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Abstract: The introduction of adhesive sys-
tems has revolutionized dental practice,
providing new alternatives for restorative
treatments. Since the initial innovations intro-
duced by Michael G. Buonocore, these mate-
rials have undergone significant transforma-
tions. The continuous evolution of adhesives,
driven by the introduction of various options
by the industry, has generated recurring un-
certainties regarding the appropriate selection
of these materials for different clinical proce-
dures. With this in mind, this study presents
a literature review on the adhesive systems of
recent generations. This review was carried
out by means of an electronic search in data-
bases such as PubMed, Scielo and Periédicos
do Capes, using keywords associated with
dental adhesive systems. Next, the results of a
survey to identify the main adhesives chosen
by dental surgeons are presented, including an
analysis of the choice of materials used by pa-
tients and dentists themselves.

Keywords: Dentin adhesives; Additivity; Too-
th acid etching.

INTRODUCTION

Since Michael G. Buonocore in 1955, adhe-
sive systems have undergone significant trans-
formations. The author marked the beginning
of minimally invasive dentistry by proposing
the treatment of enamel with 85% phosphoric
acid to improve the adhesion of acrylic resin to
the tissue (Moura; Araujo, 2019). Since then,
there has been significant progress in adhesi-
ve systems for enamel and dentin, as the first
adhesives bonded resins to enamel only. Sub-
sequent generations have dramatically impro-
ved the strength of adhesion to dentin and the
sealing of dentin margins, while maintaining
strong adhesion to enamel.

For decades, the approach to enamel adhe-
sion has remained stable. As the dental indus-
try has advanced, adhesive systems have be-
come more sophisticated, promising similar
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quality in less time for the patient. This has led
to modifications in the chemical composition
of the materials, resulting in improvements in
the mechanical properties of these products,
as well as variations in application techniques
(Moura; Aratjo, 2019).

These adhesive systems are categorized
as conventional or self-etching, depending
on the treatment of the smear layer (Santos;
Mendes, 2018) and, more recently, universal
adhesives have been introduced, which can be
applied using both techniques. They are also
classified according to the number of clinical
steps, ranging from 1 to 3 steps, and also by
the generation to which they belong, which
ranges from the 1st to the 7th generation (Co-
elho et al., 2012).

Conventional adhesive systems are catego-
rized into three-step and two-step systems, de-
pending on the use of a primer layer (Pashley
et al., 2011). These systems are believed to im-
prove the effectiveness of bonding to enamel.
With caries-affected dentin, conventional
conditioning adhesive systems demonstrate
superior adhesion compared to self-etching
adhesive systems (Tsujimoto, 2020). In addi-
tion, the use of acid etching not only increases
the surface energy and adhesion area, but also
increases the porosity in the mineralized tis-
sue. The formation of a hybrid layer and resin
tags in the dentinal tubules plays a significant
role in maintaining the mechanical interlock
for effective adhesion to dentin (Hashimoto,
2003).

On the other hand, the adhesion of self-
-etching adhesive systems involves a chemi-
cal interaction between the hydroxyapatite,
followed by a micromechanical interlacing
with the mineralized tissue previously modi-
fied by the use of an acidic primer. Specifically,
the calcium salt resulting from the reaction
between hydroxyapatite and functional resin
monomers, which is insoluble in water and
resistant to acids ( Aung et al., 2019 ).
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Currently, 10-methacryloyloxydecyl dihy-
drogen phosphate (10-MDP) is a monomer
widely used in dental adhesive systems, the
introduction of which has brought significant
advances in the adhesion and quality of dental
restorations. This monomer has the ability to
intensify adhesive forces by establishing che-
mical bonds with the tooth surface, resulting
in stronger and tighter adhesion. Compared
to other functional monomers, 10-MDP of-
fers superior advantages, such as more effi-
cient chemical adhesion, which contributes to
more beneficial restorations with a lower risk
of failure (Cardoso et al., 2011).

The improved adhesion provided by 10-
MDP is due in part to the hybridization pro-
cess, which consists of the extinction of the
monomers in the porosities created in the
tooth structure, followed by polymerization.
These characteristics allow for effective inte-
gration between the restorative material and
the tooth, promoting the formation of a sta-
ble and resistant hybrid layer. In this way, 10-
MDP plays a crucial role in modern dentis-
try, raising adhesion standards in restorative
treatments and contributing to clinical results
(Van Landuyt, et al., 2007).

Thus, universal adhesive systems are wi-
dely adopted due to their simpler execution
procedures. Although the dentin bonding
mechanisms of universal adhesives have been
the subject of previous studies, it has been
shown that the bond strength in most uni-
versal adhesives was good, with a thin layer
of high density (known as the reaction layer)
being observed below the hybrid layer, which
is not evident in conventional three- or two-
-step adhesive systems (Barkmeier WW, Eri-
ckson RL, et al., 2019). In view of the above,
we can deduce that conventional three- or
two-step adhesive systems generally contain
different functional monomers, which can in-
teract with hydroxyapatite after acid etching.
Thus, we cannot definitively state which
would be the best adhesive system to apply, as
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this depends very much on the preference of
each professional and, above all, the ability to
perform each stage correctly to avoid failures
(Yoshihara et al., 2020).

METHODOLOGY

The work was carried out using an explo-
ratory quantitative methodology. To this end,
a structured questionnaire was used as a col-
lection tool. The questionnaire was validated
by two professors who are experts in the field.

The population of this study was made up
of dentists who actively work in dental practi-
ces. The sample comprised dentists who agre-
ed to take part in the research, according to
the following inclusion criteria: dentists with
an active CRO, of both sexes, varying age and
length of professional experience, who agreed
with the intentions of the research and who
signed the Free and Informed Consent Form
(FICF).

Those who did not complete the question-
naire - thus failing to meet the inclusion crite-
ria - and those who did not agree to take part
in the study were excluded from this study.

The questionnaire was carried out in com-
pliance with all the research ethics regulations
set out in Resolution 466/2012 of the National
Health Council (CNS). The research was sent for
evaluation by the Research Ethics Committee
(CEP) of the Centro Universitario Cesuca - Ca-
choeirinha/RS, and was approved under num-
ber 7.023.778, CAAE 82446324.6.0000.5665.

Data was collected between August 30,
2024 and October 7, 2024. The research ins-
trument used was a structured questionnaire
developed on the Google Forms platform. This
questionnaire, made up of 13 questions on the
subject of “adhesive systems”, was distributed
to dentists via three virtual channels: email,
the WhatsApp messaging app and Facebook
groups. The data generated by filling in the
survey instrument was also provided by the
Google Forms platform.
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RESULTS

A total of 373 participants answered the
questionnaire.

373 (100%)

0 100 200 300 400

Graphics 1 Number of participants

Source: Author’s image archive.

With regard to length of training, 38.6%
of respondents - the majority of participants
- have more than 10 years training. Recent
graduates, with up to oneyearin the profession,
account for 16.6% and, in the range between
15.8% and 29%, are those with between 2 and
9 years’ training.

@Up to 1 year, newly graduated
@ From 1 to 5 years.

@ From 5 to 10 years.

@ More than 10 years.

15,8%

Graph 2 Participants’ length of training

Source: Author’s image archive.

The distribution of participants in relation
to their place of work showed the following
results: 34.9% of dental surgeons work in their
own practices, 57.1% work in private clinics,
while 8% work in the Unified Health System.

@ own office
@ Work in a clinic

Graph 3 Participants’ place of work
Source: Author’s image archive.

With regard to the choice of materials used
in clinical practice, 42.6% of the participants
said that the choice of materials is made by
the clinic or the Unified Health System (SUS),
while 57.4% said they were responsible for
their own choice.

@ | choose
@ The clinic/SUS choose

42,6%

Graph 4 Responsibility for choosing materials
Source: Author’s image archive.

Regarding knowledge of the differences
between the types of adhesive systems (con-
ventional, self-etching and universal), 61.9%
of the participants said they knew the diffe-
rences between them, 7% said they didnt,
while 24.1% said they had reasonable knowle-
dge of the subject. In addition, 7% of those in-
terviewed expressed an interest in improving
their knowledge of the subject.

@ Yes
® No

® Reasonably

@ 1 would like to improve more
on the subject

P |

Graph 5 Knowledge of the differences between

adhesive systems
Source: Author’s image archive.
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Regarding the preference for types of
adhesive systems, 12.9% of the participants
said they preferred conventional adhesives,
20.9% opted for self-etching adhesives, while
the majority, 66.2%, preferred universal
adhesives.

@ | prefer conventional
adhesives

@ | prefer self-etching
adhesives

@ | prefer universal stickers

20,9%

Graph 6 Adhesive system preference

Source: Author’s image archive.

According to the survey data, 64.3% of
professionals said that they choose to use
single-step adhesives, which are practical and
simplify the clinical process by integrating
the steps into a single product. On the other
hand, 29.5% of dentists said they preferred
the two-step technique, which involves 37%
etching with phosphoric acid, followed by the
application of the adhesive. Finally, only 6.2%
said that they use the three-step technique, a
more complex and time-consuming process.

Graph 7 Preferred technique used

@ Three steps
@ Two steps

@ single step

Source: Author’s image archive.

When asked about the quality of the
adhesive systems available in their workplace,
63.8% of the participants said they would use
this adhesive system on their patients, while
36.2% said they would not.

@ ves
. No

N

Graph 8 Use of adhesive systems

Source: Author’s image archive.

Regarding the factors that influence the
selection of an adhesive system, 77.2% of the
participants said they were looking to reduce
working time by simplifying the technique
applied. On the other hand, 22.8% said they
prioritized the quality of the procedure,
regardless of the time needed to carry it out.

@ Reduce working time by
simplifying the technique.

@ Prioritize quality regardless
of how long it takes.

22,8%

Graph 9 Factors considered when choosing an
adhesive system
Source: Author’s image archive.

Regarding the choice of adhesive system
to be used on deciduous teeth, 7.5% of the
participants said they opted for the three-step
system, 59% preferred the two-step system
and 33.5% opted for the single-step system.

)

-

@ Three steps
@ Two steps

@ Single step

Graph 10: Choice of adhesive system in
deciduous teeth
Source: Author’s image archive.




Regarding the choice of adhesive system
for a personal restorative procedure, 68.1%
of dentists indicated that they would use the
same adhesive system that they routinely
apply to their patients. On the other hand,
31.9% of dentists said they would not use the
same adhesive system.

A\

Graph 11Choice of adhesive system in

. Yes
@ No

personal restoration

Source: Author’s image archive.

Regarding the preference of adhesive
technique for a restorative procedure itself,
the majority of dentists, 50.4%, prefer the
two-step technique, followed by the three-
step technique, 37.3%, while a smaller portion
of respondents, 12.3%, prefer the single-step

technique.

@ Three steps
@ Two steps
@ single step

Graph 12Preferred adhesive technique for
personal restoration

Source: Author’s image archive.

With regard to the use of selective acid
etching only on the enamel when using this
type of adhesive, the data revealed that 27.1%
of professionals choose to use this technique,
while 72.9% prefer not to.

. Yes
@ No

Graph 13Use of selective acid attack
Source: Author’s image archive.

The results of the last graph show that
52.3% of respondents consider conventional
adhesive systems to be the most effective for
bonding to enamel. Next, 24.1% indicated
a preference for universal adhesive systems,
while 10.7% pointed to self-etching systems
as the most suitable. Finally, 12.9% of the
participants said that all the options presented
(conventional, self-etching and universal) had
satisfactory adhesion to enamel.

@ conventional

@ Sscif-conditioning
@ Universal

@ All of the above

Graph 14 : Better adhesion with enamel
Source: Author’s image archive.

DISCUSSION

In this study, as mentioned above, all the
interviewees were dentists with active regis-
tration with the Regional Dental Council
(CRO). The answers were provided volunta-
rily, without any incentive or financial benefit,
either for the companies involved or for the
researchers responsible for the survey. The
main objective was to guarantee the impartia-
lity and integrity of the data found, so that the
answers reflected only the opinions and expe-
riences of the professionals.
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One of the objectives of the survey was to
identify the preference for the type of adhesive
system used on a daily basis. The results
revealed that the majority of dentists prefer
to use the universal adhesive system on their
patients, followed by self-etching systems,
while the conventional adhesive system is the
least used among professionals. These results
are corroborated by research indicating a
current trend in dental practice, possibly
due to the advantages of the techniques and
clinical performance offered by self-etch
adhesives (Pashley et al., 2011).

With regard to autonomy in choosing
materials, it was found that most of the
professionals taking part in the survey are
responsible for choosing the materials used on
their patients, including the adhesive systems
that were the focus of this study. This applies
both to dentists who work in private clinics
and those who work in the Unified Health
System (SUS) or in their own practices. This
autonomy in selecting materials suggests that
dentists play an active role in clinical decisions,
regardless of their working environment
(Ceccim; Feurwerker, 2004).

Another point that the research pointed
out is that the choice of adhesive systems can
be conditioned by external factors, such as the
cost of the materials and the limitations of the
patient’s budget. Studies show that the high
price of certain state-of-the-art adhesives can
limit dentists’ choice, leading them to opt for
more affordable systems, even if these are not
ideal for the specific case (Ferracane, 2013). In
addition, the unavailability of adhesives on the
local market or in specific clinics can further
restrict freedom of choice, forcing dentists to
adapt their practice to the options available in
their workplace.

As reported by Lopes et al. (2016), in their
research on universal adhesive systems with
acid monomers, it was observed that these
systems promote the demineralization of the
tissue surface in a less aggressive way, as they
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are single-step and do not completely elimi-
nate the smear layer, resulting in a more sim-
plified technique (Van Meerbeek et al., 2011).
These results show a trend in the dental en-
vironment towards procedures that maximize
efficiency and optimize clinical time. The data
obtained in this research corroborates these
results, strengthening the case for adopting
single-step adhesive systems.

In the search for effective adhesion to ena-
mel, a mostly mineral tissue, selective acid
etching of this tissue is recommended when
using the self-etch adhesive system with the
aim of creating microporosities, thus increa-
sing adhesion (Matos, et al., 2017; Yao, et al.,
2019; Van Meerbeek, et al., 2020; Perdigao, et
al., 2021). However, even with the data pre-
viously presented by the surveys, this study
showed that the majority of respondents do
not perform selective acid etching on enamel
when using the self-etch adhesive system. The
reason for this is probably to optimize time,
thus reducing the patient’s stay in the office.

When it comes to choosing an adhesion
technique for deciduous teeth, there is a sig-
nificant preference among dental surgeons for
using a two-step system, with 59% of profes-
sionals opting for this approach, which com-
bines acid etching followed by the application
of an adhesive system. Although dental care
for children represents a challenge, the use
of simplified techniques can reduce the time
it takes to provide care and make it easier to
work with the child. Adherence to the two-s-
tep protocol reflects the search for more effi-
cient and long-lasting adhesion, even in deci-
duous teeth. Pooled in vitro data suggest that
a mild universal adhesive system based on
10-MDP can replace acid etching systems for
restoring primary teeth (Lenzi et al., 2016).

The survey also revealed that 63.8% of
dentists said that their workplace offers the
best adhesive system available on the market.
Many of them claimed that they select the ma-
terials used themselves. However, 36.2% indi-
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cated that they do not have access to these ide-
al materials, which is worrying, as the quality
of adhesive systems is a determining factor in
the success of dental treatments (Bedran-Rus-
so, et al., 2017; Caldas, et al., 2019; Perdigao, et
al., 2021). The choice of materials, especially
in adhesive systems, can compromise the lon-
gevity of restorations and impact the quality
of patients’ health. These data emphasize the
importance of careful selection of dental ma-
terials in dental practices and clinics.

Dental surgeons’ confidence in the adhe-
sive systems used can be seen in the light of
studies evaluating the long-term effectiveness
and durability of these materials. Scientific
research shows that adhesion to enamel and
dentin depends on factors such as the chemi-
cal composition of the adhesives, application
techniques and the conditions of each patient
(Van Meerbeek et al., 2011). The decision by
68.1% of dentists to use the same adhesive
systems on themselves as they use on patients
indicates that this majority trusts in the safety
and clinical predictability of these materials,
which is corroborated by evidence that, when
correctly applied, adhesives can achieve high
stability.

However, the fact that 31.9% of dentists
responded that they would not use the same
materials on themselves points to a divergent
perception of the durability and reliability of
adhesives, possibly based on clinical expe-
riences of adhesive failure or concerns about
handling. Studies indicate that the longevity of
adhesives can be affected by hydrolysis of the
components and the oral environment, po-
tentially impacting long-term retention (De
Munck et al., 2005). This split in responses su-
ggests that, although many professionals are
confident in the efficacy of adhesive systems
under ideal conditions, there is still a need to
ensure that efficacy is maintained in the long
term a wider range of clinical contexts, en-
couraging ongoing research to strengthen the
trust of professionals and patients.
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When asked which adhesive technique
they would prefer if they had to undergo a
restorative procedure, 50.4% of dentists chose
the two-step technique, while 37.3% preferred
the three-step technique. These data reflect a
general preference for techniques involving
acid etching, which is widely supported in the
literature for providing a more durable and
stable adhesion by creating microporosities
that promote mechanical retention in enamel
and dentin (Van Meerbeek et al., 2010).

However, a relevant fact is that 87.7% of
the dentists interviewed would not opt for
the simplified adhesion technique that they
routinely apply to their patients. Regarding
preferences in personal procedures, the
survey identified that dentists are aware of
the limitations of certain adhesive systems,
especially those that have become more widely
used due to their convenience and speed, but
which cannot offer the same durability as
more complex adhesive systems. According
to Perdigdo et al. (2021), simplified adhesive
systems, such as self-etching, although
convenient, may have lower adhesion on some
substrates, which could include preference.

Another relevant factor is that many
dentists, when treating their own teeth, may
opt for systems with a history of superior
performance, even if they require more steps
in the clinical process. Van Meerbeek et al.
(2020) point out that multi-step adhesives
generally achieve longer-lasting adhesion,
although they are more complex and require
greater skill to apply. This technical knowledge
can influence the personal preferences of
dentists, who opt for a more durable treatment
over simplification.

The conventional adhesive system, which
is still widely considered the gold standard in
enamel adhesion, is valued mainly because it
involves acid etching with removal of the sme-
ar layer, exposing the enamel microstructure
and favoring a more stable micromechanical
adhesion (Van Meerbeek et al., 2011). In the
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survey, 52.3% of the dentists interviewed re-
commended this system. The preference for
universal adhesive systems, chosen by 24% of
participants, and self-etching adhesives, with
10.7% preference, reflects the search for alter-
natives that combine adhesive efficacy with
simplification of technique, aspects valued for
reducing clinical time and facilitating adhe-
sion on multiple surfaces (Breschi et al., 2018).

Although conventional adhesives retain
their prestige, advances in universal and self-
-etching systems in recent years emphasize that
clinical success does not depend exclusively on
the material, but rather on the correct applica-
tion of specific techniques for each situation.
Scientific articles show that the correct appli-
cation of each adhesive system is fundamental
for the retention and durability of the restora-
tion, and that the quality of adhesion depends
on the experience of the professional and the
choice of the most suitable system for each case
(De Munck et al., 2005). This reaffirms the re-
levance of all adhesive alternatives in the dental
arsenal, provided they are applied with precise
technique and based on the characteristics of
the substrate and the expectation of durability.

With regard to the answers obtained about
their knowledge of the differences betwe-
en conventional, self-etching and universal
adhesive systems, 61.9% of the dentists said
they were familiar with these distinctions,
while 24.1% considered their understanding
to be reasonable. These figures indicate a solid
knowledge base among professionals, but also
reveal gaps, since 7% of those interviewed ex-
pressed an interest in deepening their know-
ledge, and another 7% admitted they were
unaware of the specifics of these adhesive sys-
tems. This scenario shows a broad perception
of the differences in adhesive methods, whi-
ch is positive, considering that mastery of the
properties and application techniques directly
influences the clinical success of dental resto-
rations (Van Meerbeek et al., 2011).
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However, the presence of a number of pro-
fessionals interested in improving or acqui-
ring knowledge on the subject highlights the
need for continuing education programs that
allow them to keep up to date with new te-
chnologies and scientific evidence. Technical
improvement and understanding of dental
materials are associated with better clinical
results and greater patient satisfaction (Bres-
chi et al., 2018), reinforcing the importance of
professional development for effective work.

Continuing education programs focused
on adhesive systems enable professionals to
choose the most suitable system for each cli-
nical situation, to correctly apply the steps for
each type of adhesive and to understand the
limitations and care needed to maintain the
durability of restorations. In addition, conti-
nuing education allows professionals to criti-
cally evaluate new products and technologies,
avoiding the early adoption of materials that
have not yet been widely validated in the lite-
rature (Van Meerbeek et al., 2020).

Thus, in view of the above, it was obser-
ved that the evolution of adhesive systems has
occurred at an accelerated rate, which raises
doubts about the choice of the most appro-
priate system for each clinical situation. Des-
pite the quality of the systems available, it is
essential that each adhesive is used according
to its specific indication to guarantee its full
functionality. Improper use of an adhesive
system can compromise its effectiveness, hi-
ghlighting the importance of technical know-
ledge and selection criteria.

CONCLUSION

Considering the data and arguments pre-
sented, it is possible to conclude that dental
surgeons show a tendency to select their adhe-
sive materials based on scientific evidence, re-
flecting an informed clinical practice. However,
due to the rapid advance of adhesive systems,
there are still doubts as to the ideal application
of each type in different clinical situations.
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It can also be seen that the single-step sys-
tem is widely preferred in dental practices,
partly due to the reduction in “consultation
time”. Even so, when asked which system they
would use on themselves, the majority of pro-
fessionals would opt for a 37% phosphoric
acid etching protocol, adding an extra step in
search of greater therapeutic efficacy. Compa-
ring the data, it was found that although den-
tists are interested in using the same materials
on their patients as on themselves, many pre-
fer to increase clinical predictability by adding
the etching step.

The survey also revealed that dental surge-
ons with more than ten years’ training have a
greater need for updating on adhesive systems,
and are the group with the most doubts on the
subject. With the constant evolution of adhe-
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Apresentacao do Projeto:

A apresentagao do projeto esta clara e adequada aos critérios éticos de pesquisa.
Objetivo da Pesquisa:

O objetivo da pesquisa esta bem apresentado e atende os critérios éticos de pesquisa.

Avaliagao dos Riscos e Beneficios:
A avaliagao dos riscos e beneficios esta adequada aos critérios éticos de pesquisa. Os riscos sao minimos e
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Comentarios e Consideragoes sobre a Pesquisa:
A pesquisa se mostra adequada quanto aos critérios éticos de pesquisa.

Consideragoes sobre os Termos de apresentacao obrigatoria:
Os termos de apresentagao obrigatdria estao presentes.

Conclusdes ou Pendéncias e Lista de Inadequagdes:
O projeto de pesquisa apresentado esta adequado aos critérios éticos de pesquisa exigidos.
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