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Abstract 

This review article explores the potential of smart dental 

materials to revolutionize antimicrobial dentistry. 

Conventional dental materials, although widely used, 

have limitations in terms of long-term antibacterial 

efficacy. Smart dental materials, with their unique 

properties and functionalities, actively contribute to oral 

health maintenance. They incorporate antimicrobial 

agents, exhibit self-regulating capabilities, and possess 

enhanced mechanical properties. Mechanisms of action 

include controlled release of antimicrobial agents and 

surface modifications to inhibit biofilm formation. 

In preventive dentistry, smart dental materials offer 

innovative solutions for dental implants, tooth 

remineralization, caries prevention, and oral healthcare 

devices. They inhibit bacterial adhesion, promote 

osseointegration, and release essential minerals for tooth 

repair. In restorative dentistry, smart materials improve 

the longevity and antibacterial properties of dental 

fillings, sealants, adhesives, and cements. They also 
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contribute to tissue regeneration and enhance bonding 

strength. 

However, challenges such as biocompatibility 

assessment, standardization, cost-effectiveness, and 

accessibility need to be addressed. Clinical validation 

and collaboration among researchers, clinicians, and 

manufacturers are crucial for successful integration into 

routine dental practice. 

Keywords: Antimicrobial dentistry, Smart dental 

materials, Antimicrobial agents, Preventive dentistry, 

Restorative dentistry. 

Introduction 

An important component of oral healthcare is 

antimicrobial dentistry, which aims to control and 

prevent mouth infections brought on by harmful 

bacteria. In dentistry, conventional materials like 

amalgam and composite resin are frequently employed. 

However, they have limits in terms of their long-term 

potency and antibacterial capabilities[1]. Dental 

materials research has made considerable strides in 

recent years, resulting in the creation of smart dental 

materials with improved antibacterial properties. By 

enhancing treatment results and oral health, these 

cutting-edge materials have the potential to revolutionize 

the area of antimicrobial dentistry[2]. With a focus on 

their distinctive qualities, modes of action, and 

prospective uses in preventative dentistry, this review 

article intends to examine how smart dental materials 

might revolutionize antimicrobial dentistry. 

Smart Dental Materials: Concepts and Properties 

[3,4] 

Smart dental materials are a class of advanced materials 

that possess unique properties and functionalities. These 

materials are designed to go beyond the conventional 

passive role of dental materials and actively contribute to 

oral health maintenance. Key characteristics of smart 

dental materials include the incorporation of 

antimicrobial agents, self-regulating and responsive 

capabilities, as well as enhanced mechanical and 

physical properties. By harnessing these features, smart 

dental materials can actively combat oral infections and 

promote long-term oral health. 

Mechanisms of Action 

Smart dental materials employ various mechanisms of 

action to exert their antimicrobial effects. One approach 

involves the controlled release of antimicrobial agents, 

such as antimicrobial peptides, metal ions, or 

nanoparticles. This controlled release ensures a sustained 

and localized delivery of antimicrobial agents, 

effectively combating biofilm formation and inhibiting 

bacterial growth. 

Antimicrobial peptides (AMPs) are short chains of 

amino acids that possess broad-spectrum antimicrobial 

activity. They can be incorporated into dental materials, 

such as dental composites or adhesives, to provide a 

continuous release of antimicrobial peptides over time. 

Studies have shown that AMP-containing dental 

materials exhibit enhanced antimicrobial activity against 

oral pathogens, including Streptococcus mutans, 

Porphyromonas gingivalis, and Candida albicans [5]. 

AMPs have also demonstrated the potential to disrupt 

biofilm formation and inhibit bacterial adhesion to tooth 

surfaces [6]. 

Metal ions, such as silver (Ag), copper (Cu), and zinc 

(Zn), have well-established antimicrobial properties. 

These ions can be incorporated into dental materials 

either as ions or nanoparticles. For example, silver 

nanoparticles embedded in dental composites have 

shown potent antimicrobial activity against a wide range 

of oral bacteria, including cariogenic bacteria [7]. The 

release of metal ions from these materials can disrupt 



 Dr. Deepti Bhagwatkar, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2023 IJDSIR, All Rights Reserved 

 
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
P

ag
e1

5
 

P
ag

e1
5

 
  

microbial cell membranes, interfere with cellular 

processes, and induce bacterial cell death [8]. 

Surface modifications and coatings are another approach 

to enhancing the antimicrobial properties of dental 

materials. For instance, dental implants can be coated 

with bioactive materials, such as hydroxyapatite or 

titanium dioxide, which possess inherent antimicrobial 

activity [9]. These coatings can inhibit bacterial adhesion 

and biofilm formation on implant surfaces, reducing the 

risk of implant-associated infections. 

Applications in Preventive Dentistry 

• Smart Materials for Dental Implants and Prosthetics: 

Dental implants and prosthetics are susceptible to 

bacterial colonization, leading to peri-implantitis and 

prosthetic-related infections. Smart dental materials 

offer innovative solutions to combat these issues. 

For instance, the incorporation of antimicrobial 

agents, such as silver nanoparticles or quaternary 

ammonium compounds, into implant surfaces or 

prosthetic materials can inhibit bacterial adhesion 

and biofilm formation, thereby reducing the risk of 

infection [10,11]. Additionally, bioactive coatings 

on implant surfaces can promote osseointegration 

and improve the long-term success of dental 

implants [12]. 

• Tooth Remineralization and Biofilm Prevention: 

Smart dental materials can contribute to tooth 

remineralization and prevent biofilm formation, thus 

aiding in the prevention of dental caries. Calcium 

and phosphate-releasing materials, such as 

amorphous calcium phosphate or bioactive glass, 

can provide a source of essential minerals for tooth 

remineralization, helping to repair early enamel 

lesions and prevent cavity formation [13]. 

Furthermore, surface modifications that render 

dental materials resistant to biofilm attachment can 

significantly reduce plaque accumulation and the 

risk of dental caries [14]. 

• Smart Dental Composites for Caries Prevention: 

Dental caries is a common oral health issue caused 

by bacterial acid production. Smart dental 

composites have been developed to actively prevent 

caries development. These composites can release 

bioactive agents, such as fluoride or antimicrobial 

agents, into the oral environment, inhibiting the 

growth of cariogenic bacteria and reducing the 

demineralization of tooth structure [15]. 

Additionally, pH-responsive materials can neutralize 

acid attacks and promote the remineralization of 

affected tooth surfaces [16]. 

• Oral Healthcare Devices and Drug Delivery 

Systems: Smart dental materials have paved the way 

for the development of innovative oral healthcare 

devices and drug delivery systems. For example, 

smart toothbrushes equipped with antimicrobial 

coatings or nanoparticles can effectively inhibit 

bacterial growth on toothbrush bristles, reducing the 

risk of cross-contamination and oral infections [17]. 

Drug-eluting dental materials, such as dental 

adhesives or orthodontic brackets, can deliver 

therapeutic agents, such as antimicrobial agents or 

remineralizing agents, directly to the tooth surface or 

adjacent tissues, enhancing their preventive and 

therapeutic effects [18,19]. 

Applications in Restorative Dentistry 

• Smart Materials for Dental Fillings and Sealants: 

Smart dental materials offer advancements in the 

field of dental fillings and sealants by improving 

their longevity and antimicrobial properties. For 

instance, the incorporation of antibacterial agents, 

such as quaternary ammonium compounds or silver 

nanoparticles, into dental composites and sealants 
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can help inhibit bacterial growth and reduce the risk 

of secondary caries [20,21]. Additionally, smart 

materials with self-healing capabilities can repair 

small cracks or wear in dental restorations, 

prolonging their lifespan [22]. 

• Regenerative Dentistry and Tissue Engineering: 

Smart dental materials have the potential to 

revolutionize regenerative dentistry and tissue 

engineering approaches. Scaffold materials, such as 

biocompatible polymers or bioactive ceramics, can 

be designed with controlled porosity, degradation 

rates, and release of growth factors to promote tissue 

regeneration and repair [23]. These materials can 

support the growth and differentiation of dental pulp 

stem cells, leading to the formation of functional 

dental tissues, such as dentin or periodontal ligament 

[24]. 

• Smart Adhesives and Cements: Adhesive systems 

and cements play a vital role in the retention and 

longevity of dental restorations. Smart adhesives can 

exhibit self-etching or self-healing properties, 

improving the bonding strength and durability of 

restorations [25]. Additionally, the incorporation of 

antimicrobial agents into dental adhesives and 

cements can help prevent secondary caries and 

maintain the integrity of the restoration [26]. Smart 

cements can also possess properties such as 

bioactivity and remineralization potential, 

contributing to the long-term success of restorations 

[27]. 

• Surface Modifications for Dental Restorations: 

Surface modifications of dental restorations with 

smart materials have emerged as a promising 

approach to enhance their performance and 

longevity. Surface coatings with antimicrobial 

properties, such as silver nanoparticles or quaternary 

ammonium compounds, can inhibit biofilm 

formation and reduce the risk of secondary caries or 

periodontal diseases [28]. Additionally, surface 

modifications can improve the wear resistance and 

aesthetics of dental restorations, promoting their 

clinical success [29]. 

Challenges and Future Perspectives 

• Biocompatibility and Long-term Safety: One of the 

critical challenges in the development of smart 

dental materials is ensuring their biocompatibility 

and long-term safety. As these materials come into 

direct contact with oral tissues, it is crucial to 

evaluate their potential cytotoxicity, tissue irritation, 

and allergenicity [30]. Long-term studies and 

comprehensive biocompatibility assessments are 

necessary to ensure that these materials do not 

compromise oral health or cause adverse reactions in 

patients. 

• Standardization and Clinical Validation: To establish 

the effectiveness and reliability of smart dental 

materials, standardized testing protocols, and clinical 

validation are essential. The performance of these 

materials should be rigorously evaluated through 

well-designed clinical trials and in vitro studies [31]. 

Additionally, standardized guidelines for material 

characterization, antimicrobial efficacy, and release 

kinetics need to be established to facilitate the 

comparison and reproducibility of research findings 

across different studies. 

• Cost-effectiveness and Accessibility: The cost-

effectiveness and accessibility of smart dental 

materials pose significant challenges to their 

widespread adoption. Currently, some of these 

materials may have higher production costs, making 

them less accessible in certain healthcare settings 

[32]. Therefore, efforts are required to optimize the 
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manufacturing processes, improve scalability, and 

reduce production costs without compromising the 

quality and performance of these materials. 

Moreover, health economic evaluations are needed 

to assess the long-term cost-effectiveness and 

benefits of incorporating smart dental materials into 

routine dental care. 

• Combination Therapies and Personalized Dentistry:  

The future of antimicrobial dentistry lies in the 

development of combination therapies and 

personalized treatment approaches. Combining 

different antimicrobial strategies, such as smart 

materials, photodynamic therapy, or antimicrobial 

photothermal therapy, can potentially enhance their 

overall effectiveness against oral pathogens and 

biofilms [33]. Furthermore, personalized dentistry 

approaches, such as utilizing patient-specific data 

and biomarkers, can help tailor treatment strategies 

and optimize the selection of smart materials for 

individual patients. 

Conclusion 

In conclusion, this study focuses on the most important 

conclusions about the uses of smart dental materials in 

antimicrobial dentistry. These materials have the 

potential to address the drawbacks of conventional 

dental materials since they have improved antibacterial 

characteristics. 

Smart dental materials have a big potential influence on 

antimicrobial dentistry. They can be used for dental 

implants, tooth remineralization, and caries prevention in 

preventative dentistry. They can increase the durability 

and antibacterial qualities of dental fillings, encourage 

tissue regeneration, and strengthen bonding in 

restorative dentistry. 

There are obstacles, nevertheless, that must be 

overcome. A detailed assessment of the biocompatibility 

and long-term safety of smart materials is necessary. To 

prove their efficacy, standardization, and clinical 

validation are essential. Accessibility and cost-

effectiveness are crucial components for widespread 

adoption. Future research should focus on exploring 

combination therapies and personalized dentistry 

approaches. In conclusion, smart dental materials have 

the potential to be game changers in antimicrobial 

dentistry, offering innovative solutions for preventing 

and treating oral infections. Continued research, clinical 

validation, and collaboration among researchers, 

clinicians, and manufacturers are necessary to maximize 

the potential impact of smart dental materials and ensure 

their successful integration into routine dental practice. 

These advancements hold the promise of improving oral 

health outcomes for patients and advancing the field of 

antimicrobial dentistry. 
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