
 

 
The Impact of Innovation: Navigating Through Multidisciplinary Research 

Evolution of dentin adhesives: Literature review 

CHAPTER 15 

EVOLUTION OF DENTIN ADHESIVES: LITERATURE REVIEW  
 

https://doi.org/10.56238/sevened2024.031-015

 

Ana Beatriz Cesnik Cardoso1, Ellen Thaily Faria Modes2, Celine Garcia3, Amanda 
Beatriz Casu Ribeiro4, Cláudio Alberto Franzin5, Lucimara Cheles da Silva Franzin6, 

Sandra de Oliveira Torchi7 and Ilma Carla de Souza8 
 

 
 

ABSTRACT 
The aesthetic demand has culminated in the improvement of restorative dentistry through 
new products, such as dentin adhesives, so commonly used in current restorative 
procedures. The quality of the union of the restorative material with the dental substrate is 
essential for the longevity of the treatment; In this way, dentin adhesives with different 
compositions are marketed, aiming to achieve optimal adhesion. The present study aimed 
to review the literature on the evolution of dentin adhesives, since research can bring to 
light innovations that overcome the limitations of contemporary adhesive systems. This 
article shows the evolution of dentin adhesives, their efficacy, and clinical relevance. 
Knowing new dentin adhesives, techniques and care required before and during the 
application of the chosen adhesive contributes to increasing the durability of adhesive 
restorations, in order to ensure satisfactory results in the union between the resin and the 
dental substrate, avoiding the repetitive restorative cycle. 
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INTRODUCTION 

Adhesive systems are indispensable materials in everyday dental life, used mainly in 

composite resin restorations and ceramic cementations (MALETIN et al., 2023). The dental 

adhesive has the function of promoting the union between the resinous material and the 

dental substrate, which is crucial for the longevity and clinical success of current restorative 

procedures (CARDOSO et al., 2023).  

Given the importance of the bond between materials and the dental substrate, it is 

essential to understand the evolution, innovations, and techniques associated with 

adhesive systems (PERDIGÃO et al. 2020). Constant technological innovations, such as 

the emergence of self-etching adhesives, as well as the inclusion of nanoparticles, can 

transform the effectiveness of dental treatments, however, they require new research and 

discussions (CARDOSO et al., 2023). 

Some authors have revolutionized aesthetic and restorative dentistry 

(KULSHRESTHA, 2023); such as Hagger (1951), who developed the first dental adhesive 

called "Sevriton Cavity Seal", composed of glycerophosphoric acid dimethacrylate (GPDM), 

with chemical bonding to the calcium found in the tooth structure, which bonded acrylic 

resins to the tooth structure; Buonocore (1955), who advocated the acid etching of enamel 

with 85% phosphoric acid, considered a pioneer in adhesive dentistry;  followed by Bowen 

(1965), who developed the monomer Bis-GMA (bisphenol glycidyl methacrylate), still used 

in most of today's composite resins. Furthermore, a milestone in adhesive dentistry was the 

study by Nakabayashi and Masuhara (1982), describing the adhesion process, as the 

replacement of minerals removed from hard dental tissues by resin monomers, in such a 

way that the polymer became micromechanically interconnected to the dental substrate, 

forming what is called a hybrid layer, by the infiltration of monomers into the matrix of 

demineralized dentin collagen (KOKOL,  2020).  

 The formation of a hybrid layer between the adhesive and the dentin is crucial for 

the survival of composite resin restorations (BRESCHI et al., 2023); this layer is formed in 

two steps: the first step includes the conditioning of the dentin, usually with phosphoric acid 

(35–37%) for 15 seconds (conditioning and washing adhesive systems), which removes 

calcium phosphates,  leading to the formation of micropores in the dentin substrate and 

exposure of the collagen scaffold; and, the second step involves penetrating the adhesive 

monomers into the exposed network of collagen fibrils, providing micromechanical retention 

(REY et al., 2022). These monomers, which contain hydrophilic and hydrophobic groups, 

penetrate the embouchures and bind to collagen fibers, controlling moisture 

(NAKABAYASHI et al. 1982; YOSHIHARA et al. 2021). 
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The first phosphonated adhesive was Clearfil-Bond (Kuraray Noritake Dental Inc., 

Tokyo, Japan, 1976), the phosphate group has an acidic character and gives it the ability to 

chemically bond to mineralized dental substrates and metal oxides, through an ionic bond 

to calcium (PASHLEY et al., 2023); in 1991, Prisma Universal Bond 3 was launched by 

Caulk (LD Caulk Co.), in addition to new adhesives with high success rates due to 

increased bond strength (ALAM et al., 2023). 

The introduction of 10-methacryloyloxydecyl dihydrogen phosphate (MDP) into self-

etching adhesive systems is particularly noted for its ability to bond with hydroxyapatite, 

contributing to stable and durable adhesion (FEHRENBACH et al., 2021). 

Currently, researchers face challenges to develop dentin adhesives that not only bind 

to the dental substrate, but also contain antibacterial, remineralizing, and enzyme inhibitory 

properties that increase its longevity (MARTINS et al., 2014; FERNANDES, 2021). 

The advances in nanotechnology in the area of health, biomaterials, and 

biotechnology have been eloquent in recent decades, giving rise to the creation of a new 

field of study, called nanomedicine (ROSA et al., 2023). In 2010, self-etching adhesive 

systems were introduced to the market by the Voco Company that contain nanofiller (12 

nm) these components increase the penetration of monomers in the hybrid layer and their 

mechanical properties (HUANG et al., 2022).  

In the area of restorative dentistry, the use of nanotechnology and dental 

biomaterials aims to optimize the physical properties and contribute to the quality of 

restorative and preventive materials such as nanocomposites, nano-adhesives, nano-CIV, 

nano-varnish and nano-sealants (FREIRE et al., 2019; LIMA et al., 2021). The incorporation 

of nanoparticles in the adhesive systems improved the penetration into the tubules of the 

dentinary, increasing the contact area and reinforcing the mechanical properties of the 

restorations (ARDILA et al., 2023).  

The objective of this study was to compile data regarding the implications of the 

evolution of dentin adhesives in dentistry, and their impact on the durability and results of 

adhesive procedures. 

 

MATERIAL AND METHODS 

Considering the planned objectives, a broad search of scientific articles was carried 

out centered on the proposed theme: "Advances in adhesive systems and their different 

compositions". This research involved exploring multiple relevant websites and platforms, 

known for disseminating quality scientific information about the field of dental adhesives. 

Among the main sources consulted, Google Scholar, the PubMed database, the Scientific 



 

 
The Impact of Innovation: Navigating Through Multidisciplinary Research 

Evolution of dentin adhesives: Literature review 
 

Electronic Library Online (SciELO) and Elsevier stood out. The electronic search and 

selection of articles began in April 2024, with the collection of data and information relevant 

to the topic. The selection of articles was meticulously carried out, ensuring that the 

contents found corresponded to the questions formulated.  

To refine the search, specific inclusion criteria were established, consisting of the 

choice of articles that presented full texts, as well as course, master's, and doctoral 

conclusion papers, published between 2007 and 2024. There was no distinction between 

languages, allowing a more comprehensive approach to the topic. With this systematic 

approach, the research aimed not only to compile information, but also to critically analyze 

the advances in adhesive systems, contributing to the understanding of the different 

compositions and their applications in modern dentistry.  

 

RESULTS AND DISCUSSION 

Among the possible causes of adhesive bond failure, inadequate acid conditioning, 

lack of operator experience, and incorrect technique execution and selection can be 

mentioned (SANCHES et al., 2023). Acid etching in the enamel generates the removal of 

minerals by creating microporosities that allow infiltration by resinous and hydrophobic 

monomers present in the adhesive, forming resin tags, providing effective adhesion and 

longevity of the restoration (VAN MEERBEEK et al., 2020).  

Several researchers indicate a modification in the application protocols of adhesive 

systems, aiming to reduce the degradation of the adhesive interface (PEUMANS et al., 

2021). This ranges from the force applied during the use of the adhesive system to the 

adoption of chlorhexidine to the dentin substrate after acid etching, aiming to improve the 

conditions of infiltration of the adhesive into the dentin and to increase the resistance of 

collagen fibrils to enzymatic degradation (BOURGI et al., 2024). Medeiros et al. (2019), 

highlight the importance of chlorhexidine after acid etching of the dentin, to achieve a 

longer-lasting adhesion between the dentin and the composite resin; however, for Boaru et 

al. (2023), pretreatment with chlorhexidine does not affect the quality of the hybrid layer, 

regardless of the conditioning protocol.  

According to Rodrigues (2021), in dentin, adhesion is hindered by the organic 

composition of the substrate, the moisture of the dentin tubules, and the presence of smear 

plug (dirt inside the dentin tubules). According to Froehlich et al., (2021) and Oliveira et al., 

(2010), etching with phosphoric acid in dentin should completely remove the dentin smear 

layer, as well as promote the demineralization and exposure of collagen fibers, allowing 
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efficient hybridization, where the conditioned dentin is kept moist, with the presence of 

water in the collagen fibers, the keeps them expanded, preserving the interfibrillary spaces.  

At present, adhesive systems can be classified according to the adhesion strategy to 

dental tissues, being conventional adhesives, which require prior conditioning of surfaces 

with 37% phosphoric acid, or self-etching adhesives, which do not require prior acid 

conditioning and adhesion to dental tissues through  acid primers (AHMED et al., 2020; 

RODRIGUES et al., 2021). 

According to Silva et al., (2022), conventional adhesives need the demineralization 

of enamel and dentin with the application of phosphoric acid generally used at a 

concentration of 37% as a step independently and prior to the primer and adhesive, 

creating more porosities on the enamel surface, increasing both the adhesion area and the 

wettability of the substrate. 

Furthermore, Al-Ani et al. (2022) report that despite the difficulty of the technique, the 

conventional 3-step adhesive was considered the gold standard for adhesion and proved to 

be superior to the 2-step adhesive, a fact justified by Pashley, et al. (2020), given that, in 

dentin, adhesion presents difficulties, such as  the organic composition of the substrate, the 

moisture contained in the dentin tubules and the presence of the smear layer, removed in 

the presence of acid; thus, acid etching creates an ideal surface for adhesion, making it 

long-lasting and reliable (KUBO et al. 2021)element. 

In the literature, the introduction of the monomer The monomer 10-

methacryloyloxydecyl dihydrogen phosphate (MDP) monomer is used in dentin adhesives 

due to its ability to form stable chemical bonds with calcium ions from hydroxyapatite, 

playing an important role in self-etching adhesive systems and in some conventional ones 

(Takahashi et al., 2021). Although self-etching adhesives have been developed to optimize 

work time, simplifying the adhesion technique to dentin, since the technique does not 

require the prior and isolated application of phosphoric acid, for Van Meerbeek et al. (2020), 

the technique is less effective in creating microporosities in tooth enamel, resulting in 

inferior adhesion.  However, Yoshihara et al. (2018), reports that the acidic character of its 

primer and partial demineralization creates a porosity on the surface, sufficient to obtain the 

micromechanical embryonic of the resin monomers, ensuring hybridization, in addition, they 

do not remove the smear layer and, therefore, have less postoperative sensitivity (LIU et al., 

2022).  

According to Lorenzetti et al., (2019) and Yoshihara et al., (2021), the universal 

adhesive can be used as a self-etching or conventional adhesive, where selective acid 

conditioning of enamel can also be employed to enhance the quality of the bond and tends 
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to reduce the risk of sensitivity after the procedure. Some nanoparticles were increased 

because they improved the physical, mechanical and optical properties of the resin 

composites, improving the penetration into the dentin tubules, increasing the contact area 

and, consequently, the mechanical resistance of the restorations; however, in addition to the 

benefits, the authors report that nanomaterials they can be absorbed through the skin and 

trigger inflammation of the alveoli, myocardial infarction, and other inflammations (TAY et 

al., 2022) 

According to Lima et al., (2021), the applicability of nanotechnology and dental 

bionanomaterials aims to improve physical properties and improve tooth restoration, thus, 

nanocomposites, dental nanoadhesives, nano-CIV (glass ionomer cement), nano-varnish 

and nano-sealants were researched and developed. According to Huang et al., (2022), 

nanocomposites can be categorized into composite resins and dental adhesives, in 

addition, for the elaboration of nanocomposites there are three main challenges: the 

prevention of the formation of secondary caries, a good adhesive system and the 

prevention of fracture of the restoration (good mechanical strength, toughness and 

ductility). Composite resins have a matrix with nano-fillers, some examples of nanoparticles 

that can be used as fillers for resins, we can mention: hydroxyapatite (HA), silicon oxide 

(SiO2), zirconium oxide (ZrO2), carbon nanotubes and titanium oxide (TiO2) (LIMA et al., 

2021; DUNCAN et al., 2022). Increasing certain nanomaterials can enhance the success of 

restorative procedures by promoting improvement in the physical, mechanical, and optical 

properties of resin materials; in addition, dental adhesives that have nanoparticles can 

improve penetration into the dentin tubules, increasing the contact area and, consequently, 

the mechanical strength of the restorations (ALHARBI et al., 2023). 

Further research is needed to elucidate the innovations of adhesive systems, as well 

as their effectiveness and clinical applicability. 

 

CONCLUSION 

It is concluded that the appropriate selection of the adhesive system and the correct 

execution of the technique reduce the risk of postoperative sensitivity and increase the 

quality of adhesive strength in the long term. In addition, adhesives employing 

nanoparticles optimize the adhesive's penetration into the dental substrate, increasing the 

contact area and bond efficiency. The evolution of adhesives, as well as the use of 

nanotechnology and low molecular weight molecules, promotes the longevity of 

restorations. However, challenges remain, such as the complexity of the adhesion process, 

the need to remove the smear layer,  and the effectiveness in demineralizing dentin. 



 

 
The Impact of Innovation: Navigating Through Multidisciplinary Research 

Evolution of dentin adhesives: Literature review 
 

Nanotechnology has the potential to improve the properties of composites and adhesives, 

however, there are concerns regarding biocompatibility; Therefore, it is essential to 

continuously develop and improve adhesive systems for the challenges that still persist in 

dental practice, always aiming to improve the oral health of patients. 
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