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Introduction

Currently, the medical field is using nanoparticle technology as a 
therapy treatment for drug delivery on a cellular level. Nanoparticles 
are between 1-100 nanometers (nm) and due to is size, penetrate 
deep into tissue and may delivery drugs crossing epithelial barriers 
[1]. They can possess anti-inflammatory characteristics and have 
been known to decrease inflammatory marker levels in animals in 
vivo [2]. Currently, the field of dentistry is using nanoparticles for 
implantation, drug delivery for caries treatment, and preventative 
care [3].

Mesoporous silica nanoparticles (MSN) are showing great 
potential in the process of drug delivery. The basic structure of MSN 
consists of a silica precursor, a surfactant, and a catalyst [4]. When 
synthesizing MSNs, manipulating variables such as temperature, 
pH level, concentrations of the silica, and surfactant will lead to 
the creation of different shapes and sizes. Nanoparticle templates 
can range from hard to soft, including vesicles, polymeric micelles, 
gold, or silica. Each type of template has a specific advantage over 
the other when considering the purpose of the nanoparticles. The 
mesopores can be loaded with different drugs, DNA, RNA, proteins, 
dyes, and metal nanoparticles. 

Specific pore size, pH levels, and shape are essential for proper 
drug delivery systems. Each MSN can be manipulated to a particular 
size by adding suitable additive agents. The agents increase the 
kinetics of the reaction causing the MSN to become more compact. 
Depending on the pH needed for the specific drug delivery system, 
a base-catalyst or acid-catalyst will be utilized during the synthesis 
reaction. Cellular uptake of MSN is dependent on the functional 
properties of the nanoparticles [4]. Drug loading is determined 
by the characteristics of the nanoparticle, the drug, and the target 
release location. Overall, MSN has a high loading capacity, and 
HMSN (hollow mesoporous silica nanoparticles) has an even higher  

 
one due to the hollow cavities they contain. MSN have been loaded 
with anti-cancer, anti-inflammatory, antibacterial, antidepressant, 
osteogenic, antioxidant, and hypoglycemic drugs. These include 
ibuprofen (anti-inflammatory), erythromycin (antibiotic), 
doxorubicin (chemotherapy), and more [4]. 

Drug delivery is unique to each nanoparticle and is modified 
based on its cellular environment. The interaction between the 
surface pores and the drug molecules regulates the release of the 
cargo within the MSN. Specificity in drug delivery is accomplished 
through the distinct templates and drugs used in MSN synthesis. 
There are endless applications when it comes to drug delivery. 
MSN can be used for surface functionalization for enhanced drug 
loading, targeting antibodies, polymer coating, polyethylene 
glycol, and targeting ligands [4]. New gated release techniques 
are being researched to ensure that drug delivery does not occur 
before the MSN have reached their target destination. Some of 
these techniques include pH-responsive drug release, chemical 
and enzyme responsive drug release, and external stimuli for drug 
release [4]. 

Uses in Dentistry

The use of nanotechnology has multiple applications in 
Dentistry. In restorative dentistry, nanoparticles have been used 
to resist dental caries to prevent the failure of restorations [5]. 
These methods include antibacterial nanoparticles integrated 
into composite resin to aid in the reduction of biofilms. Silver and 
zinc-oxide nanoparticles were used and embedded into composite 
resin. Known caries causing bacterial species were evaluated 
around these composites as compared with non-nanoparticle 
containing resin. The use of zinc-oxide or silver nanoparticles in 
composite worked as an antibacterial agent to help prevent the 
growth of Streptococcus mutans and Lactobacillus [6]. Additionally, 
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dimethylaminohexadecyl methacrylate (DMAHDM) nanoparticles 
were also added to restorative bonding agents to determine 
antibacterial properties against eight different periodontal 
biofilms. The results revealed reduced antibacterial growth while 
still providing adequate dentin bond strength [7]. 

Dental implants are being modified with antibacterial 
nanoparticles to reduce the probability of implant failure. Titanium 
implants infused with silver nanoparticles displayed significant 
antibacterial properties [8]. Nanoparticles are also being used 
in orthodontics, incorporated into orthodontic adhesive agents 
(cement), appliances, accessories (brackets, wires, etc.), and 
retainers [9-11], to prevent biofilm growth. Nanoparticles have 
also been combined into biomaterials for partial or complete 
dentures. Zinc-oxide nanoparticles (ZnOnps) were incorporated 
into polymethylmethacrylate (PMMA), the material used in 
dentures, and it was reported that PMMA with 2.5% ZnOnps had 
a significant antifungal effect [12]. Finally, nanoparticles have also 
been used as an antibacterial agent for oral prevention methods. 
For example, titanium dioxide nanoparticles were shown to be 
an active antimicrobial agent when incorporated into mouthwash 
[13]. Since it has proven antibacterial properties, MSN can also 
be altered for potential use as a local treatment for Periodontal 
disease. Periodontal disease is caused by a host reaction to a 
bacterial infection. The infection is often caused by a buildup of 
pathogenic biofilm in the gingival tissue. The disease has a variety 
of causes but is most commonly associated with dental plaque and 
other contributing factors that include smoking, diabetes mellitus, 
and drugs that can induce gingival hyperplasia [14]. This disease is 
prevalent, affecting 1 out of every 2 Americans [15]. If not treated, 
bone loss may result in tooth mobility and eventual tooth loss. 

Current treatments of periodontal disease include scaling and 
root planning (mechanical debridement of the biofilm and calculus 
within the affected pockets), antibiotics/topical antimicrobials, and 
flap surgery in more severe cases. Scaling often does not remove 
all bacteria, which may result in a reoccurring infection. Current 
topical antimicrobial therapies have had limited effectiveness due 
to ineffective penetration into the tissue and easy wash out from 
the gingival pocket due to constant gingival crevicular fluid flow 
[16]. Systemic antibiotics provide some adjunctive benefit as well, 
however, an issue with antibiotic resistance is a concern [17]. Flap 
surgery may be conducted in more severe or recurring/refractory 
cases, to enable better access for debridement of the subgingival 
environment. This is usually an effective treatment, but it is cost-
prohibitive to many patients. 

As almost 50% of the population is affected by this disease, 
there is a substantial need for an efficient solution. Developing a 
localized treatment with nanoparticles could replace current costly 
therapies. Nanoparticles can be used for the delivery of antibiotics 
and anti-inflammatory agents directly within the subgingival 

environment. However, only minimal research has been conducted 
to test its effectiveness in eliminating bacteria and toxicity in the 
periodontium, none of which have researched the penetration 
through the epithelial cell barrier [18-20]. 

Nanoparticles can be used as a prevention method for multiple 
diseases of the mouth, including the treatment of oral cancer and 
gingivitis, bone replacement, stem cell imaging, and tracking, 
among others. The current implantation of this technology into 
the medical field shows tremendous potential for nanoparticles to 
become a part of everyday treatments. Since MSN have the potential 
to be customizable, the applications of nanoparticles in dentistry 
are endless.
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