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ASSESSMENT OF CLINICAL PERFORMANCE OF
UNIVERSAL ADHESIVES VERSUS OTHER ADHESIVE
SYSTEMS: A SYSTEMATIC REVIEW AND META-ANALYSIS
OF CLINICAL TRIALS

Rim Bourgi'? | Naji Kharouf?? | Carlos Enrique Cuevas-Suarez*" | Cynthia Kassis' | Ana Josefina Monjaras-
Avila* | Mohammad Qaddomi® | Sophie Abi Raad® | Mohammed Al Hasani’ | Youssef Haikel?>32" and Louis
Hardan'""

Abstract: Universal adhesives (UAs) often exhibit comparable or even superior bond strength
to traditional adhesive systems, ensuring reliable and long-lasting adhesion between the resin
composite and the tooth structure.

Therefore, this study aimed to assess the clinical performance of UAs compared to other adhesive
systems in direct resin composite restorations through a systematic review and meta-analysis.
Two reviewers executed a literature search in five electronic databases: PubMed, EMBASE, Scopus,
Web of Science, and Scielo. Clinical trials comparing the clinical evaluation of resin composite
restorations in Class |, Class |l, or Class V cavities placed with an universal adhesive (UA) system
against resin composite restorations placed with another non-UA system were included in the
review.

An analysis was carried out using Review Manager software version 5.3.5 (London, England,
United Kingdom). Standardized effect sizes with 95% confidence intervals were calculated to allow
comparisons between different interventions and different outcomes. The methodological quality
of each study was assessed using the Cochrane RoB2 tool for randomized clinical trials.

A total of 2331 potentially relevant studies were identified. After title and abstract examination,
14 studies remained in the systematic review. From these, a total of 11 studies were included in
the meta-analysis. The retention rates of resin composite restorations after 6 months showed no
significant difference between total-etch (TE, p=0.83), or self-etch (SE, p=0.78) adhesives and
UAs applied in TE and SE modes (p>0.05). However, UAs applied in selective-enamel etching
(SEE) mode demonstrated superior clinical performance compared to other adhesives (p=0.01),
particularly TE adhesives (p=0.02). Similarly, after >12 months of follow-up, there were no
significant differences in retention rates among different adhesive modes (p>0.05). Additionally, the
incidence of secondary caries did not significantly differ across adhesive modes at both 6-month
and >12-month evaluations (p>0.05).

This systematic review and meta-analysis suggested that UAs demonstrate comparable clinical
performance to TE and SE adhesive systems in direct resin composite restorations, particularly
in terms of restoration retention rates and the incidence of secondary caries. UAs applied in SEE
mode exhibited superior clinical outcomes compared to other adhesive systems. These findings
indicate that UAs can be considered a viable alternative to traditional adhesive systems in clinical
practice, offering flexibility in application while maintaining comparable long-term outcomes.

Keywords: Adhesives; Composite Resins; Etch-and-Rinse; Randomized Clinical Trial; Self-Etch;
Universal Adhesive.
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EVALUATION DES PERFORMANCES CLINIQUES DES ADHESIFS
UNIVERSELS PAR RAPPORT A D’AUTRES SYSTEMES ADHESIFS :
UNE REVUE SYSTEMATIQUE ET UNE META-ANALYSE DES ESSAIS
CLINIQUES

Résumé: Les adhésifs universels (UA) présentent souvent une force d’adhérence comparable,
voire supérieure, aux systémes adhésifs traditionnels, garantissant une adhérence fiable et durable
entre la résine composite et la structure dentaire. Par conséquent, cette étude visait a évaluer les
performances cliniqgues des UA par rapport a d’'autres systemes adhésifs dans les restaurations
directes en composite de résine grace a une revue systématique et une méta-analyse. Deux
évaluateurs ont effectué une recherche documentaire dans cinq bases de données électroniques :
PubMed, EMBASE, Scopus, Web of Science et Scielo. Des essais cliniques comparant I'évaluation
clinique des restaurations en résine composite dans des cavités de classe |, de classe Il ou de
classe V placées avec un systeme adhésif universel (UA) par rapport aux restaurations en résine
composite placées avec un autre systeme non-UA ont été incluses dans la revue. Une analyse
a été réalisée a l'aide du logiciel Review Manager version 5.3.5 (Londres, Angleterre, Royaume-
Uni). Des tailles d’effet standardisées avec des intervalles de confiance a 95 % ont été calculées
pour permettre des comparaisons entre différentes interventions et différents résultats. La qualité
méthodologique de chaque étude a été évaluée a I'aide de I'outil Cochrane RoB2 pour les essais
cliniqgues randomisés.

Au total, 2 331 études potentiellement pertinentes ont été identifiées. Apres examen des titres et des
résumés, 14 études sont restées dans la revue systématique. Parmi celles-ci, un total de 11 études
ont été incluses dans la méta-analyse. Les taux de rétention des restaurations en résine composite
aprés 6 mois n‘'ont montré aucune différence significative entre les adhésifs a mordancage total
(TE, p = 0,83) ou auto-mordancgants (SE, p = 0,78) et les UA appliqués en modes TE et SE (p >
0,05). ). Cependant, les UA appliqués en mode gravure sélective de I'émail (SEE) ont démontré
des performances cliniques supérieures par rapport aux autres adhésifs (p = 0,01), en particulier
les adhésifs TE (p = 0,02). De méme, aprés plus de 12 mois de suivi, il n'y avait aucune différence
significative dans les taux de rétention entre les différents modes d'adhésion (p > 0,05). De plus,
I'incidence des caries secondaires ne différait pas significativement selon les modes d’adhésion lors
des évaluations a 6 mois et a plus de 12 mois (p > 0,05). Cette revue systématique et méta-analyse
suggerent que les UA démontrent des performances cliniques comparables a celles des systemes
adhésifs TE et SE dans les restaurations directes en composite de résine, notamment en termes
de taux de rétention des restaurations et d’incidence des caries secondaires. Les UA appliqués
en mode SEE ont présenté des résultats cliniques supérieurs par rapport aux autres systémes
adhésifs. Ces résultats indiquent que les UA peuvent étre considérés comme une alternative viable
aux systemes adhésifs traditionnels dans la pratique clinique, offrant une flexibilité d’application
tout en conservant des résultats comparables a long terme.

Mots clés: Adhésifs ; Résines composites ; gravure et rincage ; Essai clinique randomisé ; Auto-
mordancgage ; Adhésif universel.
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Introduction

Dentin adhesives are unique in
the sense that they may be one of
the few biomaterials employed in
science that change commercial
names frequently, making it ex-
tremely difficult for clinicians to stay
updated or to decide which adhesive
to use in their daily clinical practices
[1]. Randomized controlled trials are
regarded as the elite design for as-
sessing diverse methods in health-
care involvements [2], as well as the
most trustworthy evidence-based
research in dentistry [3]. Laboratory
researches are popular as they pro-
duce faster discoveries, but they do
not account for the complicated oral
environment [4]. The present focus
of adhesive dentistry research is on
enhancing the quality of resin-den-
tin bonding and understanding their
breakdown processes [5]. Numer-
ous ways have been proposed to
improve the lifespan of the union of
dental restorative materials to the
tooth structure [6-8], but few have
been examined clinically [9-12].

Contemporary adhesive systems
are categorized as total-etch (TE)
or self-etch (SE) adhesives based
on their adhesion method and the
treatment given to the smear lay-
er [13]. After the dentin and the
enamel substrates have been total-
ly etched with phosphoric acid, TE
adhesives are applied, and thus the
smear layer was removed [14]. On
the contrary, the acid etching phase
is removed with SE adhesives since
they include monomers with acidic
functional groups that concurrently
etch and prepare the dental sub-
strate [15]. Therefore, the smear lay-
er was modified and incorporated in
the hybridized complex [16].

Currently, clinicians are inter-
ested in taking advantage of more
adaptable adhesive approaches. A
new generation of bonding systems
designated as “universal” or “multi-
mode” adhesives has been initiated
on the market [17]. The term “uni-
versal” refers to the addition of res-
inous monomers to offer chemical

bonding to dental hard tissue and
metals [18]; and to the versatility
of these adhesives, as dentists can
select between TE, SE, or selective
etching of enamel margins (SEE),
based on the specific clinical cir-
cumstances and the preferences of
the operators [19]. Besides, when
employed in the TE mode, universal
adhesives (UAs) may be applied to
moist or dry dentin [20]. Moreover,
one of the key difficulties with the
previous generation of one-step SE
or “all-in-one” adhesives was the
increase of nanoleakage (NL) after
any form of aging protocol and the
delimited bond stability. The exist-
ence of diverse combinations of
hydrophilic and hydrophobic con-
stituents within a single bottle con-
tributed to its inadequate long-term
performance [13]. Since UAs are an
example of one-step SE adhesive,
the stability and longevity of bond-
ed surfaces formed by these novel
adhesives remain in doubt [21].
Meaningfully higher failure rates
per year have been described for
strong one-step SE adhesives
(5.4%) when compared to mild
one-step SE adhesives (3.6%) [22].
Since the pH of the majority of UAs
is equal to or greater than 2.0, the
enhanced retention rates for mild
one-step SE adhesive systems may
be a strong predictor of clinical ef-
fectiveness of new UAs if employed
as SE adhesives on dentin. A previ-
ous clinical investigation confirmed
the superior clinical performance
of mild one-step SE adhesives over
strong one-step SE adhesives [23].
Additionally, there is some disa-
greement over whether UAs should
be used in an TE mode on both
enamel and dentin. Mechanically,
bond strength (BS) to dentin of the
TE and SE methods are comparable
after 24 h aging [24,25]. Etching, on
the other hand, eliminates calcium
(Ca) from dentin, leaving a thin net-
work of collagen fibers surrounded
by water. Ca removal from the ad-
hesive interface might prevent any
potential ionic interaction between
Ca and the adhesive’s phosphate
and/or carboxylate groups. Indeed,

when UAs are employed as TE ad-
hesives to dentin substrate, their
dentin-sealing capacity deteriorates.
When universal adhesive (UA) is ap-
plied to dentin in SE mode in a pre-
vious report, it resulted in the lowest
immediate NL [26], as well as after
one year of water storage [27].

Mild SE adhesives, while effective
on dentin, are ineffective in etching
enamel [13]. Scotchbond Universal
adhesive, for example, has enamel
bond strengths (BSs) of 28.7 MPa in
SE mode and 40.1 MPa in TE mode
[28]. Marginal discoloration and
marginal leakage are two conse-
quences of inadequate enamel etch-
ing. Thus, comparable to the most
SE adhesives, UA relies on enamel
etching for persistent bonding to
enamel [29].

Concisely, UAs have a substan-
tial benefit over earlier generations
of adhesive systems in that they
are approved for a broader range
of restoration treatments and ad-
hesion tactics [29]. Furthermore,
when employed in SE mode, these
novel adhesives chemically bond
to hydroxyapatite (HAp) in dentin
[6]. Bonding to enamel substrate,
though, still necessitates phosphor-
ic acid etching to generate a strong
micromechanical connection that
may enhance the chemical bond-
ing to HAp supplied by their acidic
monomers [30]. As a result, SEE is
suggested as an adhesive method
for the majority of clinical uses of
UAs [31].

A preceding finding denoted that
depending on the number of cavity
walls, resin composite may adhere
differently to the dentin, and there
may be more breaks through the
adhesive in the gingival wall than
in the axial wall. Thus, clinical trials
using UAs in different configuration
cavities are required [32].

In this circumstance, clinical as-
sessment of dental restorations
entails the use of criteria defined
for specific aspects thought to be
important in the clinical perfor-
mance of restorative materials. The
evaluation can be estimated using
a variety of criterion, including the




United States Public Health Service
(USPHS) criteria and the Fédéra-
tion Dentaire Internationale (FDI),
the latter of which is divided into
aesthetic, functional, and biological
parameters of the restorations [33].
On one hand, for the USPHS crite-
ria, the restorations can be divided
to 3 scores: Alpha, Bravo, and Char-
lie [34]. On the other hand, for the
FDI criteria, the restorations can be
classed to 5 scores: clinically very
good for score 1, clinically good
for score 2, clinically sufficient for
score 3, clinically unsatisfactory for
score 4, and clinically bad for score
5 [33]. Studies evaluating the clinical
behavior of different bonding tech-
niques by means of modified FDI
and USPHS criteria found that FDI
criteria is more susceptible to small
variations in clinical results than the
modified USPHS criteria [9, 10, 12].

Presently, there are only a few
studies that evaluate the clinical
evaluation of resin composite res-
torations in different cavities placed
with an UA [9-12]. Therefore, the aim
of this systematic review and me-
ta-analysis was to evaluate the clini-
cal performance of UAs when com-
pared to other adhesive systems in
a direct resin composite restoration.
Accordingly, the null hypothesis
tested was that there would be no
difference in clinical performance to
dental substrates when using UAs
or other adhesive systems for resin
composite restorations in different
cavities.

Materials and Methods
Data Sources

This study protocol was regis-
tered with the International Prospec-
tive Register of Systematic Reviews
(PROSPERO acknowledgement of
receipt: CRD42017079479). It fol-
lowed the recommendations of the
Preferred Reporting Iltems for Sys-
tematic Reviews and Meta-Analy-
sis (PRISMA) Statement [35]. The
following research question was
posed based on the PICO acronym
(P - adults featuring permanent
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teeth, with Class |, Class Il or Class
V cavities, | — resin composite res-
torations placed with UAs, C — resin
composite restorations placed with
TE or SE strategies, and O — clinical
performance): “What are the reten-
tion rates and secondary caries rates
of composite resin restorations
placed with UAs when compared
with other adhesive systems?”

Search strategy

A search strategy for MEDLINE
via PubMed based on the concepts
of participant and intervention of the
focused PICO question was elab-
orated. The strategy was adapted
to other electronic databases (EM-
BASE, Scopus, Web of Science,
and Scielo) (Table 1). There was
no restriction based on publication
date and/or language. Additionally,
grey literature was investigated by
searching the first one hundred re-
sults of Google Scholar database.
Moreover, the reference lists of
all primary and eligible studies of
this systematic review were hand
searched for additional relevant
publications.

Eligibility criteria

The title and abstract of each iden-
tified article were assessed by two

independent reviewers (CECS and
RB) to determine if the article should
be considered. Manuscripts for full-
text review were selected according
to the following eligibility criteria:
(1) clinical trials reporting the clin-
ical evaluation of resin composite
restorations in Class |, Class Il, or
Class V cavities placed with an UA
system; (2) included a control group
where the resin composite restora-
tions were placed with a TE or SE
adhesive; (3) evaluated the clinical
performance of the resin composite
restorations with at least 6 months
of follow-up. Case reports, case se-
ries, pilot studies, expert opinions,
conference abstracts, and reviews
were excluded. In case of disagree-
ments at the time of the selection of
the studies for the full-text review,
they were resolved by discussion
and consensus by a third reviewer
(LH).

Data extraction

The Microsoft Office Excel 2016
(Microsoft Corporation, Redmond,
Washington, USA) was used to ex-
tract the data of interest from the
included manuscripts. These were
placed on a standardized form.
Two reviewers (RB and LH), who
received training in this software,
independently performed the anal-

Table 1. Search strategy used in MEDLINE via PubMed.

Terms used

Number

molar

OR bicuspid OR premolar
permanent OR permanent dentition OR posterior teeth
OR posterior tooth OR dental caries OR dental decay
OR class i OR class ii OR class v OR non-carious cervical
lesions OR non carious cervical lesions OR non-carious,
cervical lesion OR non-carious cervical lesions

clinical efficacy OR clinical
study OR randomized clinical trial OR clinical trial OR
controlled clinical trial

OR dentition,

Universal adhesive OR adhesive, universal OR universal
adhesives OR adhesives,
adhesive OR multimode adhesive OR multimode
adhesives OR multi-mode adhesives OR Universal
bond OR Universal bonding agent OR multi-mode bond
OR multimode bond OR multimode bonding agent OR
multimode bonding agent

universal OR Multimode

evaluation OR clinical




IAJD Vol. 15 - Issue 2

Meta-Analysis | Méta-Analyse

ysis. The data recovered from each
manuscript were study and year,
type of clinical trial, registration,
number of participants and number
of teeth restored, class restoration
and substrate, UA and adhesive
strategy used; TE or SE adhesive
used as control, resin composite
placed, restoration evaluation crite-
ria used, and follow-up.

Quality assessment

Risk of bias of the selected arti-
cles was evaluated and classified
according to the Cochrane RoB2
tool for randomized clinical trials
[36]. They were evaluated by two
reviewers (RB and NK) according to
the following items: selection bias
(sequence generation, allocation
concealment), performance and de-
tection bias (blinding of operators
or participants and personnel), bias
due to incomplete data, reporting
bias (selective reporting, unclear
withdrawals, missing outcomes),
and other bias (protocol record in
CONSORT). Each domain was clas-
sified as having a low risk, unclear
risk, or high risk of bias.

Statistical analysis

The main outcomes evaluated
were retention rate and secondary
caries, and the meta-analysis was
performed using the Review Manag-
er software version 5.3.5 (London,
England, United Kingdom). Analy-
ses were carried out by using the
fixed-effect model, and pooled-ef-
fect estimates were obtained by
comparing the retention ratios of
the UAs with those from other com-
mercial types of adhesives. Data
from studies were summarized into
the subsequent follow-ups: 6-12
months and <12 months. In case
duplication was found in the data of
a study within the range described
above, data from the longest fol-
low-up period were used. Data from
each study were dichotomized as
acceptable or unacceptable. The
acceptable restorations were those
that received the Alpha and Bravo

scores. The unacceptable restora-
tions were those that received the
Charlie and Delta score in at least
one of the characteristics.

Standardized effect sizes with
95% confidence intervals (95% CI)
were calculated to allow compar-
isons between different interven-
tions and different outcomes. The
prevalence of unacceptable (events)
and the total number of restorations
per group were used to calculate
the risk difference using a random
effects model. In order to quantify
the effects of different outcomes,
a separate meta-analysis was exe-
cuted for the different application
modes of the UA (TE, SE, and SEE).
Subgroup analyses were imple-
mented according to the adhesive
system used for comparison (TE or
SE). Also, different analyses were
performed for short-term (6 months)
and long-term (>12 months) out-
comes. Statistical heterogeneity of
the treatment effect among studies
was assessed using the Cochran’s Q
test and the inconsistency 12 test.

Results

A total of 2331 publications were
retrieved in all databases. A flow-
chart that summarizes the study
selection process according to the
PRISMA Statement is shown in Fig-
ure 1. The literature review retrieved
1531 manuscripts for the initial ex-
amination after the duplicates were
removed. Of these, 1508 studies
were excluded after reviewing the
titles and abstracts. In total, 23 stud-
ies were assessed by full-text read-
ing. After the full-text was examined,
9 studies were excluded: in 5 stud-
ies, a control group was not used; in
2 studies, UAs were not applied; 1
study was found to be retracted on
request of the Editor in Chief; and
finally, the full-text of 1 article could
not be retrieved. Then, a total of 14
studies were included in the qualita-
tive analysis [37-50]. Of these, three
articles lacked of absolute values for
performing the meta-analysis, and

they were excluded for the quantita-
tive analysis [40, 42, 48].

The qualitative analysis of the
studies incorporated in this system-
atic review is outlined in Table 2.
The majority of the studies analyz-
ed the clinical performance of resin
composites in Class V restorations,
2 in Class Il and 1 study in Class I.
All the studies evaluated the clinical
performance in permanent teeth.
Several UAs were identified in this
review, including Scotchbond™U-
niversal (3M Deutschland GmbH,
Seefeld, Germany), Prime and Bond
Universal (Dentsply Sirona, Kon-
stanz, Germany), All-Bond Universal
(Bisco; Schaumburg, IL, USA), Futu-
rabond DC (Voco America), Clearfil
Universal Bond Quick (Kuraray Nor-
itake; Tokyo, Japan), Tetric N-Bond
Universal (Ilvoclar Vivadent. Schaan,
Liechtenstein), Futurabond U (Voco,
Cuxhaven, Germany), Adhese Uni-
versal (lvoclar Vivadent AG, Liech-
tenstein), Gluma Universal (Kulzer
GmgH, Hanau, Germany), iBond
Universal (Kulzer GmgH, Hanau,
Germany), and Peak Universal (Ul-
tradent, South Jordan, UT, USA).
UAs were applied in TE, SE, and
SEE modes, and were compared
against several brands and types of
other adhesive systems, including
three-step and two-step TE adhe-
sives, and one-step and two-step
SE adhesives. Among the criteria
used for the evaluation of the resto-
rations, the FDI criteria, the Modified
Cvar and Ryge criteria, the modified
USPHS criteria, and the USPHS cri-
teria were found. The maximum fol-
low-up recorded was 4 years.
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Identification of studies via databases and registers

( Included ) ( Elegibility ) (Screening ) (Identification)

2331 records identified

Studies identified by

from databases search.

800 duplicates
removed.

database:

PubMed: 593.

Web of Science: 351.
Scielo: 10.

SCOPUS: 1299.
EMBASE: 78.

1531 records

1508 records excluded

screened.

on the basis of the title
or abstract.

9 studies excluded:
- 5 a control group was

23 articles evaluated
by full text.

14 studies included in

not used.

- 2 did not used Universal
Adhesives.

- 1 article retracted.

- 1 no access.

3 studies excluded:

the qualitative analysis.

11 studies included in
the guantitative analysis.

- Missing data.

Figure 1. Flowchart summarizing the selection of the studies

Table 2. Characteristics of the clinical trials included.

Study
and
year

Haak,
2018

Type of
clinical
trial

Registration

German Clinical

Ran- Trials Register #
domized | DRKS00011084
controlled | (http://www.
trial drks.de/
DRKS00011084)

Number of Class
participants
(number of

teeth)

and sub-
strate

22 patients

with 4 Class 'V,
non-carious | permanent
cervical le- teeth

sions (NCCLs)

restoration

Unlversal Adhesive
adhesive and

! control and
adhesive strate
strategy -
Universal
adhesive
Scotchbond™
Universal
(3M Deutsch- Optibond™
land GmbH,

FL (Kerr
Seefeld,

GmbH,
Germany)/

i Rastatt,
3 etching

Germany)/
protocols:

Three-step
self-etch TE adhesive
(SE), selec-
tive-enam-
el-etch (SEE)
and total-etch
(TE).

Resin com-
posite

Filtek
Supreme™
XTE (3M
Deutsch-
land GmbH,
Seefeld,
Germany)

Resto-
ration
evalu-
ation
criteria
used

Fédéra-
tion
Dentaire
Interna-
tionale
(FDI)
criteria

14 days
and 6
months
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Sin-
gle-cen-
ter, ran-
domized,
compar-
ator-con-
trolled, Scotchbond ﬁﬂcuolzicz:?nd Filtek Su-
Law- - i Banl ifi
A and par 37 adults’ Class V, Universal pose (3M prgme Ultra | Modified 6,12,
son, allel-de- . . . (3M ESPE, St. universal Cvar and
2015 . Non mentioned patients with | permanent ESPE, St. and 24
signed Paul, USA)/ (3M ESPE, |Ryge
3 or 6 NCCLs |teeth Paul, USA)/ . months
study TE and SE St. Paul, criteria
. Three-step
with modes . USA)
blinding TE adhesive
of pa-
tients and
clinical
evalua-
tors
Optibond
All-in-One
(Kerr, New
Ran South The
domized Prime and Wales, modified
controlled Bond Univer- | Australia)/ Filtek Z350 | United
de OI- trial. dou- 26 volunteers | Class V, sal (Dentsply | One-step SE | XT (3M States 1 and
iveira, bIe-,innd Non mentioned (60 resto- permanent | Sirona, adhesive ESPE, Public 9-vear
2023 solit ! rations) teeth Konstanz, Clearfil SE Sumaré, SP, | Health year.
r:outh Germany)/ SE | (Kuraray Brazil) Services
stud mode Medical (USPHS)
Y Inc., Tokyo, criteria
Japan)/
Two-step SE
adhesive
All-Bond Uni- | OPtiPond |\ jite Ls During
Ran- . . XTR (Kerr; . The
van domized 57 patients Class I, versal (Bisco; Orande (Bisco; modified the
Dijken, controlled Non mentioned (120 resto- permanent | Schaumburg, CA SS:A)/ Schaum- USPHS 3-year
2017 . rations) teeth IL, USA)/ SEE ! burg, IL, . fol-
trial Two-step SE criteria
mode . USA) low-up
adhesive
Optibond™ Filtek
™
Random- | cjinical Tri- scotehbond™ ¢ o | Supreme 14
. inical 1ri . Universal (3M XTE (3M
Haak ized dou- | 415 Register 55 patients Class 'V, Oral Care GmbH, FDI days, 6
! ble-blind- | #pRKS00011084 | (165 resto- permanent ! Rastatt, Oral Care, . months,
2019 L R St Paul, MN, Seefeld criteria
ed clinical rations) teeth Germany)/ eefeld, and 12
. USA)/ SE and German )
trial Three-step ermany months
SEE modes .
TE adhesive
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Adper™
. Single
Cniversa | Bond 2 3
(3M ESPE, St. E:;Ebz;)_ Filtek he
L 30 patients Class V, Paul, USA)/ ! | Z350XT o 3,6,12,
Handa, | Clinical i Two-step TE modified
X Non mentioned (120 resto- permanent | SE mode . (3M ESPE, and 24
2023 trial ) adhesive USPHS
rations) teeth Futurabond St. Paul, . months
Futurabond criteria
DC (Voco USA)
. NR (Voco
America)/ SE .
mode America):
Two-step SE
adhesive
Clearfil
Universal
Bond Quick
(Kuraray Nori-| o\ i se
take; Tokyo, .
(Kuraray Tetric N-Ce-
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The results from the meta-analy-
sis of the retention rate are present-
ed in Figures 2-7. The retention of
resin composite restorations after 6
months of follow-up was similar be-

Universal adhesives  Other adhesives
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Risk Difference
M-H, Fixed, 95% CI

tween TE and SE adhesives against
UAs applied in TE (p=0.83), and SE
(p=0.78) modes. On the other hand,
the clinical performance of UAs ap-
plied in the SEE mode (p=0.01) was

superior compared to other adhe-
sives. The last result was more ev-
ident when the UAs were compared
with TE adhesives (p=0.02).

Risk Difference
M-H, Fixed, 95% CI

Study or Subgroup Events Total Events Total Weight
1.1.1 Self-etch adhesives

de Oliveira, 2023 0 20 0 20 6.2%
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Subtotal (95% CI) 116 118 36.4%
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Heterogeneity: Chi® = 0.95, df = 3 (P = 0.81); I = 0%

Test for overall effect: Z = 0.03 (P = 0.98)

1.1.2 Total-etch adhesives

Haak, 2018 0 22 1 22 6.9%
Haak, 2019 0 55 9 55  17.1%
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Heterogeneity: Chi® = 22.18, df = 5 (P = 0.0005); I> = 77%

Test for overall effect: Z = 0.31 (P = 0.76)

Total (95% CI) 313 332 100.0%

Total events 13 13
Heterogeneity: Chi® = 23.10, df = 9 (P = 0.006); I = 61%

Test for overall effect: Z = 0.28 (P = 0.78)

Test for subgroup differences: Chi? = 0.04, df = 1 (P = 0.84), I = 0%

Figure 2. Retention of resin composite restorations placed with universal
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adhesives using the self-etch mode after 6 months of follow-up.
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1.3.1 Self-etch adhesives
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Heterogeneity: Not applicable

Test for overall effect: Z = 0.74 (P = 0.46)
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Figure 3. Retention of resin composite restorations placed with universal adhesives using the total-etch mode after 6 months of follow-up.
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Figure 4. Retention of resin composite restorations placed with universal adhesives using the selective enamel etch mode after 6 months of
follow-up.

On the other hand, the retention of resin composite restorations after >12 months of follow-up was similar be-
tween TE and SE adhesives against UAs applied in SE (p=0.68), TE (p=0.22), and SEE (p=0.91) modes.
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0z, 2018 0 18 0 24 5.1% 0.00 [-0.09, 0.09] -
Oz, 2018 0 18 0 24 5.1% 0.00[-0.09, 0.09] -
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Figure 5. Retention of resin composite restorations placed with universal adhesives using the self-etch mode after >12 months of follow-up.
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Total events 23 14
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Figure 6. Retention of resin composite restorations placed with universal adhesives using the total-etch mode after >12 months of follow-up.
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Figure 7. Retention of resin composite restorations placed with universal adhesives using the selective enamel etch mode after >12 months of

follow-up.
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The results from the meta-analysis of the secondary caries are presented in Figures 8-13. At 6-month evalua-
tion, there were no statistically significant differences between TE or SE adhesives against UAs applied in the SE
(p=1.00), TE (p=1.00), and SEE (p=1.00) modes.

Universal adhesives Other adhesives Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI| M-H, Fixed, 95% CI
3.1.1 Self-etch adhesives
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Heterogeneity: Chi’ = 0.00, df = 1 (P = 1.00); I = 0%
Test for overall effect: Z = 0.00 (P = 1.00)
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Figure 8. Secondary caries of resin composite restorations placed with universal adhesives using the self-etch approach at 6 months of follow-up.
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Heterogeneity: Chi’ = 0.00, df = 2 (P = 1.00); I¥ = 0%
Test for overall effect: Z = 0.00 (P = 1.00)
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Figure 9. Secondary caries of resin composite restorations placed with universal adhesives using the total-etch approach at 6 months of follow-
up.
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Universal adhesives  Other adhesives Risk Difference Risk Difference
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Oz, 2022 0 44 0 42 51.8% 0.00[-0.04, 0.04]
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Figure 10. Secondary caries of resin composite restorations placed with universal adhesives using the selective enamel etching approach at 6
months of follow-up.

For the comparison performed at more than 12 months of follow-up, there were no statistically significant differ-
ences between TE or SE adhesives against UAs applied in the SE (p=0.82), TE (p=0.98), and SEE (p=1.00) modes.
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Total events 0 0
Heterogeneity: Chi* = 0.00, df = 5 (P = 1.00); I = 0%
Test for overall effect: Z = 0.00 (P = 1.00)
4.1.2 Total-etch adhesives
Hoshino, 2022 1 33 1 32 10.2% -0.00 [-0.08, 0.08]
Hoshine, 2022 1 33 1 33  10.3% 0.00[-0.08, 0.08]
Hoshino, 2022 0 ] 0 0 Mot estimable
Lawson, 2015 2 36 1 35 11.1% 0,03 [-0.07,0.12] —_—
0Oz, 2018 0 13 0 24 5.3% 0.00([-0.11, 0.11] m_—
0z, 2018 0 12 0 24 5.0% 0.00[-0.12,0.12]
Zanatta, 2019 0 28 0 32 9.4%  0.00 [-0.06, 0.06] ——
Subtotal (95% CI) 155 180 51.3% 0.01 [-0.03, 0.04] B
Total events 4 3
Heterogeneity: Chi’ = 0.29, df = 5 (P = 1.00); ¥ = 0%
Test for overall effect: Z = 0.30 (P = 0.77)
Total (95% Cl) 312 334 100.0% 0.00 [-0.02, 0.03]
Total events 4 3

Heterogeneity: Chi’ = 0.32, df = 11 (P = 1.00); I’ = 0%
Test for overall effect: Z = 0.23 (P = 0.82)
Test for subgroup differences: Chi® = 0.05, df = 1 (P = 0.82), I = 0%
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Figure 11. Secondary caries of resin composite restorations placed with universal adhesives using the self-etch approach at >12 months of
follow-up.
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Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
4.2.1 Self-etch adhesives

Manarte-Monteiro, 2021 0 29 0 28 7.3%  0.00[-0.07, 0.07] —_—
Manarte-Monteiro, 2021 0 31 0 28 7.5%  0.00[-0.06, 0.06] =
0z, 2022 0 37 0 33 8.9%  0.00[-0.05, 0.05] —
Oz, 2022 0 37 0 33 8.9%  0.00[-0.05, 0.05] —_—r
Zanatta, 2019 0 31 0 27 7.4%  0.00[-0.07, 0.07] —_—
Subtotal (95% ClI) 165 149 40.0% 0.00 [-0.03, 0.03] .
Total events 0 0

Heterogeneity: Chi’ = 0.00, df = 4 (P = 1.00); I = 0%

Test for overall effect: Z = 0.00 (P = 1.00)

4.2.2 Total-etch adhesives

Dukic, 2021 0 42 0 43 10.9%  0.00 [-0.04, 0.04] —_—
Dukic, 2021 0 42 0 42 10.7%  0.00 [-0.05, 0.05] —_—
Dukic, 2021 0 42 0 41 10.6% 0.00[-0.05, 0.05] . S
Lawson, 2015 1 38 1 35 9.3% =0.00[-0.08, 0.07] —
Oz, 2018 0 18 0 24 5.3% 0.00[-0.09, 0.09]

0Oz, 2018 0 18 0 24 5.3%  0.00[-0.09, 0.09]

Zanatta, 2019 0 31 0 32 8.0%  0.00[-0.06, 0.06] e
Subtotal (95% CI) 231 241  60.0% =-0.00[-0.02,0.02] ’
Total events 1 1

Heterogeneity: Chi* = 0.00, df = 6 (P = 1.00); I° = 0%

Test for overall effect: Z = 0.03 (P = 0.98)

Total (95% Cl) 396 390 100.0% -0.00[-0.02, 0.02] L3
Total events 1 1

Heterogeneity: Chi* = 0.00, df = 11 (P = 1.00); I = 0% -Ci > _0= 1 ) 051 052

Test for averall effect: Z = 0.02 (F = 0.98) ; Universal adhesives Other adhesives

Test for subgroup differences: Chi® = 0.00, df = 1 (P = 0.98), I’ = 0%
Figure 12. Secondary caries of resin composite restorations placed with universal adhesives using the total-etch approach at >12 months of
follow-up.

Universal adhesives  Other adhesives Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Ci M-H, Fixed, 95% CI
4.3.1 Self-etch adhesives

0z, 2022 0 37 0 33 481%  0.00[-0.05, 0.05) i
Subtotal (95% Cl) 37 33 48.1% 0.00[-0.05, 0.05]

Total events 0 0

Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

4,3.2 Total-etch adhesives

Qz, 2018 0 15 0 24 25.4% 0.00[-0.10, 0.10] e
Oz, 2018 0 16 0 24 26.5%  0.00[-0.10, 0.10] ——
Subtotal (95% CI) 31 48 51.9% 0.00[-0.07,0.07] —=nglii—
Total events 0 0

Heterogeneity: Chi* = 0.00, df = 1 (P = 1.00): I = 0%

Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% CI) 68 81 100.0% 0.00 [-0.05, 0.05]

Total events 0 0
Heterogeneity: Chi* = 0.00, df = 2 (P = 1.00); I = 0%

Test for overall effect: Z = 0.00 (P = 1.00)

Test for subgroup differences: Chi = 0.00, df = 1 (P = 1.00), I = 0%

T
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Figure 13. Secondary caries of resin composite restorations placed with universal adhesives using the selective enamel etching approach at >12
months of follow-up.
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Regarding the methodological quality assessment parameters, most of the articles were categorized as having a
low risk of bias since most of them reported the risk selected (Table 3).

Table 3: Qualitative synthesis (risk of bias assessment) for clinical trials.

Selection bias Performance and Bias due to Reporting Other bias
detection bias incomplete bias
data

Haak, 2018 [37] Low risk Low risk Low risk Low risk Low risk
Lawson, 2015 [38] Low risk Low risk Low risk Low risk High risk
de Oliveria ,2023 [39] | Low risk Low risk Low risk Low risk High risk
van Dijken, 2017 [40] | Low risk High risk High risk Low risk High risk
Haak, 2019 [41] Low risk Low risk Low risk Low risk Low risk
Handa, 2023 [42] Low risk High risk High risk Low risk High risk
0Oz, 2022 [43] Low risk Low risk Low risk Low risk Low risk
Manarte-Monteiro, Low risk Low risk Low risk Low risk Low risk
2021 [44]

de Souza, 2019 [45] Low risk Low risk Low risk Low risk Low risk
Zanatta, 2019 [46] Low risk Low risk Low risk Low risk Low risk
Oz, 2019 [47] Low risk Low risk Low risk Low risk High risk
Haak, 2023 [48] Low risk Low risk High risk Low risk Low risk
Duki¢, 2021 [49] Low risk Low risk Low risk Low risk Low risk
Hoshino, 2022 [50] Low risk Low risk Low risk Low risk Low risk

Discussion

This systematic review and me-
ta-analysis was directed to focus
on the clinical performance of UAs
compared to other adhesive sys-
tems for direct cavity restorations.
As a result, the null hypothesis
tested was partially accepted since
a significant difference was found
only in the retention rate for one
mode (UAs in a SEE mode) after 6
months follow-up.

Randomized clinical trials are
regarded as the gold standard ap-
proach for evaluating the dental
treatment and are used as a refer-
ence by experts in their choices
[38,39,51,52]. Research attempts to
simplify multistep dental adhesives
resulted in the invention of “univer-
sal” adhesives. UAs have gained
popularity in dentistry due to their
low toxicity, ability to be used in
both SE and TE treatments, flexibil-
ity, and the number of application
steps required [53]. Biomaterials’
adhesion to enamel and dentin may

become impaired with time, result-
ing in bond breakdown and NL [54].

The clinical evaluation of UAs in
resin composite restorations across
different cavity configurations is
necessary to validate their effec-
tiveness and reliability in real-world
practice. Comprehensive clinical
studies assessing parameters such
as retention rates, marginal integri-
ty, and secondary caries incidence
are essential to establish the long-
term performance of UAs in resin
composite restorations. Such evalu-
ations will provide valuable insights
into the clinical efficacy and suita-
bility of UAs as alternatives to tradi-
tional adhesive systems in modern
restorative dentistry [27,55].

Prior investigations on many UAs
assessed their BS in both TE and
SE modes. For enamel, numerous
authors [56,57] stated that the BS of
a UA was considerably improved in
the TE mode, however, for dentin,
other findings [24,25,27] reported
no difference in the immediate BS

of pre-etched and self-etched den-
tin using various UAs. A UA with a
pH of 2.7 exhibited higher BS when
applied in the SE mode, both imme-
diately and after one year of aque-
ous storage. Conversely, another
UA with a pH of 3.2, demonstrat-
ed enhanced BS following dentin
pre-etching. The UA systems evalu-
ated in the present study have var-
iable pH. Overall, while pre-etching
enamel enhances the BS of UAs,
consensus is lacking regarding the
effect of pre-etching dentin [38].

It is strongly advised to perform
an additional selective phosphor-
ic-acid etching of the enamel cavity
margins in order to provide an ad-
equately retentive etching pattern
[13,58,59]. When a SE adhesive was
applied after enamel etching, higher
enamel BS was shown experimen-
tally and clinically with an enhanced
marginal integrity and a lack of mar-
ginal discoloration [60,61].

For the retention rate of resin com-
posite restorations after 6 months,
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the meta-analysis found no differ-
ence between TE and SE against
UAs applied in TE (p=0.83) and SE
(p=0.78) modes. On the other hand,
the clinical performance of UAs ap-
plied in the SEE mode (p=0.01) was
superior in comparison with other
adhesives. The last result was more
evident when the UAs were com-
pared with TE adhesives (p=0.02).

When UAs were employed in the
SEE mode, wherein only the enamel
is etched while the dentin remains
unetched, the retention rate dis-
played was notably higher com-
pared to other adhesive systems.
This could be linked to the selective
etching process which improves
adherence between the adhesive
and the enamel substrate. This pro-
cedure removes the outer enamel
layer, revealing the prismatic enam-
el structure, and forming a micro-
mechanical interlocking surface for
improved bonding [62,63].

The use of phosphoric acid etch-
ing on enamel surfaces offers sev-
eral benefits in dental bonding pro-
cedures. Firstly, it improves surface
wettability, which refers to the abili-
ty of a liquid, such as adhesive resin,
to spread evenly across the enam-
el surface, ensuring better contact
and adhesion [64]. Additionally,
phosphoric acid etching increases
surface roughness, creating micro-
scopic irregularities on the enamel
surface. These irregularities provide
more surface area for the adhesive
to bond to, improving the overall BS
[65]. Moreover, phosphoric acid ele-
vates the surface free energy of the
enamel, which encourages better
interaction and adhesion between
the adhesive and the enamel [66].
Despite these benefits, it is critical
to emphasize that phosphoric acid
etching may lead to a slight de-
crease in enamel surface hardness.
Yet, this reduction in hardness is
generally considered acceptable in
exchange for the improved bonding
achieved through enhanced surface
characteristics [67].

In contrast, applying phosphoric
acid to the dentin structure reduces
wettability and enhances hydropho-
bicity due to the intense deminerali-
zation of the smear layer and the su-
perficial layer of dentin [68]. Further,
aside from the adverse attributes of
the substrate for adhesion, it was
observed that the hydrophobic na-
ture of demineralized dentin induces
the migration of water from deeper
dentin layers, resulting in weaker
bonding leading to osmotic blisters
and the hydrolysis of the adhesive
itself [69]. Moreover, the use of
phosphoric acid for etching dentin
activates endogenous collagenolyt-
ic proteases, which are associated
with the degradation of the inter-
face between the adhesive and the
dentin. Therefore, clinicians electing
to employ UAs in a TE mode might
notice shortcomings owing to the
etchant’s influence on both enamel
and dentin, despite its several ad-
vantages for enamel bonding [70].

Hence, prior studies have illus-
trated that the selection of a UA in
the SEE mode serves as an adapta-
tion of the SE approach, presenting
a more clinically relevant applica-
tion than employing a UA in the TE
mode for an advanced SE adhesive
[22]. Although clinical retention re-
mains largely unaffected by this
process, incorporating additional
enamel etching might enhance mar-
ginal adaptation and reduce margin-
al staining in cervical composite res-
torations [68]. These observations
are supported both clinically and
by optical coherence tomography,
which revealed a significant reduc-
tion in adhesive defects following
enamel etching, evident immediate-
ly after restoration placement. Prior
to applying the mild SE-UA with a
pH of 2.7, SEE emerges as an advo-
cated approach to enhance enamel
BS [18].

When UAs were applied in either
TE or SE modes, involving simulta-
neous etching of both enamel and
dentin or etching of dentin only, re-
spectively, there were no significant

differences in retention rates com-
pared to TE or SE adhesives. While
these techniques also create micro-
mechanical retention through etch-
ing, they may not provide the same
level of enamel surface preparation
and bonding stability as SEE [21].
Enamel etching in TE and SE modes
may be less controlled, potentially
leading to variations in bonding ef-
fectiveness and retention rates over
time [71].

Dentin, a more complex and di-
verse substrate than enamel, pre-
sents obstacles for adhesive bond-
ing [72]. In TE mode, where both
enamel and dentin are etched, the
interaction of the adhesive with
dentin may influence the overall BS
and durability of the restoration [29].
Likewise, in SE mode, the self-etch-
ing adhesive system interacts di-
rectly with dentin, which can affect
the quality of the formed bonds [73].
Discrepancies in dentin composi-
tion, moisture content, and dentin-
al tubule density may also lead to
changes in bonding effectiveness
between different adhesive systems
and application methodologies [74].

The observed differences in re-
tention rates between adhesive sys-
tems and application modes may
reflect their long-term stability and
clinical performance. While short-
term studies regularly focus on im-
mediate BS, long-term retention is
crucial for the longevity and success
of resin composite restorations. The
superior retention rate of UAs in
SEE mode implies that this applica-
tion technique may offer enhanced
resistance to degradation, marginal
discoloration, and secondary caries
formation with time [47]. This sug-
gests that the mode of application
may affect the adhesive’s interaction
with the tooth structure and its sub-
sequent performance over time [75].

Overall, the findings shed light on
the importance of considering the
application mode of UAs in clinical
practice using the SEE mode, as it
can affect the long-term success (6




months here in this study) of resin
composite restorations.

A previous systematic review of
clinical trials highlights the notewor-
thy performance of two-bottle TE
and SE materials over “simplified”
one-bottle counterparts in meet-
ing American Dental Association
provisional acceptance criteria at 6
months [76]. These simplified ad-
hesives, incorporating hydrophilic
primers like 2-Hydroxyethyl meth-
acrylate (HEMA), risk dentinal bond
integrity due to their permeable
adhesive layer, making them sus-
ceptible to hydrolytic degradation
[77]. Nevertheless, certain UAs, al-
though containing HEMA, demon-
strate increased hydrophobicity due
to the presence of 10-Methacryloy-
loxydecyl dihydrogen phosphate
(10-MDP), which may account for
their favorable performance com-
pared to two-bottle TE materials
[18,19,78,79]. Knowing that in the
presence of HEMA, even in a low
concentration, the mechanical in-
tegrity of the nano-layers (10-MDP
and Ca) inside the adhesive, which
were observed between MDP and
mineralized tissue, is reduced [74].
Indeed, the incorporation of 10-
MDP and other co-polymers in UAs
promotes enhanced bonding to Ca,
facilitating the cross-linking of colla-
gen fibers and contributing to long-
term clinical success [78,79].

This monomer (10-MDP) includes
a phosphate radical as part of its
molecule that, along with the car-
boxylate radical originating from
the polyalkenoate copolymer in
the UA, undergoes a reaction with
the Ca from HAp to generate stable
bonds known as “HAp nano-layer-
ing” [18,19,29]. This nano-layering
is a crucial part of bonding to enam-
el and to dentin as well [46], and
might provide an explanation for
the satisfactory performance of this
adhesive on the enamel, even when
selective etching is not employed,
as observed by the results obtained
for the retention rates. Interesting-
ly, the retention of resin compos-
ite restorations after more than 12
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months of follow-up showed no
significant difference between tradi-
tional TE and SE adhesives against
UAs, regardless of the application
mode [SE (p=0.68), TE (p=0.22),
SEE (p=0.91)]. This insinuates that
despite variances in adhesive com-
position and application technique,
the long-term retention of compos-
ite restorations is analogous across
various adhesive systems and
modes of application.

The persistent integrity of the ad-
hesive interfaces over time can be
linked to a variety of factors which
include the process of maturation
of the adhesive layer and the forma-
tion of a resilient bond between the
dental restorative material and the
tooth structure [80]. As time passes,
the dental restorations are exposed
to chemical and mechanical stress-
es by the oral environment, which
redistributes the forces within the
restoration. This process is a main
contributor of the development of a
more consistent interface. In addi-
tion, the adaptation of surrounding
tissues to the dental restoration also
affects its long-term retention [81].
The quality of the seal between the
restoration and the tooth surface,
commonly known as the marginal
integrity, is essential for avoiding
microleakage and subsequent bac-
terial entry, which can reduce the
longevity of the restoration [82].

Moreover, the choice of the adhe-
sive mode mightinfluence the stress
distribution within the restoration
and its interaction with the tooth
structure [8]. TE adhesives usually
involve eliminating the smear lay-
er and demineralizing the enamel
and the dentin surfaces to deep-
en the penetration of the adhesive
resin [83]. In contrast, SE adhesives
are designed to concurrently etch
and prime the tooth surface, which
might not only lead to a more con-
servative approach, but may also
result in variations in BS and long-
term stability [6].

Furthermore, patient compliance
with oral hygiene practices and die-
tary habits are examples of external
factors that can significantly impact

the longevity of resin composite
restorations [84,85]. Insufficient oral
hygiene and an excess of occlusal
forces may amplify the risk of resto-
ration failure due to frequent caries
or fracture [86]. The long-term clini-
cal performance can also be rooted
to the operator’s technique and the
material handling during restoration
placement. Ensuring proper isola-
tion, adequate polymerization, and
meticulous adaptation of the resto-
ration to the tooth structure are im-
perative steps for achieving durable
bonding [87].

To summarize, while the adhe-
sive mode choice might affect the
initial BS and short-term outcomes,
a number of complex factors can
determine the long-term success of
resin composite restorations. Un-
derstanding these factors and opti-
mizing adhesive protocols accord-
ingly are paramount for enhancing
the clinical performance and lon-
gevity of dental restorations. The
long-term stability of adhesive inter-
faces may result in convergence in
retention rates across different ad-
hesive modes as the initial BS stabi-
lizes over time, limiting further deg-
radation or improvement [88]. While
short-term studies prioritize BS, the
success of resin composite resto-
rations centers around factors like
marginal integrity and resistance to
microleakage and secondary caries
[89]. Traditional TE and SE adhesive
systems used in this review exhibit
satisfactory long-term performance,
indicating their effectiveness in pro-
viding durable bonds compared to
UAs after >12 months.

Additionally, biological respons-
es of the pulp-dentin complex and
periodontal tissues may influence
retention rates with time [90]. This
was in disagreement with the find-
ings of this meta-analysis. Despite
variations in the adhesive method,
similar retention rates between TE
and SE adhesives against UAs after
>12 months imply that both tradi-
tional and contemporary techniques
offer lasting bonding solutions. Fur-
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ther research is merited to optimize
adhesive protocols for enhanced
clinical performance and restoration
longevity.

Concerning the secondary caries,
there were no statistically significant
differences between TE or SE ad-
hesives against UAs applied in the
SE (p=1.00), TE (p=1.00), and SEE
(p=1.00) modes after 6 months fol-
low-up. The same finding was found
for the comparison performed at
more than 12 months of follow-up,
there were no statistically significant
differences between TE or SE ad-
hesives against UAs applied in the
SE (p=0.82), TE (p=0.98), and SEE
(p=1.00) modes.

The absence of statistically sig-
nificant differences in the incidence
of secondary caries among restora-
tions bonded with TE or SE adhe-
sives compared to those bonded
with UAs can be linked to multiple
prospects. Variance exists in some
clinical variables across time, result-
ing in different materials with vary-
ing clinical performance. Initially, it
specifies that the adhesive method
used may not be the main factor in-
fluencing the formation of second-
ary caries in resin composite res-
torations. Other determinants, like
those that are specific to patients
(oral hygiene habits and dietary
choices), restoration-related factors
(marginal adaptation and material
composition), and clinical protocols
(operator technique and post-oper-
ative care), could play a more major
role in influencing the development
of secondary caries [86,91,92].

Further, the absence of significant
differences in the incidence of sec-
ondary caries across different adhe-
sive modes insinuates that the ad-

hesive interface created by TE, SE,
and UAs may provide a comparable
protection against the infiltration
of bacteria and consequent caries
formation. This finding highlights
the importance of attaining a well-
sealed restoration interface regard-
less of the adhesive method [86,91].

Yet, it is essential to carefully ana-
lyze these results. Factors like the
duration of the follow-up, the crite-
ria used in diagnosis of secondary
caries, and the sample size could
affect the outcomes of the study
[92,93]. Also, variations in material
handling may present a confound-
ing variable that could impact the
incidence of secondary caries.
Overall, while these findings deliver
important data related to the influ-
ence of adhesive method on sec-
ondary caries formation, further re-
search with larger sample sizes and
longer follow-up durations is vital to
confirm these results and clarify the
complex interactions between ad-
hesive techniques and the growth of
secondary caries in resin composite
restorations [10,23].

This meta-analysis of clinical trials
has provided valuable insights into
the longitudinal visualization of pri-
mary indicators of adhesive break-
down across the entire interface be-
tween the tooth and the restoration.
But, acknowledging the limitations
of this study is crucial for future re-
visions and studies related to this
subject. Firstly, the duration of the
follow-up in the included trials were
different, and longer-term studies
could offer more comprehensive
observations and a deeper under-
standing of adhesive performance
over time. In addition, the range of
cavity configurations involved in
this analysis was limited, and further
investigations should incorporate a

broader spectrum of clinical scenar-
ios to improve the generalizability of
the outcomes. Furthermore, while
the focus of this meta-analysis was
on specific adhesive systems, the
field of adhesive dentistry is con-
tinually evolving, and upcoming
research should explore the per-
formance of a wider range of ad-
hesive formulations to capture the
full spectrum of clinical applications
and challenges.

Conclusions

In conclusion, this systematic re-
view and meta-analysis suggested
that UAs demonstrate comparable
clinical performance to TE and SE
adhesive systems in direct resin
composite restorations, particular-
ly in terms of restoration retention
rates and incidence of secondary
caries. Notably, no significant dif-
ferences were observed in reten-
tion rates after 6 months and >12
months of follow-up across the
various adhesive modes evaluated.
However, UAs applied in SEE mode
exhibited superior clinical outcomes
compared to other adhesive sys-
tems. These findings indicate that
UAs can be considered a viable
alternative to traditional adhesive
systems in clinical practice, offer-
ing flexibility in application while
maintaining comparable long-term
outcomes. Further research may be
warranted to explore the potential
benefits and limitations of UAs in
specific clinical scenarios and pa-
tient populations.
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