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ABSTRACT

Nanotechnology is a branch of science focusing on the manipulation of materials measured on the nanoscale 
(size = 1–100 nm). Recent advances in the field of nanodentistry have resulted in the development of alternative 
treatment plans for common dental problems, bringing about a paradigm shift in dentistry. Nanorobots, also 
known as “nanites” or “nanomachines,” are theoretical microscopic devices that may be used for the diagnosis and 
treatment of oral health problems. This paper aims to discuss the latest innovations in the field of nanodentistry.
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INTRODUCTION

Nanotechnology, a field of science that includes 
research and development of the manipulation and 
manufacture of materials and devices measured 
on the nanometer scale, has been described by the 
author of “Engines of Creation” as a new wave of 
technology where engineers can build nanocircuits 
and nanomachines.1 The prefix “nano,” derived from 
the Greek word “nannos” meaning “dwarf,” represents 
one billionth of any unit of measure.2 Therefore, one 
“nanometer” equals to 2–3 atoms or one millionth of a 
meter (10−9 meters).3, 4

Nobel laureate Richard P. Feynman first used the 
term “nanotechnology” in his lecture at the Annual 
Meeting of the American Physical Society in 1959.5 
He suggested the existence of small machines such 
as computers and micro or nanorobots, and claimed 
that his idea was “a development that cannot be 
avoided.” This later went on to open several windows of 
opportunity in the field of dentistry, making the vision 

of nanotechnology an important emerging discipline.1, 4–6 
Commercial applications of nanotechnology include the 
presence of nanoparticles in cosmetics, sunscreen, food 
packaging, clothing, and disinfectants since the 2000s. 
The application of nanotechnology in medicine and 
dentistry (nanomedicine and nanodentistry) includes 
the development of systems that deliver drugs and other 
substances to specific types of cells, thus helping treat 
diseases and prevent health issues.

This review summarizes the basic concepts of 
nanotechnology, and introduces nanodentistry by 
exploring the use of this technology in current dental 
treatments and materials. 

Applications of Nanotechnology in Dental Practice
Application of the main principles of nanotechnology in 
dentistry has led to the development of a new concept, 
“nanodentistry,” which may be defined as the improve-
ment and maintenance of oral health through the use 
of nanomaterials and biotechnology, including tissue 
engineering and nanorobotics.7 Research in nanoden-
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tistry covers a wide range of areas including diagnosis 
of diseases (nanodiagnosis), prevention of dental caries 
(nanoprevention), and dental treatments (nanotreatment).

NanoDiagnosis
Potential applications of nanorobotics devices 
in medicine include early detection of diseases 
such as cancer at the cellular and molecular levels, 
pharmacokinetics, and detection of biomarkers and 
pathogens.8, 9 For example, early diagnosis of cancer and 
monitoring of disease progression has been achieved 
using a novel type of biosensor surface modification 
for the highly specific detection of short RNAs.10	

Life-threatening oral diseases such as oral and 
pharyngeal cancer11 have been listed as the most 
common type of cancer in many countries, affecting 
thousands of people annually. Globally, oral cancer 
alone affects 350,000 people per year, over 90% of 
which are diagnosed with oral squamous cell carcinoma 
(https://oralcancerfoundation.org/facts/2016/). Although 
patient morbidity and the overall 5-year survival rates 
have improved, oral squamous cell carcinoma remains 
the one of the most fatal cancers.12, 13 In general, oral 
cancer can be identified clinically through the presence 
of premalignant symptoms, and its incidence and 
mortality can be reduced effectively through early 
detection. Saliva may be used as a non-invasive 
diagnostic tool for analyzing the biochemical indices 
of proteomic and genomic markers.13

Human saliva includes a subset of 100 nanometers of a 
type of secretory vesicles, known as “exosomes,” which 
represent a particular set of biomarkers.14 Exosomes 
can carry mRNA and microRNA, and these exosomal 
mRNAs can be translated into proteins in target cells. 
Released from the salivary gland epithelium, exosomes 
have a cell-specific membrane and release proteins 
surrounded by a lipid bilayer into the salivary fluid 
through exocytosis. Malignancy and other diseases 
increase exosome secretion, and tumor antigen 
increases exosomes linked with cancer cells. Due to 
their small size, the discovery and characterization 
of salivary exosomes require precise and quantitative 
detection tools. The structure of individual vesicles 
and the molecular surface details of human salivary 
exosomes have recently been investigated as a potential 
source of non-invasive biomarkers for oral cancer.8, 15, 16 
Commercial exosome isolation kits such as ExoQuick-
TC™ have been developed to allow investigation of 
these salivary exosomes.17

Identifying cancer-related cell changes using polymeric 
nanoparticles18 and, subsequently, detecting cancer at an 
early stage using minimally invasive techniques greatly 
improves prognosis.19 Applications of nanodiagnosis 
include sensor systems such as nanoelectro mechanical 
systems (NEMSs), oral f luid nano-sensor test 
(OFNASET), and optical nanobiosensors.

NEMS: Nanoelectro mechanical systems (NEMs) 
transform the biochemical signal and cantilever 
array sensor into sensitive technology suitable 
for the detection of bacteria, viruses, and DNA at 
the molecular level. This technology is useful in 
diagnosing oral cancer and diabetes mellitus, and 
also in detecting bacteria, viruses, and fungi.20–22 For 
example, implementation of an “artificial pancreas” 
integrated system may improve diabetes mellitus 
management.

OFNASET: Oral fluid nanosensor tests (OFNASET) are 
micro-electromechanical systems consisting of sensor 
array chips used for the detection of electrochemical 
sensors of cancer such as salivary protein and RNA 
biomarkers. The system is based on connecting target 
RNA molecules or proteins to the surface of the sensor 
efficiently and utilizes micro-fluid technology, defined 
as the automation of analytical laboratory procedures 
onto a single device or “chip.” A combination of four 
salivary mRNA biomarkers (Oz/ten-m homolog-ODZ, 
IL-1b, IL-8, and salivary transkriptome-SAT) and two 
salivary proteomic biomarkers (IL-8 and thioredoxin) 
has been shown to have high sensitivity and specificity 
for the detection of oral cancer.13, 16 Additionally, it can 
also be used for diagnosis of breast, pancreatic, and 
lung cancers; Type II diabetes; Alzheimer’s disease; 
and Sjögren’s syndrome.23

Optical nanobiosensors: These use the principles of 
optics for the transduction of biochemical interactions 
into suitable output signals. The fiber-optic tool allows 
non-invasive analysis of intracellular components such 
as cytochrome C, which is important for cellular energy 
production and is a widely recognized protein involved 
in programmed cell death or apoptosis.16, 24, 25

NanoPrevention
Remineralization represents a major advancement in 
the clinical management of lost enamel surfaces, and 
the introduction of nanoparticles in fissure sealants, 
fluorides, and toothpastes can assist in the prevention 
of dental caries. 

Sealants
Braun et al. demonstrated that, relative to conventional 
sealant materials, fissure sealants containing nanofillers 
exerted minimal effect on laser fluorescence values 
during caries detection. Therefore, nanomaterials 
may be used to assess caries progress underneath 
sealants and to initiate appropriate treatment in a timely 
manner. However, further research on the properties 
of these materials and the long-term reliability of these 
treatment strategies is necessary.13

NanoSilver Fluorides
Although silver diamine f luoride application is a 
conservative, effective, and non-invasive treatment 
option for the prevention of dental caries, it often 
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causes staining of the teeth through deposition of silver 
particles on the dentin layer and formation of a silver 
phosphate layer, resulting in aesthetic deterioration.26 
This has led to the development of new formulations 
containing silver nanoparticles that produce decreased 
staining as the particles are smaller and therefore do 
not undergo oxidation. Smaller silver particles also 
have the added benefits of increased surface contact 
with cariogenic cells. One such new formulation, 
known as nanosilver fluoride (NSF), contains silver 
nanoparticles, chitosan, and f luoride, and exhibits 
antimicrobial properties against Lactobacilli and 
Streptococcus mutans. Laboratory and clinical studies 
have shown that NSF is safe to use in humans, is 
economical, and can be used to arrest active dentin 
caries in children.27–30

NanoHydroxyapatite Toothpastes
Nanohydroxyapatite toothpastes deliver a nanocrystal-
line form of hydroxyapatite particles at a size 20–50 nm 
which is conducive for natural repair. Previous studies 
have reported that nanohydroxyapatite toothpastes 
inhibited caries development and exhibited higher re-
mineralizing potential compared to those containing 
amine fluorides, suggesting that these were effective 
alternatives to fluoride toothpastes.16, 24 

Some commercially available mouthwashes are 
formulated using bio-adhesive nanoparticles and are 
loaded with triclosan. Silver nanoparticles create stable 
and effective silver products that possess antibacterial 
properties and can reduce the risk of halitosis and 
gingivitis caused by bacteria in the mouth.31

Nanohydroxyapatite toothpastes are highly bioactive 
and biocompatible with potassium nitrate, which seals 
exposed dentinal tubules and creates a protective coating 
that blocks the transmission of external stimuli leading 
to tooth sensitivity.32 Therefore, biomimetic approaches, 
such as fluoride-free nanohydroxyapatite toothpastes, 
represent alternative methods for the resolution of 
ongoing decay and effective desensitization that quickly 
relieves symptoms.32, 33 Inclusion of nanohydroxyapatite 
in daily products such as toothpastes and mouthwashes 
can allow management of biofilm formation on the 
enamel surface and, potentially, repair enamel.34–37 
Additionally, nanohydroxyapatite dentifrices also have 
the added benefits of low cost and ease of use.38

NanoTreatment
There is significant growth in the field of science 
exploring incorporation of nanotechnology in dental 
treatments, resulting in vast improvements in the 
materials used for oral therapy.

Restorative Treatment
Nano Light-Curing Glass Ionomers
The combination of nanotechnology and fluoralumino-
silicate technology was found to greatly improve the 
wear resistance, esthetics, and polishability of glass 

ionomer materials. Clinical indications of this material 
include core build-ups; class I, III, and V restorations; 
sandwich technique; and restorative treatment of pri-
mary teeth.29

Nanocomposites
Nanocomposites have filler particle sizes of 0.1–100 
nm, which are difficult to wet with resin but are more 
suitable than large particles for the achievement of 
good aesthetics, polishability, and abrasion resistance. 
Compared with traditional fillers, nanofillers have 
lower polymerization shrinkage and better mechanical 
proper ties such as hardness, tensile st rength, 
compressive strength, and resistance to fracture.39

Taking these into consideration, a comprehensive 
resin system consisting of rheologically modified 
nanofiller particles that fulfill all esthetic and functional 
requirements was developed.40 

Ormocer-based resin is an example of a recently 
developed nanohybrid resin composite. The clinical 
performance (evaluated using slightly modified USPHS 
criteria) of such resin composites in Class II cavities 
was found to be satisfactory after 4 years of evaluation, 
and the performance did not vary with the type of 
adhesive material used.41 Another clinical study also 
reported acceptable performance after 3 years in wide 
molar restorations.42

The use of nanohydroxyapatite in the repair of early 
carious lesions has been studied extensively. Upon 
exploring the effects of size and pH of nanohyroxyapatite 
particles, Huang et al. found that the remineralization 
potential increased considerably at pH values less 
than 7.0, suggesting that these particles could function 
effectively as repair materials and anti-caries agents.43 
Cheng et al.44 developed nanocomposites containing 
calcium fluoride nanoparticles or amorphous calcium 
phosphate and chlorhexidine, and investigated the 
biofilm formation and lactic acid production of S. 
mutans. Compared with a commercial composite, the 
new nanocomposites exhibited a 10–20 fold reduction 
in biofilm acid production and metabolic activity.41,44,45 
However, further studies are still necessary in order to 
optimize nanocomposites and understand their anti-
caries ability.

Following application of a self-etching adhesive, 
Deshmuch and Nandlal compared the shear bond 
strength of traditional composites with those of 
nanocomposites in healthy and carious dentin, and 
found that the latter offered higher bond strength.40 
Premise (KerrHawe Bioggio, Switzerland), Ceram 
X (Dentsply DeTrey, Konstanz, Germany), Filtek 
Supreme universal restorative pure nano (3M Espe, 
St. Paul, USA), Grandio (Voco, Cuxhaven, Germany), 
and Tetric EvoCeram (Ivoclar Vivadent, Schaan, 
Liechtenstein) are all examples of commercially 
available nanocomposites.46–48
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Bonding Agents
The homogeneity and perfectly mixed adhesive 
properties of nanoparticles make them suitable for use 
as components of bonding agents. Other advantages 
of nanoparticles include high stress absorption, high 
bond strength, durable marginal seal, fluoride release, 
long shelf-life, and no requirement for acid etching.49

Hoshika et al., upon examining the effects of different 
concentrations of colloidal platinum nanoparticles, 
found that bond strength between resin and dentin was 
seen to increase when dentin was treated with a lower 
concentration of the material.50

Impression Materials
The addition of nanofillers in vinyl polysiloxanes was seen 
to improve the hyrophilic properties, flow, and accuracy 
of siloxane impression materials when compared with 
traditional vinylpolysiloxanes.40, 41 Therefore, nanofillers 
may be integrated into conventional vinyl polysiloxanes 
in order to improve their properties and produce fewer 
voids, better model casting, and advanced accuracy.9, 45 
Nanotech elite H-D plus (Zhermack Italy) is an example 
of such an impression material that is commercially 
available.8, 20 This material has several advantages 
including high tear resistance, increased f luidity, 
resistance to distortion, hydrophilic properties, and snap 
set and heat resistance, thus reducing errors caused by 
micromovements.45, 51

NanoComposite Denture Teeth
Although porcelain dentures exhibit high wear 
resistance, they are fragile, poorly connected to the 
denture base, and difficult to polish. Conversely, 
acrylic resin dentures are easy to manipulate but are 
highly susceptible to abrasion. Nanocomposite dentures 
contain uniformly dispersed nanosized filler particles 
and polymethylmethacrylate, which deliver superior 
surface structure, polishability, surface hardness, and 
wear resistance.51

Orthodontic Treatment
Nanorobots can directly regulate periodontal tissues, 
including the gingiva, periodontal ligament, alveolar 
bone, and cementum, allowing fast and painless 
vertical repositioning, rotating, and tooth straightening 
in a few hours.29, 52 

A new stainless steel wire with an electroless 
nickel–phosphorous film filled with fullerene-like 
inorganic nanoparticles of tungsten disulfide (IF-WS2) 
nanotechnology could provide a new way to reduce 
friction during tooth movement. Studies evaluating 
the toxicity of fullerene-like nanoparticles found 
them to be biocompatible. Moreover, these wires were 
also found to combine ultra-high strength with good 
deformability, and exhibit resistance to corrosion and 
superior surface finish.48

Surgical Treatment
Local Anesthesia 
Local anesthetic injections are commonly used in 
dental procedures and can cause discomfort and many 
associated complications, especially in pediatric 
patients. The use of nanotechnology in anesthesia 
includes delivery of an analgesic colloidal suspension 
containing many functional micron-sized dental 
nanorobot particles into the patient’s gingival mucosa. 
Upon contact with the gingival mucosa, the mobile 
nanorobots migrate through the gingival sulcus, pass 
painlessly through the lamina propria or the layer of 
loose tissue on the cemento-dentinal junction, and 
enter into the pulp where they control nerve impulses 
by blocking the nerve endings.53

Upon completion of dental treatment, the dentist 
stimulates the nanorobots to restore all nerve impulses 
and leave the tooth in a similar manner. This is followed 
by aspiration of the tooth. Nanorobotic analgesics offer 
greater patient comfort, precise selectivity of analgesic 
effect, less side effects and complications, minimal 
patient anxiety and controllability and complete 
reversibility of the analgesic effect.9, 20, 54, 55

Nanoneedles
Nanosized stainless steel crystals may be used in the 
manufacture of suture needles (commercially available 
examples include RK 91, Sandvik Bioline, and AB 
Sandvik Sweden needles), which can make oral and 
periodontal cell surgery possible in the near future.45

Bone Replacement Materials 
Bone grafts closely reflect the chemical composition 
and structure of natural bone. The adhesion and 
growth of osteoblasts on nanophase hydroxyapatites 
were found to be significantly higher than those on 
conventional hydroxyapatite.56

Similar to other synthetics, nanophase hydroxyapatite 
materials reduce the risk of immune rejection and 
stimulate better cell growth. One such nanoproduct 
is made up of two bonelike components: calcium-
containing nanocrystals with the size of natural 
bones, and collagen to mimic the soft tissues around 
the natural bones (https://www.technologyreview.
com/s/411048/nanostructured-bone-graft/). Another 
nanorobotic product is made up of a mixture of 
nanocrystalline calcium sulfate particles and calcium 
sulfate hemihydrate powder, and promotes bone 
regeneration over a longer period of time (https://www.
osseonews.com/shop/nanogen-nanotechnology-based-
bone-graft). It can be used to repair bone defects caused 
by facial injuries and periodontal surgery.22 
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Potential Future Applications
Dentifrobots
Dentifrobots are nanorobots that identify and destroy 
pathogenic oral bacteria and prevent putrefaction, thus 
maintaining a healthy oral ecosystem and minimizing 
halitosis. They are usually made up of nanosized 
hydroxyapatite molecules, delivered either through 
mouthwash or toothpaste, and can be deactivated if 
ingested accidentally by the patient.45, 57

Dentin hypersensitivity is relatively common and is 
provoked by changes in pressure that are hydrodynami-
cally transferred to the pulp.55 The dentinal tubules of 
a hypersensitive tooth are twice the diameter and have 
eight times the surface density of non-sensitive teeth.58

The basic approach to treatment of dentin hypersen-
sitivity involves blockage of open dentinal tubules, 
thus preventing external stimuli from creating fluid 
movements that trigger pain. Dental nanorobots can 
selectively identify teeth in minutes and block dentinal 
tubules by using natural biologic substances, thus of-
fering patients a fast and long-lasting cure.3, 55

Tooth Reconstruction
Nanodentistry plays an important role in natural tooth 
repair through genetic engineering, tissue engineering 
and regeneration, as well as production and installation 
a of a whole new tooth in vitro.29, 52, 59

The use of nanorobotic technology to manufacture and 
install new teeth with the same mineral and cellular 
components19 as the original tooth structure would 
greatly improve the whole treatment plan. 

Possible Limitations of Nanotechnology
In pr inciple, nanomater ials may damage the 
environment and negatively affect human health. 
However, these potential hazards may become 
obvious after many years as the long-term effects of 
nanotechnology are still unclear.60

Various factors, such as the physicochemical properties, 
size, and duration of exposure, govern the amount of 
free nanoparticles in nature. Moreover, different 
biological conditions, pH, temperature, and presence 
of other pollutants could also interfere in interaction 
of nanomaterials and modify their release into the 
environment.61 Unfortunately, the potential effects of 
nanotechnologies on human health and toxicology have 
not been studied yet. 

However, there are concerns that nanomaterials can 
enter the body via the lungs or skin and translocate to 
vital organs. Additionally, the toxicity of nanoparticles 
cannot be predicted from their chemical composition 
alone. Therefore, further research evaluating the 
potential risks of nanomaterials is necessary, and 
caution must be exercised. 

Nanorobotics
Nanorobots are theoretical microscopic devices 
measured on the nanometer scale. They are also 
referred to as nanites or nanomachines, and have a 
diameter of 0.5–3 microns and components that are 
between 1–100 nm in size.2, 3, 62

Nanorobots can respond to certain programs that 
allow clinicians to perform accurate procedures at the 
cellular and molecular levels.3 They can be operated by 
dentists using acoustic signals and/or electromagnetic 
waves. The first nanorobot was designed to crawl or 
dip through human tissue with navigational accuracy.
Nanorobots can be used in various areas of medicine, 
including pharmaceutics, diagnostics, gene therapy, 
and dentistry.2

Nanotechnology has potential applications in various 
fields, as follows: environment and chemistry (filtration, 
catalysis), medicine (tissue engineering, drug delivery, 
diagnostics), energy (reduction of energy, increasing 
the efficiency of energy production, consumption, and 
recycling of batteries), communication and information, 
and the heavy industry.8 Nanorobots are hypothetical 
devices that are currently in the development stage, 
and can potentially be used in gerontology, dental 
therapy, diagnostics, pharmacology, natural immunity, 
atherosclerotic lesion reversal, brain injury repair, 
cellular damage repair, lung function improvement, 
and cellular DNA sequence modification in the future.

The emergence of a new field, nanotechnology, has 
led to growing interest in its application in the field 
of dentistry.63 The term was first coined in 2000 by 
R.A. Freitas Jr,9 who was also responsible for the 
introduction of tooth generation, nanomaterials, and 
nanorobots in dentistry.19

Nanorobots are essentially controllable machines 
consisting of nanoscale components ranging from 1 to 
100 nm in size and approximately 0.5 to 3 microns in 
diameter. They are responsive to certain programs that 
enable clinicians to perform accurate procedures at the 
cellular and molecular levels.51 Due to their small size, 
nanorobots are rarely seen by the naked eye, and	
for their detection.15

Dental nanorobots can use specific motility mechanisms 
to penetrate human tissues in a manner that is efficient 
in terms of navigational accuracy, energy gained, and 
manipulation of the environment in real time. As a 
result, they are capable of assisting in the treatment of 
dental pathologies without causing harm to beneficial 
oral microf lora. A nanocomputer that executes 
programmed instructions in response to local sensory 
stimuli can be used to control nanorobot functions. 
Additionally, the dentist may also provide strategic 
commands directly to the nanorobots via in vivo 
acoustic signals.9, 55
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CONCLUSION

Nanotechnology is a relatively new, rapidly developing 
area of science that has great potential in the effective 
development of new devices and nanomaterials that 
can be used in the management of human health. 
This also includes the f ield of dentistry, where 
nanotechnology is already being applied for the 
development of novel nanomaterials, better diagnostic 
and treatment plans, and tissue regeneration for 
the improvement and maintenance of oral health. 
However, despite rapid developments in this field, it is 
still in its initial phase and, therefore, requires further 
research and clinical studies. 
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