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Abstract 

Periodontal disease is a prevalent oral health condition 

characterized by chronic inflammation and destruction 

of the periodontal tissues, leading to tooth loss if left 

untreated. In recent years, nanotechnology has emerged 

as a promising field for the development of innovative 

approaches in periodontal therapy. This systematic 

review aims to critically evaluate the current literature 

on the application of nanotechnology in periodontics, 

including the use of nanoparticles, nanofibers, nanogels, 

and other nanomaterials for diagnostics, drug delivery, 

and tissue regeneration. The findings of this review 

highlight the potential of nanotechnology in 

revolutionizing the management of periodontal diseases 

and promoting tissue healing. 

Methods: A comprehensive literature search was 

conducted using electronic databases (PubMed, Scopus, 

Web of Science) for articles published from January 

2010 to September 2021. The search strategy 

incorporated a combination of keywords related to 

nanotechnology and periodontics. Original research 

articles, reviews, and systematic reviews were included. 

Studies focusing on the use of nanotechnology for 
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periodontal diagnostics, drug delivery, and tissue 

engineering were selected.  

Results: A total of 36 articles were included in this 

review. The applications of nanotechnology in 

periodontics were categorized into these main areas: 

diagnostics, drug delivery, and tissue regeneration. 

Nanoparticles such as silver, zinc oxide, and calcium 

phosphate have shown antimicrobial properties and 

potential for targeted drug delivery in the treatment of 

periodontal infections. Nanofibers and nanogels have 

been explored as scaffolds for periodontal tissue 

regeneration, promoting cell adhesion, proliferation, and 

differentiation. Additionally, nanoparticles have been 

utilized in imaging techniques, such as fluorescence 

imaging and magnetic resonance imaging, for early 

detection and monitoring of periodontal diseases. 

Conclusion: Nanotechnology holds great promise for 

advancing the field of periodontics. The reviewed 

literature suggests that nanomaterials can enhance 

periodontal diagnostics, provide targeted drug delivery, 

and facilitate tissue regeneration. However, the 

translation of nanotechnology-based approaches into 

clinical practice requires further research and 

development. Future studies should focus on addressing 

safety concerns, standardizing protocols, and conducting 

well-designed clinical trials to assess the long-term 

efficacy and cost-effectiveness of nanotechnology-based 

interventions in periodontal therapy. With continued 

advancements in nanotechnology, it is expected that 

innovative nanomaterials and techniques will play a 

significant role in improving the outcomes of 

periodontal treatments in the future. 

Keywords: nanotechnology, periodontics, oral health 

care, targeted drug delivery, diagnostics, tissue 

regeneration. 

Introduction 

Periodontal diseases, including gingivitis and 

periodontitis, are prevalent oral health conditions 

affecting a significant portion of the global 

population[1,2]. These diseases can lead to irreversible 

damage to the periodontium, including the alveolar 

bone, periodontal ligament, and gingival tissues[3,4]. 

Traditional treatment modalities, such as scaling and 

root planing, have limitations in achieving optimal 

therapeutic outcomes. Thus, there is a need for 

innovative approaches to enhance periodontal 

therapy[5]. 

Nanotechnology, with its unique properties and 

capabilities at the nanoscale level, offers promising 

avenues for addressing the challenges in periodontics[6]. 

This field involves the manipulation and control of 

materials at the nanometer scale, enabling precise 

targeting, enhanced diagnostics, and tissue 

regeneration[7]. In recent years, numerous advancements 

in nanotechnology have emerged, presenting new 

possibilities for improved oral health care. 

Methods 

A systematic approach was followed to conduct a 

comprehensive literature search on the application of 

nanotechnology in periodontics. The methodology 

employed is described in detail below: 

Literature Search: Electronic databases including 

PubMed, Scopus, and Web of Science were utilized to 

identify relevant articles published between January 

2010 and September 2021. The search strategy 

incorporated a combination of keywords related to 

nanotechnology and periodontics. The keywords used 

were carefully selected and adjusted to the requirements 

of each database to ensure comprehensive coverage of 

the literature. 
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Inclusion and Exclusion Criteria: Original research 

articles, reviews, and systematic reviews were included 

in the search. Studies focusing on the use of 

nanotechnology for periodontal diagnostics, drug 

delivery, and tissue engineering were given priority. 

Articles not meeting these criteria or those published 

outside the specified time frame were excluded. 

Screening and Selection: After removing duplicate 

articles, the remaining articles were screened based on 

their titles and abstracts to assess their relevance to the 

research topic. Full-text articles of potentially relevant 

studies were obtained and evaluated against the 

inclusion criteria. Additionally, the reference lists of 

selected articles were reviewed to identify any additional 

relevant studies. 

Data Synthesis:  The findings from the included articles 

were systematically synthesized. Similarities, 

differences, and trends across the studies were identified 

and summarized. This process allowed for the generation 

of a comprehensive overview of the current literature on 

the application of nanotechnology in periodontics.  

Discussion 

Nanoparticles for Targeted Drug Delivery:  The use 

of nanoscale particles to encapsulate and transport 

therapeutic drugs directly to the affected site in the 

periodontal tissues is known as "nanoparticles for 

targeted drug delivery in periodontics [8]." Liposomes, 

polymeric nanoparticles, and dendrimers are just a few 

examples of the materials that can be used to create these 

nanoparticles[9,10]. 

There are many benefits of using nanoparticles in 

periodontics. First off, nanoparticles can increase the 

stability and bioavailability of drugs, enabling a steady 

and controlled release at the target site. This decreases 

the frequency of administration and improves the 

therapeutic effectiveness of the drugs[11]. Additionally, 

while minimising systemic side effects, nanoparticles 

can target the periodontal tissues specifically, which is 

useful in the treatment of localised periodontal illnesses. 

The limitations of traditional treatment modalities can be 

solved by using nanoparticles for targeted drug delivery 

in periodontics. To increase the efficiency of 

antimicrobial drugs, nanoparticles, for instance, may 

penetrate the biofilm matrix and reach the bacteria 

residing in periodontal pockets[12]. Additionally, 

ligands or antibodies can be added to nanoparticles to 

functionalize them, allowing for the site-specific 

delivery of drugs by binding only to particular receptors 

on the diseased tissues[13]. 

However, there are also some disadvantages associated 

with nanoparticle-based drug delivery systems. The 

possible toxicity of nanoparticles is one problem, as 

some substances might cause cytotoxicity or 

inflammation. Therefore, it is essential to choose 

biocompatible materials carefully and thorough toxicity 

assessments must be done[14]. Additionally, the 

feasibility and affordability of producing nanoparticles  

on large scale for use in clinical applications must be 

considered[15]. 

Nanosensors for enhanced diagnostics: It utilize 

nanotechnology to detect and analyze specific 

biomarkers or changes in the periodontal tissues. These 

nanosensors are designed to have high sensitivity and 

selectivity, allowing for early detection and accurate 

diagnosis of periodontal diseases[16]. 

The method of action of nanosensors involves the 

recognition and binding of target molecules or 

biomarkers in the periodontal tissues. This binding event 

triggers a measurable signal, such as fluorescence, color 

change, or electrical response, which can be detected and 
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quantified using specialized instrumentation[17]. 

Nanosensors can detect various biomarkers associated 

with periodontal diseases, including inflammatory 

mediators, bacterial pathogens, and tissue remodeling 

markers[18]. 

The uses of nanosensors in periodontics are diverse. 

They can aid in the early detection of periodontal 

diseases, enabling timely intervention and improved 

treatment outcomes. Nanosensors can also assist in 

monitoring disease progression, evaluating treatment 

effectiveness, and assessing the risk of disease 

recurrence. Furthermore, nanosensors have the potential 

to provide point-of-care diagnostics, allowing for rapid 

and convenient assessment of periodontal health in 

clinical settings[19,20]. 

The advantages of nanosensors for enhanced diagnostics 

in periodontics are significant. They offer high 

sensitivity and specificity, enabling precise detection and 

quantification of biomarkers. Nanosensors can detect 

biomarkers at low concentrations, facilitating early 

disease detection. Moreover, they can provide real-time 

monitoring, allowing for dynamic assessment of disease 

progression and treatment response. Nanosensors also 

have the potential for multiplexing, enabling the 

simultaneous detection of multiple biomarkers in a 

single analysis[21]. 

However, there are some limitations and disadvantages 

associated with nanosensors. One challenge is the need 

for specialized instrumentation and expertise for their 

proper use and interpretation of results. The 

development and optimization of nanosensors can also 

be complex and time-consuming. Additionally, the cost 

of nanosensor technology may be a limiting factor for 

widespread adoption in clinical practice[22]. 

 

Nanofibers and scaffolds for tissue regeneration:  

Nanofibers and scaffolds play a crucial role in tissue 

regeneration, offering promising solutions for repairing 

damaged or lost tissues in the human body[23].  

Nanofibers are extremely thin fibers with diameters in 

the nanometer range, typically fabricated through 

electrospinning or other advanced techniques. These 

nanofibers can be assembled into three-dimensional 

structures called scaffolds, which mimic the extracellular 

matrix (ECM) in tissues. Scaffolds provide structural 

support, guide cell growth and organization, and 

facilitate the regeneration of new tissues[24]. 

The benefits of nanofibers and scaffolds replicate the 

natural ECM, offering an environment that is conducive 

to cell attachment, growth, and differentiation. By 

directing the development of organised and 

functional tissues, this facilitates the regeneration 

process. Additionally, nanofibers have a high surface 

area to volume ratio as a result of their nanoscale 

structure. Increased cell adhesion, proliferation, and 

nutrition exchange are made possible by this trait, aiding 

in effective tissue regeneration[25]. 

The drawbacks in this techinique is due to the challenge 

in achieving consistent and scalable fabrication of 

nanofibers and scaffold. The production process may 

require specialized equipment and expertise, limiting 

their widespread application. 

Ensuring proper integration of the scaffold with the host 

tissue and avoiding immune reactions or adverse 

responses is crucial. Biocompatibility issues may arise 

due to the choice of materials or degradation by-products 

of the nanofibers or scaffolds[26,27]. 

Nanoparticles in Periodontal Regeneration: 

Periodontal regeneration aims to restore the damaged or 

lost periodontal tissues, including the periodontal 
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ligament, cementum, and alveolar bone. Nanoparticles, 

which are particles with dimensions ranging from 1 to 

100 nanometers, have gained significant attention in this 

field due to their unique properties and potential 

therapeutic applications. Nanoparticles offer significant 

potential in periodontal regeneration by enabling 

targeted drug delivery, scaffold modification, 

antimicrobial properties, and enhanced cellular 

interactions[28]. 

Nanotechnology for biofilm control: Nanotechnology 

has emerged as a promising approach for biofilm 

control, offering innovative strategies to combat the 

challenges posed by biofilm-associated infections. 

Biofilms are structured communities of microorganisms 

embedded in a self-produced extracellular matrix. They 

can form on various surfaces, including medical devices, 

implants, and tissues, leading to persistent infections that 

are difficult to treat. Nanotechnology-based approaches 

provide unique advantages in targeting and eradicating 

biofilms [29]. 

Nanoparticles, such as silver nanoparticles or metal 

oxide nanoparticles, can be incorporated into coatings 

applied to surfaces. These nanoparticles release 

antimicrobial agents over time, preventing biofilm 

formation and disrupting existing biofilms.urface 

modifications with nanoscale features, such as 

nanotopography or nanopillars, can inhibit bacterial 

adhesion and disrupt biofilm formation by creating 

unfavorable conditions for microbial attachment and 

growth[30]. Nanotechnology allows the combination of 

different approaches, such as antimicrobial agents, 

phototherapy, and immune modulators, to synergistically 

combat biofilm infections. Nanotechnology-based 

products may require specific regulatory approvals due 

to their unique properties and potential risks[31]. 

Toxicity and Safety Considerations of 

Nanomaterials[32-36]: 

In various fields, including periodontics, which focuses 

on the prevention and treatment of disorders affecting 

the gums and supporting systems of the teeth, 

nanomaterials have demonstrated remarkable promise. 

When employing nanoparticles in periodontal 

applications, it is crucial to take into account their 

toxicity and safety. Here are some crucial things to 

remember: 

• Biocompatibility: Nanomaterials utilised in 

periodontics should be biocompatible, which means 

they shouldn't have any adverse impacts on or 

damage living tissues. Before using some 

nanomaterials to treat periodontitis, much research is 

required to determine how biocompatible they are. 

• Systemic Toxicity: Nanomaterials have the capacity 

to travel through the circulation and penetrate 

different organs and tissues. Investigating the 

systemic toxicity of nanomaterials is essential to 

make sure they don't endanger general health when 

used in periodontics. 

• Oral Toxicity: Nanomaterials are applied directly to 

the oral cavity, hence it's critical to consider their 

oral toxicity. This includes evaluating how they 

affect the bone beneath the gums, the mucosa, and 

other oral tissues. 

• Particle Size and Surface Properties: The toxicity of 

nanomaterials can be affected by their size and 

surface properties. Due to their higher surface area 

and potential for greater cellular absorption, smaller 

nanoparticles may be more hazardous than bigger 

ones. Nanomaterials can have their surfaces 

modified to increase biocompatibility and lessen 

toxicity. 
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• Potential for Particle Release: Nanomaterials used in 

periodontics may be released over time, either due to 

degradation or mechanical wear. It is important to 

evaluate the potential release of nanoparticles and 

their potential impact on oral and systemic health. 

• Long-term Effects: The long-term effects of 

nanomaterials in periodontics need to be studied. 

Nanomaterials may exhibit different properties over 

time, and their potential accumulation or persistence 

in the oral cavity or surrounding tissues should be 

investigated. 

• Occupational Exposure: Dentists, dental hygienists, 

and dental assistants may be exposed to 

nanomaterials during their use in clinical settings. 

Proper handling and safety protocols should be 

established to minimize the risk of occupational 

exposure. 

To ensure the safe use of nanomaterials in periodontics, 

comprehensive studies involving in vitro, animal, and 

clinical investigations are necessary to evaluate their 

toxicity, biocompatibility, and long-term effects. 

Additionally, regulatory agencies play a crucial role in 

setting guidelines and standards for the use of 

nanomaterials in healthcare applications, including 

periodontics. 

Conclusion 

The reviewed literature suggests that nanomaterials have 

various applications in periodontal diagnostics, drug 

delivery, and tissue regeneration. However, it 

emphasizes that further research and development are 

necessary for the translation of nanotechnology-based 

approaches into clinical practice. 

One important aspect that requires attention is the safety 

of nanomaterials. As discussed earlier, the 

biocompatibility and potential toxicity of nanomaterials 

need to be thoroughly investigated to ensure their safe 

use in periodontics. This includes assessing their impact 

on oral and systemic health, evaluating long-term 

effects, and understanding the potential release of 

nanoparticles over time. Standardizing protocols is 

another crucial consideration. Developing consistent and 

reproducible methods for the synthesis, characterization, 

and application of nanomaterials in periodontics will 

facilitate their integration into clinical practice. This will 

enable researchers and clinicians to compare results 

across studies and establish reliable guidelines for the 

use of nanomaterials. 

With continued advancements in nanotechnology, 

innovative nanomaterials and techniques are expected to 

significantly improve the outcomes of periodontal 

treatments in the future. However, it emphasizes the 

importance of a comprehensive and systematic approach 

involving further research, safety assessments, protocol 

standardization, and clinical trials to ensure the 

successful integration of nanotechnology into 

periodontal practice. 
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