REVIEWS Vol. 28 (5) 2024 Russian Journal of Dentistry )
51

DOI: https://doi.org/10.17816/dent439601 .

Check for
updates
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ABSTRACT

BACKGROUND: Various innovative solutions are being adopted in dentistry to reduce the risk of treatment-related
complications. Latest-generation adhesive systems are important for preventing microleakages and improving the adhesion
of filling materials to tooth structures, resulting in effective use of esthetic restoration materials and long-lasting restorations.
AIM: To assess the current use of universal adhesive systems.

MATERIALS AND METHODS: The literature search was performed using PubMed, eLIBRARY.RU, and Google Scholar. The
following search terms were used: “universal adhesive systems”, “universal adhesives”, “dentin bonding agents”, “dental
debonding” and “dental etching”. The search covered studies published during the last 10 years.

RESULTS: The initial search yielded 1.284 publications. After screening for compliance with search terms, 106 studies
were selected. Following a full-text analysis, 31 (100%) publications were included in the review. Of these, 14 (45%) studies
addressed adhesive composition (examined component: hydrophilic monomers, nanofillers, hydrophobic monomers,
solvents, etchants); 8 (26%) studies addressed adhesive strength of adhesives (air-powder abrasive surface treatment,
smear layer characteristics, surface moisture, bonding agent type, testing conditions); and 9 (29%) addressed application
method (etching type).

CONCLUSION: Universal adhesive systems have a wide range of clinical applications (various methods of surface
preparation) and clinical scenarios, expanding their potential use. The findings of the literature review describe various
applications of universal adhesive systems with various surface preparation techniques, with mixed results. Conflicting
literature data highlight the importance of investigating the long-term use of universal adhesives with various clinical
settings and protocols.
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lpuMeHeHUe yHUBepCanbHbIX agre3uBHbIX CUCTEM
B CTOMaTOJIOrMM: HappaTUBHbIN 0630p

C.H. PasyMoBa, A.C. bparo, 0.P. Pyaa, 3.A. l'ypbeBa, 3.B. AnxxueBa

Poccuiickuit yHuBepcuTeT apym6bbl HapoLoB umenn Matpuca Jlymymoel, Mocksa, Poccus

AHHOTALMA

06ocHoBaHMe. Vicnonb3oBaHWe HOBEWLWMX Pa3paboTOK B CTOMATOJIOTMYECKOM MPaKTWKE HarnpaBfeHO Ha MUHWUMM3aLMIo
OCNOXHEHWUH, BO3HWKAIOLLMX B Npouecce neyeHus. NpuMeHeHne aaresvBHbIX CUCTEM MOCTELHEr0 NOKOJIEHUS UMEET BayKHOe
3HayeHue NS peLLeHns MpobneMbl MUKPONOATEKAHWS, MOBLILLEHWS NPOYHOCTY CBA3W MEXAY N10MOMPOBOYHLIM MaTepUanoM
W CTPYKTypamu 3yba u, cref0BaTeNlbHO, YCMELIHOr0 NPUMEHEHUS 3CTETUYECKUX PECTaBPaLMOHHBIX MaTepUasoB B NePCMeKTU-
BE [LONITOBEYHOCTM pecTaBpaLyu.

Llenb pa6oTbl — KU3y4nTb COBPEMEHHOE COCTOSIHWE NMPUMEHEHMS YHUBEPCATIbHBIX afire3MBHbIX CUCTEM.

Marepuanbl u Metoabl. [ToMcK NMTEPaTYPHBIX MCTOYHWUKOB MPOBOAUAM C MOMOLLbIO CReayHLMX NoMcKoBbix 6a3: PubMed,
eLIBRARY.RU, Google Scholar. lMoa6op MCTOYHUKOB NpOBOAKIAM, UCTIONB3YA CNEAYIOLLME KITHOUEBbIE 3anpochl: «YHUBEPCANIbHbIE
afiresuBHble CUCTEMbI», «YHWBEPCANbHbIE afre3vBbl», «OOHAbI ANA AEHTMHa», «pa3pylleHue CBA3M C TKaHsAMK 3yba»,
«[leHTanbHoe npoTpaBnmBaHue», «universal adhesive systems», «universal adhesives», «dentin bonding agents», «dental
debonding», «dental etching». ImybuHa noucka coctasuna 10 ner.

PesynbTarbl. [lo Toram nepBoHayanbHoOro noucka buino HamaeHo 1284 nybnukaumu. Nocne npoBepKy CTaTei Ha COOTBETCTBUE
ycnoBusaM noucka, bbino otobpaHo 106 pabot. MpoBefEHHBIN NOSHOTEKCTOBLIA aHanW3 cTan OCHOBAHWEM ANS BKIIOYEHUS
B faHHbI 0630p 31 (100%) ncTounuka. Mo Bonpocam cocTaBa afre3usa (M3y4aeMblii KOMNOHEHT: TAPOGMIbHEIE MOHOMEPI,
HaHOHaNoNHUTeNM, rMapodobHbIe MOHOMEpLI, PaCTBOPUTENM, TPaBALLMIA areHT) usydeHo 14 (45%) ctateid; no apresvoHHoM
NpoyHocTU afresusa (Bo3pylwHo-abpasuBHas 00paboTKa MOBEPXHOCTM, XapaKTEPUCTMKM CMa3aHHOr0 CNos, BNAXHOCTb
NoBEPXHOCTH, TMN 6OHL, YCnoBMUS UCMbITaHW) — 8 (26%) paboT; no NpuHLMNY NPUMEHEHMS (XxapaKTepy NpoTpaBIMBaHUs) —
9 (29%) nybauKaumi.

3akntoyeHue. Bblbop KIMHMYECKMX BapWUaHTOB MPUMEHEHWS! YHUBEPCAMbHBIX aAre3vBHbIX CUCTEM (pasnMuHbIX CTpaTerum
MOArOTOBKM MOBEPXHOCTM) U KIIMHUYECKMX CUTYaLW BO MHOMOM PacLUMPSieT BO3MOXHOCTW UCMO/b30BaHUA YHUBEPCAbHBIX
afresusoB. [oNyyeHHble B X0[ie aHanM3a UCTOYHUKOB AaHHbIE OMMCLIBAKT pa3Hoobpasve cnocoboB NpUMeHeHUs yHUBEp-
CanbHbIX aAresvBHbIX CUCTEM B Pa3HbIX TEXHUKaX MOAFOTOBKM MOBEPXHOCTM C MPOTMBOPEYMBLIMU pe3ynbTaTaMu. Hanuuue
MPOTMBOPEUMBLIX AAHHBIX B HAYYHOW JINTEpaType CBUAETENLCTBYET O HEODXOAMMOCTU U3YYeHUS aCMEKTOB NPUMEHEHMUS YHU-
BepCabHbIX afre3vBoB B Pa3INyHbIX KIIMHUYECKUX CUTYaLMsX U NPOTOKONaX B AOrOCPOYHON NepCreKTUBe.

Kniouesble cnoBa: yHMBEpCaslbHblEe a[re3uBHbIE CUCTEMbI; YHUBEPCa/bHbIE aAresvBbl; 6OHAbI AN AEHTUHA; paspyLueHue
CBA3X C TKaHAMM 3yba; AeHTasbHOe NpOTpaB/MBaHye.

Kak uutnpoBartb:
Pasymosa C.H., bparo A.C., Pyna O.P., T'ypbesa 3.A., AmxmeBa 3.B. lprMeHeHMe yHUBEPCaNbHbIX afre3nBHbIX CUCTEM B CTOMATOSOMMW: HappaTUBHLIA 0630p //
Poccuiickuin cToMaTonornyeckuid xypHan. 2024. T. 28, N2 5. C. 512-521. DOI: https://doi.org/10.17816/dent439601

Pykonucb nonyyeHa: 22.05.2024 Pykonucb opno6peHa: 28.06.2024 Ony6nukoBaHa online: 02.07.2024

A
3KO®BEKTOP CraTbsa aoctynHa no nmueH3un CC BY-NC-ND 4.0 International
© 3ko-BexTop, 2024


https://doi.org/10.17816/dent439601
https://doi.org/10.17816/dent439601
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru

0B30PHI

BACKGROUND

The criteria for effective treatment of hard tooth
tissues are numerous and diverse. These include
restoration performance, its color and shape, marginal
seal, durability, and resistance to occlusal load [1, 2].

Several factors make it difficult to provide strong
adhesion between a bonding agent and hard tooth
tissues. These include structural heterogeneity following
preparation, hydrophilic properties of the exposed dentin
surface, the presence of a smear layer, and bonding
agent properties (physical and chemical properties, as
well as interactions with enamel and dentin) [3].

The bond between the tooth and the filling is a critical
component of a restoration. The characteristics and
properties of adhesive systems determine the efficacy of
treatment and the durability of results. The use of modern
composite materials requires specialized skills and
knowledge. The number of adhesive system components,
their use, and their properties change with the evolution
and modification of bonding agents, depending on the
generation.

Composite materials modified with antibacterial
agents or nanoparticles reduce the incidence of
secondary decay [4]. However, restoration integrity is
primarily determined by bonding agents. The adhesion of
the filling to the tooth surface has a substantial impact
on restoration durability, determining the efficacy of
dental caries treatment and the subsequent prevention of
complications. The quality of adhesive systems and filling
materials plays a significant role in the success of enamel
and dentin repair, as well as esthetic restorations. In the
majority of cases, the treatment results in the restoration
of destroyed tooth tissues [5].

Modern adhesive systems are important for preventing
microleakages. As a result of polymerization shrinkage,
a gap is formed on the filling—tooth border, which can
lead to cariogenic microbial contamination and secondary
decay [6].

The fifth-generation total-etch bonding agents are
currently the most widely used in clinical practice.
This protocol is frequently modified with moisturizers
or antiseptics. This system has fewer components, is
easy to use, and has over 20 years of clinical experience
[7-111.

Applying self-etch bonding agents to dentin in cervical
cavities (Black class V) improves the resistance to dental
caries compared to preparation by total etching [12].

Universal bonding agents have significantly expanded
the options for clinicians. The primary advantage of
universal adhesive systems is the ability to select the
etching mode (for example, self-etching or etching and
washing) [13-17]. Thus, it is important to assess the
efficacy of universal bonding agents in various clinical
situations.
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STUDY AIM: To assess the current use of universal
adhesive systems in dental practice.

MATERIALS AND METHODS

The literature search was performed using PubMed,
eLIBRARY.RU, and Google Scholar. The following search
terms were used: universal adhesive systems, universal
adhesives, dentin bonding agents, dental debonding, and
dental etching. The search covered studies published
during the last 10 years.

The authors used the following selection criteria for
this review: original in vitro and in vivo studies assessing
the efficacy and composition of bonding agents, as well
as the conditions and features of using universal adhesive
systems.

RESULTS

The initial search by keywords vyielded
1,284 publications. After screening for compliance with
search terms, 106 studies were selected. Following
a full-text analysis, 31 (100%) publications were included
in the review; 17 of them provided the background for
this study. The data are presented in Table 1.

Fourteen (45%) studies assessed the effect of adhesive
composition on adhesive strength. Eight (26%) studies
assessed the adhesive strength of the bond between the
tooth and the filling. The clinical application of universal
bonding agents was addressed in 9 (29%) studies.

Universal bonding agents are gaining popularity
due to their ease of use. The term “universal” refers to
manufacturer claims that these bonding agents can be
applied to the cavity surface regardless of preparation
procedure; moreover, they can be used with various
restoration materials [18].

According to the studies, bonding agent composition
plays a critical role. Adhesive systems consist of resins
containing both hydrophilic and hydrophobic monomers.
Monomers in bonding agents are primarily represented
by hydroxyethyl methacrylate (HEMA) and bisphenol
A-glycidyl methacrylate (Bis-GMA). HEMA is a wetting
agent for bonding agents that is completely miscible with
water; Bis-GMA has more hydrophobic properties. It is the
main monomer used in a wider range of dental bonding
agents and composite materials [19]. Moreover, adhesive
systems contain solvents that increase polymerized
monomer infiltration into dentin tissues. Water, ethanol,
acetone, and butanol can be used as solvents in universal
bonding agents. Acidic hydrophilic monomers in universal
bonding agents can be used on both etched enamel and
non-etched surfaces contaminated with saliva or water
[20]. Universal adhesive systems can include nanofillers
to increase adhesion to tooth tissues and provide
a more durable adhesion to dentin [21]. Several studies
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Table 1. Distribution of publications by search criteria

Vol. 28 (5) 2024

Russian Journal of Dentistry

Analyzed factor

Analyzed component

Number of publications, n (%)

Hydrophilic monomers

Composition

Nanofillers
Hydrophobic monomers

14 (45)
Solvents
Etchant

Surface treatment with air abrasion
Smear layer characteristics

Adhesive strength

Surface moisture

8 (26)

Bonding agent type
Testing conditions

Application method

Etching type

9(29)

have shown that the type of nanofiller and particle
incorporation method determine adhesive viscosity and
the ability of monomers to infiltrate collagen fibers [22-
24]. The presence or absence of specific components can
influence adhesive system properties and, consequently,
the durability of restorations.

K.L. Van Landuyt et al. (2008) found that a small
amount (10%) of HEMA increases the adhesive strength
of a single-stage self-etch bonding agent. Adhesion
decreases with increased HEMA concentration; however,
HEMA is highly allergenic [25].

HEMA-free adhesive systems have started to be
employed in dentistry as materials have evolved. For
example, A. Tsujimoto et al. (2022) tested several
bonding agents, including a three-stage OptiBond FL
(4th generation), a single-stage Scotchbond Universal
Plus Adhesive, G2-Bond Universal (universal bonding
agent), Prime&Bond NT (single-component, b5th
generation), and Clearfil SE Bond 2 (6th generation).
A two-stage HEMA-free universal bonding agent G2-Bond
Universal demonstrated stronger adhesion to enamel and
comparable or superior fatigue strength of adhesion to
dentin compared to total-etch bonding agents (etching
and washing). Moreover, it demonstrated comparable
adhesion to enamel and a greater fatigue strength of
adhesion to dentin compared to other self-etch adhesive
systems (for example, Clearfil SE Bond 2 and Scotchbond
Universal Plus) [26].

M.A. Munoz et al. (2015) assessed the durability of
adhesive properties in vitro of universal bonding agents with
and without MDP. Universal bonding agents containing MDP
showed the greatest long-term (after 6 months of storage
in water) strength of adhesion between the polymer and
dentin, as well as minimized nanoleakages [27].

R. Wang (2017) assessed the characteristics of
adhesion between dentin and various self-etch adhesive

DOl https://doi.org/10.17816/dent439601

systems containing different functional monomers. These
findings confirm that a strong chemical bond between the
10-MDP monomer and calcium hydroxyapatite increases
the durability of adhesion to dentin. A functional
monomer glycerophosphate dimethacrylate (GPDM),
which promotes dentin etching and hydration, provides
a stronger adhesion [28].

I.R. Blum et al. (2021) reported that a functional
monomer 10-MDP (10-methacryloyloxydecyl dihydrogen
phosphate) in adhesive systems, such as Tokuyama Bond
Force Il and Scotchbond Universal, increases adhesive
strength in microstretching [29].

R. Pimentel de Oliveira et al. (2022) assessed the
adhesive strength of HEMA- and 10-MDP-containing
self-etch systems and observed higher adhesive strength
compared to bonding agents containing only HEMA [30].

Numerous available studies provide conflicting data
on the effect of composition and content of various
functional monomers on bonding agent properties.
F. Siqueira et al. (2016) assessed the strength of adhesion
between universal adhesive systems and CAD/CAM
materials (indirect polymer composite; feldspathic glass
ceramics; leucite-reinforced glass ceramics; lithium
disilicate ceramics; yttria-stabilized zirconium dioxide).
The tests revealed that the chemical composition of
universal bonding agents did not determine the strength
of adhesion to analyzed materials. The mean adhesive
strength in microdisplacement showed significant
variability, depending on the material. Moreover, the
authors reported improved adhesion of universal bonding
agents to zirconium pretreated with air abrasion [31].

However, adhesive strength is influenced not only
by adhesive system composition, but also by surface
preparation and bonding agent application method.

M. Nair et al. (2014) assessed microtear strength
of adhesive systems and found that an 8th generation
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bonding agent (Futura bond DC, Voco, Germany) had
the greatest strength (34.9332 MPa) compared to 6th
generation (Clearfil SE Bond, Kuraray Dental, Japan;
32.3477 MPa) and 7th generation (Adper Easy One,
3M ESPE, Germany; 31.8826 MPa) bonding agents [32].

R. Alves dos Santos et al. (2019) assessed the
possibility and strength of adhesion between universal
bonding agents and zirconium dioxide. Universal
adhesive systems formed bonds with this material;
adhesive strength increased when zirconium dioxide was
pretreated with air abrasion.

P. Saikaew et al. (2016) compared the strength
of adhesion to dentin treated with a bur or silicon
carbide. The authors found that the adhesive strength in
microstretching was greater when dentin was pretreated
with silicon carbide. Treatment with a bur significantly
decreased the adhesive strength [34].

According to Y. Tamura et al. (2017), air abrasion
influences the adhesive strength of universal bonding
agents. When assessing the strength of adhesion of
universal bonding agents to dentin surface, air abrasion
was associated with significantly lower adhesive strength
in displacement and decreased free surface energy.
Glycine powder causes less significant changes in these
parameters than sodium bicarbonate [35].

C. Siriporananon et al. (2021) found that a two-stage
self-etch bonding agent in combination with surface
preparation using an ultra-thin diamond or carbide bur
increases the adhesive strength [36].

C. Chen et al. (2015) assessed the adhesive strength
in microstretching in vitro using five universal bonding
agents (Prime&Bond Elect, Scotchbond Universal, All-Bond
Universal, Clearfil Universal Bond, and Futurabond U).
The authors found that both the bonding agent type and
testing conditions (with or without thermocycling) have
a significant impact on microstretching [37].

According to A.C. Follak (2021), the condition
of dentin influences the adhesive strength. In
a study in healthy bovine teeth and bovine teeth with
experimentally induced caries, universal bonding agents
(Scotchbond Universal Adhesive, All-Bond Universal,
Prime&Bond Elect) and control bonding agents Adper
Single Bond 2 (5th generation) and Clearfil SE Bond
(6th generation) were used. The adhesive strength in
microstretching and microleakages were assessed.
When used on dentin affected by caries, all universal
bonding agents showed decreased adhesive strength,
regardless of the etching technique. When used on
healthy dentin, decreased adhesive strength was
observed with total-etch bonding agents (etching and
washing). The authors concluded that universal bonding
agents are unable to maintain strong adhesion to dentin
affected by caries [38].

Universal adhesive systems are used with various
surface preparation options, depending on the clinical
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situation: no etching, selective etching, or total etching
of hard tooth tissues.

P. Burrer et al. (2022) assessed the effect of
excessive etching and the duration of universal bonding
agent application on the strength of adhesion to dentin.
Human tooth samples with exposed dentin were divided
into 9 groups. In the control group, phosphoric acid was
used for etching (15 sec); after that, a universal bonding
agent Scotchbond Universal (3M) was applied for 20 sec,
according to the manufacturer’s instructions. In other
groups, the etching and bonding agent application times
were modified. Samples were treated with a nanofilled
composite material and tested for microstretching
strength. When the phosphoric acid etching and bonding
agent application times were reduced twofold, the
adhesive strength decreased significantly compared to the
control group and all other experimental groups. There
were no significant differences in the adhesive strength
compared to the control group, when the etching and
bonding agent application times were increased to 20 sec
or more. The authors concluded that the recommended
time of bonding agent application to etched dentin should
be at least 20 sec [39].

Using scanning electron microscopy (SEM),
M. Hanabusa et al. (2012) confirmed an increase in
microretention of dentin surfaces pretreated with
phosphoric acid, as well as good adhesive strength, when
using a single-stage self-etch bonding agent G-Bond Plus
(GC, Japan; 1-SEA) [40].

T. Takamizava et al. (2016) assessed the ability of
universal bonding agents to form bonds with dentin in
various etching modes. It was found that the adhesive
system Prime&Bond Elect (DENTSPLY Caulk, USA) had
a higher fatigue strength in displacement in total etching
mode than in self-etching mode. A single-stage self-
etch bonding agent Clearfil Bond SE ONE [CS] (Kuraray
Noritake Dental, Japan), which was used as a control,
showed significantly lower values in etching and washing
mode than in self-etching mode [41].

According to K. Yamauchi et al. (2019), adhesion
of universal bonding agents to dentin was comparable
in self-etching and total etching (etching and washing)
modes [42].

S. Jacker-Guhr et al. (2019) compared the strength
of adhesion of various universal bonding agents to
enamel and dentin in vitro, with and without additional
phosphoric acid etching (before and after thermocycling).
The strength of adhesion of universal bonding agents to
tooth tissues, especially to enamel surface, increased to
30 MPa after phosphoric acid etching [43].

T. Saito et al. (2019) assessed the effect of application
time on the adhesion of universal bonding agents to
dentin. In self-etching mode, all studied bonding agents
(Adhese Universal (AU), Clearfil Universal Bond Quick
(CQ), G-Premio Bond (GP), Scotchbond Universal (SU),
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and Tokuyama Universal Bond (TU)) had a higher free
surface energy compared to etching and washing mode,
regardless of the application time [44].

G. Cardoso de Cardoso (2019) assessed the strength of
adhesion of various adhesive systems (Ambar Universal,
G-Bond, Single Bond Universal, Tetric N-Bond Universal,
Ybond; control group: Scotchbond Multipurpose Plus and
Clearfil SE Bond) to dentin. The assessed parameters
included the adhesive strength in microstretching, pH,
and monomer conversion. The majority of bonding agents
showed good adhesion to dentin, with a slight decrease
in adhesive strength over time when using self-etching,
comparable to that for gold standard bonding agents [45].

M. Kawazu et al. (2019) assessed the strength of
adhesion of a universal bonding agent and two adhesive
systems to dentin in etching and washing mode. Single
Bond Plus (5th generation) showed a higher adhesive
strength in displacement and relatively stable adhesion
to dentin under all degradation conditions. The adhesive
strength of a three-stage bonding agent Scotchbond
Multi-Purpose Plus (4th generation) decreased with long-
term degradation. The strength of adhesion of a universal
adhesive system Scotchbond Universal (8th generation)
to dentin showed not decrease in displacement compared
to baseline under all degradation conditions [46].

G.R. Ranjitha et al. (2020) assessed the properties of
a universal bonding agent G-Premio Bond with a flowing
composite used for cervical defect restoration in selective
etching and self-etching modes. Restoration performance
was assessed in 1 week, 6 months, and 12 months. There
were no significant differences in analyzed parameters
between groups; however, in percentage terms, selective
etching produced better results than self-etching [47].
P. Maciel Pires et al. (2022) assessed adhesion properties
and ultramorphology of the polymer—dentin interface of
modern universal bonding agents (ZipBond, Prime and
Bond Active, Clearfil Universal Bond Quick, Scotchbond
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