPU3BOAUTD
[0 YCKNafHEeHb y BUMNALI PO3BUTKY BTOPUHHOTO Kapi-
€Cy, nopylweHHA o¢ikcauii pecTaBpalii Ta 3ananeHHA
nynenu [12]. Bigomo, Wwo HagiliHicTb uboro iHTepdeiicy
3a/1eXKNTb Big, AKOCTI opraHisauii ribpuaHoro wapy, AKMin
yTBOpPIOOTH MOHOMepK AC Ta KONareHoBi BOJIOKHa AeH-
TWHY 3y6iB. HacniAKom NOEAHAHOrO BMN/IMBY LMKNIYHOFO
}KYBA/ZIbHOTO HaBaHTaXKEHHA, NOPYLIEHHA TeXHIKKN aare-
3MBHOI NIAFOTOBKM, XimivyHOT aerpagauii AC nig Bnavsom
bepmeHTIB HaKTepili Ta CAMHKM CTAE NOCTYNOBA Aerpaja-
Lin ribpuaHOro wapy Ta 3HUMKEHHA NOKa3HUKIB MilLHOCTi
pecTtaBpauin [12].

Y nabopatopHOMy [JOCAHIAMKEHHI 3a [0MOMOror
CTEPEOMIKPOCKOMNA BMBYAAW LUMPUHY MNPOMIXKKY MixK
pecTaBpaLli€to Ta AEHTUHOM, AKa Ana cydacHux AC, Bia-
noBigHoO Ao ctaHgapTy ISO, moxke kKonuBaTuca Big 1
MKM g0 18 mkm [10]. Y ubomy aocnigeHHi BUKopuc-
ToByBanu BiT4M3HAHY AC VII nokoniHHA Jen-Unibond SE,
Jendental, i cepeaHsa BenMUYMHA NPOMIXKKY MiX BigHOB-
NIIOBANIbHMM MaTepia oM Ta AeHTMHOM CKnagana 3,89
+ 0,58 mkm [9]. Kpim TOro, aBTOpu AOCNiaUAN CTyNiHb
MIKPOMIATIKAHHA NPW 3aCTOCYBaHHI L€l X aAre3nBHOI
CUCTEMW Ta BCTAHOBMAM, WO Micna BnAMBY GapBHMKA
yNpoaoBK 24 roauvH Ha 3pasku BuganeHux 3ybis 3 Big-
pecTaBpoBaHMMWU MOPONKHWHAMMK, He Byno nNomivyeHo
NMPOHMKHEHHA BapBHMKA Ha MeXKi GOTOKOMNO3UT-TBEP-
A TKaHWHKM 3y6iB, WO BiAMNOBIAAE BUMOraM CTaHAAPTY
[9, 10].

CKaHytloya enekTpoHHa Mikpockonis (CEM) mosso-
NAe Binbly AeTaNbHO BUBUMTM AKICTb KOHTAKTY POTOKOM-
no3uTy 3 AEHTUHOM i emannto 3y6iB NpU 3acTOCYBaHHI
pisHux AC [11]. Tak, B ogHOMY AOCAnigsKeHHi byno Bu-
3HayeHo, wo AC V Ta VIl nokoniHb 34aTHI cTBOptOBaTH
piBHOMIpHI ribpuAHi Wapu Ha NOBEPXHi HOPManbHOro
OEHTUHY 3paskiB BuAaneHux 3y6is, nNpu LbOMYy Mn-
6uHa neHeTpauii AC B 3paskax 060x rpyn AOCTOBipHO
He Biagpi3HANacA Ta cknagana Big 2,5 mkm 8o 5,1 Mkm
Y LEHTUHHUX KaHanbuAX Ta Big 5,2 MKM 40 9,3 MKm y
nopax emai [11]. MpoTAarom BUBYEHHS KpaloBOro npwm-
NAraHHA pecTaBpaLin, AKMMK BigHOBAOBaNN fedeKTn V
Knacy 3a bnekom B 1abopaTopHUX YMOBaX, AOCAIAHUKN
BM3HAYMAM MIKPONIATIKaHHA 2% PO34YNHY METUNEHOBO-
r0 CMHbOTO MO MeXi GOTOKOMMO3UT-LLEMEHT, AKa byna
6inblUOD 33 aHaNOrYHWMIA NOKasHWK Yy AinaHui ¢oTo-
Komno3suTt-emasnb nicna 200 Tepmoumknis [16]. CepeaHi
NMOKa3HMKM NeHeTpaLii bapBHUKA NO ACEHHI Mexi pec-
TaBpauin cknaganu 2,63+0,92 6ann ana AC V reHepa-
uii Ta 2,66+1,06 6anun ana AC VIl reHepadii, npu ubomy
Mi*K coboto Ui 3HaYeHHs Bigpi3HAAUCL HEAOCTOBIPHO
(p>0,05). Y pginaHui npunsraHHa GOTOKOMMO3UTY A0
emMani meHwWwa mnbuHa mikponiaTikaHb byna 3apeecTpo-
BaHa caMe A/18 pecTaBpaLii, 3pobneHnx 3 3acTocyBaH-
Ham AC VIl nokoniHHa — 1,23+1,04 6a1u, a NOKa3HUKK
AC V nokosiHHA 6yan HegocToBipHO (p>0,05) BULWMMMK
Ta cTaHoBuau 1,36+1,35 6anum [16].
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3a gonomoroto KoH$OKabHOT 1a3epHOi MiKpocKonii
3paskKiB BUAANEHMX NPEemMOoNApiB 3 BigHOBAEHMMU MO-
pOXXHUHamKM V Knacy 3a bnekom TakoX BU3Ha4YnAW BU-
parkeHicTb MikponiaTikaHb B 6anax 3a BUKOPWUCTAHHSA
pisHnx AC. 3pa3Ku, BUroTOBAEHI 3 3acTocyBaHHAM AC V
reHepadji, oTpMMann HaMMeHLy KinbKicTb 6anis yepes
TUXKOEHb 30epiraHHA B i30TOHIYHOMY PO34YMHi — 46,65
6anu, 3paskm 3 AC VII nokoniHHA — 51,69 6anis [17].
3BepTaE yBary, WO B }KOAHOMY 3pa3Ky, AKi BMBYAAU B
OOCNiAXKEeHHI, He 6y10 BCTAHOB/IEHO BiZCYTHOCTI MiKpO-
niATiKaHb, WO, B CBOKO Yepry, 06yMOB/IIOE 3aCTOCYBaHHA
Nla3epHoi MikpocKoniii ana nabopaTopHOro BMBYEHHA
Bnactmeocten AC.

CTOCOBHO TrepMeTUYHOCTI aaresnBHOro 3’€AHaHHA
BiJOMi pe3ynbTaTh [OCNigXKeHHA 3paskiB, cpopmoBa-
HUX 3 dparmeHTiB BUganeHux 3ybis ta ACV, VI ta VIl re-
Hepauii. CTyniHb NPOHUKHEHHA B6apBHKMKa, a came 50%
PO34MHY HiTpaTy cepebpa, No mexi iHTepdeicy AeHTUH-
doToKOMNO3UT Yepes 24 rogmHun 36epiraHHA CKiagana,
B cepegHbomy, 0,2506+0,023 mkm, 0,0611+0,028 mkm
Ta 0,2869+0,017 mkm gna AC YV, VI ta VII noKoniHb, Bia-
nosigHo. OgHaK yepes 3 micaui 36epiraHHA HaMMeHWi
3HAYEHHA BWM3HAYMIM B 3pasKax, BUrOTOBJEHMX 3 BU-
kopuctaHHAM AC VIl nokoniHHA — 0,5544+0,017 mKm.
Llen nokasHuK 6yB goctoBipHO (p<0,001) HUXKYE, HiXK Y
3paskax 3 AC V ta VI nokoniHb — 0,7313+0,054 mKkm Ta
0,9113+0,031 mkm [18].

KniHiyHa edeKTMBHICTb 3acTocyBaHHA HAHOHAMOB-
HeHoi AC V reHepauii 3a KpuTepiamun «Kpaliose npu-
NAraHHA» | «Kpailose 3abapBneHHA» pecTaspauii y
NaLEHTIB 3 Kapio3HUMM ypaxkeHHAMM |l Knacy 3a bne-
KOM y TepMiH 6 micauis cknagana 90,0% ta 92,0%, Bia-
noBigHO. Y TOM e Yac, ycniwHicTb BigHOoBAeHb 3 AC VII
reHepadii 3a TMmMM X KpuTepiamun ctaHosBuna 78,7% Ta
87,2%. Yepes 12 micAuiB epeKTUBHICTb /liIKyBaHHA Y LMX
K€ MaLieHTIB NPOrHO30BaHO 3HU3MAAC | CKagana ana
pecTtaBpauiit 3 AC V reHepauii 80,0% Ta 84,4%, 3 AC V
reHepauii — 62,2% ta 67,6% [19].

BMBYEHHA XapaKTepPUCTUK MiLHOCTI pisHMx AC y
NabopaTopHMX YMOBAX LUASXOM MIiKPOTEH3UBHUX BU-
npo6oByBaHb TAaKOX AEMOHCTPYE A0BONI HEOAHO3HAY-
Hi pe3ynbrat. OTpMMaHi B AOCANIOKEHHI MOKA3HMKMK
MaKCMMabHOi aAre3mBHOI MiLLHOCTI Ha PO3TAr 3paskis
3 AC V Ta VIl reHepauiin yepes 24 roanHu BiapisHAANCH
HepocToBipHO (p>0,05) i cTaHOBMAKM, B cepesHbOMY,
31,48+9,67 MMNa i 28,02+7,17 MMa, BignosigHo. Micna 6
MICALLIB LWUTYYHOrO CTapiHHA 3pa3KiB aHA/IONYHi 3HaYeH-
HA BXe AopiBHoBanaun 28,94+5,57 MMa ta 31,44+5,57
Ma i TakoXK He AeMOHCTpyBanau AocToBipHoi (p>0,05)
pisHuu; [5].

IHWIi AocnigHMKM B NabopaTOPHUX YMOBaxX AOBENN,
LLLO 3Ppa3KM AEHTUHY BUAaneHux 3y6iB 3 aaresMBHO 3a-
biKCOBAaHMMM Ha HUX GOTOKOMMO3UTHUMU LUNTHAPAMMU
MatoTb A0CTOBipHO (p<0,05) pi3Hy aaresanBHy MiLHICTb,
NOKA3HMKKM AKOI 3anexKaTb Big BuKopucTaHoi AC. Mak-
CUMaNIbHUI NOKA3HWK MILHOCTI Ha po3TAr 3adikcyBanu
B 3pa3Kax, BUroToBaeHux 3 3actocyBaHHAM AC VIl reHe-
pauii, a came 21,7 MNa, wo Ha 7,63 Mla nepesuLlyBaB
BiZNOBiAHe 3HaYeHHA 3pa3kis 3 AC V reHepalii [20].

MpoTUAEXKHI pe3ynbTaTv OTPUMANN aBTOPU B CXOXKIiN
poboTi, Ae BM3HAYMAM MILHICTb afre3nBHOro 3B'A3KY
MEeTOAOM PO3TATy MiXK AEHTMHOM Ta TEKYYUM, YHiBep-
canbHUM i «bulk-fill» doTokOMNO3MLiIIHMMM MmaTepiana-
MU 3a BUKopuctaHHa AC V Ta VIl reHepauii [6]. o Toro
X 6yB BMBYEHMI BNAMB cnocoby nonimepusadii naom-

6yBanbHoro matepiany (Turbo Program abo Soft-Start)
Ha cuny 3B'A3Ky 3 AeHTUHOM BUAaNeHuX 3ybis. Bigno-
BiZLHO O OTPUMAHMUX AaHUX, 3pa3Ku, BUTOTOB/EHI 3 BU-
KopuctaHHAM came AC V nNOKOoANiHHA, AeMOHCTpyBanu
[ocToBipHO (p<0,05) BMLLi NOKAa3HWKK afre3anBHOI Mill-
HOCTi, He3aNeXHO BiA rpynoBoi NPMHANEXKHOCTI Ta Npo-
rpamu nosimepusadii ¢otokomnosuTa [6].

IHWi HayKOBLUi BBaatoTb, WO MAKCMMAJIbHOI KAi-
HiYHOI edeKTMBHOCTI BiAHOBNEHHA AedeKTiB TBEpAMX
TKaHWH 3y6iB NPAMMMM pecTaBpaLiasMM MOXKHA SOCATTU
3 BUKOpUCTaHHAM AC, AiK 32 TEXHIKOIO TOTaJIbHOro Npo-
TpaBieHHA, Tak i camonpoTpasneHHsa [21]. Ha aymky
aBTOPIB, Pe3y/bTaT JliKyBaHHA 3aneKuWTb Bif, NOEAHAH-
HA Oesakux dpaKkTopis, 30Kpema, NoABIMHOrO HaHeCeHHs
AC Ha NoBepxHIO AEHTUHY, HeraHoi nonimepusadii AC
nicna ii annikayii Ha CTiHKKM Ta AHO cdOPMOBAHOT NOPOXK-
HUHU, BUKOPUCTaHHA A04aTKOBUX PEYOBUH A8 iHriBiLji
Aii depmeHTiB AEHTMHY Ta 3MILHEHHSA CiTKM KoslareHo-
BWX BONIOKOH [21].

Cynepeunusi pesynbtatv nabopaTopHUX AoChi-
OXKeHb XapaKTePUCTUK Halbinbw nonynapHux AC V Ta
VIl reHepaLiit i 4OBONI HU3bKMI piBEHb YCMILLIHOCTI Bif-
HOBJIeHb 3y6iB B K/NiHIYHMX ymoBax 0b6yMOB/tOE HEOO-
XiZIHICTb PO3p06KM HOBITHIX AC, AKi MOBUHHI NOEAHATH
NO3UTUBHI BAAcTMBOCTI BOHAIB NonepeaHix MOKOAiHb,
MaTM NPOCTY TEXHiKY 3aCTOCYBaHHA Ta 3a6e3neyYnTn Ha-
OIVHWI afire3auBHUIN 3B’A30K Yy TPMBaANi TEPMIHWN eKcnay-
aTau,ii.

Pe3ynbTaToM LbOro HanNpPAMKY PO3BUTKY TEXHONOTIN
pecTaBpaLiliHOi CTOMATONOTrii CTaso CTBOPEHHS yHiBEp-
canbHMx AC. 3acTocyBaHHA LMX MaTepianis L0O3BONAE
npoBOAMTU aAre3vBHy NiArOTOBKY, AK Yy KOHUenuii To-
Ta/JIbHOTO MPOTPAB/IOBAHHA, TaK i CAaMONpPOTPaBAEHHS,
3a/IEKHO Bif, KNiHIYHOT cuTyauii [21]. Y BMnagKax, Lo
notpebytoTb nepeBaxKHOI aaresii  GOTOKOMNO3UL,iN-
HOro matepiany A0 emasi, PeKOMEHA0BAHO 3acTOCy-
BaHHA TOTa/IbHOrO NPOTPaBJAEHHA NOBepPxOHb 3yba 30-
40% po3umMHOM 0pTOHOCHOPHOT KUCAOTU 3 HACTYMHUM
A6alNMBUM NPOMMBAHHAM BOAOK Ta HaHeceHHAM AC.
BoagHo4ac HafiHy peTeHUilo A0 NOBEPXHi AEHTUMHY 3
HM3bKOIO BipOrigHICTIO PO3BUTKY MOCTONEpaLinHoOi YyT-
nmMBocTi 3abe3neunTb annikauis AC 6e3 nonepeaHbOro
NpPOTpPaBAEHHA, aHanorivyHo agresmsam VIl reHepalii. Ha
CTOMATOJIONIYHOMY PUHKY YKpaiHM npeAacTaBaeHa 3Ha-
YHa KinbKicTb yHiBepcanbHux AC: Tetric Bond Universal,
Ivoclar Vivadent; Universal Bond Quick, Kuraray
Noritake; Prime&Bond Universal, Dentsply; Single Bond
Universal, 3M ESPE; Kerr Optibond Universal, Kerr. Bi-
OOMi pe3ynbTaTh AOCNIAKEHHA, WO NiATBEPAKYIOTb Ki-
HiYHY epeKTMBHIiCcTb yHiBepcanbHuUx AC yepes 36 mica-
LiB eKcnayaTauii pectaBpaLii y 6i4HUX ginsHKax 3y6HMX
pagis Ha pisHi 100% AnA TeXHiKM TOTaNbHOroO NPOTPaB-
neHHA T1a 95,2% ana camonpoTpaBaeHHA HAaTOMICTb BiJ-
HOB/MIeHHs 3y6iB 3 AC V NOKONIHHA B TOW e TepMiH He
Ma/iM nopyLueHb nuwe B 76,2% Bunazakis [22].

Mpw BUBYEHHI MiLHOCTI agresnBHOro 3B’A3Ky meTo-
OOM 3CyBY Ta HAaABHOCTI HaHONIATIKAHb B iHTepdeicax,
CTBOpPEHUX YHiBepcasbHUMK AC B 1abOpaTOpPHUX yMO-
Bax 3’AcyBanu, WO BUKOPUCTaHHA Lux AC 3a NPOTOKO-
JIOM CaMonpoTpaB/eHHA 3abesneuye cepegHio cuny
3’eAHaHHA AeHTMH-GoToKoMNOo3uT — 36,71+4,87 MMNa,
AKa B 1,67 pa3u binblue aHaOr4YHOro NokasHMKa 3a To-
TaNIbHOrO NPOTpaBaeHHA — 22,79+4,68 MIMa. Kpim TOro,
33 4ONOMOrOH CKaHyH40i MiKpocKonii 3adikcyBann Ha-
HONiATIKAHHA B AiNAHLUI ribpMAHOro wapy B ycix 3pas-
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Kax, BUKOHAHUX 3 3aCTOCYBAaHHAM TEXHiKM TOTa/bHOro
NpPOTPaB/AeHHA, Ha BigMiHY Big, iHWOI rpynu, ae sunaa-
KiB HaHONiIATIKaHHA He peecTpyBanu 30Bcim [23]. MNogi-
6He ABMLLE MOMKIMBO MOACHUTWU KOMAMNCOM KOnareHo-
BUX BOJIOKOH Nicna annikauii po3unHy optodocdopHoi
KUCNOTK, LLO, B CBOK Yepry, He A03BONSE MOHOMEpPam
AC iH}iNbTPyBaTK KONAreHoBY CiTKY B MOBHOMY 06cA3i.
Kpim Toro, nig, aieto Kucnoro cepefoBuLLLa BUBIIbHAETb-
CA 3HAYHA KiNbKIiCTb MAaTPUKCHUX METANoNpoTeiHas, AKi
CNpUADTbL AerpaaaLii ribpMaHoro wapy Ta NopyLEeHHIo
KpalroBOro npuaaraHHA GOTOKOMMNO3UTY.

Mia yac nabopaToOpHOro AOCAIAMKEHHS MiLHOCTI
aAresnBHOrO 3B’A3KY LUAAXOM MiKPOTEH3UBHUX TECTIB
ABOX yHiBepcanbHux AC 3 pisHMM piBHem pH 6yno BcTa-
HOB/EHO, LLLO MOKA3HWUKM 3pa3KiB, BUTOTOB/IEHMX 3a NPO-
TOKO/JIaMM TOTAJIbHOTO Ta CAaMOMPOTPaB/IeHHA AOCTOBIp-
Ho (p>0,05) He BigpisHanucs i cknagann 13,78+5,11
MMMa T1a 12,41+3,71 MMa pgna AC 3 ynbTpa-HU3bKOO
KncnotHicTtio, 8,09+2,33 MMMa ta 7,85+2,27 MIa ansa AC
3 HM3bKO KMCAOTHICTIO [24]. TaKOXK 3HAYHWUI BNIMB HA
MiLHICTb aaresii 4O AeHTUHY Bifjirpae cKnag MOHOMEpPIB
B yHiBepcanbHiit AC. CepeaHi 3HaYEHHA CUIM aare3mns-
Horo 38’A3Ky AC, Wwo mictaTb 10-meTakpuaoinoKkcieTun-
aurigpodocdat Ta 4-MeTakpUAOINOKCIeTUN TPUMENITaTy
aHrigpug, y nabopatopHux ymoax bynm Ginbl HixK B 2
pasu suwmmu, a came 17,55+9,47 Mla, BigHOCHO no-
KasHuKiB AC 3 TpaanLinHUMN moHomepamm — 7,88+8,83
MnMa [25].

B iHWIi poboTi, 3acTocyBaHHA yHiBepcanbHuUx AC
3a TEXHiKOl TOTa/NbHOro NpOTpaBieHHA 3abesneyu-
N0 BULL NOKA3HUKU MIKPOTEH3MBHOI MILLHOCTI 3pa3sKiB
woao aHanoriyHmx AC, BUKOPUCTAHUX 33 MPOTOKOIOM
camonpoTpasneHHa [26]. Yepes 24 roguHu nicns Bu-
rOTOB/IEHHS 3pa3ku, COOPMOBAHi 3 BUKOPUCTAHHAM
TpasuabHOro rento (I rpyna), AeMOHCTPYBaAM MiLHICTb
Ha po3TAr Ha piBHi 33,9+3,2 MIlla HaTOMiCTb B 3pa3Kax,
3pobneHnX TiZIbKM 3 3aCTOCYBAHHAM YHiBEpPCaNbHOI
AC (Il rpyna), uei nokasHuk bys aocToBipHO (p<0,05)
HUXYMM | cknagas 24,1+2,6 Mla. OgHak NOKasHU-
KM HaHOMIATIKaHHA TaKoX 6ynu BUWMMKW ONR 3paskKiB
| rpynu, 3oKkpema, BoHWU cknaganun 15,0+1,2%, a ana |l
rpynu — 9,5+0,9%. Ha enekTpoHHUX mikpodoTorpadisx,
oTpUMaHux 3a gonomoroto CEM, 3adikcoBaHo Ginbiy
neHeTpawito aare3ney B AEHTUMHHI KaHa/bLi came B LWAi-
¢dax 3paskKis, BUTOTOB/IEHMX 3@ MPOTOKO/IOM TOTAJIbHOTO
npoTpas/eHHA [26].

MNiaBMLLEHHA MiLLHOCTI agre3avBHOro 38'A3Ky Npw 3a-
CTOCYBaHHI yHiBepcasbHUX AC MOXHa 3abe3neynTtu Bu-
KOPUWCTaHHAM MPOTOKO/iB CENIEKTUBHOMO NPOTPAB/EHHA
LEHTUHY NpOTArom 3 CEeKyHA, Ta aKTMBHOIO BTMPaHHA
AC y oro noBepxHto. B ekcnepumeHTi, cepeaHa aare-
3MBHA MiLHICTb Ha PO3TAr 3pa3kKiB 3 3adiKCOBaHMMM Ha
iX noBepxHi GOTOKOMMNO3UTHUMM LUAIHAPAMWU 33 Tex-
HIKOKO CaMOonpOTpPaBAEHHA Yepe3 6 micAuiB cTaHOBMAA
38,445,3 MIlla, ogHaK nNpu 3acTOCYBaHHI CEIEKTUBHOIO
NpOoTpaB/IeHHA Ta aKTUBHOrO BTUpaHHA AC npoTarom 15,
20 Ta 35 c uel e NoKasHUK ctaHosuB — 45,6+4,2 MIa,
47,9+5,7 MMa T1a 48,3+4,7 MMa, BignosigHo [27]. MNo-
Ai6HI pe3ynbTaTM MOXKHA NMOACHUTU YTBOPEHHAM BinbLu
BMPAXKEHOrO ribpMAHOro Wapy 3aBAAKW MNOLWIN aemi-
Hepanisauii AeHTUHY.

3 MeTol CNpoLLEeHHA MiArOTOBKM TBEPAUX TKAHWH
3y6iB 40 pecTaBpalii Ta CKOPOUYEHHS TEPMIHIB NiKyBaH-
HA po3pobneHi yHiBepcanbHi AC, fKi MOX/INBO BUKO-
PUCTOBYBATU B peXuUMi «be3 odikyBaHHA», TO6TO npo-

BOAMTU iX MonimepusaLito ogpasy nicna HaHeCeHHA Ha
NoBEepPXHi NOPOXKHUHK [28]. 3a pe3ynbTaTamu paHAOMI-
30BaHOr0 AOC/iAXEeHHs 6yno 3’AcoBaHO, WO KAiHIYHA
edeKTMBHICTb TaKUX BifiHOBMEHb 3y6iB Yepe3 6 micauis
KOpUCTYBaHHA AocToBipHO (p>0,05) He BigpisHanacs Big,
pecTaBpalLiiil, BATOTOB/NIEHUX 3 BUKOPUCTAHHAM YHiBep-
canbHoi AC, nonimepusau,ito akoi nposoannm yepes 20
C, He3aneXKHO Bif TEXHIKM aare3nBHOI Nigrotosku. Micna
18 micAuiB ekcnayaTauii YacTka ycnilHUX pecTaBpaLii
6e3 nopylweHb y NaLieHTIB, B AKMX nonimepwmsauio AC
npoBOAMAM HeralHo, cknagana 100% Tta 90,9% ans
aAre3vBHOI MiArOTOBKM B PeXMMi TOTa/IbHOrO NpOTPaB-
NIeHHA Ta CamonpoTpaB/ieHHA, BianoBiaHO. BogHouvac
edeKTMBHICTb pecTaBpalLiili 3 yHiBepcanbHoto AC nepes,
nonimepusauiero AKOi odikysanu 20 ¢ 3Haxo4nnu Ha
piBHi 95,5% AnAa TotanbHoro npotpasaeHHA Ta 90,9%
ON5 TEXHIKM camonpoTpasaeHHs [28].

MiHiManbHO 4YYTAMBUMM [0 TEXHIKM AAre3nBHOI
NigroToBKM Ta HaMbinbWw 3py4yHUMUM AN MNOBCAKAEH-
HOrO KJHIYHOTO BWKOPWUCTAHHA CTa/iM CaMoaaresms-
Hi Komno3utn — AC VIII reHepauii [21]. Ui komno3utn
BXE LUMPOKO MNpeaCcTaB/ieHi Ha YKPAiHCbKOMY PWHKY
CTOMATOJIOTiYHMX MaTepianis, 3o0kpema, Vertise Flow,
Kerr; Xeno 1V, Dentsply; Filtek Supreme Plus Flow, 3M
ESPE; Tetric EvoFlow, Ivoclar Vivadent. 3acTocyBaHHA
TaKWX matepianis nepenbavyae o4HOMOMEHTHE HaHe-
CeHHA (OTOKOMMNO3UTA Ha BiQHOB/MOBANbHI NMOBEPXHI
3yb6iB 6e3 nonepeAHbOI annikaujii 6yab-AKMX AoAaTKO-
BUX PO34YUHIB, LLO YHEMOMK/IUBAIOE BIiPOrigHICTb NOMMU-
NIOK Ta CKOPOYYe 4yac NikyBaHHA. MNoagibHa TexHonoriA
0BYMOB/IOE BUKOPUCTAHHA UMX MaTepianiB He suvuwe
AK afanTMBHY YaCTMHY NPAMMUX pecTaBpalii, a 1 ana
¢diKkcaLii opToneaAnYHUX KOHCTPYKLiN Ta OPTOLOHTMY-
HUX anapaTiB, PeMOHTY Kepamiku, repmeTtunsauii dicyp
Ta CaMOCTIHOTO BiAHOBNEHHA HEBENUKMX 3a 06’emom
Kapio3HMX NOPOMKHUH Y MOCTIMHUX Ta TUMYACOBMX 3ybax
[29]. CyTTeBMM HeponiKOmM camoaAre3MBHUX KOMMO3M-
TiB BBaXKalOTb HM3bKY aAre3vBHY MILHICTb 0O AEHTUHY,
L0 NoB’s3aHa 3 HeZOCKOHAIMM GOPMYBaHHAM Fibpua-
Horo wapy. MNigBnLWEHHA MiLHOCTI aAre3MBHOro 38’A3Ky
3a BMKOpUCTaHHA nogibHux AC gocaratoTb WAAXOM Mo-
nepeaHbLOro NPOTPaBAEHHA TBEPANX TKaHWUH 3ybis [14].
Y nabopaTopHOMY AOC/iAKeHHi 6yn0 BCTAHOB/EHO, L0
06po6Ka AeHTUHY 0pTOHOCHOPHOKD KMUCNOTOK NpPOoTA-
rom 15 c niaBuLLye cepesHi0 aare3MBHY MiLHICTb yTPUYI
—17,0145,02 MMNa, y NOpiBHAHHI 3 CTAaHAAPTHUM BUKO-
pPUCTaHHAM camoagre3mBHoro komnosuta — 5,59+3,34
MMa [14]. Btim, 3acToCcyBaHHA MoOMepeaHboro KOHAM-
LiOHYBaHHA TBepAWX TKaHWH 3ybiB HiBentoe nepesaru
camoajresrMBHUX KOMMNO3UTIB Ta CTBOPHOE NepesyMOBU
017 BUHUKHEHHSA YCKNagHEeHb 3 60Ky nynbnu.

Y nogibHoOMy AOCAiAXKEHHI BUBYANU afire3uBHY Mill-
HiCTb Camoafre3avBHOro KOMMO3WUTY 33 YMOB A0AaTKO-
BOro0 BUKOPUCTAHHA TiNbKM TpaBuabHoro rento (I rpyna
3paskis), TiNibkK npaiimepy (Il rpyna) abo noyeprosoro
HaHeceHHs opToPoCPOPHOI KMCNOTH, Npalimepy Ta aa-
resusy (Il rpyna) Ha noBepxHtO AEHTUHY 3paskis [30].
MOKa3HMKN MIKPOTEH3UBHOI MiLLHOCTI Yepe3 24 roanHu
LUTYYHOrO CTapiHHA BigpisHANMCL AocToBipHO (p<0,05) i
cknaganum 2,4+0,8 MTa, 8,8+0,8 Mlla ta 22,4+0,3 Mla
onal, 1l ta lll rpyn 3paskis, BignoBiaHo. Ha enekTpoHHMX
MikpodoTorpadisx | rpynu BU3Hayanm 3HauyHy KilbKicTb
Oro/NIEHUX KOJIareHOBUX BOJIOKOH, HeiMnperHoBaHux
MOHOMEpPaMM CaMOafre3auBHOr0O KOMMNO3UTY, WO CTBO-
pto€e ymoBM ans ix GepmeHTHOI Ta rigponiTuyHoi aerpa-
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Aauii Ta NOACHIOE HUMKYY MILLHICTb afre3MBHOro 3B A3KY.
B iHWMX rpynax, HaBnaku, He 6yn0 3adikcoBaHO BiIbHUX
KOMlareHOBMX BOJIOKOH HAaTOMIiCTb peecTpysanu dopmy-
BaHHA OpraHisoBaHoOro ribpMaHoro wapy 3i 3Ha4YyHow
neHeTpaLielo agre3avMBHUX CMO A0 AEHTUHHUX KaHa/lb-
uis [30].

Ule ogHMm daKTopom, AKMIA BMNAMBAE HA KAiHIYHY
epeKTUBHICTb pecTaBpaliiii, BBaXalTb PeXUM MoNi-
mepwmsauii AC [31]. Y KniHiYHOMY AocnigyKeHHi aBTopu
3adikcyBanM HaliMeHLWy KinbKicTb YCKAaAHEHb Ta Hal-
BULLY KNiHIYHY epeKTMBHICTb Ha piBHI 93,3% 4yepes 24
micAauli B MaLi€eHTIB, y AKMX nonimepusauito AC nposo-
OVAN NOETanHMM CBITI0BMM BMJIMBOM Ha KOXKHY CTiHKY
Ta AHO chOPMOBaHMX MOPONKHWUH 33 AOMOMOrOO Cre-
LiaNIbHOI HacaZKM Ha cBiTioBoa ¢doTononimepmsaTopa
[31]. KniHiyHa edeKTUBHiCTb pecTaBpaLiii, BUKOHAHMX
LIAXOM OAHOMOMEHTHOFO CBITN0BOrO BRAMBY abo 3a
peMmom «M’akui ctapT» Ha AC, cknagana 69,2% Ta
57,4%, BignosigHo.

3 MEeTOI 3MEHLUEHHA NofiMepu3aLiMHOro cTpecy B
OinAHui iHTepdeicy GOTOKOMMNO3UT-AEHTMH 3anpono-
HOBaHa 04HOYacHa nonimepm3auia AC Ta nepLioro wapy
TeKy4yoro ¢otokomnosuTa [1]. OgHak y nabopatopHomy
AOCNiaXKeHHi aoBegeHa pocToBipHO (p<0,001) HWrkua
MiLHICTb agre3MBHOro 3B8’A3Ky 3a TaKoro crnocoby no-
nimepwusauii B NOPIBHAHHI 3i CTaHAAPTHO NOETanHOo
METOAMKOI 3a BUKopucTaHHA AC V reHepadii (Ha 8,14
Mna), VIl nokoniHHs (Ha 7,63 MMMa) Ta yHiBepcanbHoi AC
(Ha 3,65 MnMa) [20].

TpuBanuit yac «3010TUM CTaHAAPTOM» B afresvB-
Hilt cTOoMaTo/10riT BBaXKaltoTb ABOKOMMNOHEHTHI AC V re-
Hepauii, AKi 3aCTOCOBYIOTb 3a KOHLEMLIEW TOTaJIbHO-
ro npoTpasneHHsa [21]. BogHoyac obpobka moBepxHi
OEHTUHY opTOHOCHOPHOID KUCNOTOK MPU3BOAUTL [0
YTBOPEHHA HeoAHOopPiAHOro ribpuaHoro wapy i, AK Ha-
CNifOK, HerepmeTUYHOI JiHii aareamBHOro 3’€fHaHHA,
NMOPYLUEHHA KPaMoBOro MPUAAraHHA, PO3BUTKY MOCTO-
nepauinHoi YyTIMBOCTI, BTOPUHHOIO Kapiecy Towo. 3y-
cunns Gipm-BMpPoBHUKIB, cnpsAMOoBaHi Ha 3anobiraHHs
HaAMIpHOI AemiHepani3auii 4eHTUHY PO3YMHAMMU KUC-
JIOT Ta CNPOLLEHHA NPOTOKONY aAre3mBHOI NiAroTOBKYM,
HaZanu 3mory po3pobuTn caMonpoTpaB/totoYi ABO- Ta
opgHokomnoHeHTHi AC VI Ta VII nokoniHb, AKi, B TON ke
Yyac, A4EeMOHCTPYBA/IN CYTTEBO HUMKYY MILHICTb dikcau,ii
GOTOKOMMO3ULIMHMX MaTepianiB A0 TBEpPAMX TKaHMH
3y6iB. Mowyk maTepiany 3 oNTUMaIbHUM HanaHCOM MixK
cunoto agresii 4o AEHTUHY Ta CTBOPEHHAM HaAiiHOrO ri-
OpUAHOTO Wapy 3 FePMETUYHOLD i30/1IALIEID AEHTUHHUX
KaHa bLiB BAAETbCA OCHOBHMM HaMPAMKOM NoAa/bLUO-
ro BaockoHaneHHs AC. Hanbinbw BigomuMmMU pesysib-
TaTaMW LbOTrO MOLUYKY CTasi0 BNPOBAAKEHHA B KAiHIY-
HY MpPaKTUKy yHiBepcanbHux AC Ta camoagresvBHUX

KOMMO3uTiB. BTim, KNniHiYHa ePEeKTUBHICTb LUUX HOBITHIX
MmaTepianis 3a/MLWAETbCA CYMepeyInBoLo, HaBiTb Y A0-
CNiAXKEHHAX i3 KOPOTKMMM TEPMiIHAMM CMOCTEPEIKEHHSA.

MepcnekTUBHUMM crocobamm noninweHHa ¢isnko-
MexaHiYHUMX Ta bionoriyHmx Bnactmsocten AC Burnaaa-
I0OTb 3MiHM MPOTOKONIB iX 3aCTOCYyBaHHA, HanpwuKknag,
CeNeKTUBHE NPOTPABNAEHHA eMani Ta AEHTUHY, 3MeH-
LWeHHA Yacy ekcnosuuii optodpocHopHOi KUCNOTH, aK-
TMBHA annikauia afre3nsy, HOBi peXXmMmu nosimepusadii
TOLWO. 3 iHWOro BOKY, Ba*KNMBUM LUAAXOM NiABULLEHHA
KNiHIYHOI epeKTMBHOCTI MpAMUX HOTOKOMMO3ULINHMX
pecTaBpaLiil € BNAMB Ha CTPYKTYpPHi KOMMOHEHTW Ta
depMeHTU camoro AeHTUHY, AKi BignosigatoTb 3a 6yao-
BY ribpmnaHoro wapy npu 3actocyBaHHi 6yap-akux AC. 3a
paxyHok mogudikauii cknagy AC uM To nonepeaHbOro
HaHeCeHHA Ha NOBEPXHIO AEHTUHY PEYOBUH, AKi 34aTHi
OEeaKTMBYBATM MATPUKCHI MeTanonpoTteiHasn AeHTUHY
ab0o noninwuTN KoHPIrypauito KonareHoBol CiTKKU, MOX-
JIMBO CTBOPWUTU BUCOKOOPraHi30BaHWM ribpuaHuii wap,
HECXW/IbHUI A0 KaTaniTMYHOI ecTepasHoi Aaerpagauii
came B 3HAYHi TEPMiHWM eKcnyaTaLii pecTaBpalLii.

BucHoBKM.

Ha cborogHilwHin geHb BiACYTHI agresmBHi cuctemu,
AKi MaloTb ONTMMaNbHUI Habip disMKo-mexaHiYHMX Ta
KNIHIYHUX XapaKTepUCTUK ANA BigHOBAEHHA aedeKTiB
TBEPAMUX TKaHWH 3y6iB ¢PoTOKOMNO3ULIMHUMKM MaTe-
pianamu. Bigomi pesynbtat nNabopaTopHUX Ta KAi-
HIYHMX [OCAIAMEHb aHANOTMYHUX AAre3nBHUX CUCTEM
OEMOHCTPYIOTb CYTTEBI PO36iIKHOCTI LLOAO MOKa3HMUKIB
aAre3nBHOT MiLHOCTI, repmeTUYHOCTI iHTepdeicy aeH-
TMH-GOTOKOMMO3MUT, YCMIWHOCTI pecTaBpaLili, Wwo no-
ACHIOETbCA BIiACYTHICTIO CTAaHAAPTU30BaHMUX METOAIB iX
BMNPOobYBaHb Ta YiTKNX KPUTEPIiB OLLiIHFOBAHHA KAiIHIYHOT
edeKTUBHOCTI.

Cy4yacHi yHiBepcanbHi agresmsHi cMCTeEMM Ta CaMo-
aAre3nBHi KOMMNO3WULIMHI MaTepiann A03BONAOTb edeK-
TUBHO BiAHOB/OBATU aHaTOMiYHy popmy 3y6iB y nes-
HUX KNIHIYHUX CUTYaLLiAX 3 BUKOPUCTAHHAM BU3HAYEHUX
NPOTOKOAIB Ta NOTpebyloTb NOAA/IbLIOTO BUBYEHHA 3
METOI PO3LIMPEHHA MOKa3aHb A0 iX 3aCTOCYBaHHA Ta
MoANINWeHHA MPOrHO3y pecTaBpaLiHOro NikyBaHHA B
[OBroTpMBai TEPMiHU KOPUCTYBAHHSA.

MepcnekTMBKM NOAANbLUNX AOCNIAMKEHD.

Mogudikau,ii cknagy aareavBHux cuctem abo npoto-
KoJliB aAre3vMBHOI NiATOTOBKM MOXYTb MOKPALWUTK §isn-
KO-MeXxaHiyHi Ta 6ioN0riYHi XxapaKTepUCTUKN ribpuaHoro
Lapy Ha NOBEPXHi AEHTWHY, WO, B CBO Yepry, [03BO-
NNTb NigBULNTN ePEeKTUBHICTb BiAHOBNEHHA AedeKTiB
TBEPAUX TKAHUHU 3yHiB POTOKOMMNO3ULINHUMMK pecTas-
pauiamu Ta notTpebye NOAaNbLLIOIO BUBYEHHA B 1abopa-
TOPHUX i KNIHIYHNX YMOBAX.
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CYYACHI AAIFE3UBHI CUCTEMM TA TEXHIKM iX 3ACTOCYBAHHSA ANA NPAMOro BIAHOBNEHHA AEDEKTIB
TBEPOUX TKAHUH 3YBIB

Nomnii O. O., Kepimosa T. M., Momnii E. C.

Pestome. Y cTaTTi HaBeAEeHI pe3ynbTaTh Orna4y HayKoBOI liTepaTypu LWOAO CYYacHUX afre3anBHUX CUCTEM Ta Tex-
HiK iX 3aCTOCYBaHHA 1A NiKyBaHHA aedeKTiB TBepAMX TKaHMH 3yHiB GOTOKOMMNO3ULIMHMMM MaTepiaiaMu, ONUCaHi
HeZ0NiKM Ta YCKNAAHEHHSA, WO PEECTPYOTb Y KOPOTKI Ta TPMBANI TEPMiHW eKcnyaTaLlii NpAMMUX pecTaBpaL,iin, MOX-
NINBI NPUYMHM IX BUHUKHEHHA. [peacTaBieHi NOpiBHAMbHI NOKa3HUKMN Qi3MKO-MEXaHIYHMX XapaKTEPUCTUK Ta KAiHIY-
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HOi eeKTMBHOCTI HaWbisbWw nonynapHMx 6oHAMHIoBMX areHTiB V Ta VIl NOKONiHb, BUKOPUCTAHMX 3@ KAAaCUYHUMU
NPOTOKO/1aMM TOTa/IbHOTO MPOTPAB/IEHHA Ta CaMONpPOTPaBaeHHA. B poboTi BKasaHi akTyanbHi metoam nabopatop-
HUX JOCANiAXKeHb 3pa3KiB 3y6iB 3 3adiKCOBaHMMM Ha iX NoBepxHAX GOTOKOMMO3ULIMHUMM MaTepiaiaMK 3 METOO
BM3HAYEHHSA BNAaCTUBOCTEN PisHUX BOHAIB, 30KpemMa, MiLHOCTI afre3MBHOro 38'A3KY Ha 3CYB i PO3TAT, FePMETUYHOCTI
iHTepoelicy AeHTUH-GOTOKOMMNO3UT Ta TOBLLMHM FBPUAHOIO LWapy, CTyNeHs neHeTpaLii MOHOMepIB aAresnBHUX cUc-
TeM [0 AEHTUHHUX KaHas/bLiB, K 04pasy Nicas BUrOTOBAEHHA 3paskiB, TaK i B Pi3Hi TepMiHuM ix 36epiraHHA 3 3acTo-
CYBaHHAM aKTya/lbHUX NMPOTOKOIB WTYYHOTO CTapiHHA. [eTanbHO 06roBOpeHO MexaHi3aMu yTBOPEHHS ribpuaHoro
LIApy Ha NOBEPXHi AEHTUHY 33 BUKOPUCTAHHSA Pi3HUX NPOTOKONIB aAre3nBHOI NiArOTOBKM Ta MNOLIMPEHUX aZre3umBiB.
Bu1cBIiTNIEHI NO3UTMBHI BNACTMBOCTI Ta HEAONIKM HOBITHIX YHIBEPCANbHUX aAre3MBHMUX CUCTEM Ta CaMOagre3nBHUX
KOMMO3WTiB, BAOCKOHA/IEHI TEXHIKM aAre3nMBHOI NiAroTOBKM, peKoMeHaauii Ana NigBuLLeHHs epeKTUBHOCTI NPAMMUX
pecTtaBpauiit. HaBeaeHi npeacTaBHUKM HOBUX MOKONiHb BOHAMHIOBUX areHTiB, Wo cepTdikoBaHi B YKpaiHi. OKpec-
JIEeHi NepcrnekTUBM PO3BUTKY PecTaBpaL,iMHOI CTOMATOOTii 32 paxyHOK MoAMdiKaLii CTOMATO/IONYHMX MaTepianis
3acob6amu, WO 3MeHLUYOTb PYWHIBHY Aito GepMeHTIB AEHTUHY Ha riBpUAHUIA Wap i CNpUAOTb CTBOPEHHIO BUCOKO-
OpraHi30BaHOI CiTKM KONareHOBUX BOJIOKOH, A/1A NiABULLEHHA CUAW afire3UBHOTO 3B’A3KY MiXK GOTOKOMNO3UTaMM Ta
OEHTUHOM 3y6iB, NOJINWEHHS NPOrHO3Yy pecTaBpaLifHOro /liKkyBaHHA.

KnouoBsi cnosa: aareansHi cuctemu, GOTOKOMNO3ULiMHI pecTaBpaLii, TEXHiKa agresnBHOT NiAroTOBKM, KAiHIYHA
edeKTUBHICTb, aAreanBHa MiLHICTb.

MODERN ADHESIVE SYSTEMS AND TECHNIQUES OF THEIR APPLICATION FOR DIRECT RESTORATION OF HARD
DENTAL TISSUES DEFECTS

Pompii O. O., Kerimova T. M., Pompii E. S.

Abstract. The article presents the results of the scientific literature review on modern adhesive systems and
their application techniques for the direct treatment of hard dental tissue defects with photocomposite materials,
describes the shortcomings and complications observed in the short- and long-term use of these restorations and
their possible causes. Comparative indicators of the physical and mechanical properties and clinical efficacy of the
most popular bonding agents — V and VIl generations — used according to the classic protocols of total etching and
self-etching are presented. The paper describes current methods of laboratory testing of tooth specimens with
photocomposite materials bonded to their surfaces, in order to determine the properties of various adhesives, in
particular, shear and tensile bond strength, dentin-photocomposite interface tightness and hybrid layer thickness,
degree of penetration of adhesive monomers into dentinal tubules, both immediately after specimen preparation
and during their various storage periods using current artificial ageing protocols. Different bonding protocols and
common adhesives are used to discuss the mechanisms of hybrid layer formation on the dentin surface. The advan-
tages and disadvantages of the latest universal adhesive systems and self-adhesive composites, improved adhesive
preparation techniques and recommendations for increasing the efficiency of direct restorations are highlighted.
The representatives of the new generation of bonding agents certified in the Ukraine are presented. The perspec-
tives for the development of restorative dentistry through the modification of dental materials with substances that
reduce the destructive effect of dentin enzymes on the hybrid layer and contribute to the formation of a highly orga-
nized network of collagen fibers, increase the strength of the adhesive bond between photocomposites and dentin,
and improve the predictability of restorative therapy are outlined.

Key words: adhesive systems, photocomposite restorations, adhesive preparation technique, clinical effective-
ness, adhesive strength.
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