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Formulation scientists are faced with a great hurdle of delivering a therapeutic agent into the periodontal pockets 

because of the anatomical complexity of the route and the lesion’s contours that often leads to poor penetration 

of the drug to the area. However, recent nanotechnology advancement and innovations through nanodentistry 

are increasingly providing a suitable solution for the treatment of many dental disorders including periodontal 

disease. These nanodentistry innovative approaches have vowed to revolutionize dental therapeutics by way of 

using nanomaterials, biotechnology, and nanorobotics, that can significantly influence and transform dental 

disease’s diagnosis, prevention, and treatment. The advances have offered possibilities for providing high-

quality dental care to a vast number of people around the globe who are currently suffering from periodontal 

disease. Novel nanotechnology-based carriers and materials such as polymeric nanoparticles, nanogels, 

nanopores, nanotubes, scaffold matrices, nanoneedles, nanocrystals, quantum dots, nanofibers, and nanofillers 

have demonstrated promising efficacy and their roles in the disease therapy are of great significance. The aim of 

this review article is to provide important recent updates on the various nanotechnology-base approaches for 

periodontal disease therapy. The roles of these recently investigated approaches in the disease treatment are also 

covered in the review. 
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INTRODUCTION 
 

Periodontal disease is one of the major dental illnesses 

that affect millions of people around the globe. It is estimated 

that 90% of world population suffers from the disease (Pihlstrom 

et al., 2005). The disease is one of the major public health 

problem in many countries (Dias et al., 2016; Petersen and 

Ogawa, 2012), as it possessed the criterion such as: being 

widespread; having severe consequences on individuals, 

communities, and health services in terms of social, 

psychological and economic aspects  (Batchelor,  2014).   

Periodontal    disease   is   a   chronic     inflammatory     disorder 
  

    
 
 

 

* Corresponding Author 

Nafiu Aminu, Discipline of Pharmaceutical Technology, School of 

Pharmaceutical Sciences, Universiti Sains Malaysia, 11800 USM, 

Penang, Malaysia. E-mail: nafiu.aminu@udusok.edu.ng 

 

 

 

 

 

 

 

 

 

 

 

 

characterized by inflammation and degeneration of the teeth 

surrounding structures which include gums, alveolar bone, 

periodontal ligament (PDL) and cementum (Ali et al.,2012; Aminu 

et al., 2013; Chen et al., 2016; Osorio et al., 2016; Zamani et 

al.,2010). The disease starts with anaerobic gram-negative 

bacterial invasion around the gingival sulcus (Kesavalu et al., 

2007), which is a region between the teeth and the gums. Then the 

epithelium of the gingivae migrates along the tooth surface 

forming periodontal pockets, which if left untreated can lead to 

deposition of tar and calculus by the microbes and consequently 

results in the destruction of the tooth neighboring structures and 

loss of teeth (Pihlstrom et al., 2005; Pramod et al.,2014; Tanner, 

2015). Delivering drug to the gingival epithelium has been the 

major challenge for the formulation scientists due to the 

complexity of the anatomy of the route and the contours of the 

lesion which leads to the drug’s poor penetration to the area 

(Schwach-Abdellaoui et al., 2000). 

http://creativecommons.org/licenses/by-nc-sa/3.0/
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There are various proposed local drug delivering devices 

which include films, fibers, gels and strips etc., but unfortunately, 

these approaches were only partially successful due to the 

difficulty in accessing the periodontal pockets. 

However, the recent nanotechnology innovations are 

increasingly providing a suitable solution for the treatment of 

many dental disorders including periodontal disease. 

Nanotechnology is a discipline that has expanded rapidly into all 

areas of science and it offers valuable options for solving medical 

and scientific problems and questions (Abou Neel et al., 2015). A 

dental field of nanotechnology called nanodentistry is very 

promising and have demonstrated various treatment opportunities 

in dentistry in areas such as dental re-naturalization, local 

anesthesia, teeth hypersensitivity cure (Sahoo et al., 2007), 

periodontal regeneration (Walmsley et al., 2015), controlled drug 

delivery (Abou Neel et al., 2015; Jain et al., 2008) and overall oral 

health maintenance (Ozak and Ozkan, 2013), among others. This 

highly promising field may ensure the attainment of near perfect 

oral health by way of using nanomaterials, nanorobotics, 

biotechnology, etc. (Bhardwaj et al., 2014; Bhavikatti et al., 2014). 

Nanodentistry will make it possible to induce local anesthesia 

efficiently in the years to come, through the aid of nanorobots 

(Sahoo et al., 2007). Colloidal carriers containing active analgesic 

dental nanorobotic particles in millions and/or antibacterial agents 

could be directly installed into the patient’s gingivae (Sahoo et al., 

2007). These nanorobots would be able to make surface contact 

with the mucosa/crown and eventually get to dentin by moving 

painlessly through the gingival sulcus to the target site (Sahoo et 

al., 2007). The future roles of nanotechnology approaches seem to 

influence almost every aspect of human life, and with its 

advancement, researchers are acquiring abilities to understand and 

manipulate materials at the nanoscale (Gambhir et al., 2013). 

There are various promising nanotechnology-based 

approaches in the field of nanodentistry that are being investigated 

or developed for dental therapy such as nanofibers, nanotubes, 

nanocapsules, nanopores, quantum dots (QDs), dendrimers, 

nanoshells, nanofillers, nanorods, nanorings, fullerenes, 

nanospheres, nanowires and nanobelts (Chen et al., 2016; Kong et 

al., 2006; Zupančič et al.,2015a). Some of these approaches have 

demonstrated satisfactory outcomes toward minimizing 

undesirable side-effects for various active agents while 

maximizing the therapeutic activity. 

Many authors reported review articles about local drug 

delivery systems for the treatment of periodontal disease (Hau et 

al., 2014; Pragati et al., 2009; Puri and Puri, 2013; Schwach-

Abdellaoui et al., 2000), and few reviews have also discussed 

some applications of nanotechnology-based delivery systems in 

the treatment of the disease (Goyal et al., 2014; Zupancic et 

al.,2015b). However, review articles that provide detail account on 

specific roles of various nanotechnology-based approaches for 

periodontal disease therapy are lacking. In order to bridges the 

gap, this review covers various recently investigated 

nanotechnology-based approaches for the treatment of periodontal 

disease, with emphasis on the keys roles which these approaches 

play towards achieving effective therapy. 

 

ROLES OF NANOTECHNOLOGY-BASED APPROACHES 

In nanodiagnostics 

Over the years, many strategies have been designed and 

implemented for the diagnosis of dental illnesses including 

periodontal disease. However, most of them suffer accessibility 

problem, hence the need for concerted efforts to improve 

diagnostic tools and techniques. Nanotechnological innovations 

provide scientists and researchers with the new hope for progress 

in this direction through the advent of nanodiagnostics and its 

rapid transformation. Nanodiagnostics is a phenomenon that 

involves the use of nanotechnological advancement for clinical 

and molecular diagnostic purposes (Azzazy et al., 2006; Jain, 

2005). The increased demands for highly sensitive and early 

disease detection tools has led to the development of this novel 

technology, in order to meet the demands of clinical diagnostics 

(Azzazy et al., 2006; Jain, 2005). Nanodiagnostics would 

significantly reduce the waiting time for results after a test is 

conducted. The technology will help in the use of nanodevices for 

early disease diagnosis at molecular and cellular level. The 

possibility of using nanosized QDs technology based on immune 

fluorescence has provided researchers an opportunity to be able to 

precisely label specific periodontal pathogenic bacteria, which 

therefore enable its identification and removal (Alharbi and Al-

sheikh, 2014; Azzazy et al., 2006). 

The technique could be employed for single cell 

resolution for both in vivo and in vitro labeling of microbes. 

Therefore, since specific pathogenic microorganisms have been 

associated with the development of periodontal disease, the 

nanomaterial technological potentials such as those exhibited by 

QDs, may enable a clear diagnosis of the disease (Bhavikatti et al., 

2014; Chalmers et al., 2007).  

 

Quantum dots (QDs) 

QDs are among the most promising nanostructures for 

diagnostic applications. These are new material that promise 

fundamental transformation in medical labeling techniques. QDs 

are tiny semiconductor nanocrystals that are stable, non-toxic and 

glow brightly when stimulated by ultraviolet light. Their strong 

light absorbance property qualifies them to be used as fluorescent 

labels for biomolecules (Alharbi and Al-sheikh, 2014). 

Their roles are beyond diagnostic applications, as they 

have also been found to play the role of photosensitizer and carrier 

(Bhardwaj et al., 2014). QDs can attach an antibody to the target 

cell upon stimulation by UV light, and consequently yield a 

reactive oxygen species that is capable of destroying the target 

cells (Bhardwaj et al., 2014). Some other roles of QDs are their 

ability to be embedded into dental resins to tune the emission color 

of the resin. Lead-free and cadmium-free QDs are employed in 

periodontal therapy to enhance the healing of inflamed periodontal 

tissues (Harini and Kaarthikeyan, 2014). 
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Nanoscale cantilevers 

Nanoscale cantilevers are tiny beams resembling a row of 

diving boards or those as in atomic force microscopy, and they are 

fabricated by using semiconductor lithographic techniques 

(Azzazy et al., 2006). Nanoscale cantilevers exercise its function 

through nanomechanical deflections and are used for 

deoxyribonucleic acid (DNA) hybridization to monitor molecular 

events (Azzazy et al., 2006). When nanoscale cantilevers are 

coated with certain receptor molecules, they can bind to specific 

DNA-substrates; bacterial cells; or viruses, and the overall effect 

would be the detection of single molecules (DNA or protein); 

specific pathogenic bacteria or viruses (Jain, 2003; Jain, 2005; 

Saxl, 2011; U.S. National Cancer Institute, 2016). Nanoscale 

cantilevers are developed as an integral division of larger 

diagnostic tools that can provide sensitive and rapid detection of 

inflammation and cancer-associated molecules, of which 

periodontal disease could be an important target. Through the 

cantilevers, it is possible to detect disease such as periodontitis and 

to comprehend the mechanism of the disease and its potential cure 

(Saxl, 2011). Nanoscale cantilevers can scan sample and yield 

hybridization with the single-stranded DNA when the targeted 

sequence is determined. This is another important feature of 

cantilevers that can permit multiple analyses (Fortina et al., 2005; 

Jain, 2003). 

 

Gold nanoparticles  

Gold nanoparticles are among the novel diagnostic tools 

for healthcare investigations. They are developed from thin gold 

layers or tiny gold spheres and possess good detection sensitivity 

for various targets (West and Halas, 2003). Gold nanoparticles that 

are coated with silver shells possess strong light-scattering 

properties with improved detection capacity (Cao et al., 2002; 

West and Halas, 2003). These essential diagnostic materials can 

allow rapid, direct and economically feasible analysis of samples 

from whole blood. They have several physical properties that 

make them suitable for medical applications. The applications of 

gold nanoparticles stretch from diagnosis to drug delivery for 

therapy of diseases (Mieszawska et al., 2013). Gold nanoparticles 

can be functionalized to detect specific targets due to their high 

surface-to-volume ratios which offer higher selectivity as 

compared to conventional approaches (Mieszawska et al., 2013; 

Vinhas et al., 2015). Early diagnosis of periodontal disease is 

essential in order to initiate suitable therapy and prevent its 

progression to advance form of the disease. The unique essential 

optical features of gold nanoparticles, as described above make 

them a key role players in the early and rapid diagnosis of 

periodontal disease. 

 

Nanotubes 

Nanotubes such as boron nitride or carbon rods are very 

small and are used as electrodes with single-stranded DNA probes 

for detection sensitivity in the attomole range, and in hybridization 

of the target DNA or protein. They can also be adapted for 

analytes other than DNA, e.g., by attaching enzyme to detect 

substrate analyte (Azzazy et al., 2006; Fortina et al., 2005). 

Nanotubes offer interesting advantages that are relative to or better 

than spherical nanoparticles in some biotechnological and 

diagnostic applications (Kong et al., 2006). Its internal and 

external surfaces can be chemically functionalized to entrap drugs, 

and their unique open-ended barrels may make the internal surface 

accessible and allow incorporation of certain active molecules 

within the tubes easily (Kong et al., 2006).  

Therefore, the inner volumes of the tubes can be filled 

with any suitable chemical or biochemical agent for delivery to the 

targeted location. Examples of nanotubes include fullerene carbon 

nanotubes, organosilicon polymer nanotubes, peptide nanotubes 

and template-synthesized nanotubes (Kohli and Martin, 2003; 

Kong et al., 2006). 

 

Nanopores 

These are tiny (molecular-scale) structures that have 

great sensitivity and detection capability of the conformation and 

location of a single molecule that is situated in the pore lumen 

(Bayley and Jayasinghe, 2004; Wang et al., 2011). The nanoholes 

of nanopores can permit passage of DNA and can also make DNA 

sequencing even more efficient. The characteristic change in the 

nanopores conductance enables researchers to be able to 

electrically elucidate single-molecule kinetic pathways as well as 

quantify the target easily (Wang et al., 2011). Significant progress 

has been made in material science and nanotechnology towards 

designing intelligently gated nanoporous devices (Harini and 

Kaarthikeyan, 2014).  

Through nanopore technological innovations, it became 

possible to count and/or distinguish between a variety of unlike 

molecules in a complex mixture (Jain, 2005). For instance, the 

technology can allow the differentiation between hybridized or 

unhybridized unknown DNA and RNA molecules that differ only 

by a single nucleotide (Jain, 2005). This technology could be 

applied in periodontal disease diagnosis at the molecular level. 

 

In prevention 

For a very long time, conventional dentifrices such as 

gargles, mouthwashes, toothpaste and throat paints have been the 

most commonly used traditional products for maintaining oral 

hygiene and oral preventive measures, until recently when 

nanotechnology provide novel approaches for preventive measures 

against oral cavity diseases such as periodontal disease and dental 

caries (Abou Neel et al., 2015). Certain agents in nanoscale can be 

incorporated in these conventional dentifrices to aid in repelling 

the deposition of bacterial biofilms (plaque and tar) and/or prevent 

dental caries by remineralization of early carious lesions, and in 

desensitization of abraded teeth (Hannig and Hannig, 2010). The 

process of re-deposition of minerals that are lost by tooth enamel 

is called enamel remineralization (Cury and Tenuta, 2009). Some 

ceramics like calcium phosphates and nanosized calcium carbonate 

particles (also called hydroxyapatite) has been reported to be a 

suitable ingredient for dentifrices that can be effectively used in 

the process of enamel remineralization. Among these ceramics, 



 Aminu et al. / Journal of Applied Pharmaceutical Science 7 (07); 2017: 234-242                                           237 

 

hydroxyapatite gain more attention being it the prototype in bone 

as well as tooth apatite crystals, and also one of the main 

constituents of natural bone. Therefore, its applications as bone 

implant are being extensively investigated in a different variety of 

forms (Vandiver et al., 2005). Study conducted by Nakashima et 

al. (2009) showed that there is 48.8% improvement on the 

remineralization of artificially produced subsurface enamel lesions 

when the nanosized calcium carbonate particles were incorporated 

in dentifrices. Furthermore, nanocarbonate apatite has proven to be 

very efficacious desensitizing dentifrice when compared with the 

conventional agents (Lee et al., 2008). 

Mouthwashes containing silver nanoparticles and 

triclosan-loaded nanoparticles have exhibited plaque control 

actions which are vital for the prevention of periodontal disease. 

Silver nanoparticles demonstrated strong antibacterial effects in 

dental products, because of the antibacterial properties of silver 

(Allaker, 2010; Besinis et al.,2014). Studies showed that 

nanoparticles of silver imparted high antibacterial activity on 

dental resins, which significantly reduces building-up of biofilm as 

well as lactic acid production by the oral bacteria without 

interfering with the resins’ mechanical and physical properties 

(Cheng et al., 2015). In one investigation, carbonate hydroxyl 

apatite nanoparticles have been found to be highly effective in 

repairing some tooth defects (micrometer-sized) in vitro (Cheng et 

al., 2015), and some of its nanocrystals were incorporated in 

dentifrices like mouthwash solutions and toothpaste and used as 

commercial products (Lei et al., 2016; Nakashima et al., 2009). 

A team of researchers have investigated the anti-adhesive 

effect of low surface free energy nanocomposite coating materials 

against bacterial biofilm accumulation around the tooth surface, in 

order to prevent pathogenic consequences of intra-pocket biofilm 

build-up and also to hinder bacterial attachment on the tooth 

(Hannig et al., 2007). They applied an inorganic nanocomposite 

coating (with a surface free energy of 18-20 mJ/m2) to enamel and 

titanium specimens. The specimens were analyzed by transmission 

electron microscopy after intraoral exposure. The results showed 

that specimens that were coated with the nanocomposite 

significantly reduced biofilm formation and accumulation. 

Moreover, easy-to-clean surface characteristics were achieved by 

coating enamel as well as titanium with the nanocomposite which 

resulted in faster removal of the biofilms under oral conditions 

(Hannig et al., 2007). Possible applications of the nanocomposite 

could be tooth coatings after restorations, sealants agent and 

coating of transmucosal parts of implants or dentures (Hannig et 

al., 2007; Hannig and Hannig, 2010). 

Other preventive nanotechnology-based approach for 

periodontal disease is fabrication of products for oral health care 

that are integrated with bioinspired apatite nanoparticles alone or 

together with proteinaceous substances (like casein 

phosphopeptides) (Rahiotis et al., 2008). Casein phosphopeptide 

demonstrated an important role in biomimetic strategies for overall 

bacterial biofilm management. In vivo studies showed evidence 

which indicated that casein phosphopeptide coupled with 

amorphous calcium phosphate nanocomplexes reduces bacterial 

adherence on the tooth surface (Figure 1), by adsorbing the 

bacterial macromolecules, as well as binding to the surfaces of 

bacterial cells and to the components of the intercellular plaque 

matrix (Cross et al., 2007). Similarly, in vitro experiments 

demonstrated that clustered and non-aggregated hydroxyl apatite 

nanocrystallite particles can bind on the bacterial surface, and then 

interact with its adhesins in order to disrupt the attachment of the 

microbes on the tooth surface (Hannig and Hannig, 2010). 

 

 

 
Fig. 1: Diagrammatical demonstration of how ACP–CPP prevent the oral 

biofilm formation by hindering bacterial adhesion. CPP block the adhesion by 
binding to the pellicle. It competes with calcium for plaque–calcium binding 

sites (I) and reduces the quantity of calcium that connects the bacteria with the 

pellicle, and between the bacterial cells. This will result in blocking specific 
receptor molecules (red) in the pellicle layer as well as on the bacterial surfaces 

(brown), which further decreases the adhesion and co-adhesion (II), and will 

interfere with the viability of the bacteria (III). 
ACP, amorphous calcium phosphate; CPP, casein phosphopeptide  

The figure was adapted with permission from Macmillan Publishers Ltd: 

Nature Nanotechnology, (Hannig and Hannig, 2010), copyright 2017. 

 
 
 

In dental restorative 

One of the major consequences of periodontal disease is 

a progressive loss of teeth supporting structures viz. gums, 

alveolar bone, cementum and periodontal ligament, that occurs as 

a result of the destructive effect of pathogenic bacteria which 

invade the periodontium (Simch et al., 2008). Ultimately, partial 

or complete loss of tooth structures will be the clinical endpoint 

(Chen et al., 2016). To manage this, a dental restorative procedure 

should be performed to restore the morphology, integrity, and 

function of the missing structures.  

There is an urgent need for the development of improved 

synthetic materials such as orthopedic implants, that can be used in 

the event of severe bone damage or lost caused by diseases such as 

severe periodontitis and osteoporosis (Vandiver et al., 2005).  

Nanotechnology has been recently employed in dental 

restorative techniques through the use of nanomaterials like 

nanofillers for what is called "white fillings" (Bhavikatti et al., 
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2014; Lorden et al.,2015). This involved the incorporation of 

nanofiller particles in composite resins, which eventually yield a 

new class of restorative materials with improved properties than 

that of the conventional microfilled and macrofilled composites. 

Advancement in filler technology can be utilized in the 

development of novel resin-based dental restoratives with 

enhanced mechanical properties (Bhavikatti et al., 2014). The 

recent remarkable evolution in nanotechnology-based restorative 

dentistry has resulted in restorative materials with superior 

properties which have also significantly improved dental therapy. 

In particular, the technology has been successfully applied                

for the manufacture of endodontic sealers, dental nanocomposites, 

nano-ionomerscement, and also in tooth regeneration as               

well as aesthetics purposes (Khurshid et al., 2015; Melo et al., 

2013). 

 

Nanofillers 

Nanofillers are gaining considerable attention as vital 

dental nanomaterials for incorporation into commercial composite 

materials for different dental applications. There are various 

methods employed for the synthesis of nanofillers such as sol-gel 

processes, flame pyrolysis and flame spray pyrolysis (Khurshid et 

al., 2015). The dimensions of nanofiller particles are less than that 

of visible light. Therefore, neither can they be absorbed no do they 

scatter visible light, and this feature plays an important role for 

their aesthetic features and hence, they can be employed for 

anterior teeth restorations (Khurshid et al., 2015). Nanofillers act 

by enhancing the union between the macroscopic natural tooth 

structural surfaces with its nanosized filler particles, which can 

result in a strong natural and advanced boundary (Ozak and 

Ozkan, 2013).  

It also has the potential to create micromechanical filler-

resin matrix interphase bonding. To establish and validate this 

property, Samuel et al. (2009) investigated the use of mesoporous 

fillers in dental composites. They prepared experimental dental 

composites by blending mesoporous silica and nonporous 

spherical silica together and then evaluated the compressive 

modulus, compressive strength, flexural modulus and flexural 

strength of these composites. The results showed that the 

composites made by nonporous and mesoporous filler 

combinations possessed improved mechanical properties as 

compared to the composites with either of these fillers alone. This 

finding means that combinations of nonporous and mesoporous 

materials could be used to develop better dental materials that can 

withstand hydrolysis and wear. 

 

Dental nanocomposites 

Because of the excellent properties of dental 

nanocomposites such as good translucency and contouring, it has 

been used for restoring the damaged or lost dental tissues, as 

indicated in Figure 2 (Khurshid et al., 2015). In order to improve 

mechanical properties as well as enhanced polymerization kinetics 

of dental resin, attachment of monovinyl methacrylate monomers 

was made on the resin, and this addition has expanded its 

applications in dental therapy (Cramer et al.,2011; Khurshid et al., 

2015). 

 

 
A 

 

 
B 

Fig. 2: Nanocomposite restorative materials were used in filling and restoration 

of teeth. (a) Non-restored premolar tooth and treated root; (b) Modern 
nanocomposite restorative materials were used to build up the tooth completely 

(Khurshid et al., 2015). 

 

Bone grafting  

Dental bone grafting is a procedure for recovering tooth 

bone that was lost following severe periodontal disease, and it 

involves recreation of the lost bone. Bone grafting may also be 

used to maintain bone structure after tooth extraction. Bone 

grafting is faced with limitations such as a limited supply of 

grafting materials, variable resorption, high failure rates and 

persistent pains (Walmsley et al., 2015). These limitations have 

evoked massive research for solutions to these limitations. 3D 

scaffold matrices and nano-engineered particles that promote the 

growth of new bone have been the main areas of focus (Lorden et 

al., 2015; Walmsley et al., 2015), and scaffold have been 

successfully used in various fields of tissue engineering such as 

periodontal regeneration and bone formation  (Garg et al., 2012). 

Various alloplastic bone grafts with nanoscale particle 

sizes are being developed and tested. One of the recent and most 

promising among them are nano-hydroxyapatite (n-HAP) bone 

grafts, which is available in crystalline, chitosan-associated and 

titanium-reinforced forms (Kailasanathan et al., 2012). When 
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compared with the ‘plain’ chitosan scaffolds, ‘n-HAP’ composite 

bone graft scaffolds demonstrated greater biocompatibility, 

superior mechanical properties and also appeared to induce better 

cellular responses (Chesnutt et al., 2009). In another development, 

n-HAP and nanosized crystals of calcium sulphate have been 

synthesized and evaluated on intrabony defects. Both the 

nanocrystalline materials demonstrated clinically significant 

treatment outcomes in terms of bone regeneration and resistance to 

degradation than their conventional counterparts (Kathuria et al., 

2012). Similarly, a nanoceramic composite material with 

antibacterial effect has been developed, by encapsulation/ 

entrapment of zinc oxide nanoparticles, nanocalcium phosphate 

and walled carbon nanotubes in alginate polymer matrix. The 

nanoceramic composite show promising result for bone grafting, 

that includes regeneration of bone caused by intrabony defects and 

enhancement of hydroxyapatite formation in bone defects (Beherei 

et al., 2011). In another similar investigation, a precursor of 

hydroxyapatite called octacalcium phosphate has been synthesized 

and it has demonstrated a great role in apatite crystal development. 

The investigation provided evidence that this octacalcium 

phosphate stimulates bone formation which is even more than that 

stimulated by synthetic hydroxyapatite in bone defects. Although 

the precise mechanism of action has not been fully elucidated, but 

it is likely that the octacalcium phosphate precursor plays a role in 

bone forming cells stimulation through interaction with the closely 

encircling tissue (Suzuki, 2010). 

 

In drug delivery 

An ideal drug delivery system should be able to transport 

active compound(s) to the intended site of action safely. In the 

present context however, ideal drug delivery should be able to 

make optimum contact with the mucosal surfaces in the 

periodontium and should prolong the residence time at the targeted 

site (i.e. in the periodontal pocket), and should also intensify 

contact with the junctional epithelium so as to enhance the 

epithelial transport of poorly absorbable drugs. This is a desirable 

approach in order to improve the regeneration ability of damaged 

tissues and to effectively treat periodontal disease (Abou Neel et 

al., 2015). Nanotechnological drug delivery approaches are highly 

promising in achieving these goals. It provides an avenue by 

which therapeutic molecules could been capsulated/loaded in 

carriers, such as nanoparticles or scaffolds, to allow targeted, 

sustained and controlled release to the intended location (Abou 

Neel et al., 2015). Nanoparticulate drug delivery systems are 

among the most popular fields of current research for periodontal 

treatment and regeneration. A significant number of 

nanoparticulate drug delivery systems have been developed during 

the last two decades and many of them have yielded promising 

results (Chen et al., 2016). Better penetration of the active moiety 

into the junctional epithelium (site of action) combined with 

optimal drug release profiles are among the important benefits of 

this approach. Drug concentration in the periodontal tissue can be 

improved by incorporating the drug into controlled release 

delivery systems that can be placed locally in the periodontal 

pockets (Piñón-Segundo et al., 2005; Schwach-Abdellaoui et al., 

2000). The local delivery of antimicrobial agents to the periodontal 

pockets has the benefit of the drug reaching the target site at low 

dose thus minimizing exposure of the drug in the entire body (Hau 

et al., 2014; Pragati et al., 2009). Local delivery systems with 

sustain release effect might also be applicable for areas with 

accessibility difficulties due to anatomical complexity or depth, as 

in furcation defects (Kornman, 1993). Several studies have shown 

that an effective approach to optimize the targeting or to enhance 

the action of drugs is to associate the active moiety with a carrier 

system (Pramod et al., 2014). Some of the secarrier systems and 

their roles in periodontal disease therapy are summarized in Table 

1.  

 

Table 1: Various investigated nanoparticulate drug delivery systems and their 
roles in periodontal disease therapy. 

 

Delivery system Role(s) References 

Nanoparticles 

Potential carrier system 
for the delivery of active 

substances to the 

periodontal pocket 

(Aminu et al., 2013) 

 

Triclosan-nanoparticles 

could help decrease 

gingival inflammation 

(Piñón-Segundo et al., 
2005) 

 

Minocycline-loaded 
nanoparticles could 

significantly decrease 

symptoms of 
periodontitis 

(Yao et al., 2014) 

 

Calcium and zinc-

loaded bioactive and 
cytocompatible 

nanoparticles represent 

a promising tool for 
therapeutic approach in 

periodontal regeneration 

(Osorio et al., 2016) 

Nanogels 

Nanogels of cholesterol-
bearing pullulan 

modified with amino 

groups (CHPNH2) were 
utilized as a career to 

introduce QDs into PDL 

cells 

(Fukui et al., 2007) 

 

CHPNH2-QD 
nanoparticles are useful 

for further 

characterization of PDL 
cells and investigation 

of regenerative 

processes of 
periodontium 

(Fukui et al., 2007) 

Nanocomposites 

Thin layer of 

nanocomposites has 
been used to provide 

coating on tooth surface, 

which strongly reduced 
biofilm formation 

(Hannig et al., 2007) 

 

Nanocomposite 

hydrogels were 

synthesized as model 
systems and it offers 

flexibility for local 

placement of drugs in 
the treatment of 

periodontal disease 

(Bako et al., 2008) 
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Dental bioactive 

nanocomposite 
composed of 2-

methacryloyloxyethyl 

phosphoryl choline and 
dimethylamino 

hexadecyl methacrylate 

is promising for Class V 
restorations to inhibit 

periodontal pathogens, 

combat periodontitis 
and protect the 

periodontium 

(Wang et al., 2016) 

Nanofibers 

Poly-ε-caprolactone 

(PCL) nanofibers 
containing 

metronidazole showed 

prolonged sustained 
drug release for at least 

19 days and can be used 

as a retentive, locally 
controlled delivery 

system for 

metronidazole in 
periodontal diseases 

treatment 

(Chaturvedi et al., 2012; 
Zamani et al., 2010) 

 

Low-dose controlled-
release PCL nanofibers 

containing doxycycline 

showed sustained drug 
release and can be used 

as a retentive controlled 

delivery system for the 

treatment of periodontal 

diseases 

(Chaturvedi et al., 2013) 

 

Drug loaded hyaluronic 
acid-polyvinyl alcohol 

nanofiber patch 

presented controlled 
release behavior with 

good mucoadhesive 

strength 

(Joshi et al., 2015) 

 

The in vivo studies 
confirmed the 

maintenance of 

minimum inhibitory 
concentration over an 

extended period in 

addition to a significant 
anti-inflammatory 

effect, which suggested 

the formulation’s role as 
an intra-periodontal 

pocket drug delivery 
system 

(Joshi et al., 2015) 

 

Resveratrol-loaded PCL 

nanofibers improved 

low solubility and 
stability of resveratrol 

and it can supply the 

drug for treatment of 
periodontal disease in 

the periodontal pocket 

even longer due to 
sustained release and 

low gingival fluid flow 

(Zupančič et al., 2015a) 

 

CONCLUSION 
 

The advancement of nanotechnology in dental science 

has brought tremendous progress in periodontal disease therapy. 

The technology offers significant promise in the disease’s early 

diagnosis even at molecular and cellular level, thereby reduces the 

waiting time for results.  It also play an important roles in the 

prevention of the disease, through using nanoscale agents to repel 

bacterial biofilms deposition and accumulation on the tooth 

surface, and by remineralization and desensitization of abraded 

teeth. Nanodentistry have also make the development of potent 

restorative nanomaterials possible.  Such materials can promote 

the growth of new bone structure in intrabony defect and can also 

be used for tooth regeneration and for aesthetics purposes. 

Moreover, there have been significant progress in periodontal drug 

delivery systems through the recent nanotechnological 

advancement, whereby therapeutic agents could be loaded in 

carriers that can facilitate targeted, sustained and controlled release 

of the loaded drug(s) to the intended location. Certainly, 

nanotechnology-based drug carrier systems will play a vital role in 

future drug delivery systems for not only periodontal disease, but 

for a lot of other oral cavity diseases. Investigations are underway 

for more exploitation of the effectiveness and significance of these 

vital therapeutic drug carrier systems. These advances may 

simplify periodontal disease treatment and may help bring dental 

care closer to millions of people around the globe that doesn’t 

have access to high-quality oral healthcare.  
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