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Abstract 

Dental caries are one of the major causes of oral degeneration diseases. In order to treat 

dental-related diseases, it is often challenging and expensive. Recent literature has reported 

many advances in designing delivery systems utilizing polymers and novel biomaterials. 

Polymers play an important role in designing many nanoformulations like liposomes, 

polymeric micelles, polymeric nanoparticles, carbon-based nanoparticles, nano-

hydroxyapatite, iron oxide, zirconia, silica, and silver nanoparticles were used to treat oral 

complications of the oral cavity including dental caries, periodontal disease, and oral cancer. 

The present review focus on the importance of novel biodegradable polymers like poly (D, L-

Lactide acid), PLLA (poly-L-lactide), PDLA (poly-D- lactide), PLGA that is poly (D, L Lactide-co-

glycolide), cellulose acetate phthalate, and Chitosan, etc used to design site-specific delivery 

and controlled drug delivery to treat dental diseases. Moreover, research development in this 
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area will raise opportunities for the dentist, researchers, and pharmaceutical scientists to 

fabricate an ideal drug delivery system. 
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1. Periodontal Diseases 

Perhaps the most harmful dental problem, influencing somewhere in the range of 5 to 30% of 

the adult population (25-75 years), is periodontitis [1]. Periodontal disease getting more far and 

wide in modern civilization and can be a premise for the beginning or worsening of diseases like 

respiratory diseases, diabetes, rheumatoid arthritis, malignancy, and metabolic syndrome. 

Periodontitis is a persistent inflammatory situation caused by the presence of bacterial plaque that 

may lead to the severe destruction of periodontal tissue. Even though periodontitis starts with the 

accumulation of bacteria, some other flattering factors can add to the provocation of the disease 

like (a) Local factors: Dental cavities, Smoking, tartar, and inappropriate nutrition, and (b) General 

factors: i) Incidence of few systemic diseases like anemia, leukemia, and diabetes, ii) Undergoing 

drug treatments for cardiovascular diseases or epilepsy and iii) Physiological conditions like 

menopause, pregnancy, and puberty.  

In the beginning phases, the periodontal infection can be treated by less intrusive procedures 

like antibiotic treatment, root planning, or scaling. At a high-level stage, nonetheless, surgical 

treatment is utilized, including assisted tissue regeneration, soft tissue grafts, and flap surgery, etc. 

Periodontitis shows the advancement in the disease in three phases: Phase-1 Gingivitis; Phase II-

Moderate periodontitis and Phase III-Severe periodontitis. Periodontitis majorly affects few 

structures of the tooth like the marginal periodontium, dental cementum, and periodontal 

ligaments. Two major aspects of the treatment of periodontitis are, removal of affected biofilm and 

removal of bacterial species from the tooth surface [2]. Treponema denticola, Tannerella species, 

Porphyromonas gingivalis are the few microorganisms liable for triggering periodontitis [3]. 

Based on the standard treatment for periodontitis, the therapy involves two different phases 

depends upon the severity. The first phase includes displacement of dental plaque by scaling and 

root planning and the second phase consists of antibiotic therapy through oral administration [4]. 

While systemic antibiotic therapy has several shortcomings, there is a need to develop the most 

effective methods that can reduce bacterial adhesion and prevent biofilm formation.  

This methodology can be acknowledged by utilizing the nanosystems along with an anti-microbial 

agent that can be used in the periodontal pocket as local drug delivery. The accomplishment of 

treating the periodontal infection with novel delivery systems will rely on the effectiveness of the 

system to deliver the agent at a proper concentration at the bottom of the periodontal pocket and 

retention of the system for prolonged periods [5]. In 1979, Goodson et al. projected the first 

controlled systems and so on many of the researchers continued their efforts to improve the current 

technologies for preciseness in the release as per the biological rhythms of the patient and disease 

condition. Local controlled drug systems can be classified as follows [6, 7]: 

1. On basis of type of treatment application -Supra and subgingival irrigation 
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2. Following biodegradability of the device or system  

3. Depends on the type of device (Sustained or controlled)  

An ideal dosage form to treat periodontitis is expected to be biodegradable, bioadhesive in 

nature along with sustained or controlled release over an extended time [8]. Chlorhexidine magnetic 

nanoparticles coated with amino silane showed a superior anti-fungal and bactericidal action 

against the deposited microbial film. These ideal nanoparticles are preferred owing to low toxicity 

against healthy human osteoblasts and improved antimicrobial activity in the presence of salivary 

proteins [9]. Another drug delivery system was fabricated for tetracyclines on basis of 

hydroxyapatite nanocarrier to eliminate the infection and promote bone regeneration. In vitro and 

in vivo studies confirmed that prepared nanoparticles were compatible and serve as bone 

substitutes along with anticipated antibacterial properties [10].  

The liposomal-based drug delivery system was designed for doxycycline using N, N, N trimethyl 

chitosan showed exceptional biocompatibility, also prevented the formation of biofilm and bone 

resorption [11]. Another better way is to formulate nanoparticles by adding mineralizing agents like 

calcium phosphate along with the microbial agent, which can be further coated by 

carboxymethylcellulose to improve the bioadhesion. Subsequently, nanoparticles will bind to 

enamel as well as dentin to inhibit the growth of Lactobacillus cases and other bacteria [12, 13]. 

Nanoparticles can be easily administered into the periodontal pocket by injection. These systems 

can be applied very easily in a more accurate manner, which in turn reduces the cost of therapy in 

contrast with the other devices. Injectable nanoformulation for poly(dopamine) to treat oxidative 

stress-induced peridontitis, owing to its antioxidant efficiency in removing reactive oxygen species 

was reported. In-vitro and in-vivo evaluation studies revealed that the formulation showed 

admirable anti-inflammatory, ROS removal with good compatibility and low systemic toxicity. 

Nanotechnology is shown to bridge the barrier of biological and physical sciences by applying 

nanostructures and nanophases at various fields of science; especially in nanomedicine and nano-

based drug delivery systems, where such particles are of major interest. Nanomaterials can be well-

defined as material with sizes ranging between 1 and 100 nm, which influences the frontiers of 

nanomedicine starting from biosensors, microfluidics, drug delivery, and microarray tests to tissue 

engineering. Nanotechnology employs curative agents at the nanoscale level to develop 

nanomedicines. Nanomedicines have become well appreciated in recent times because 

nanostructures could be utilized as delivery agents by encapsulating drugs or attaching therapeutic 

drugs and deliver them to target tissues more precisely with a controlled release. Nanomedicine is 

an emerging field implementing the use of knowledge and techniques of nanoscience in medical 

biology and disease prevention and remediation. It implicates the utilization of nanodimensional 

materials for diagnosis, delivery, and sensory purposes, and actuate materials in live cells. For 

example, a nanoparticle-based method has been developed which combined both the treatment 

and imaging modalities of dental diagnosis as well [14] 

Novel polymers play a crucial role in the design of nanoparticles. Few examples of Nanoparticles 

are fabricated by utilizing the polymers are poly (D, L-lactide corrosive) (PLA), poly(glycolic corrosive), 

poly(D, L-lactide-co-glycolide corrosive) (PLGA), and cellulose phthalate. Triclosan (TCS), which is 

anion cationic antimicrobial agent nanoparticles were prepared by the emulsification-diffusion 

technique by using cellulose phthalate. These TCS nanoparticles were infused into the lower part of 

periodontal pockets gradually decreases inflammation at the site of infection was seen after 15 days 

[15]. Quintanar-Guerrero and associates [16] prepared nanospheres and nanocapsules by using 



Recent Progress in Materials 2021; 3(3), doi:10.21926/rpm.2103039 

 

Page 4/12 

cellulose acetate phthalate as a pH-based polymer and loaded the chlorhexidine by the emulsion-

diffusion method, for the treatment of periodontitis. Nanocapsules and nanospheres were injected 

into a periodontal pocket, and 65.78 % less dental plaque was recorded. The formulation was then 

compared with marketed mouthwash shows that it is more effective. Due to their large surface area, 

smaller particle size, controlled release of medications at various pH values, shorter treatment time 

and dose, and potential to penetrate gingival tissues, these nanoparticle formulations are beneficial 

to dental use.  

As examples of nanocarriers used in dental drug delivery, Chitosan, which is a natural polymer 

with various properties, can be utilized in the formulation of smart nanoparticles for the treatment 

of periodontal diseases as follows: 

1. Chitosan crosslinked nanoparticles prepared by the emulsion-scattering technique loaded with 

sodium fluoride and cetylpyridinium chloride blended in with toothpaste lixivium to get a product 

that delivers the drug substance in a sustained manner [17]; 

2. To get protection against dental caries Chitosan crosslinked nanoparticles are formulated by 

ionic gelation method loaded with sodium fluoride used as dental drug delivery system [18]; 

3. For local drug action Chitosan-oligonucleotide complexes are often used. 

4. Rose bengal- prepared smart chitosan nanoparticles having an affinity towards bacterial cells 

and helps in their elimination. 

5. Lee and associates [19] prepared the potential core-shell poly(D, L-lactide–co glycolide)- 

chitosan nanospheres loaded simvastatin and doxycycline for the treatment of periodontal diseases 

and found enormous benefits. and observed drug release for 28 days. 

6. Chen and associates [20] formulated novel pH-responsive quaternary ammonium chitosan-

liposome nanoparticles for periodontal treatment. In-vivo tests showed that pH-responsive 

nanoparticles act to inhibit biofilm formation and also helped in alveolar bone resorption, as well as 

excellent biocompatibility with human periodontal ligament fibroblasts.  

7. Moreover, the pH-responsive nanoparticles can be utilized as a drug delivery system of 

doxycycline, which is an antibacterial agent used in the treatment of periodontal diseases. 

8. Drugs, metronidazole (an antibiotic), and N-phenacylthiazolium bromide (a host modulator) 

nanospheres were prepared by encapsulating PLGA along with chitosan as an inflammation-

responsive system by using oil in water single emulsion system using solvent evaporation strategy. 

These nanospheres administered into the subgingival portion shows reduced inflammation in the 

case of periodontitis [21]. 

2. Dental Caries 

Dental caries is perhaps the most well-known and common dental infection [22]. The First 

grouping of dental caries used for a long time was acknowledged by G.V. black (1908) and at first 

composed of five classifications (Class 1–5), with a 6th being added later (Class 6, Simon's 

adjustment) [23]. Today, in light of the information about dental caries accumulated over the long 

run, much more elaborate characterizations have been created by a few standards [24]: 

1. Anatomical site: Occlusal; proximal and cervical; straight veneer; and root caries; 

2. Type of lesion: Primary and secondary caries. 

3. Severity of the disease: Acute; chronic; and arrested caries. 

4. Extent of caries: Incipient caries; occult caries; and cavitation. 
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5. Tissues involved: Initial; superficial; moderate; deep; and deep complicate caries. 

6. Pathway of caries spread: Forward and backward caries. 

7. Number of tooth surfaces involved: Simple; compound; and complex caries. 

8. Chronology: Early childhood; adolescent; and adult caries. 

The main reasons for tooth decay are dental plaque development and the demineralization of 

teeth. To solve this problem, antibacterial and remineralization frameworks were created. Another 

method of preventing the generation of tooth decay is to develop DNA vaccines against S. mutans 

[25]. Yang and associates [26] developed a new strategy to deliver anti-caries DNA vaccine pGJA-

P/Vax into nasal mucosa in a pH-mediated way is to develop a nanoparticle system by incorporating 

anionic liposomes into chitosan/DNA buildings can deliver the anti-caries. It was seen that the 

nanoparticles show higher transfection effectiveness, longer home time, more elevated level of 

secretory IgA, longer-term mucosal resistance, and negligible cytotoxicity, and supported clearance 

through the digestive tract, showed better properties compared with chitosan-DNA complexes. 

Smart nanoparticles of amorphous calcium phosphate were formulated by a spray drying procedure 

showed increases calcium and phosphate ions at a low pH, which is important for minimize caries 

development, and also neutralize the lactic acid solution (pH = 4) by increasing the pH to 6, thereby 

avoid the formation of caries [27]. In addition, carbonate hydroxyapatite nanoparticles are an 

acceptable possibility for biomineralization and repair of sizable deformities on the tooth surface 

[28]. 

3. Antiviral Delivery 

Viral infections are treated by antiviral drugs [29]. Although the majority of these agents are 

intended to target specific viruses, it is still possible to discover drugs that are effective against a 

wide range of viruses [30]. Viral infections are present on the skin of the mouth as well as the oral 

mucosa, one of the examples is oral herpes infection. Oral herpes is caused by the human herpes 

simplex virus 1 (HHV-1) which creates pain on the lips, tongue, and roof of the mouth.[31] Examples 

of other human herpes infections include the HHV-2 virus that causes genital herpes, the HHV-3 

virus that causes chickenpox and herpes zoster, the HHV-4 (Epstein-Barr) and HSV-5 

(cytomegalovirus) viruses that cause infectious mononucleosis, the HHV-6 and HHV-7 viruses that 

cause roseola (a viral disease causing high fever and a skin rash in small children), and the HHV-8 

virus that causes Kaposi’s sarcoma in people with acquired immune deficiency syndrome [32]. 

Systemic administration of antiviral drugs is the most viable method for treating oral virus 

infections.[33] In very rare cases local administration methods found in the literature and topical 

administration of antiviral agents creams for labial herpes is the only class of local drug delivery 

strategy available commercially.[34] To overcome the use of delivery of antiviral drugs to a specific 

site, the preparation of nanoparticles is an exciting field of research.[35] Nanoparticles can change 

the release kinetics of antiviral drugs, increases their bioavailability, control their dissolution rates, 

minimize their side effects, and lower the cost of treatment. nanoparticle delivery provides the 

possibility of targeting specific biological sites either passively or actively in dental diseases [36]. 

4. Oral Mucositis 

One of the most common side effects during head and neck cancer treatment was found in oral 

mucositis [37]. A common oral disorder is a mucositis seen in 80 % of patients undergoing 
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radiotherapy and in 100 % of patients receiving high-dose chemotherapy [38]. This condition is 

characterized by pain and discomfort, susceptibility to fungal and bacterial infections, and in the 

worst cases, sepsis. 4 % rebamipide solution is usually prescribed by doctors to patients undergoing 

head and neck cancer therapy to prevent possible complications. However, its greatest weakness is 

that it may only remain in the oral cavity for a short time and therefore reduce drug effectiveness. 

To overcome this obstacle, chitosan-coated poly(lactide-co-glycolide) nanoparticles have been 

synthesized as carriers for rebamipide. One of the major characteristics of these nanoparticles was 

their positive surface charge, with a volume diameter of 100 nm. These nanoparticles were coated 

with chitosan and were able to remain in the oral cavity for more than 6 hours as a result of their 

electrostatic interaction with the negatively-charged carboxyl groups of mucin within the oral 

mucosa. In comparison with rebamipide suspension alone, chitosan-coated nanoparticles 

demonstrated superior results and shorter treatment times [39]. Similarly, promising results were 

achieved with gold nanoparticles on hamsters when used in treating induced oral mucositis [40]. In 

general, oral ulcers (also known as canker sores or recurrent aphthous stomatitis) are painful lesions 

that affect the mouth. They are often caused by infections, immune disorders, trauma, or cancer 

[41]. In most cases, oral ulcers are treated by reducing or eliminating pain and preventing secondary 

infections, depending on the underlying cause. Radiation-induced oral ulcers in mice were 

significantly improved with Aloe vera solutions combined with silver nanoparticles [42]. Successful 

treatment of the condition with oral mucoadhesive films containing propolis extract was 

demonstrated in human clinical trials. Through this drug delivery system, the pain was reduced for 

a longer period and healing was enhanced [43]. 

5. Prosthodontics and Orthodontics 

The field of prosthodontics is critical for replacing lost teeth as well as restoring facial appearance 

and function. An option for treatment is to use removable partial or full dentures or to use fixed 

tooth support or implant prosthetics. Recently, nanoparticles are becoming prevalent in 

prosthodontics, are used in ceramics, resins, and metals [44]. A common denture base material, 

polymethyl methacrylate (PMMA) is used because of its biocompatibility, lightweight, low cost, and 

stability. PMMA-based dentures, however, tend to become colonized easily by bacterial and fungal 

biofilms and are prone to fractures [45]. The drawbacks of PMMA have been overcome by modifying 

it in numerous ways. The surface hydrophobicity of PMMA-based dentures has been enhanced with 

nanoparticles to provide antimicrobial activity. A denture base acrylic resin containing silver 

nanoparticles was reported and it did not affect the adhesion of C. alphabicans and biofilm 

formation [46]. However, it has been shown that silver nanoparticles had antifungal activity and 

reduced C.albicans formation [47, 48]. The incorporation of poly(diallyldimethylammonium) 

chloride nanoparticles into PMMA produced an antibacterial effect against E. coli, S. aureus, and C. 

albicans [49]. Similarly, PMMA denture acrylic containing platinum nanoparticles had a significant 

bacterial anti-adherent effect [50]. Improving the antibacterial capacity of fixed orthodontics 

appliances has been crucial in dentistry to prevent the development of white spot lesions, which is 

the most common side effect associated with the placement of orthodontic brackets. An 

orthodontic adhesive incorporating curcumin-doped poly(lactic-co-glycolic acid) nanoparticles were 

evaluated for its anti-biofilm efficacy against S. mutans biofilms. The effectiveness of the drug-
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loaded nanocarriers was confirmed and may be used as an antibacterial and antibiofilm orthodontic 

adhesive [51]. 

6. Anti-Infective Nanofibers and Other Applications in Dentistry 

Despite their popularity, dental implants are susceptible to biofilm formation, leading to 

periimplantitis and eventual implant failure [52]. There has been researched to develop implants 

that have an osteointegration surface while reducing the formation of biofilms [53]. Nanofibers 

containing PCL/tetracycline (5, 10, and 25% wt) were tested for their antimicrobial effects against 

periimplantitis-associated microorganisms such as P. gingivalis, F. nucleatum, P. intermedia, and 

actinobacillus actinomycetemcomitans. Nanofibers incorporating 25 % wt of tetracycline were able 

to inhibit 100 % of the biofilms of these bacteria [54]. Nanomaterials could be used to treat implant 

surfaces in the future. Another common problem in dentistry is fungal infections [55]. Most of these 

infections are caused by C. albicans mainly affects patients with full dentures, patients with some 

systemic condition that reduces their immune response, or even patients who use antibiotics that 

reduce their commensal oral microbiota [56]. Therefore, nanofibers could be used as a delivery 

method for antifungals [22]. Nanofibers containing polyvinylpyrrolidone (PVP) and poly (methyl 

methacrylate) (PMMA), incorporated with cetylpyridinium chloride (CPC) (5 % wt) or miconazole (5 % 

wt) showed in-vitro antimicrobial activity through zones of inhibition against C. albicans after 48 h 

of treatment. 

A new study was done by Tonglairoum and colleagues [57] that developed clotrimazole 

nanofibers composed of several polymers, including polyvinyl pyrollidone (PVP), Chitosan (CS), and 

polyvinyl alcohol (PVA). They observed that clotrimazole was released (80 %) in saliva and buffer 

solution within 4 h and these nanofibers were able to completely inhibit the Growth of C.albicans 

after 3 hours of incubation. In addition, these nanofibers did not reduce the viability of human 

gingival fibroblasts after 24 h of incubation [58]. Therefore, there is a barrier between the 

application of nanofibers in dental implants and prosthetics. Moreover, these nanofibers were not 

able to reduce the cell viability of human gingival fibroblasts after 24 h of incubation [59]. Therefore, 

there is still a barrier between in-vitro and clinical studies regarding the application of nanofibers 

both in dental implants and prostheses. Moreover, these nanofibers were not able to reduce the 

cell viability of human gingival fibroblasts after 24 h of incubation [60-66]. Therefore, there is still a 

barrier between in-vitro and clinical studies regarding the application of nanofibers both in dental 

implants and prostheses. However, all these new possibilities can contribute to the development of 

implants with antimicrobial characteristics, or antifungal mucoadhesive nanofibers to be coupled 

between the prosthesis and the oral mucosa. Therefore, there is still a barrier between in-vitro and 

clinical studies regarding the application of nanofibers both in dental implants and prostheses. The 

new possibilities can, however, lead to the development of implants with antimicrobial properties, 

or antifungal mucoadhesive nanofibers coupled between the prosthesis and the oral mucosa. 

7. Conclusion 

Among the various diseases that secure a place in the oral cavity in combination with the 

difficulty of reaching an effective concentration of the drug at the diseased area, for sure there is a 

demand for novel drug delivery nanocarriers in the localized oral therapies. Most of the nanocarriers 

have not reached the market yet since it involves in great scale-up challenges. There are many 
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advances in both cell- and gene-delivery-based nanotechnologies and their combined use of 

nanoparticulate formulations as promising modalities in dental therapies. There is still a broad scope 

of improvement in existing conventional and novel nanocarriers for the treatment of dental diseases. 

The other major concerns with nanotechnology-based carries are toxicity, safety, tissue properties, 

and their potential internalization, these aspects need a very close look. Better infrastructure and 

scale-up modalities are enabling to overcome such limitations and yielding to move more products 

into the market.  
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