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Nanotechnology in Periodontics: An Overview
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Abstract

Nanotechnology is a booming field during recent years in medicine and dentistry. Application of 
nanotechnology in Periodontics is referred to as nanoperiodontics. Nanoscale materials show superior 
quality and outcome than traditional materials used in almost all areas including diagnosis, prevention, 
treatment, drug delivery and in dental implant coatings. This article will overview the history, classification, 
synthesis, applications, toxicity and future of nanoperiodontics.
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Introduction
Nanotechnology is a flourishing field in Periodontics. 

Their contribution in Periodontics is increasing 
gradually due to expanding research. Nanomaterials 
exhibit size less than 100nm in atleast one dimension. 
Nanoperiodontics involves the analysis of matter at 
subatomic and microscopic level, which has progressed 
in the field of Periodontics. Nanoperiodontics will 
perpetuate periodontal health by relating nanomaterials 
and biotechnology, including tissue engineering and 
dental nanorobotics. Though it is at a preliminary stage, it 
has ample impact in clinical and commercially available 
substances. Moreover, it is shown to have assured role in 
periodontal health care in near future.

History: The use of nanoparticles began as early as 
9th century for creating glittering pots in Mesopotamia. 
It was Richard. P. Feyman a noble laureate who gave the 
concept of nanotechnology. In 1974, Norio Taniguchi 
devised the term ‘nanotechnology’, then Professor 
Kerie. E. Drexler used the term nanotechnology 
separately and also gave the first guidelines in the field of 
nanotechnology. Nanotechnology came into application 
after the discovery of scanning tunnelling microscope by 
noble prize winners Binnig and Rohrer in 1986. In the 
wake of book by Drexler, Peterson and Pergamil in 1991 
highlighting the facts on nanorobots and assemblers, the 
term Nanomedicine was introduced by R.A. Freitus in 
2000. To enhance the research in this field “National 
Nanotechnology Initiative” was developed in 2000 
by Michael Roco. During 2005 and 2010, various 
innovations in the field of 3D robotics, networking and 
active nanoproducts production were done and from 
2011, the generation of subatomic nanotechnology has 
been in use.
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Category of Nanomaterials:

Figure 1: Category of nanoparticles

Properties of Nanomaterials: Properties of 
nanomaterials were first put forward by Michael Farady 
in 1857 during preparation of gold nanoparticles. 
Nanoparticles because of their surface area, 
dimensions and quantum effects exhibit enhanced 
rigidity,pelucidness, increased abrasion, stability,fire 
resistance and gas penetrability. Besides they also exhibit 
some unique features including ocular, electromagnetic 
characteristic different from one’s owndiscrete molecule 
or bulk molecule.Another remarkable property of 
nanomaterials is their self-assembling capacity, i.e. they 
form copious arrangements in the absence of third party.

Synthesis of Nanomaterials: Top down approach 
involves devasting procedures in which the large 

materials are converted into smaller ones and these 
are further manipulated to form nanoparticles. Bottom 
up approach involves uniting atomic level substrate 
through ionization of energy from various sources based 
on which they are classified as shown in Figure 2. In 
green synthesis, the herboceutical products are used to 
synthesize nanoparticles, these nanoparticles are eco-
friendly moreover the green synthesised nanoparticles 
are shown to exhibit enhanced properties. Biomimetic 
approach is the one in which microorganisms including 
fungus, bacteria or virus are used to manufacture 
nanoparticles; this method is in its initial stage and 
further research is needed to show its effectiveness.[1]

Figure 2: Manufacturing techniques
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Applications of Nanoparticles in Periodontics: 
Nanoscale particle application in medicine and dentistry 
during the last decade has grown enormously. The 
applications of nanoscale particles in Periodontics can be 
broadly discussed under the topics namely prevention, 
detection and treatment.

Prevention: Antibacterial Agents: Nanoparticle 
derived antimicrobial agents are seen to have superior 
effect due to their large surface area. Various agents 
that can exhibit antimicrobial effects includes silica, 
silver, copper and zirconia. Commercially available 
nanotechnology-based disinfectant, Eco-True containing 
silver salts are employed for disinfecting instruments 
and surgical areas.

Personal Protective Equipment (PPE): PPE 
and masks incorporated with nanoparticles having 
antibacterial effect are shown to exhibit enhanced 
protection.

Surface Coatings: Nanomaterial coatings used in 
paints, medical instruments and other highly contagious 
surface can be employed to control the spread of 
COVID-19.

Oral Hygiene Maintenace: The mouthwash and 
dentifrices containing nanoparticles are shown to aid in 
oral hygiene maintenance. The mouthwash incorporated 
with nanorobots and selenium nanoparticles controls 
halitosis through the destruction of volatile sulphur 
compound producing bacteria. Dentifrices incorporated 
with nanorobots are employed to destroy the pathogenic 
flora while preserving around 500 oral commensals; but 
these are under study.

Detection: Nanotechnology based diagnostic kits 
exhibit increased efficacy compared to their original 
counterpart, besides they are easily portable and highly 
sensitive and specific.

Nanotubes: These are employed for detecting 
and locating altered disease-causing genes. Under this 
category comes the quantum dots that radiate bright light 
on stimuli and are used for cancer diagnosis.

Nanobelts: Are similar to nanotubes in their 
application except that they are cost effective and 
technique insensitive compared to nanotubes.

Lab on chip Method: These device merge 
numerous devices on single chip and they are employed 
in Periodontics for detection of IL-1ß, CRP, MMP-8 

and TNF-α from whole saliva with minimum amount of 
sample.

Nanoplasmic Sensors: With the emergence of 
COVID-19 pandemic the need for rapid detection kits 
are increasing. This sensor rapidly detects live viruses 
using their corresponding antibodies.

Treatment:

Local Anaesthesia [LA]: Onboardnano computer-
controlled micron sized dental nanorobots with colloidal 
suspension of functional analgesic molecules are 
employed. They are placed on gingiva and reach the 
dental pulp through gingival sulcus and dentin and they 
stay behind until the procedure is complete. Again, on 
command they reach the gingiva through the same way 
after restoring all sensations. They are painless and 
are said to have rapid onset of action in comparison to 
traditional LA.

Dentinal Hypersensitivity: Dental nanorobots 
occlude specific dentinal tubules instantly. Besides 
they also render durable results. Nanohydroxyapatite 
containing toothpastes are also shown to give promising 
results.[2]

Dental longevity and maquilage: They can be 
enhanced with the use of nano sapphire or diamond 
particle layers on upper enamel layer.

Host Immunomodulation Therapy: Cafferata 
et al stated the multitasking efficiency of nanocarriers 
for treating periodontal disease.[3] In this study, he 
highlighted the immunomodulatory effects of host 
modulating agents delivered through nanotechnology-
based system. They were shown to decrease the level of 
proinflammatory and bone resorbing T-cell namely Th-1, 
Th-22 and Th-17. They also increase the differentiation 
of TH-2 and Treg cells.

Bone Grafts: Nanoscale based grafts are seen 
to have superior outcome, because of their small 
dimensions that mimic the natural bone particles. They 
can be successfully used for the treatment of intrabony 
defects[4], socket preservation5 and sinus augmentation 
procedures6.

Nanomembranes: KS Hong et al have used silk 
fibroin nanomembrane (Nanoguide) in guided bone 
regeneration and declared them to exhibit superior bone 
formation in comparison to biomesh.[7]
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Nanoneedlees: Needles containing nanosized silver 
particles have been developed. They are usually painless 
and technique insensitive.

Nanotweezers: These are under development and 
will make cell surgery possible in mere future.

Tissue Engineering: Nonbiologic self-assembling 
system production by nanotechnology has made tissue 
engineering through nanoparticles possible. Polymer 
based scaffold for cell seeding, growth factor delivery 
and tissue engineering via the nanoparticles embedded 
in site of tissue damage can also be constructed.[8] 
Though tissue engineering through the use of nanoscale 
perspectives is spellbinding, their use in clinical 
scenarios still remains fictious.

Subgingival Irrigation: Hayakumo et al has 
described the use of ozone nanobubble water produced 
by nanobubble technology in subgingival irrigation. The 
results of their study demonstrated that it can be used 
as an adjunct to periodontal therapy because of their 
enhanced antibacterial activity.[9]

Laser and nanoparticles: Laser irradiation on 
nanotitaniumparticles coated surface are shown to 
increase collagen production. Using this principle, 
gingival depigmentation and other periodontal procedures 
can be carried out. Sadony and Abozaidillucidated that 
nanoparticles along with diode laser has the potential to 
decontaminate dentin surface.[10]

Chronic periodontitis: Kadam et al hypothesized 
that adjunctive use of silver nanoparticle gel with scaling 
and root planinghas superior effect in comparison 
to tetracycline gel in management of chronic 
periodontitis.[11] Nanoproresolving lipid mediators 
because of their increased ability to penetrate into 
periodontitis affected tissue may be an effective method 
to manage chronic periodontitis.

Biofilm management: Biofilms incorporate wide 
array of microorganisms that results in increased 
antimicrobial resistance and pathogenicity. Till today, 
effective technique for biofilm management has not 
been devised. Nanoscale materials including zinc oxide, 
titanium dioxide, copper oxide, carbon nanotubes, 
chitosan, gold and quaternary ammonium compounds 
are shown to exhibit antibiofilm activity through the 
disruption of bacterial cell membrane by generating 
reactive oxygen species.[12]

Nanoantibiotics: These are the antibiotics that 
are delivered through nanocarriers with specialized 
antibiotic coating on their surface. They manifest broad 
spectrum of activity and decrease the probability of 
secondary infections. Gold nanoparticles are described 
to have increased adhesiveness to antibiotics. Besides 
nanoscale particles and antibiotics demonstrate positive 
interactions.[13]

Wound Healing: Improved wound healing with 
the use of nanomaterials has been reported in many 
studies. Polymer and lipid-based materials revealed 
excellent antimicrobial and antiinflammatory property 
with enhanced wound healing capacity. Carbon based 
particles showed good wound healing and angiogenesis, 
besides the metal-based nanoparticles showed scarless 
healing.[14]

Local Drug Delivery: Drug delivery using 
nanotechnology has been formulated as they have 
increased biocompatibility, targeted release, decreased 
antimicrobial resistance, long duration of action and 
less toxicity. Various drug delivery agents include 
liposomes[15], micelles[16], dentrimers[17], polymers[18], 
nanorattels[19], nanowires[20] and niosomes[21]. 
Nanoencapsulation technique is a recent technique 
developed by SWRI for delivering antibiotics and 
vaccines. Besides nanocomposite hydrogel-based 
delivery system through the use of triclosan, chitosan 
and biodegradable nanoparticles are also productive 
delivery vehicle.[22]

Nanoscale particles in dental implantology: 
Chemical and mechanical modifications dental implants 
are said to have better osseointegration. Various 
nanoscale mechanical modifications include creation 
of nanoareas like nanogrooves, nanopillars and etc.[23] 
Chemical coatings include coating with nanoparticles 
of diamond[24], hydroxyapatite[25], graphene, titanium 
oxide and metalloceramic based nanomatters[26]. 
Nanohydroxyapatite coated implants are commercially 
available as Nono Tite BIOMET 3i and have around 
50% of nanohydoxyapatite.

Self assembling implants: C.X. Li et al investigated 
the effectiveness of nano structured self-assembling 
dental implants in type-II diabetes patients and stated 
that they exhibited decreased marginal bone loss and 
better osseointegration than the conventional dental 
implants used.[27]
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Periimplantitis: Clot stability can be increased by 
using nanohydroxyapatite on citric acid conditioned 
surface. Elangovan et al in their study demonstrated 
enhanced fibroblast proliferation with the use of platelet 
derived growth factor-BB delivered using calcium 
phosphate nanoparticle.[28]

Toxicity of Nanoscale Particles: Increased surface 
area although seems to be beneficial they can cause 
increased toxicity by enhancing the duration of action, 
aquaphobic drug solubility and also their ability to 
cross blood brain barrier. Because of their small size, 
the host immune system reaction to the nanoparticle 
cannot be detected. Other drawbacks include difficultyin 
concomitant bulk synthesis, haemolytic activity towards 
host cell, cost ineffective, social and ethical challenges. 
Biocompatibility of traditional nanoparticles is unsure, 
since the nanoparticles in gas exhausts from vehicles 
and industries are shown to elevate respiratory and 
cardiovascular morbidity & mortality and to overcome 
these green nanoparticles were introduced; but still, they 
are synthesized in crude form and is also difficult to find 
which among the component is active constituent.

Future of Nanoperiodontics: Method for 
synthesizing high calibrated nanoparticles in bulk will 
be developed in near future. Most of the nanoparticles-
based studies in Periodontics are in-vitro, the productive 
outcome of in-vivo studies is to be demonstrated. 
Materials with enhanced antibacterial effect, self-
repairing property and compatible drug carriers are to be 
developed. The self-assembling antimicrobial peptides 
are under study and may be used for the treatment of 
periodontal diseases. Numerous untreatable diseases 
may be treated using nanotechnology. Nanotechnology 
based diagnosis and treatment of COVID-19 pandemic 
is the present focus of research and will be made possible 
in near future.

Conclusion
This is the era of nanotechnology since there is 

a gradual increase in research and applications of 
nanotechnology in numerous fields. This review has 
described in detail the history, classification, manufacture 
and application in Periodontics of nanoscale particles. 
Although the field of nanoperiodontics is fascinating, 
data on long term in-vivo effect of nanoscale particles 
are essential for clinical application.
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