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ABSTRACT
Nanodentistry is an emerging field in dental science that applies nanotechnology in the manipulation and control of matter at
the atomic and molecular scaleto improve dental care and treatment. It involves using nanoparticles, nanomaterials, and
nanoscale tools to diagnose, prevent, and treat dental diseases more effectively and with greater precision.
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nano-delivery systems.

INTRODUCTION
Nanodentistry refers to the use of nanotechnologyin
dentistry - manipulating materials and devices on the
nanometer scale (1 100 nm) - in order to improve the
diagnosis, prevention, treatment, and regeneration of dental
tissues.1The small size scale of nanomaterials leads to high
surface area, novel physical/chemical properties, and
potential for new functionalities (e.g. antimicrobial action,
controlled drug delivery, enhanced tissue integration)."” The
concept has moved from theory to multiple preclinical and
some clinical applications. The application of
nanotechnology (i.e. manipulating matter at the nanoscale,
typically <100 nm) in dental sciences for diagnosis,
prevention, treatment, and regeneration of teeth and oral
tissues.”
CURRENT AND EMERGING APPLICATION
The fields where nanodentistry is being applied or has high
potential in the recent times™:
1. Preventive Dentistry/Remineralization
Nanoparticles (silver, nano fluoride, peptides) to arrest
or reverse early caries; nano fillers in toothpastes /
varnishes.
Restorative Dentistry
Nano reinforced composites; adhesives with nano fillers
to reduce shrinkage, improve bonding; coatings to
reduce bacterial adhesion.
Endodontics
Nano based disinfectants, sealers, irrigation protocols;
possibly nano carriers for sustained release of
antimicrobials within root canal.
Implantology/ Periodontics
Nanostructured surfaces on implants (e.g. titanium
nanotubes, coatings with bioactive or antimicrobial

nanoparticles); scaffolds for bone/periodontal

regeneration; incorporating nanomaterials i
membranes or grafts.’

Prosthodontics/ Biomaterials

Dentures, prosthetic teeth, impression materials,
adhesives, tissue conditioners with nanomaterials to
improve mechanical properties, durability, aesthetics,
antimicrobial properties.’

Orthodontics

Reducing friction, improving bonding, preventing
decalcification during treatment.
Diagnostics/Monitoring

Nanosensors, nano imaging modalities, early detection
of caries, periodontitis, oral cancers, monitoring of
treatment.

Regenerative Dentistry

Use of scaffolds, stem cells + nanostructured matrices,

controlled release of growth factors etc.™
CHALLENGES AND LIMITATIONS

Though promising, there remain significant challenges to full

clinical adoption of many aspects of nanodentistry:

» Toxicity / Biocompatibility: Nanoparticles may exhibit
cytotoxic effects, immune reactions, or unintended tissue
accumulation. The properties (size, shape, coating,
concentration) strongly affect safety. Comprehensive in
vivo studies are often lacking.

Long term Clinical Evidence: Clinical trials are still few;
many studies are in vitro or in small animal models. Long
follow ups are needed to assess durability, stability,
releasing behaviour, wear, etc.’

Standardization and Quality Control:
Manufacturing nanomaterials with consistent
properties; ensuring reproducibility; regulatory
oversight to control safety, purity, and efficacy.

Cost and Accessibility: Nanomaterials or therapies may
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be expensive; scaling up might be costly. For widespread
adoption, cost benefit must be favourable.

o Regulatory & Ethical Issues: Regulations often lag the
science; ethical concerns over long term exposure,
environmental impact. Informed consent for novel
materials also important.’

o Integration into Clinical Workflow: Ease of use,
handling, compatibility with existing materials and
protocols; practitioner training; patient acceptance.

Future Focus on the Fields

Some of the promising paths and more research should be

focused on the following:

o Smart / Stimuli-responsive Nanomaterials: Materials
that respond to pH changes, bacterial enzymes, redox
environment etc., to release drugs or change properties
only when needed.”

o Nanorobotics (still largely theoretical) for precise
microsurgery, targeted removal of decayed tissue,
possibly painless local anaesthesia, or precise alignment
etc.

o Combination Therapies: Using nanomaterials with
biological agents (stem cells, growth factors) for tissue
repair, regeneration of dentin, pulp, bone."

o Nano-enabled Point-of-Care Diagnostics: Portable
nanosensors, salivary diagnostics, early detection (caries,
periodontal disease, oral malignancies).

o Green / Biodegradable Nanomaterials: Minimize
environmental and body burden; use of naturally derived
or biodegradable coatings to reduce toxicity.

e More Robust Clinical Trials: Larger sample sizes,
randomized controlled trials, long-term follow up,
comparisons versus standard of care.

o Regulatory Frameworks & Safety Protocols: Clear
guidelines for use of nanomaterials in dentistry; safety
testing; monitoring of environmental and health effects.

o Cost Reduction & Manufacturing Scalability:

Developing cost-effective synthesis, ensuring

reproducible properties, ensuring access in
low-/middle-income settings.’

CONCLUSION

Nanodentistry holds great promise to revolutionize dental

practice by making treatments more effective, less invasive,

and more durable. However, many proposed technologies are
still in early stages, and obstacles (safety, cost, clinical
validation, regulation) remain substantial. A balanced
approach combining innovation, rigorous testing, ethical
oversight, and patient safety will be key.Although still largely

in the research and development stage, it could become a

standard part of dental practice in the coming years.
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