J Clin Exp Dent. 2024;16(3):¢367-76. Comparison of self-etching and conventional bifunctional coupling agent in lithium disilicate ceramic

Journal section: Prosthetic Dentistry doi:10.4317/jced.61369

Publication Types: Review https://doi.org/10.4317/jced.61369

Comparison of self-etching and conventional bifunctional coupling agent
in lithium disilicate ceramic: A systematic review and meta-analysis

Juliana-Lujan Brunetto !, Aldiéris-Alves Pesqueira 2, Jodo-Paulo do Vale-Souza 3, Lucas-Tavares Piacenza 4,
Daniela-Micheline dos Santos 5, Marcelo-Coelho Goiato °

' DDS,MSc, PhD student at the Department of Dental Materials and Prosthodontics, Aragatuba Dental School, Sdo Paulo State
University, Aragatuba, Sdo Paulo, Brazil

2 Profesor at the Department of Dental Materials and Prosthodontics, Aragatuba Dental School, Sdo Paulo State University, Araga-
tuba, Sdo Paulo, Brazil

3 DDS,MSc, PhD student at the Department of Dental Materials and Prosthodontics, Aragatuba Dental School, Sdo Paulo State
University, Aragatuba, Sdo Paulo, Brazil

* DDS,MSc, PhD student at the Department of Dental Materials and Prosthodontics, Aragatuba Dental School, Sdo Paulo State
University, Aragatuba, Sdo Paulo, Brazil

5 Profesor at the Department of Dental Materials and Prosthodontics, Aragatuba Dental School, Sdo Paulo State University, Araga-
tuba, Sdo Paulo, Brazil

¢ Associate Profesor at the Department of Dental Materials and Prosthodontics, Aragatuba Dental School, Sdo Paulo State Univer-
sity, Aragatuba, Sao Paulo, Brazil

Correspondence:

Sao Paulo State University (UNESP)

Aracatuba Dental School

(Department of Dental Materials and Prosthodontics)
José Bonifacio Street, 1193

Vila Mendonca, 16015-050

Aracatuba/Sao Paulo — Brazil

m.goiato@unesp.br

Brunetto JL, Pesqueira AA, do Vale-Souza JP, Piacenza LT, dos Santos
DM, Goiato MC. Comparison of self-etching and conventional bifunction-
al coupling agent in lithium disilicate ceramic: A systematic review and
meta-analysis. J Clin Exp Dent. 2024;16(3):e367-76.

Article Number: 61369 http://www.medicinaoral.com/odo/indice.htm
© Medicina Oral S. L. C.ILF. B 96689336 - eISSN: 1989-5488

eMail: jeced@jced.es

Indexed in:

Received: 08/01/2024 Pubmed
Accepted: 05/02/2024 Pubmed Central® (PMC)
Scopus
DOI® System
Abstract

Background: The aim of this systematic review is to determine the effectiveness of self-etching primers in compari-
son to the conventional protocol with hydrofluoric acid and silane treatment for bonding lithium disilicate ceramics.
Material and Methods: The formulated PICO question for this research was: “Does self-etching silane primer
surface treatment in lithium disilicate ceramics present a similar bond strength value compared to conventional
hydrofluoric acid and silane treatment?”. Combinations of words and appropriate truncations were adapted for
each database. For the selection, duplicate articles were systematically eliminated using Mendeley software. The
Cohen’s Kappa statistic was then computed, ROBDEMAT questions were addressed, and the meta-analyses were
conducted using RevMan 5.4, at a significance level of 5%.

Results: Two independent reviewers conducted a blind and independent analysis of 190219 articles from PubMed,
Scopus, Web of Science, and OpenGrey. Subsequently, they extracted data from 21 studies for the systematic
review and in 16 the meta-analysis. In all in vitro studies, the most frequently cited concentration of hydrofluoric
acid was 5%. In the meta-analysis, no statistical differences were observed between the two treatments concerning
bond strength.

Conclusions: Self-etching silane primers demonstrate promising results in lithium disilicate bonding, suggesting
their potential as an alternative surface treatment to hydrofluoric acids + silane.

Key words: Lithium disilicate, Hydrofluoric acid, Dental Porcelain, Ceramics, Silanes.
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Introduction

Even though lithium disilicate injection was patented in
2002, it remains one of the most commonly used and
studied materials (1). In comparison to other glass-ce-
ramics, lithium disilicate stands out as an aesthetically
pleasing and relatively resilient material. Comprising
70% lithium disilicate crystals and a 30% vitreous ma-
trix, it incorporates inorganic particles of silanized ba-
rium and colloidal silica, thereby facilitating chemical
adhesion.

Glass-ceramics can achieve chemical cohesion with the
inorganic components, such as silica, present in resin ce-
ment, specifically through the chemical union with Bis-
GMA (bisphenol A-glycidyl methacrylate) and TEGMA
(triethylene glycol monomethacrylate) (2). And these
steps, with a bifunctional coupling agent (silane), are
essential for achieving both mechanical and chemical
microretention (3).

Different methods have been employed in clinical prac-
tice to establish a reliable and enduring bond, and hy-
drofluoric acid (5-10%) has traditionally served as the
gold standard for surface conditioning (4,5). However,
in addition to the dental surface conditioning step, the
removal of the outermost layer of silane is ideally desi-
red, leaving only the most stable and non-oxidized por-
tion (6). Nevertheless, introducing additional clinical
steps to a material (hydrofluoric acid) that already had
potential toxicity due to pH levels, instability, and reac-
tivity against oral cavity soft tissues, transforms it into a
technique that is increasingly prone to errors and com-
plicates the clinical procedures (4,5).

To overcome these limitations, novel self-etching sila-
nes have been developed as an alternative, aiming to
mitigate potential risks in the oral cavity and reduce
technical sensitivity during clinical steps, albeit with
some controversy. Simplifying the bonding procedu-
re into a single step requires the product to chemically
unite incompatible solutions, which may compromise its
adhesive strength (6). Therefore, this systematic review
aimed to analyse the effectiveness of lithium disilicate
ceramic coupling agent provided by the application of
self-adhesive silane primer compared to the hydrofluoric
acid conditioning protocol followed by the application
of conventional silane.

Material and Methods

-Registration and standardization study protocol

This systematic review followed the guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) (7) and was registered at the
International prospective register of systematic reviews
- PROSPERO (CRD42021252016).

The studies were included based on the PICO question:
“Does self-etching silane primer surface treatment in li-
thium disilicate ceramics present a similar bond strength
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value compared to conventional hydrofluoric acid and
silane treatment?” determined by: Participant (P)-Li-
thium disilicate ceramic; Intervention (I)-Self-etching
silane primer surface treatment; Comparison (C)-Con-
ventional hydrofluoric acid and silane surface treatment;
Outcome (O)-Bond strength analysis.

-Eligibility criteria

The applied search strategy inclusion criteria for se-
lecting studies were: 1) in vitro studies; 2) with bond
strength (MPa) analysis by shear, microshear, tensile,
or microtensile tests; 3) lithium disilicate ceramic sur-
face; 4) self-etching silane primer and hydrofluoric acid
treatment with silane treatment groups; and 5) published
until 07/27/2023. Exclusion criteria were studies that:
1) incorporated additional types of surface treatment; 2)
were duplicates or with different topics; 3) exclusively
utilized self-etching silane or hydrofluoric acid; 4) were
literature reviews, conference abstracts, or letters to the
editor.

-Database selected and search strategy

The Medical Subject Headings (Mesh) keywords were
combined with pre-determined Boolean operators with
the asterisk to increase the search accuracy: “self-et-
ching primer”, “single-step self-etching primer”, “cera-
mic primer”, “monobond etch and prime”, “hydrofluoric
acid”, “coupling agent”, “silane”, “monobond”, “lithium
disilicate”, “glass ceramic”, in 3 electronic databases
(Medline/PubMed, Scopus, and Web of Science) and a
manual search in Open Grey following the format from
each database.

Additionally, articles were manually searched in the list
of references of the included studies and when it was not
possible to download the article, it was requested throu-
gh the Bibliographic Switching Program (COMUT).
-Screening and selection of the papers

The studies included were independently evaluated by
three investigators (J.L.B., J.P.V.S., and L.T.P.) and im-
ported into Mendeley software (version 1.16.1) for du-
plicate removal. After, the data were organized using
Microsoft Excel Professional Plus, the Cohen’s Kappa
statistic was computed, and the risk of bias ROBDEMAT
questions were answered and judged (8-11).

-Statistical analysis

The statistical analysis of the included studies was per-
formed by employing a random effects model using
Review Manager software (version 5.4; Cochrane Co-
Ilaboration), at a significance level of 5%. The standar-
dized mean bond strength values data were extracted to
be analyzed in the meta-analyses, and the heterogeneity
among studies was assessed via the Cochran Q test with
a threshold p-value of 0.1 and by applying the inconsis-
tency index (12).

Furthermore, qualitative results were shown in tables,
and mean surface treatment values were performed in
graphs for visual comparison.
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Results

To achieve greater precision in the database search, a
preliminary investigation was performed. For the offi-
cial search, a total of 190 219 studies were initially
observed as presented in Figure 1, and after removing
duplicate articles and studies that have a different topic
than the proposed one, we reached 19 included articles.
The references of previously selected articles were also
analyzed, adding 2 other studies (searched in references)
to the total of 21 studies in the qualitative and 16 me-
ta-analyses/quantitative data, (Fig. 1).
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While most of the authors report the results only of the li-
thium disilicate (12,14,18-19,22,24-26) or make compari-
sons with one more ceramic (feldspathic (16,21,23,27,30-
32), zirconia-reinforced lithium silicate (15,20) and
zirconia (33), Donmez et al. (20) (lithium disilicate, hybrid,
zirconia-reinforced lithium silicate and, leucite-based) and
Vila-Nova et al. (32) (lithium disilicate, hybrid, feldspathic
and, resin-modified) were the studies that compared the
greater amount of ceramic variety. Another comparison
was made regarding the concentrations and action time
of the hydrofluoric acids (20,29), lasers (12,19), or the 50

Identification of studies via databases and registers

Studies included in previous
version of review (n=23)
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Fig. 1: Flow chart of study selection according to PRISMA workflow.

Even without language and initial date search restric-
tions, all articles selected were in English and from
2017 to 2023. And, according to the Cohen’s Kappa (k)
inter-rater statistical agreement, results were: “perfect
agreement” for Open Grey (k = 1.00), “almost perfect
agreement” for Web of Science (k = 0.92) and PubMed/
MEDLINE (k = 0.81), and “substantial agreement” for
Scopus (k =0.76) (8).

To provide methodological clarity and robustness, a
scheme of ROBDEMAT risk of bias categorization was
used (Table 1, 1 cont.): >70% low risk of bias (green);
<70% medium risk of bias (yellow); and <50% high risk
of bias (red) (8-11).

These signaling questions were individually answered in
Table 1 with most of the studies not reporting properly
the “Randomization of samples” (D1.2) and the “Imple-
mentation of blinding for the test operator” (D3.2), no-
netheless without “high risk of bias”.
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Records identified from
citation searching (n =
51)

Reportrs assessed for
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Reports
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« Duplicate records
removed (n= 49)

J ,

um sandblasting particles (17,33) after performing the po-
lishing protocol. Additionally, various concentrations of
hydrofluoric acids (4.7% (15); 4.8% (21); 4.9% (18); 5%
(13-14,16-17,19-20,24-29,33); 9% (23-24); 9.5% (20,24);
9.6% (24,12); 10% (17,22,24,29,31) were mentioned,
with 5% hydrofluoric acid being the most commonly used
among them (Table 2, 2 cont.).

Despite the variation in acids, it did not occur with
other materials. Some authors did not provide a detai-
led description of their finishing and polishing protocol
(13,16,19,22,26-27,29-30,33) or specify which type of
cement18 was used, making the reproduction and com-
parison difficult.

It is important to note that all articles in this study ad-
here to ISO/TS 11405:2015 standards (34) for the bond
strength testing.

As indicated in Table 3, all articles analyzed their sam-
ples during an ‘initial” period after 24 hours of immer-
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Table 1 cont.: Review of In vitro studies quality rating according to the ROBDEMAT tool. Studies were classified as: >70% low risk of bias (green), <70% medium risk of bias (yellow) or <50% high risk

of bias (red) (10,11).
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sion in 37°C water and some proceeded with variations
in thermocycling aging time (3.000 cycles (14), 5.000
cycles (12,15,18,21,25,26,31), 10.000 cycles (25),
12.000 cycles (30), or 20.000 cycles (23) at 5-55°C), ex-
tending the immersion period to 48 hours (24), or even
1 year (28) (Table 2, 2 cont.). But none of the mentioned
experiments involved substances capable of inducing
degradation or modifying the pH or chemical composi-
tion of the samples during immersions.

So, Figure 2 illustrates the shear bond mean force va-
lues, leading to the conclusion of no statistically signifi-
cant mean difference between treatments.

Another point of comparison is the number of sam-
ples, Donmez et al. (19) presented the highest quan-
tity (n=60), while, as expected, most articles exhibit
n=1012-(14,17,21-22,25,28-30). Contrastingly, Tribst et
al. (31) and Lopes et al. (24) presented a reduced number
of only 5 samples.

-Meta-Analyses

In the results of Figure 3 and Figure 4 the forest plot’s
prism seems to lean more towards the “Self-etch silane
primer” side but intersects the middle of the line, sugges-
ting no statistical difference between the two treatments
(Self-etch silane primer and Hydrofluoric acid + Sila-
ne) analyzed by meta-analysis. In the same figure, the
percentage of variation at I? indicates substantial hete-
rogeneity between studies. The overall value for “Mean
Difference IV” reveals a difference of -0.10 between the
compared groups, representing their total effect across
all studies.

Discussion

This comprehensive approach ensures precise and re-
liable results in the analysis of bonding materials using
resin cements. As indicated by the vast majority of the
included studies, there is no discernible difference be-
tween the treatments of Self-etch silane primer and Hy-
drofluoric acid + Silane.

A limitation of this study is that the articles investiga-
ting the bonding of materials employed a variety of test
types, including microtraction, macrotraction, micro-
checking, pull-out, push-out, and micro-push-out. And
despite the abundance of published articles, the lack of
standardization in tests, analysis periods, and the variety
of ceramics remains an obstacle to their comparison.

In general, acids create effective micromechanical and
chemical retention by removing the crystalline phase of
silica-based ceramics (vitreous) (12). Despite the fact
that 5% concentrations create sufficient porosities and
irregularities, hydrofluoric acid with a 10% concentra-
tion is established in the literature (27).

Although reducing the concentration of hydrofluoric
acid does not eliminate the symptoms caused by di-
rect exposure (such as intoxication, dermal burns, eye
lesions, acute gastrointestinal issues, respiratory pro-
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Table 3: Quantitative data regarding the Shear Bond Strenght force of the selected studies.

SBS (Shear Bond Strenght)
Author N Initial (MPa) Aged (MPa)
HF+S Self-etching primer HF+S Self-etching primer

SBS SD SBS SD SBS SD SBS SD
Awad (15) 15 28.70 6.51 26.67 4.21 21.32 4.14 19.85 6.04
Dimitriadi (19) 20 31.50 30.75 20.60 19.60 8.60 9.05 3.60 4.50
Lyann (27) 10 40.60 6.30 37.00 28.10 5.70 29.80 4.10
22.70 5.60 22.90 6.10
Murillo-Gomez (30) 10 13.50 1.80 15.50 6.60 10.00 3.10 13.40 5.30
Prado (32) 10 21.20 2.10 10.40 2.40 14.60 2.30 9.00 3.40
Tribst (34) 5 22.60 3.00 2473 6.90 16.05 4.00 16.08 5.40
Wille (36) 16 34.30 2.90 33.50 1.70 17.20 2.40 20.40 4.00

Legend: Treatments (S: silane; HF: hydrofluoric acid) and analysis (SBS: Shear Bond Strength; SD: standard deviation).

Shear Bond Strenght (Mean)

35

30 A

25

20

MPa

Hydrofluoric acid + Silane Self-etching primer
Titulo do Eixo
[[25334549 [ 17312453 | 23.63%5.68 | 1687 485

mInitial = Aged
Fig. 2: Shear bond strenght mean force graphic.

Self-etching primer Hydrofluoric acid+Silane Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFG
Alkhudhairyet al. (2019) 1818 135 10 17.14 1.01 10 26.7% 1.04 [-0.00, 2.08) =
Alrahlah et al. (2017) 2111 207 10 19.74 1.28 10 12.8% 1.37[-0.14,2.88) =
Alshihri et al. (2019) 1159 1.23 10 13.785 3.56 10 54% -2.20[-4.53,0.14] ]
Awad et al. (2020) 2667 421 15 287 6.51 15 1.9% -2.03[-5.95,1.89] S
Cardenas etal. (2017) 33.27 9.7 8 3117 1 8 06% 2.10[-4.66, 8.86) — 1 -
Colombo et al. (2019) 19.9 9.5 10 197 4.4 10 0.7% 0.20 [-6.29, 6.69] T
Dimitriadi et al. (2020) 253 8.4 20 235 145 20 05% 1.80[-5.54,9.14) I

El-Damanhoury et al. (2018) 28.06 10.61 10 376 1088 10  0.3% -9.54[-18.87,-0.21)

Liebermann et al. (2019) 338 9.7 18 325 7l 18 0.98% 1.40[-4.15, 6.95) SR
Lyann etal. (2019) 26.1 6.6 10 291 5.2 10 11% -3.00(-8.21,2.21] S

Millan Cardenas etal. (2019)  33.27 132 8 3147 1 8 249% 210(1.02,3.18) -
Murillo-Gomez et al. (2019) 15.5 6.6 10 135 1.8 10 1.6% 2.00[-2.24,6.24) FpE
Prado etal. (2018) 10.4 24 10 21.2 24 10 7.5% -10.80(-12.78,-8.82) =

Tribst et al. (2018) 24.73 6.9 5 228 3 5 07% 2.13[-4.46,8.72) e
Vila-Nova (2022) 2285 5 16 2421 31 16 3.5% -1.36[-4.24,1.52) S

Wille et al. 2017) 335 157 16 343 29 16 10.8% -0.80 [-2.45, 0.85) =I5

Total (95% Cl) 186 186 100.0%  -0.10[-0.64, 0.44] ¢

Heterogeneity: Chi*= 149,57, df= 15 (P < 0.00001); F'= 80% 4 g ik 2
Testfor overall effect: Z= 0.36 (P = 0.72) Favours [Self-etching primer]  Favours [ Hydrofluoric acid+Silang]

Fig. 3: Forest plot of the initial comparison of shear bond strength with Self-etching silane primer and Hydrofluoric acid + Silane.
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Self-etching primer Hydrofluoric acid+Silane Mean Difference Mean Difference
Study or Subgroup Mean SD __ Total Mean SD Total Weight IV, 95% Cl v, 95% CI
Awad et al. (2020) 1985 6.04 15 21.32 414 16 13.0% -1.47[-5.18,2.24) -
Dimitriadi et al. (2020) 36 45 20 8.6 9.05 20 11.9% -5.00(-9.43,-0.57] E—
Lyann etal. (2019) A 298 4.1 10 281 57 10 12.0% 1.70 [-2.65, 6.05) T
Lyannetal. (2019) B 229 6.1 10 227 56 10 10.9%  0.20[-4.93,5.33] e
Murillo-Gomez et al. (2019) 134 53 10 10 31 10 12.8% 3.40[-0.41,7.21) —
Prado et al. (2018) 9 34 10 14.6 23 10 14.6% -5.60(-8.14,-3.06] o
Tribst etal. (2018) 16.08 5.4 5 16.05 4 5 9.8% 0.03[-5.86,5.92) I
Wille et al. (2017) 20.4 4 16 17.2 24 16 14.9% 3.20[0.91,5.49) —
Total (95% CI) 96 96 100.0%  -0.46 [-3.37,2.45]

Heterogeneity: Tau®= 13.43; Chi*= 34.84, df=7 (P < 0.0001); I*= 80%
Test for overall effect: Z= 0.31 (P = 0.76)

, . b . .

t T t +

-25 2 50
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Fig. 4: Forest plot of after aging comparison of shear bond strength with Self-etch silane primer and Hydrofluoric acid + Silane.

blems, irritation and nasal inflammation, and bleeding of
the mucosa) (5,35), the extent of tissue damage and toxi-
city depends on the acid concentration, the contaminated
area, the age of the person, and the duration of exposure
(35). And considering the clinical procedure and contact
time, Millan Cardenas (27) analyzed different durations
of active and passive application of Monobond Etch and
Prime.

According to the manufacturer’s instructions, the active
application should be done for 60 seconds to elimina-
te water, alcohol, and other silane products (27). This
process helps increase the adhesions by completing the
condensation reaction between silane and silica and pro-
moting the formation of siloxane (28). When water is
attached to the bases of the activated silane, it performs
a crucial role in generating free silanol groups by dehy-
drating them and converting the solvents into oligomers
(28,36), according to the temperature.

Wille et al. (33) also emphasize the importance of sila-
nization before oligomerization and after hydrolysis36.
Along with other studies (22,27-28,32) corroborate with
this review, by observing no significant difference be-
tween the treatments, even after 12000 thermal aging
cycles (30).

Despite that, the in vitro tests do not fully capture the
complexity of aging that occurs in the mouth. And fac-
tors such as masticatory forces, temperature changes,
and exposure to saliva, food, drinks, and oral microbiota
can all impact the longevity of these restorations. As a
result, it is important to consider these variables when
assessing the effectiveness of ceramic restorations in the
oral environment.

Based on the findings of this systematic review, it is
hypothesized that the self-etching silane primer method
can generate microtopographic surface changes com-
parable to those induced by hydrofluoric acid + silane
treatment, thereby resulting in a similar coupling force.
However, this study has inherent limitations, emphasi-
zing the necessity for additional long-term and standar-
dized analysis of ceramic restorations. And considering
the positive results and limited clinical relevance of
shear bond strength studies included in this review, it is
concluded that the use of self-etching silane primer pro-
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vides similar values to conventional hydrofluoric acid +
silane protocol (HF+S), promoting an adequate coupling
between cement and ceramic.
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