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Abstract Periodontitis involves infection of the gums and other structures such as
the periodontal ligaments, and the alveolar bone. The disease results in the forma-
tion of periodontal pockets and bone loss, and the tooth may fall out. Nanoparticles
have gained a lot of use with various dental applications due to their unique proper-
ties that make them suitable for drug delivery. Due to the small size of nanoparti-
cles, they are able to deliver the drug to particular tissues, cells or pathogens in the
periodontal pockets. In addition, they display antimicrobial activity by destroying
bacterial cell membranes and killing the bacteria. There are several different nano-
materials that are used to treat periodontal disease, such as liposomes, lipid and
polymeric nanoparticles, and dendrimers. There has also been development of
delivery systems for drugs, proteins, and cells. These include nanocapsules,
nanoscaffolds, nanocoatings, and nanoshells. This chapter reviews the use of nano-
technology applications in dentistry and the different types of nanoparticles.
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1 Introduction

Owing to the restrictions in dental instruments, nanoparticles have been used to
prevent, diagnose, and treat various oral conditions. Additionally, an increase in
antibiotic resistance has also led the medical field to use nanoparticles as an alterna-
tive. Nanoparticles have a unique combination of properties that make them suitable
for various dental applications. They have a high surface area to volume ratio due to
their small size, making them easy to manipulate and control on the atomic/molecular
scale. They have an enhanced solubility, a quicker onset of therapeutic action and an
increased rate of dissolution. Nanoparticles can also be used as drug delivery and ions
agents [1]. In addition, they are able to interact closely with microbial membranes in
order to treat dental caries and periodontal disease. Metal nanoparticles, such as cop-
per, zinc, titanium, magnesium, silver, and gold, display antimicrobial properties.
They can destroy the bacterial cell membrane and kill the bacteria. The antimicrobial
activity of nanoparticles correlates with the particle size. Decreasing the size of the
nanoparticle is beneficial because it increases their surface area, and allows for a
greater contact and interactions with the surface and membranes of pathogenic micro-
organisms [2]. Particles ranging from 1 to 10 nm in size have shown to have a greater
antimicrobial activity than larger particles [3]. Nanoparticles have also been combined
with polymers for a variety of potential antimicrobial applications within the oral
cavity. Different types of nanoparticles, such as chitosan, polymeric, quantum dot,
liposomes, and metal nanoparticles, offer prominent features in the use of dental
applications.

2 Periodontitis

Periodontal disease, also known as gum disease, is an infection that damages the
soft tissue and structures around the teeth. These structures include the gums, the
alveolar bone, and the periodontal ligament. The infection begins when bacteria
stick to the surface of the tooth, which leads to the accumulation of bacterial plaque
around the tooth. One way that it can lead to periodontitis is that the plaque can
harden and form into tartar, or calculus. Plaque can also cause gingivitis, which is
inflammation and irritation of the gums. Constant inflammation of the gums can
eventually cause pockets to develop between your gums and teeth, which then fill
with more bacteria and plaque. Without treatment, one is at high risk of tooth and
tissue loss. Red, swollen, or tender gums that bleed easily; painful chewing; loose
or shifting of teeth; receding gums; sensitive teeth or gums; and bad breath are
major signs and symptoms of periodontitis. Several procedures have been used to
treat periodontitis, such as bone grafting, scaling and root planing, use of bone sub-
stitutes, and guided tissue regeneration [4]. However, dental materials, instruments,
and procedures are not very efficient or precise in targeting microbes; they lack the
ability to reach the deep pockets. Nano drug delivery systems offer a more advanced
drug delivery approach against periodontitis and are effective against resistant
pathogens. Due to their small size they are able to reach sites that are not accessible
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to other devices, such as periodontal pockets. Additionally, nanoparticles offer a
high stability and a controlled release rate. The drug dissolved in the nanoparticle
matrix also has the advantage that it does not require a high dosage frequency since
the drug is distributed for an extended period of time (Fig. 24.1).
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3 Applications of Nanoparticles in Dentistry

The antibacterial activity of nanoparticles is directly proportional to the release of
ions. With that said, the greater the concentration of nanoparticles, the more ions
that can be released, and the higher toxicity to the bacterial cells. Other mechanisms
also exist in the destruction of nanoparticles. One mechanism is through the binding
of electrostatic forces. Once the nanoparticle binds to the bacterial cell membrane,
it causes alterations in bacterial cell functions that subsequently lead to bacterial
cell death [5]. The second mechanism involves the production of oxygen free-
radicals that can hinder protein function and result in excess radical production
(Fig. 24.2).

3.1 In Diagnosis

The use of nanodevices provides higher accuracy when performing diagnostic tests
in the mouth by marking specific bacteria. Once marked, the bacteria can be easily
identified and removed. There are several different tools that help detect and diag-
nose oral conditions. Cantilevers are tools that can attach to carcinogenic molecules,
or altered DNA sequences. Nanopores can also detect carcinogenic molecules.
Nanotubes can be used for analyzing dentin collagen network, dentin pores and
their effects on tooth hypersensitivity, the surface of dental implants, and colonies
formed on tooth surfaces. Nanowire sensors were developed to detect proteins or
viruses in saliva samples [6]. Nanosystems, such as the oral fluid nanosensor test,
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Fig. 24.2 Mechanism of interaction of nanoparticle with bacterial cell
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are effective in detection of salivary proteomic biomarkers and nucleic acids specific
for oral cancer. Several other tests, such as the oral fluid nanosensor test and the
optical nanobiosensor test, are also useful for diagnosis of oral cancer.

3.2 In Treatment

The use of nanomaterials has allowed new treatment opportunities to arise in den-
tistry. These opportunities include local anesthesia, dentition renaturalization, a
cure for hypersensitivity, orthodontic realignment in just one visit to the office, and
more [4].

Several nanoparticles, such as zinc oxide and silver, are being used to inhibit
bacterial growth by incorporating the nanoparticles into dental composites or dental
adhesives [7]. For example, resin composites containing silver ion-implanted fillers
have shown to be effective against oral streptococci [8]. Due to their large surface-
to-volume ratio, they have better interaction with the bacterial cell membrane,
thereby destroying it. Other ways they can inhibit bacterial growth is by blocking
the transport and metabolism of sugars, by producing reactive oxygen species,
inhibiting the electron transportation across the bacterial membrane, and blocking
DNA replication [2].

Some nanodevices can be used for both diagnostic and therapeutic purposes.
Dendrimers, for example, are synthetic polymers that have the ability to simultane-
ously carry one molecule for the removal of cancer cells in the oral cavity and one
molecule for diagnosis. Research has also proven that solutions of chlorhexidine mixed
with hexametaphosphate (HMP) nanoparticles are significantly effective in inhibiting
fungal infestation by blocking the metabolic activity of Candida albicans [9].

For orthodontic treatment, brackets can be coated with CuO (copper oxide) and
ZnO (zinc oxide) nanoparticles in order to inhibit the growth of S. mutans [10].
Coating orthodontic wires with inactive fullerene-like tungsten disulfide nanopar-
ticles can reduce friction that may be caused when sliding a tooth along an arch wire
[11]. When straightening or rotating a tooth, orthodontic nanorobots can be used for
a painless correction of misaligned teeth [12].

Dental implants have failed due to a lack of bone formation around the implant.
However, there have been improvements by the addition of nanoscale deposits of
hydroxyapatite crystals and calcium phosphate, which has created a better implant
surface for osteoblast formation [13].

When administering local anesthesia, nanotechnology solution can be used to
administer anesthesia without pain. This method works by filling the patient’s
gingiva with micron-sized analgesic dental robots. The nanorobots would reach the
dentin and move toward the pulp, and once they have reached the pulp, the nanoro-
bots would block all sensation in the tooth [2].

Nanorobots have also been incorporated in toothpastes and mouthwashes in
order to prevent the accumulation of calculus (Tables 24.1, 24.2 and 24.3).
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Table 24.1 Delivery systems used for drugs, proteins, and cells [4]

Delivery

systems Description

Nanocapsules | Encapsulation of drugs into nanoparticle shells allows a sustained release of
drugs once the capsule disintegrates at specific locations

Nanoscaffolds | These materials also deliver drugs to the target sites. They have the advantage
of disintegrating without triggering an immune response in the body. They are
used in dentistry for, regeneration of the alveolar bone, periodontal ligament,
dental pulp, and enamel

Nanocoatings | These materials can be used to combat endodontic and periodontal diseases that
are caused by pathogenic microorganisms. They may be used in combination
with other treatments to lower the sub gingival microbial count

Nanoshells When infrared light is applied to these materials, they produce heat and can

destroy the bacteria, cancer cells, and ligature of the vessels. They can be
loaded with antibodies, or other proteins and used for drug delivery

Table 24.2 Applications of nanoparticles in dentistry

Antimicrobial nanoparticles Therapeutic nanodevices
Chitosan Nanopores
Copper based nanoparticle-metal nanoparticle Dendrimers
Zinc based nanoparticle-metal nanoparticle Nanotubes
Silver nanoparticle-metal nanoparticle Nanoshells
Titanium oxide-metal nanoparticle Quantum dots
Table 24.3 Incorporation of Nanoparticles Dental material
nanoparticles into dental Si02, Zr02-Si02 Resin-based composites
materials
Zn0O Cements
Ag-nanoparticles Adhesives

Apatite and Ti nanoparticles | On dental implants

4 Types of Nanoparticles

4.1 Chitosan Nanoparticles

Chitosan is the second most abundant biopolymer that can be obtained through
partial deacetylation of chitin. It is composed of glucosamine units and
N-acetylglucosamine. Chitosan exhibits antibacterial properties due to its positive
charge, making it an ideal candidate for use in root canal treatments. It has various
unique properties for drug delivery applications, such as mucus adhesion, hydro-
philicity, biocompatibility, biodegradability, healing wounds quickly and a broad
antibacterial spectrum. Owing to the many favorable properties of chitosan, it has
been used as a suitable material in dental applications.
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4.2 Polymeric Nanoparticles

Poly(lactic-co-glycolic acid) is copolymer of poly-lactic acid (PLA) and poly-
glycolic acid (PGA). In the presence of water, PLGA undergoes hydrolysis of its
ester linkages, resulting in the monomers lactic acid and glycolic acid, which are
by-products of different metabolic pathways in the body [14]. The production of
PLGA nanoparticles has been beneficial in various fields of dentistry, such as end-
odontic therapy, dental caries, dental surgery, dental implants, or periodontology.
For periodontal treatment, PLGA implants, disks, and dental films are beneficial
in local administration of antibiotics. They also reduce the systemic side effects of
general antibiotic delivery [15].

4.3 Quantum Dot

Quantum dots are made of semiconductor materials with fluorescent properties and
can be used as photosensitizers and carriers. Quantum dots are beneficial in diag-
nosing oral cancer by, binding to cancer cells. Once they bind, UV light is radiated
to them and starts UV light emission, making it easier to detect oral cancers. They
can also be used as drug or gene carriers. Thus, quantum dots are useful in preven-
tion of oral cancer.

4.4 Metal Nanoparticles

Metal nanoparticles have large surface area to volume ratios and good antibacterial
properties, thereby making them ideal candidates in deterring growth of various
microorganisms. Metal nanoparticles are beneficial because they can act on a wide
range of microorganisms. For example, silver nanoparticles have a greater affinity
for gram-negative and anaerobic bacteria. Various others metal nanoparticles, such
as copper oxide, also displays unique properties that make them suitable in the use
of dental applications.

4.5 Silver Nanoparticles

Silver was incorporated into dental composites in order to introduce antimicrobial
properties and improve biocompatibility of the composites [16]. Silver is very favor-
able because it displays a strong antibacterial activity and it has anti-inflammatory
effects. Due to its large surface area, the silver nanoparticles have better contact with
microorganisms, thereby making their antimicrobial activity more efficient.
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Silver is very reactive in its ionized form. The silver ions interact with the pepti-
doglycan cell wall, the plasma membrane, bacterial DNA, and bacterial proteins
[16]. That interaction ultimately causes structural changes in bacterial cells, which
leads to cell death.

4.6 Copper Oxide Nanoparticles

Copper nanoparticles have antibacterial activity, along with antifungal activity and
are beneficial in controlling biofilm formation within the oral cavity. It has been
demonstrated that copper oxide nanoparticles can be beneficial in dental coating to
inhibit dental infections. Researchers reported that copper oxide nanoparticles
inhibit bacterial growth by the process of passing through nanometric pores on the
cellular membranes of most bacteria. Their size, stability, and concentration influ-
ence the bactericidal activity of the copper oxide nanoparticles.

4.7 Liposomes

Liposomes are lipid-based nanoparticles composed of amphipathic phospholipids
that are made up mainly of phosphatidylcholines. Liposomes can be categorized
into cationic, anionic, and neutral nanoparticles. They have unique advantages, such
as nontoxic, nonimmunogenic nature, protecting drugs or siRNA-based therapeutic
agents from degradation, and offering passive and active delivery of genes, proteins,
peptides, and various other substances [17], [18]. Additionally, they can increase the
half-life of various therapeutic agents. Liposomes are widely used to encapsulate
drugs for use against various periodontal pathogens.

4.8 Solid Lipids

Solid lipid nanoparticles have some excellent properties, such as a high drug loading
capacity, a large surface area, and immediate biodegradability. Solid lipid nanoparticles
are made from physiological lipids, thereby diminishing the danger of toxicity [19].

4.9 Hydrogels

Hydrogels are natural or synthetic polymers with various favorable properties.
These properties include a high water-absorbing capacity, ability to mimic natural
living tissue, and a high porosity. The porous structure of hydrogels makes them
suitable for carrying and releasing drugs (Fig. 24.3 and Table 24.4).
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Table 24.4 Nanoparticles in dentistry
Nanoparticles | Drug Dental application |Description References
Chitosan Triclosan Local drug Local therapeutic [20]
delivery for application in periodontal
treatment of diseases
periodontal
diseases
PAA- Penicillin Antibacterial activity [21]
poly(acrylic against penicillin-resistant
acid) bacteria is enhanced
PLGA Nanohydroxyapatite | To treat Bone regeneration and [21]
and nanocollagen | periodontal disease |tissue collagen
regeneration
Chitosan Silver nanoparticles Used for infected areas, |[21]
such as open wounds
Chitosan Metronidazole Local drug Effective against [21]
delivery for anaerobic organisms by
treatment of disrupting bacterial DNA
periodontal synthesis
diseases
PLGA Methylene blue Antimicrobial Display significant killing | [22]
endodontic of Enterococcus faecalis
treatment biofilm species that infect
root canals
PLGA Minocycline Drug delivery for | To improve drug loading |[15]

treatment of
periodontitis

and treat periodontitis
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5 Properties of Chitosan Nanoparticles

5.1 Antimicrobial Properties

Chitosan nanoparticles have antimicrobial activity against gram-negative and
gram-positive bacteria. The molecular weight of chitosan influences its solubility
and antibacterial activity. In small molecular weight, chitosan nanoparticles are
successful in hindering the colonization of bacteria (such as Streptococcus mutans)
on the surface of teeth while still preserving the normal oral flora. Chitosan
nanoparticles of small molecular weight are able to damage the physiological
activities of bacteria by penetrating the bacteria. In contrast, chitosan nanoparticles
of high molecular weight have the ability of blocking the entry of nutrients by
forming a film around the bacterial cells. Chitosan possesses a positive charge that
interacts with the anionic groups on the bacterial cell wall, thereby causing damage
to the cell wall. That interaction blocks the exchange of nutrients between the bacte-
rial cell and the extracellular matrix. The electrostatic charges compete for calcium
for specific sites in the membrane, which then leads to the leakage of cell contents
and cell death. Chitosan is effective in controlling plaque in vitro by obstructing
dental plaque pathogens such as Actinobacillus actinomycetemcomitans, P. gingivalis
and S. mutans.

There are four main factors that influence the antimicrobial action of chito-
san [23]:

e The microbial species.

e The molecular weight of chitosan, the density of the positive charge, and the
hydrophobicity and hydrophilicity of chitosan.

e The soluble and solid state.

e Environmental factors such as pH, ionic forces, temperature, and time.

5.2 Mucoadhesive Properties

Chitosan mucoadhesion is due to the interaction between the positive charge of
chitosan and the negative charge of mucous membranes. That interaction increases
the adhesion to the mucosa and the time of contact for penetration of drug mole-
cules through it. It also provides a controlled rate drug release in order to improve
therapy. Additional advantages of using mucoadhesive chitosan drug delivery sys-
tems are reduced administration frequencies and a constant mucoadhesiveness.
Other possible factors that play a role in chitosan mucoadhesion are, its wettability,
entanglement, Van der Waal’s forces, hydrogen bonding, and hydrophobic
interactions.
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5.3 Drug Delivery Properties

Chitosan nanoparticles can be loaded with various antibiotics, such as metronida-
zole, chlorhexidine, and nystatin, to distribute to periodontal tissues and treat against
fungal infections and oral mucositis. Due to their high surface area and reactivity,
the drug is released with more ease. Chitosan is an efficient drug delivery system
due to its stability, solubility, and bioavailability, and its ability to deliver the drug
to a specific site. Another advantage of using chitosan as a drug carrier is its easy
elimination by metabolic degradation in the body. However, this is only applicable
for chitosan nanoparticles of small molecular weight. Enzymes must degrade the
large molecular weight chitosan nanoparticles. There are various mechanisms for
releasing the drugs. The loaded drug can be released from chitosan by diffusion,
erosion, or degradation of the chitosan nanoparticle.

5.4 Dental Applications of Chitosan Materials

Chitosan possesses unique properties that have enabled it to emerge as a material for
a wide range of dental applications. Due to its nontoxicity, biodegradability, hydro-
philicity, biocompatibility, and compatibility to mix with other materials, Chitosan
is a favorable material for periodontal tissue regeneration because it can deliver the
drug to the periodontal pocket and sustain and/or control the concentration of the
drug. It has also been beneficial in modifications of dentifrices, enamel repair, adhe-
sion and dentine bonding; for coating dental implants; and for modification of den-
tal restorative materials [24]. Due to its ability to support viable osteoblasts, chitosan
can be used as a template for bone defect restorations [25]. Furthermore, chitosan
nanoparticles have been incorporated into root canal sealers in order to inhibit the
penetration of microbes and to reduce biofilm formation at the dentin—root filling
interface [26].

Chitosan has also been combined with various polymeric and organic substances
for bone regeneration purposes. For example, chitosan—gold nanoparticles have
shown to enhance osseointegration of dental implants [26]. Chitosan—gold nanopar-
ticles conjugated with PPAR have also been used to modify dental implants, and this
has led to the formation of new bone with improved mineral density and a reduction
in inflammation.

In prosthetic dentistry, chitosan has also been utilized to modify glass ionomer
restoratives. Other uses include antibacterial activity of dental adhesive, and anti-
bacterial activity of composites [23].

In endodontics, chitosan has several useful applications. In vitro, chitosan was
shown to improve the stability of dentin collagen, provide a sustained release of
calcium ions in the root canal system, and regulate stem cell differentiation from
apical papilla [23] (Table 24.5).
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Table 24.5 Results of clinical study

. Mercado et al.

Clinical

trial Patients | Response in trials

phase Treatment Indication in trials | and clinical status | References

v Scaling and systemic | Aggressive | 40 Completed NCT02125812
moxifloxacin periodontitis

v Combination of Periodontitis | 58 Completed NCT02135952
metronidazole and
amoxicillin in type 2
diabetes patients with
periodontitis

II and Compare the efficacy | Chronic 98 Greater pocket NCT02372656

1 of locally delivery of | periodontitis probing reduction
1% metformin (MF), (PPD) and clinical
1.2% simvastatin attachment level
(SMV) (CAL) in SMV

group than MF

Iand II | Gingiva mesenchymal | Periodontitis | 30 Completed NCTO03137979
stem cell therapy

Tand Il | Effectiveness of Chronic 31 Completed NCT03516370
probiotic periodontitis
Saccharomyces
boulardii

I Effectiveness of Chronic 80 Completed NCTO01921738
azithromycin periodontitis

N/A Evaluation of Chronic 30 Recruiting NCT02507596
nanocrystalline periodontitis
hydroxyapatite
silica gel

N/A Tooth brushing with | Chronic 91 Completed NCT02890771
dentifrice, and periodontitis
turmeric massaging

11 Nigella sativa Chronic 25 Not yet recruiting | NCT03270280
(Kalonji) oil periodontitis

N/A Drug delivery Chronic 50 Completed NCT02880397
of Garcinia periodontitis

mangostana gel

6 Future Perspectives of Nanoparticles

With nanoparticles gaining more and more popularity, it is expected to find its use
in all the specializations of dentistry. In the future, there will be improvements in the
diagnosis and treatment of oral cancers, in the production of nanorobotic dentifrices
delivered by toothpaste or mouthwash, local anesthesia, in hypersensitivity cure and
complete orthodontic realignments [27]. Nanotweezers are currently under develop-
ment for the future, which can be used for cell surgery.

In future, it is believed that all dental procedures will be performed using
nanorobots.
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7 Conclusion

The emergence of nanotechnology in the dental field has improved dental materials
and devices for oral health care. Different nanoparticles are used to prevent the
attachment of biofilm to the tooth surface, which is the main cause for the develop-
ment of plaque and calculus. Nanomaterials are also used in dental fillings, and as
implant materials. Nanoparticles have excellent properties and some display antimi-
crobial properties that allow it to interact with bacteria and kill it. Nanotechnology
is quickly evolving and there will be more improvements in the near future.
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