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ABSTRACT
The various functions and clinical applications of adhesive systems have become a fundamental part of restorative treatment. The biggest 
challenge for such systems is to provide adequate adhesion to the different tissues, which can be very diverse in nature. When choosing the 
appropriate adhesive system, the dentist should be familiar with the origin, composition, action mechanism and method of application of each 
system. The commercially available products and their high technical status have made it possible for the clinician to develop a philosophy of 
maximum tissue preservation, optimized esthetics, up-to-date concepts and procedures and full function of the restored element, compatible 
with biomimetic theory. The literature describes the superior qualities of results obtained with three-step total etching adhesives and the use 
of chlorhexidine as a factor to increase longevity. Future perspectives include the use of ethanol, inactivating agents of enzymes released in the 
adhesive process and the action of agents that act upon the dentin matrix. 

Indexing terms: Biomimetics. Dentin-bonding agents. Longevity.

RESUMO

As diversas funções e aplicabilidades clínicas dos sistemas adesivos os tornaram parte fundamental da terapêutica restauradora. O desafio 
maior destes sistemas está em prover qualificada adesão aos diferentes tecidos uma vez que estes são muito distintos em sua constituição. 
Para que essa escolha seja feita corretamente o dentista deve conhecer a origem, composição, mecanismo de ação e modo de aplicação de 
cada sistema. Os produtos disponíveis e o estado técnico, alcançados atualmente, tem possibilitado aos clínicos o desenvolvimento de uma 
filosofia de máxima conservação tecidual, estética otimizada, atualização de condutas e conceitos bem como função plena do elemento 
dental restaurado compatíveis com uma filosofia biomimética. A literatura vigente apresenta superioridade de resultados com adesivos de 
condicionamento total de três etapas, uso de clorexidina como fator de aumento da longevidade e perspectivas futuras que incluem trabalhos 
com o uso de etanol, agentes inativadores enzimas liberadas no processo adesivo e a ação de agentes que atuem na malha dentinária. 

Termos de indexação: Biomimética. Adesivos dentinários. Longevidade.
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for promoting a bond between the dental substrates and 
the restoration, thus acting as an intermediate material”2-3. 
With this in mind they should, ideally, be easy to use, have a 
simple technique, promoting good bonding to the various 
substrates that make up the dental element.

The major challenge of these systems lies in 
providing appropriate bonding to the different tissues as 
these have very different compositions4-5. If, on the one 
hand, the bonding to enamel can be satisfactorily achieved 
using the acid-etch technique, on the other hand, bonding 
to dentin is more complicated due to its tubular structure 
being humid; the properties of permeability and also the 

INTRODUCTION

Biomimetic philosophy aims to imitate nature in the 
conception of prosthetic rehabilitation solutions1. Aspects 
such as preservation, integration, function and aesthetics 
must be implicit in current restoration techniques.

The increasing demand for aesthetic restorations 
by today’s society has rendered adhesive systems essential 
in dental practice. Their various clinical functions and 
applicability make them a fundamental part of restoration 
therapy. No matter what the aim of the adhesive procedure, 
the systems are, by definition, “the materials responsible 
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removed. This region, which was previously occupied by 
mineral, is then replaced by the adhesive solution. The 
bonding agent has to infiltrate this structure of collagen 
fibrils and polymerize in situ, forming what is known as 
the “hybrid layer”16.

After the dentin has been demineralized, the use 
of a wet-bonding technique is recommended to avoid the 
collapse of the collagen fibril structure, which could make 
it difficult to infiltrate the resin monomers. This study was 
performed by Kanca in 199217.

Three years after the study by Kanca, Nakajima 
et al.18 reported that the bond strength results depend 
not only on the adhesive system used but also the type 
of dentin. Also in 1995, Yoshiyama et al.19 in their study 
concluded that for total-etch systems (this term should be 
understood as “simultaneous etching of the dentin and 
the enamel in a different step to the use of the adhesive 
system”), the depth of the dentin obtained in the cavity 
preparation alters the bond strength. Besides the dentin 
depth, the data obtained in this study suggest that this 
bond strength may also be influenced by the drying time 
of the primer used prior to the adhesive for two-bottle 
formulations.

In the same year, Sano et al. proposed the use of 
the term “nano-infiltration” as a result of observations 
under the microscope of alterations to the basal layer 
of the hybrid layer, even with the absence of restorative 
cracks at the adhesive interface20.

In 1996, Ikemura et al.21-22 presented their study 
on systems based on self-etching primers (this should be 
understood as “etching of the substrate promoted by its 
own adhesive system”). The possibility of the formation of 
hybrid layers using these systems was demonstrated.

In 1997, Perdigão et al.23 studied the bond strength 
of these self-etching primers to the enamel and found very 
low results for this category of adhesive. 

The following year, Yoshiyama et al.24 corroborated 
the results of this low bond-strength to enamel. Pereira et 
al.7 supplied a further item of information about adhesive 
systems: bond strength can vary according to the dental 
substrate, region and type of adhesive system being used. 
In the same year, Rosales et al. presented their results on 
the contact angle of adhesive systems, demonstrating that 
with deep dentin and dehydrated dentin, the penetration 
of the systems is made more difficult. Then in 1999, 
Sano et al.25 published results of one year in vivo studies 
monitoring self-etching adhesives asseverating the viability 
of their clinical use. 

organic composition of its substrate4-7. Accordingly, the 
success of any technique depends on the proper selection 
of adhesive system and, therefore, choosing one for daily 
use has been regarded as a big challenge for professionals. 
For this choice to be properly made, the dentist has to 
understand the origins, composition, action mechanism 
and mode of application of each system8.

In recent years, a tendency to develop simplified, 
adhesive systems has been observed5,9 as they afford a 
smaller technical sensitivity on application7. However this is 
not tantamount to being a maxim that enables us to assert 
that the systems most recently developed or classified as 
being state-of-the-art, are clinically the ones that produce 
the best results. Thus it is appropriate to find out more 
about the different systems and their respective limitations.

Add to the above the fact that new paths are 
being explored to obtain longevity of bonding to dentin10. 
Several clinical parameters are already entrenched while 
others require clinical investigation to establish proof11.

The objective of this study was to analyze, through 
a review of the literature, the bonding strategies offered 
by the various adhesive systems, bringing up-to-date the 
concepts for the correct selection of these bonding agents 
and presenting fresh perspectives on scientific studies.

REVIEW OF THE LITERATURE

The observations of the diverse researchers, associated 
with the accumulated understanding over the last 50 years, 
have given rise to the development of Adhesive Dentistry.

In 1955, Buonocore12 introduced the use of 
the technique of acid etching of enamel, creating a 
fresh perspective on restoration procedures, kicking 
off the “Adhesive Era”. In 1967, Gwinnett & Matsui 
demonstrated the intimate relationship between adhesives 
and the demineralized enamel substrate13. The technique 
that uses prior acid-etching was, for a while, called the 
“total-etch technique”. However the application of 
this concept is not suited to the original acid-etching 
technique, as this technique was subsequently described 
by Fusayama et al.14, in 1979, as being the technique 
for the simultaneous etching of the enamel and dentin, 
when the etching of dentin and the use of stronger acids 
was not yet recommended, as described by Retief et al. in 
their 1974 study15. In 1982, Nakabayashi et al.16 reported 
that, to achieve a bond with the dentin substrate, it is 
necessary to perform acid etching so that the dentin’s 
surface layer has its mineral phase partially or totally 
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the conventional three-step adhesive systems are the ones 
that demonstrate more favorable performance and the 
greatest credibility in the long run.

Carrilho et al.38 found that significant reductions in 
bond strength occurred after longitudinal storage in water 
whereas, when stored in oil, bond strength was preserved.

In the same year, Reis et al.39 demonstrated there 
was a relationship between dentin humidity after acid 
etching and the dentin bond strength of adhesives with 
different solvents. Bond durability and quality were related 
to the correct control over humidity in the dentin substrate.

Also in 2004, Pashley et al.40 presented the concept 
of “host enzymes” in which products of the collagen 
matrix itself would likely be responsible for its degradation 
over time.

Carvalho et al.41, in their studies, showed that 
significant reductions in the bond strength to enamel 
occur in a short period of time when simplified, self-
etching adhesives are used and that these affect the bond 
in dual cure resin cements, concomitant usage being 
incompatible. In another study conducted in 2005, the 
same author showed the presence of demineralized zones 
not infiltrated by adhesive monomers with various single-
step self-etching systems42.

The duration of the acid etching was assessed by 
Wang & Spencer43 suggesting that the application should 
be passive, for 15 seconds on the dentin with the Adper 
Single Bond (3M ESPE, St. Paul, MN, USA) adhesive system.

De Munck et al.44 concluded that the resin-dentin 
interface, created using the total-etch technique, has a 
propensity to degrade through water. In this technique, 
hydrolytic degradation is more critical for two-stage adhesives 
when compared to the three-step adhesive systems.

Bayne45, in 2005, carried out a study which 
provided morphological evidence that the discrepancies 
between the demineralization depth and infiltration depth 
of the adhesive resin can also occur when self-etching 
adhesive systems are employed.

Carrilho et al.46 published a study demonstrating 
the potential harmful effects of the storage media on 
the mechanical properties of resinous materials. They 
discussed the possibility of a reduction in adhesive quality 
due to this factor.

Aguilar-Mendonza et al.3 concluded that the 
wettability of the substrate is similar between self-etching 
and total-etch adhesives. The smear layer has little effect 
on the wettability of self-etching adhesives. They did 
emphasize, however, that the adhesive force of total-

Magne & Douglas26 introduced the concept of 
the biomimetic approach with restoration procedures, 
emphasizing the importance of bonding in this process. 
They described the use of adhering restorations as the 
pinnacle of results for both clinic and patient.

In 2001, Bouillaguet et al.27 presented the results 
of their micro-tensile tests on eight separate adhesive 
systems. Their study demonstrated superior results for 
two-bottle adhesives used in the three-step procedure. 

As for Urabe et al.28, they obtained results in their 
research showing that the prevailing bonding systems 
could reproduce the biological adherence of the enamel to 
the dentin, in terms of tensile strength.

The same year, Bouillaguet et al.29 concluded that 
the ability of dentists to correctly manipulate adhesive 
systems varied greatly. However, if a dentist has sufficient 
experience and receives adequate training, any of the 
adhesive systems may culminate in satisfactory results. 
Also in 2001, Mak et al.30, in checking the bond strength 
between adhesive systems and resin cements, stated 
that the transudation of fluids through the adhesive 
would produce an accumulation of water at the interface 
between the adhesive and the cement, causing significant 
reductions in this bond and adversely affecting the adequate 
polymerization of the layer of cement in contact with the 
adhesive. In 2002, Tay et al.31, using transmission electron 
microscopy, concluded that the presence of silver nitrate in 
the adhesive layer represented sites with structural defects 
in the material itself and that this process also occurred 
with self-etching adhesives32.

In 2003, the same author demonstrated that the 
area of demineralized dentin not infiltrated by the resin was 
porous, permeable to external fluids, thereby permitting 
the occurrence of the so-called “nano-infiltration”. 
This author defined simplified adhesives as “permeable 
membranes”31,33.

For Jacobsen et al.34-35, operator technique is more 
important to clinical success than the choice of material. 
Perdigão et al.36 reported that post-operative sensitivity 
could depend on the restoration technique and not the 
type of dentin adhesive used. Reis et al.8 concluded, in 
their research study, that each adhesive system possesses 
a different spectrum of humidity which must be observed 
in clinical operations so that greater adhesive forces may 
be obtained. Van Meerbeek et al.37 stated that, although 
there is a tendency to produce and use adhesive systems 
that are simplified in technique, scientific data originating 
from numerous laboratory and clinical studies show that 
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etch adhesives is greater than that obtained with the self-
etching variety. 

In 2010, Sadek et al.11 produced a study evaluating 
adhesive strength of specimens treated with chlorhexidine 
and with ethanol. Their study demonstrated that the 
adhesive potential endured for nine months when using 
chlorhexidine and 18 months when using alcohol. 

The same year, Marshall et al.47 presented a 
conceptual review of the literature on adhesive systems. 
They concentrated on aspects such as dentin surface 
treatment, creation of a micromechanical interface through 
the formation of the hybrid layer and on its stability over 
time. They proposed that the researchers should be stricter 
in their evaluation of characteristics such as angle of 
contact and determination of surface energy also using 
atomic force microscopy for more detailed analyses.

Liu et al.10, the following year, discussed the limitations 
of bonding to dentin. Their review presented various strategies 
for promoting long-lasting adhesion. Techniques such as 
the use of chlorhexidine, ethanol and agents that promote 
alteration in the demineralized substrate were described.

Cardoso et al.48 performed a review of the literature 
on adhesive systems highlighting a number of areas of 
great importance to clinical procedure. They questioned, in 
longitudinal analyses, the gain in clinical time when using 
simplified adhesives to the detriment of bond quality. They 
argued for the three-step technique for two-bottle adhesives 
as the most viable on account of the stability of the adhesive 
interface. As far as the self-etching adhesives are concerned, 
they found that the most reliable were most likely those that 
are commercially presented in the form of two bottles. 

Also in 2011, Brackett et al.1, after presenting 
in the introduction to the paper a review of the line of 
research in adhesive procedures, discussed an experiment 
to evaluate the effectiveness of chlorhexidine in vivo as 
a metalloproteinase inhibitor and which, consequently, 
would retain adhesive potential over time. They also 
presented the concept of biomimetic remineralization as 
a fresh alternative. The results were favorable for both 
procedures when compared to the control group, where 
the conventional adhesive procedure was carried out. 
After 12 months in vivo, chlorhexidine demonstrated its 
effectiveness in maintaining adhesive strength.

DISCUSSION

Contemporary dentistry has firm foundations in 
the adhesive process which enables the bonding of artificial 

materials to the hard tissue of teeth. This process creates 
hybrid structures in its final make-up, with the ability to 
have a beneficial effect on the processes that involve dental 
elements2. The bond between two structures favors the 
dissipation and distribution of load. In restorative procedures, 
this biomechanical behavior is of the utmost importance to 
the creation of final structures that behave in a similar way 
to intact teeth28. The creation of an interface47 between the 
tooth and the restorative material, described in the literature 
as a hybrid zone or layer16, is made possible through the 
modification of the structure of tissue that makes up the 
dental element and their impregnation by means of resinous 
materials13,16. The base procedure is promoted by the action of 
acidic substances interacting mainly with mineral compounds. 
The decalcification of the dentin and enamel is an essential 
prerequisite for this type of procedure12-13,37. Through the 
dissolving of hydroxyapatite crystals on the enamel and dentin 
mineral zones, spaces are created in which the resin system 
can be employed in liquid form and subsequently solidified. 
In a historical evaluation of this procedure we found that 
pioneering research did not succeed in promoting viable 
adhesive force when the acid treatment of the substrate was 
not effective due to its low concentration or due to it being 
contraindicated for dentin tissue15. The fear that the pulp 
could suffer irreversible injury due to the application of acid 
substances on the dentin, has meant that the procedure has 
developed more quickly with enamel but has achieved only 
slow progress on dentin. When more promising studies began 
to find evidence of improvements in the results of bonding 
to dentin, due to acid etching and noting that significant 
alterations were not found in the pulp tissue, a new obstacle 
came along for researchers in this area: the technical sensitivity 
of this procedure4-5. Unlike with enamel, several factors have 
to be checked in detail to obtain correct adhesion to dentin: 
Analysis of the depth of the cavity and proximity to the pulp7,19, 
duration of acid etching43, maintaining adequate humidity 
after etching2,17, length of time required to apply the adhesive 
materials19,34-35, chemical attributes of these materials4-5,36 and 
adequate polymerization10 are just some of the factors that 
can significantly influence bonding to dentin. The advances 
made in adhesive system research have sought to simplify as 
much as possible the clinical steps which could be influenced 
by the operator. Over the years, simplified systems have 
emerged to address this need24-25,35-36. Another positive for the 
development of these systems has been the reduction in the 
procedure’s clinical time36. Thus the procedure carried out in 
three steps was reduced to two steps, followed by a further 
reduction, to just one step, and recently composite resins have 
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The steps may be represented by the following 
stages: 1) direct application of the product for self-etching 
adhesives or etching with phosphoric acid for conventional 
adhesives; 2) application of primers; 3) application of the 
adhesive.

As previously mentioned, the application of 
phosphoric acid as the initial stage of the adhesive 
procedure has been used for decades with effective results, 
particularly on enamel12-13,37. This composite promotes the 
adaptation of the substrate for subsequent impregnation 
of the adhesive system and consequent formation of a 
hybrid zone in which the in situ portion of the substrate 
interacts intimately with the artificial part of the adhesive 
systems. With dentin, the technique is seen to be more 
sensitive due to the control of humidity being intimately 
linked to adhesive potential17,39. The excessive retention of 
water prevents adequate penetration of the monomers and 
the reverse situation, the drying up of the dentin, promotes 

appeared in the marketplace which even do away with the use 
of adhesive systems as they are designed to be self-etching (e.g. 
Dyad, Kerr, Orange, CA, USA). Several classifications have been 
proposed for adhesive systems9,45. One of the more commonly 
used is the classification by generation9. This standard does 
not appear to be the most viable as it implies the notion that 
the state-of-the-art adhesives have superior performance 
over adhesives of prior generations. Other classification 
methods are described via (a) methodology of usage and (b) 
the number of bottles of which the system is comprised45,48. 
The combination of these last two classifications coherently 
creates a more didactic concept for the selection of systems in 
everyday clinical applications. Thus we get the division shown 
in Table 1 for composite classification:

a collapse of the fibers reducing adhesive force17,38-39,46. 
Dentin’s own characteristics result in the use of hydrophilic 
agents which should be used separately in the case of two-
bottle adhesives, the so-called primers, or in more complex, 
one-bottle composites where these substances are found 
in conjunction with solvents and monomers2,6-7,17,27,34.

Another factor to be considered is the potential 
inability of the adhesive system to penetrate the whole 
area which has been demineralized, thereby leaving 
behind non-impregnated collagen fibers40. This situation 
is clinically translated into post-operative sensitivity and 
nano-infiltration20,36. These were the main factors that led 
researchers to develop systems which could impregnate the 
substrate with monomers at the same time as they would 
promote demineralization of the tissue. These compounds, 
known as self-etching, were initially presented in two bottles 
whereby an acid primer was applied and subsequently a 
hydrophobic acid would perform the hybridization21-22. In 
this way, decalcified, non-mineralized zones would cease 
to occur, significantly reducing post-operative sensitivity. 
However in vivo studies have not supported this theory36. 
Subsequently, a new simplification was made through 
the introduction of self-etching systems using just one 
bottle, known as the all-in-one system. More detailed 
studies, however, have revealed a number of deficiencies 
with both systems: a) deficient bonding to enamel, and 
b) less durability of the adhesive interface31-32. Another 
relevant factor was their lack of compatibility with dual-
cure adhesive cements30,41. The simultaneous use of these 
materials does not allow the complete polymerization of 
the cement, thus promoting deficient bonding. Recently, 
bonding durability has been widely investigated. At the 
beginning of the evaluation, the results of adhesion force 
are very effective, but decrease with time for specimens 
stored in water38. The current literature points to two 
factors that contribute to this situation: the degradation 
promoted by the water on the bonding agent (silane) 
and the action of host enzymes present in the collagen 
fibers, which are released by the action of the acid used 
in the procedure10,40. Studies have concentrated on the 
correction of these factors by means of the total removal 
of water during the adhesive procedure and the use of 
chemical substances to promote the inactivation of the 
host enzymes1. Encouraging results have been obtained 
by using alcoholic substances (ethanol) to rinse the 
cavity prior to the impregnation of the substrate with the 
adhesive system, in an attempt to reduce the water in 
the interstice of the exposed fibrils10-11 and chlorhexidine-

1 Bottle 2 Bottles

1 Step
All-in-One (Kerr)

Adper Easy One (3M ESPE)
AdheSE One F (Ivoclar)

All Bond SE (Bisco)

2 Step

Optibond Solo Plus (Kerr)
Adper Single Bond 2 (3M 

ESPE)
XP Bond (Dentsply)

Prime & Bond 2.1 (Dentsply)
Excite (Ivoclar)

One-Step (Bisco)

Clearfill Bond SE (Kuraray)
Adper Scotchbond SE (3M 

ESPE)
AdheSE (Ivoclar)

3 Step

Optibond FL (Kerr)
Allbond 2 (Bisco)
Allbond 3 (Bisco)

Adper Scotchbond MP (3M 
ESPE)

Table 1.	 Composite classification of adhesive systems.

NB: The adhesives shown in bold type are considered to be self-etching while the 
others are classified as conventional.
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based compounds. The latter has permitted good results 
in the act of inactivating enzymes released by the collagen 
fibers in response to acid etching10, being a viable clinical 
procedure, already being used in practice, as a promoter 
of greater longevity for the adhesive interface with the 
dentin4,10-11. An in vivo analysis over a period of 12 months 
has shown the effectiveness of using chlorhexidine after 
the acid-etch phase1.

In longitudinal in vitro analyses4,10 ,40, 42 and rare 
works on in vivo evaluations45 the three-step adhesives 
have proved themselves to be superior to the others in 
terms of performance10,45. These, however, are more 
sensitive in terms of technical performance. Studies have 
shown evidence of the low quality of results obtained 
with the use of adhesive systems when used by operators 
without due technical proficiency29,35. Consequently, 
after training, these bond strength values improve up to 
fourfold35. Despite the greater technical sensitivity, it is 
down to the professional to keep abreast of knowledge 
in the area in order to fully benefit from the three-step 
systems. The longer clinical time that these systems require 
(approximately 4 minutes) should not represent an obstacle 
in the quest for excellence of results for the patient with 
regard to the increased useful life of the restorations37.

In biomechanics, adhering means optimizing, 
providing better load transduction in the dissipation of 
forces by the dentin and consequently mimicking the 
natural model (biomimetic approach), i.e. the intact 
tooth26, where the different substrates are intimately 
imbricated by the enamel-dentin junction28 shaping an 
“intelligent design”. Adhesives and the technical status 
they have currently achieved, have made it possible for 
clinics to develop a clinical philosophy in which maximum 
tissue conservation 47, optimized aesthetics, updating of 
procedures and concepts as well as the full function of the 
restored dental element predominate.

FINAL CONSIDERATIONS

The various adhesive systems currently available, 
as well as their different application techniques, foster 
the need to keep correct usage concepts up-to-date in 
the pursuit of maximum performance. The maximum 
understanding and benefit extracted from this procedure 
permit activity within a biomimetic philosophy. The 
reviewed literature revealed superiority of usage with 
three-step total-etch adhesives in spite of the longer clinical 
time taken. The use of chlorhexidine after acid etching 
is a viable procedure for obtaining greater longevity of 
the hybrid layer in dentin. Future perspectives include 
studies into the complete removal of water through the 
use of ethanol, the search for new substances that can 
inactivate the enzymes released in the adhesive process 
and the action of agents that act upon the demineralized 
dentin matrix by affording it better mechanical properties 
and longevity. There is a need for longitudinal clinical 
studies, rarely found in the existing literature, to confirm 
these procedures.
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