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Abstract—Periodontal diseases are chronic 

inflammatory conditions that lead to the destruction of 

the supporting structures of teeth, including gingiva, 

periodontal ligament, cementum, and alveolar bone. 

Conventional periodontal therapies aim primarily at 

controlling infection and preventing disease progression 

but often fail to achieve complete regeneration of 

periodontal tissues. In recent years, nanotechnology has 

emerged as a promising approach in regenerative 

dentistry due to the unique physicochemical properties 

of nanoparticles. Nanoparticles exhibit enhanced 

bioactivity, antimicrobial effects, and the ability to 

promote tissue regeneration, making them highly 

suitable for periodontal therapy. They are widely used in 

scaffold-based tissue engineering, guided tissue 

regeneration (GTR), guided bone regeneration (GBR), 

bone graft materials, and targeted drug delivery systems. 

This review article discusses the role of nanoparticles in 

periodontics, different types of nanoparticles used in 

periodontal therapy, and their clinical applications. 

Additionally, the advantages, limitations, and future 

perspectives of nanotechnology in periodontal 

regeneration are explored. Nanotechnology holds great 

potential in improving periodontal treatment outcomes 

and advancing regenerative dentistry. 

 

Index Terms—Nanoparticles, Periodontics, Tissue 

engineering, Scaffold, Guided tissue regeneration, Bone 

regeneration 

 

 

I. INTRODUCTION: 

 

Periodontal disease is one of the most common oral 

health problems worldwide, characterized by chronic 

inflammation that leads to the progressive destruction 

of the tissues supporting the teeth. The periodontium 

consists of the gingiva, periodontal ligament, 

cementum, and alveolar bone, all of which work 

together to maintain tooth stability and function. When 

periodontal disease progresses, these supporting 

structures gradually deteriorate, ultimately leading to 

tooth mobility and, if left untreated, tooth loss. [1,2] 

Conventional periodontal treatment methods such as 

scaling and root planing, flap surgery, bone grafting, 

and guided tissue regeneration are widely used to 

manage periodontal defects. Although these 

procedures are effective in controlling infection and 

halting disease progression, they mainly focus on 

repairing damaged tissues rather than fully restoring 

the complex architecture of the periodontal apparatus. 

[3,4] Recent advances in tissue engineering and 

biomaterials have introduced innovative strategies 

aimed at true periodontal regeneration. Among these 

developments, nanotechnology has received 

considerable attention because nanoparticles are 

capable of interacting with biological tissues at the 

molecular level and can closely mimic the natural 

extracellular matrix. [5,6] Due to their extremely small 

size and large surface-to-volume ratio, nanoparticles 
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exhibit unique physicochemical characteristics that 

enhance cellular interactions and biological activity. 

These features have made nanoparticles increasingly 

valuable in regenerative dentistry, antimicrobial 

therapy, and drug delivery systems.[7] This review 

discusses the role of nanoparticles in periodontics, 

including their applications in periodontal 

regeneration, clinical uses, advantages, limitations, 

and future perspectives. 

 

II. NANOPARTICLES: 

 

Nanoparticles are ultrafine particles that typically 

range from 1 to 100 nanometers in size and possess 

unique physicochemical and biological characteristics 

that differ significantly from those of bulk materials.[8] 

Due to their extremely small dimensions and high 

surface-area-to-volume ratio, nanoparticles exhibit 

enhanced reactivity, improved bioavailability, and 

better interaction with biological tissues. These 

properties make them highly suitable for a wide range 

of biomedical applications, including drug delivery, 

diagnostic imaging, antimicrobial therapy, and tissue 

regeneration. In regenerative medicine, nanoparticles 

can replicate the structural features of biological 

tissues and provide a favorable microenvironment for 

cellular attachment, proliferation, and differentiation. 

[9,10] Another important feature of nanoparticles is their 

tunable surface chemistry, which allows them to carry 

and release bioactive molecules such as growth 

factors, antibiotics, and signaling proteins. This 

capability significantly improves therapeutic 

efficiency and treatment outcomes. As a result, 

nanoparticles have become an essential component in 

modern tissue engineering and regenerative dentistry. 

 

III. NANOPARTICLES IN PERIODONTICS: 

 

Periodontitis is a chronic inflammatory condition that 

leads to the destruction of periodontal supporting 

tissues, including the gingiva, periodontal ligament, 

cementum, and alveolar bone. Conventional 

periodontal therapies primarily aim to control 

infection and prevent further disease progression; 

however, complete regeneration of lost periodontal 

tissues remains a significant clinical challenge. 

Nanotechnology has emerged as a promising approach 

in periodontics due to its potential to enhance 

regenerative outcomes and provide targeted 

therapeutic effects.[11] Nanoparticles possess several 

biological properties that make them suitable for 

periodontal therapy, including antimicrobial activity, 

anti-inflammatory effects, immunomodulatory 

functions, and the ability to stimulate osteogenesis and 

tissue regeneration.[12] In addition, nanoparticles can 

act as carriers for controlled drug delivery, enabling 

the localized release of antimicrobial agents, growth 

factors, or anti-inflammatory medications directly at 

periodontal defect sites.[13] These capabilities improve 

therapeutic effectiveness while minimizing systemic 

side effects, making nanoparticles highly promising 

for periodontal tissue engineering and regenerative 

treatments. 

 

IV. TYPES OF NANOPARTICLES USED IN 

PERIODONTICS: 

 

Nanoparticles used in periodontal therapy can be 

classified into different categories based on their 

composition and biological properties. 

 

1. METALLIC NANOPARTICLES: 

Metallic nanoparticles such as silver, gold, and 

titanium dioxide are widely used due to their strong 

antimicrobial properties. Silver nanoparticles are 

particularly effective against periodontal pathogens 

because they disrupt bacterial cell membranes, 

generate reactive oxygen species, and interfere with 

microbial metabolism.[14] Gold nanoparticles have also 

been investigated in periodontal therapy due to their 

excellent biocompatibility and anti-inflammatory 

properties. In addition, they can function as carriers for 

drug delivery and diagnostic imaging.[15] 

 

2. POLYMERIC NANOPARTICLES: 

Polymeric nanoparticles are biodegradable and 

biocompatible materials commonly used in controlled 

drug delivery systems. Examples include chitosan 

nanoparticles and polylactic-co-glycolic acid (PLGA) 

nanoparticles. Chitosan nanoparticles have gained 

considerable attention in periodontal therapy because 

they exhibit antimicrobial activity, promote wound 

healing, and support tissue regeneration. These 

nanoparticles can also serve as carriers for antibiotics 

and growth factors delivered directly into periodontal 

pockets.[16] 
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3. CERAMIC NANOPARTICLES: 

Ceramic nanoparticles such as hydroxyapatite and 

calcium phosphate are widely used in bone 

regeneration. Hydroxyapatite nanoparticles closely 

resemble the mineral component of natural bone and 

exhibit excellent osteoconductive properties. These 

nanoparticles enhance osteoblast proliferation and 

stimulate new bone formation, making them highly 

suitable for bone graft materials used in periodontal 

defects.[17] 

 

4. MAGNETIC NANOPARTICLES: 

Magnetic nanoparticles, such as iron oxide 

nanoparticles, have attracted attention due to their 

potential in targeted drug delivery and tissue 

regeneration. These nanoparticles can be directed 

toward specific sites using external magnetic fields, 

allowing precise delivery of therapeutic agents. 

Additionally, magnetic nanoparticles have been shown 

to stimulate osteogenesis and angiogenesis, which are 

essential processes in periodontal tissue 

regeneration.[18] 

 

V. NANOPARTICLES IN PERIODONTAL 

REGENERATION 

 

1. NANOPARTICLES IN SCAFFOLD-BASED 

TISSUE ENGINEERING: 

Scaffolds play a crucial role in periodontal tissue 

engineering by providing a three-dimensional 

framework that supports cell attachment, migration, 

proliferation, and differentiation. Nanoparticle-

incorporated scaffolds closely mimic the natural 

extracellular matrix, facilitating the regeneration of 

periodontal tissues such as alveolar bone, cementum, 

and periodontal ligament. The incorporation of 

nanomaterials improves scaffold properties such as 

mechanical strength, porosity, and bioactivity. These 

scaffolds can also deliver bioactive molecules, growth 

factors, and stem cells to the defect site, thereby 

enhancing osteogenesis and angiogenesis. Because of 

their nanoscale architecture, these scaffolds create a 

favourable microenvironment that promotes cellular 

interactions and improves regenerative outcomes.[19] 

 

2. NANOPARTICLES IN GUIDED TISSUE 

REGENERATION (GTR) AND GUIDED BONE 

REGENERATION (GBR): 

Guided tissue regeneration and guided bone 

regeneration are widely used procedures in 

periodontology that utilize barrier membranes to 

encourage selective repopulation of periodontal 

tissues. These membranes prevent the rapid migration 

of epithelial cells while allowing slower-growing 

periodontal ligament and bone cells to repopulate the 

defect site. 

Nanoparticle-modified membranes have been 

developed to improve the effectiveness of these 

procedures. The incorporation of nanoparticles 

enhances membrane stability, antimicrobial activity, 

and bioactivity. Furthermore, nanostructured 

membranes provide improved surface characteristics 

that promote cell adhesion and proliferation while 

reducing bacterial colonization.[20] 

 

3. NANOPARTICLES IN BONE GRAFTS: 

Bone grafting is commonly used in periodontal 

regeneration to restore alveolar bone defects. The 

incorporation of nanoparticles into bone graft 

materials improves their osteoconductive and 

osteoinductive properties. Nanostructured 

biomaterials such as nanocrystalline hydroxyapatite 

closely resemble the mineral composition of natural 

bone, which promotes cellular adhesion and bone 

matrix formation. These materials facilitate the 

deposition of calcium and phosphate ions, stimulate 

osteoblastic activity, and enhance new bone formation. 

In addition, nanoparticle-based bone grafts 

demonstrate improved integration with surrounding 

tissues and greater bone density compared to 

conventional graft materials.[21] 

 

VI. CLINICAL APPLICATIONS OF 

NANOPARTICLES IN PERIODONTICS 

 

Nanotechnology has significantly improved 

therapeutic strategies in periodontics. The unique 

properties of nanoparticles allow them to function as 

antimicrobial agents, drug delivery systems, and 

regenerative biomaterials. [22,23] 

 

1. DRUG DELIVERY SYSTEMS: 

Nanoparticles enable controlled delivery of 

antibiotics, anti-inflammatory agents, and growth 
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factors directly into periodontal pockets, thereby 

improving treatment effectiveness while reducing 

systemic side effects. 

 

2. ANTIBACTERIAL THERAPY 

Metal nanoparticles, such as silver nanoparticles, 

exhibit strong antibacterial and antibiofilm properties. 

These nanoparticles disrupt bacterial membranes and 

inhibit microbial colonization. 

 

3. PERIODONTAL TISSUE REGENERATION 

Nanoparticles incorporated into scaffolds and 

biomaterials promote cell adhesion, proliferation, and 

differentiation, facilitating regeneration of periodontal 

ligament, cementum, and alveolar bone. 

 

4. BONE REGENERATION 

Nanostructured biomaterials such as nanocrystalline 

hydroxyapatite enhance osteoblast activity and 

promote new bone formation. 

 

5. IMPLANT SURFACE MODIFICATION 

Nanoparticles are also used to modify dental implant 

surfaces in order to improve osseointegration, enhance 

antibacterial properties, and increase implant stability. 

 

VII. ADVANTAGES OF NANOPARTICLES IN 

PERIODONTICS 

 

Nanoparticles offer several advantages in periodontal 

therapy, including: 

• Enhanced antimicrobial activity 

• Improved efficiency of drug delivery 

• Promotion of tissue regeneration 

• Increased bioactivity and cellular interaction 

• Enhanced bone regeneration [24] 

 

VIII. LIMITATIONS AND CHALLENGES 

 

Despite their promising potential, nanoparticles also 

present certain limitations. One of the major concerns 

is cytotoxicity, as some nanoparticles may accumulate 

within tissues and cause adverse biological effects. In 

addition, large-scale production of nanoparticles 

requires advanced technology and strict quality control 

measures. Another limitation is the lack of sufficient 

long-term clinical studies evaluating the safety and 

effectiveness of nanotechnology-based therapies in 

periodontal treatment.[25] 

 

IX. FUTURE PERSPECTIVES OF 

NANOPARTICLES IN PERIODONTICS 

 

The application of nanotechnology in periodontics is 

still evolving, and ongoing research is expected to 

further expand its clinical potential. Advances in 

nanoengineered biomaterials may lead to the 

development of more effective regenerative therapies 

capable of restoring the complex architecture and 

function of periodontal tissues. One promising area of 

investigation involves smart nanoparticles that 

respond to external stimuli such as pH changes, 

temperature variations, or magnetic fields. These 

responsive nanoparticles could enable controlled and 

site-specific drug delivery within periodontal pockets. 

Furthermore, nanoparticle-based scaffolds combined 

with stem cells and growth factors may significantly 

enhance osteogenesis, angiogenesis, and periodontal 

ligament regeneration. Another emerging strategy is 

the integration of nanotechnology with advanced 

fabrication techniques such as 3D bioprinting. This 

approach could allow the development of customized 

nanostructured scaffolds designed specifically for 

individual periodontal defects. 

In addition, multifunctional nanocomposites with 

antimicrobial, anti-inflammatory, and regenerative 

properties may further improve periodontal treatment 

outcomes. However, before widespread clinical 

implementation can occur, more clinical trials and 

long-term studies are necessary to evaluate safety, 

efficacy, and regulatory considerations. 

 

X. CONCLUSION 

 

Nanotechnology has emerged as a promising 

advancement in periodontics, offering innovative 

approaches for the treatment of periodontal diseases 

and regeneration of lost periodontal tissues. 

Nanoparticles possess unique physicochemical and 

biological properties, including enhanced 

antimicrobial activity, improved bioactivity, and the 

ability to promote cellular interactions that facilitate 

tissue regeneration. These characteristics have enabled 

their application in scaffold-based tissue engineering, 

guided tissue regeneration, bone graft materials, and 

targeted drug delivery systems. Although encouraging 
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results have been reported in experimental and 

preclinical studies, further research is required to fully 

understand their long-term safety, biocompatibility, 

and clinical effectiveness. Future developments in 

advanced nanomaterials, multifunctional scaffolds, 

and personalized regenerative therapies may 

significantly improve periodontal treatment outcomes. 

Overall, nanoparticles represent an important frontier 

in regenerative dentistry and hold great potential for 

advancing modern periodontal therapy. 
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