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Abstract 
Dental adhesives have transformed restorative dentistry by 

enabling durable bonding between restorative materials 

and dental tissues. The development of adhesive systems 

has shifted clinical practice from mechanical retention to 

minimally invasive and esthetic treatment approaches. 

Modern dental adhesives facilitate strong adhesion to 

enamel and dentin, improve restoration longevity, reduce 

microleakage, and preserve healthy tooth structure. This 

article reviews the evolution of dental adhesives, their 

classification, bonding mechanisms, clinical applications, 

advantages, limitations, and recent technological 

advancements. Special emphasis is placed on 

contemporary universal adhesives and emerging 

nanotechnology-based systems that aim to enhance bond 

durability and simplify clinical procedures. Understanding 

the principles and proper application of dental adhesives is 

essential for achieving predictable and long-lasting 

restorative outcomes 

Introduction 
Adhesive dentistry represents one of the most significant 

advancements in modern dental practice. Prior to the 

introduction of adhesive systems, restorative materials 

relied primarily on mechanical retention, often requiring 

extensive removal of sound tooth structure. The pioneering 

work of Michael Buonocore in 1955 introduced the acid-

etch technique, establishing the foundation for 

contemporary adhesive dentistryDental adhesives are 

materials designed to create a bond between tooth 

substrates (enamel and dentin) and restorative materials 

such as composite resins, ceramics, and indirect 

restorations. The success of adhesive procedures depends 

on achieving a stable interface capable of withstanding 

mechanical, thermal, and chemical challenges within the 

oral environment. 

Evolution of Dental Adhesives 

The evolution of dental adhesives is commonly 

categorized into generations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

First and Second Generations 

Early adhesive systems primarily bonded to enamel and 

demonstrated limited adhesion to dentin. Bond strengths 

were relatively low, resulting in frequent restoration 

failure. 

Third Generation 

These systems introduced smear layer modification and 

partial dentin conditioning, improving bond strength 

compared with earlier formulations. 

Fourth Generation 

Known as the "gold standard," fourth-generation adhesives 

utilized the etch-and-rinse technique involving three 

separate steps: etching, priming, and bonding. These 

systems achieved superior bond strengths and clinical 

performance. 

Fifth Generation 

Fifth-generation adhesives combined primer and bonding 

resin into a single bottle, reducing clinical steps while 

maintaining acceptable bonding performance. 

Sixth and Seventh Generations 

Self-etch adhesives emerged, eliminating the separate 

etching step. These systems simplified procedures and 

reduced postoperative sensitivity. 
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Universal Adhesives 

Current universal adhesives can be used in self-etch, 

selective-etch, or total-etch modes. Their versatility, ease 

of application, and compatibility with multiple restorative 

materials have made them increasingly popular in clinical 

practice. 

Composition of Dental Adhesives 

Dental adhesive systems typically contain: 

1. Etchants 

o Usually phosphoric acid (30–40%) 

o Remove the smear layer and 

demineralize enamel and dentin 

2. Primers 

o Hydrophilic monomers dissolved in 

solvents 

o Enhance penetration into moist dentin 

3. Bonding Agents 

o Hydrophobic resin components 

o Form a resin layer that links tooth 

structure to restorative materials 

4. Solvents 

o Water, ethanol, or acetone 

o Facilitate monomer penetration 

5. Functional Monomers 

o Examples include 10-MDP (10-

Methacryloyloxydecyl Dihydrogen 

Phosphate) 

o Promote chemical interaction with 

hydroxyapatite 

Mechanism of Bonding 

Bonding to Enamel 

Acid etching creates microporosities on enamel surfaces. 

Adhesive resin penetrates these micro-irregularities and 

forms resin tags, resulting in strong micromechanical 

retention. 

Bonding to Dentin 

Dentin bonding is more complex because of its organic 

composition and tubular structure. Following conditioning, 

adhesive monomers infiltrate exposed collagen fibers, 

creating a hybrid layer that serves as the primary bonding 

interface. 

Hybrid Layer Formation 

The hybrid layer consists of: 

• Demineralized collagen matrix 

• Penetrated adhesive resin 

• Resin tags extending into dentinal tubules 

A well-formed hybrid layer is crucial for durable adhesion. 

Classification of Dental Adhesives 

Based on Etching Strategy 

Etch-and-Rinse Systems 

• Separate phosphoric acid etching 

• High enamel bond strength 

• Technique-sensitive 

Self-Etch Systems 

• Simultaneous etching and priming 

• Reduced postoperative sensitivity 

• Simplified application 

Universal Adhesives 

• Flexible application modes 

• Compatible with various substrates 

• Reduced inventory requirements 

Advantages of Dental Adhesives 

• Preservation of tooth structure 

• Enhanced esthetics 

• Improved retention 

• Reduced microleakage 

• Better stress distribution 

• Increased patient comfort 

• Minimally invasive treatment options 

Recent Advances 

Universal Adhesives 

Modern universal adhesives contain functional monomers 

such as 10-MDP that provide both micromechanical and 

chemical bonding. 

Nanotechnology 

Nanofillers improve: 

• Mechanical strength 

• Wear resistance 

• Bond durability 

Bioactive Adhesives 

Bioactive systems promote: 

• Remineralization 

• Antibacterial activity 

• Enhanced tissue preservation 
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Antibacterial Adhesives 

 
Incorporation of antimicrobial agents helps reduce 

bacterial colonization and secondary caries 

 

Conclusion 

 
Dental adhesives have revolutionized restorative and 

esthetic dentistry by enabling predictable bonding between 

restorative materials and tooth structures. The progression 

from early bonding agents to contemporary universal 

adhesives has significantly improved clinical outcomes 

while supporting minimally invasive treatment 

philosophies. Although challenges such as bond 

degradation and technique sensitivity persist, ongoing 

innovations in bioactive materials, nanotechnology, and 

adhesive chemistry promise to further enhance restoration 

longevity and patient care. A thorough understanding of 

adhesive principles and proper clinical application remains 

essential for achieving successful and durable restorative 

treatments 

References  

1. Cadenaro, M.; Antoniolli, F.; Sauro, S.; Tay, 
F.R.; Di Lenarda, R.; Prati, C.; Biasotto, M.; 
Contardo, L.; Breschi, L. Degree of 
conversion and permeability of dental 
adhesives. Eur. J. Oral Sci. 2005, 113, 525–
530.  

2. Borges, B.C.; Souza-Junior, E.J.; Brandt, W.C.; 
Loguercio, A.D.; Montes, M.A.; Puppin-
Rontani, R.M.; Sinhoreti, M.A. Degree of 
conversion of simplified contemporary 
adhesive systems as influenced by extended 
air-activated or passive solvent 
volatilization modes. Oper. Dent. 2012, 37, 
246–252. 

3. Campisi, G.; Di Fede, O.; Musciotto, A.; Lo 
Casto, A.; Lo Muzio, L.; Fulfaro, F.; 
Badalamenti, G.; Russo, A.; Gebbia, N. 
Bisphosphonate-related osteonecrosis of the 
jaw (BRONJ): Run dental management 
designs and issues in diagnosis. Ann. 
Oncol. 2007, 18 (Suppl. 6), vi168–vi172.  

4. Fusco, V.; Santini, D.; Armento, G.; Tonini, G.; 
Campisi, G. Osteonecrosis of jaw beyond 
antiresorptive (bone-targeted) agents: New 
horizons in oncology. Expert Opin. Drug 
Saf. 2016, 15, 925–935. 

5. Wolford, L.M.; Mercuri, L.G.; Schneiderman, 
E.M.; Movahed, R.; Allen, W. Twenty-year 
follow-up study on a patient-fitted 
temporomandibular joint prosthesis: The 
Techmedica/TMJ concepts device. J. Oral 
Maxillofac. Surg. 2015, 73, 952–960. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://olitespublishing.org/journal/journal-of-oral-health-dental-care-and-maxillofacial-research
https://olitespublishing.org/journal/journal-of-oral-health-dental-care-and-maxillofacial-research
https://pubmed.ncbi.nlm.nih.gov/16324144/
https://pubmed.ncbi.nlm.nih.gov/16324144/
https://pubmed.ncbi.nlm.nih.gov/16324144/
https://pubmed.ncbi.nlm.nih.gov/16324144/
https://pubmed.ncbi.nlm.nih.gov/16324144/
https://pubmed.ncbi.nlm.nih.gov/16324144/
https://pubmed.ncbi.nlm.nih.gov/22313268/
https://pubmed.ncbi.nlm.nih.gov/22313268/
https://pubmed.ncbi.nlm.nih.gov/22313268/
https://pubmed.ncbi.nlm.nih.gov/22313268/
https://pubmed.ncbi.nlm.nih.gov/22313268/
https://pubmed.ncbi.nlm.nih.gov/22313268/
https://pubmed.ncbi.nlm.nih.gov/22313268/
https://pubmed.ncbi.nlm.nih.gov/22313268/
https://pubmed.ncbi.nlm.nih.gov/17591816/
https://pubmed.ncbi.nlm.nih.gov/17591816/
https://pubmed.ncbi.nlm.nih.gov/17591816/
https://pubmed.ncbi.nlm.nih.gov/17591816/
https://pubmed.ncbi.nlm.nih.gov/17591816/
https://pubmed.ncbi.nlm.nih.gov/17591816/
https://pubmed.ncbi.nlm.nih.gov/17591816/
https://pubmed.ncbi.nlm.nih.gov/27074901/
https://pubmed.ncbi.nlm.nih.gov/27074901/
https://pubmed.ncbi.nlm.nih.gov/27074901/
https://pubmed.ncbi.nlm.nih.gov/27074901/
https://pubmed.ncbi.nlm.nih.gov/27074901/
https://pubmed.ncbi.nlm.nih.gov/25631865/
https://pubmed.ncbi.nlm.nih.gov/25631865/
https://pubmed.ncbi.nlm.nih.gov/25631865/
https://pubmed.ncbi.nlm.nih.gov/25631865/
https://pubmed.ncbi.nlm.nih.gov/25631865/
https://pubmed.ncbi.nlm.nih.gov/25631865/


 
 

Journal of Oral Health, Dental Care and Maxillofacial Research (JOHDCMR) 
 

 
 Olites Publishing LLC-Volume 2(1)-011 https://olitespublishing.org/  Page 4 of 4 

 

J. of Oral Health, Dental Care and Maxillofacial Research                            Copy rights @ Glick W 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Your next submission with 

OlitesPublisherswillreachyouthebelowassets 

➢ We follow principles of publicationledbythe
 CommitteeonPublicationEthics(COPE). 

➢ Doubleblindedpeerreviewprocesswhichis
 justaswellasconstructive. 
➢ Permanent archiving of yourarticle onourwebsite 

➢ QualityEditorialservice 

➢ Manuscriptaccessibilityindifferentformats(PDF,FullText) 

➢ authorsretaincopyrights 

➢ uniqueDOIforallarticles 

➢ immediate,unrestrictedonlineaccess 

 

Learn more: Journal of Oral Health, Dental Care and 
Maxillofacial Research– Olites Publishers 
(olitespublishing.org) 
 

ThisworkislicensedunderCreati
veCommonsAttribution 4.0 
License 
DOI:10/JOHDCMR/2026/011 

 

https://olitespublishing.org/journal/journal-of-oral-health-dental-care-and-maxillofacial-research
https://olitespublishing.org/journal/journal-of-oral-health-dental-care-and-maxillofacial-research
https://olitespublishing.org/journal/journal-of-oral-health-dental-care-and-maxillofacial-research
https://olitespublishing.org/journal/journal-of-oral-health-dental-care-and-maxillofacial-research

