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Introduction: Nanotechnology is the technique of manipulating matter at nano level. It has assured promising 
results in many fields of medicine including dentistry. There has been a wide range of application for nano particles 
in orthodontics, periodontics and also in prosthetic dentistry. Nano particle incorporated biomaterials has given 
promising results in many disciples of orthodontics.  Nanoparticle coated brackets, arch wires and ligatures have 
assured promising results in revolutionising the orthodontic treatment mechanics. Temporary anchorage devices are 
one of the recent inventions which has revolutionised the orthodontic field. They are known to provide efficient means 
of anchorage and also support different types of tooth movements making them less complicated, although they 
may be associated with infections in the site of insertion and loss of stability. This article discusses the application 
of nano-particles in temporary anchorage devices, application of the same to reduce the incidence of peri-implantitis 
and loss of stability and the clinical evaluation of the same. 
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INTRODUCTION
Nanotechnology, a multidisciplinary science, aims 
at the creation of materials, devices, and systems at 
the nanoscale level. It is the manipulation, precise 
placement, measurement, modelling, or manufacture 
of sub-100-nanometer scale matter. In other words, it 
has been described as the ability to work at atomic, 
molecular, and supramolecular levels to understand, 
create, and use material structures, devices, and 
systems with fundamentally new properties and 
functions resulting from their small structure.1

The theory of nanotechnology may be extended to 
dentistry and orthodontics in distant future, where 
nanorobots with specific motility mechanisms navigate 
through periodontium to remodel it directly, accelerating 
orthodontic tooth movement. Another application of 
this technique is to scale back root resorption during 
orthodontic treatment. 

Also, orthodontic brackets have been coated with 

nitrogen doped titanium dioxide having antibacterial 
effects.12 Nanomechanical sensors can be fabricated 
and be incorporated into the base of orthodontic 
brackets so as to provide feedback about the applied 
orthodontic forces.2 Friction during tooth movement 
may be reduced by using composite nano-coatings 
made of nickel-phosphorous or Cobalt. Friction may 
also be reduced, while maintaining strength, by 
modifying brackets with polysulfone-embedded hard 
alumina nanoparticles.3

In recent times, temporary anchorage devices (TADs) 
including mini screws, miniplates and implants have 
been integrated for orthodontic purposes. They have 
insertion sites within the bone and enhance orthodontic 
anchorage directly if they work as independent 
anchorage or indirectly if they support and reinforce 
the anchoring teeth.4 Healthy peri-implant tissue plays 
a vital role as a biologic barrier to bacteria. Tissue 
inflammation, minor infection, and peri-implantitis may 
occur after mini screw placement.5
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Peri-implantitis is inflammation of the surrounding 
implant mucosa with clinically and radiographically 
evident loss of bony support, bleeding on probing, 
suppuration, epithelia infiltrations, and progressive 
mobility. Inflammation of the peri implant soft tissue 
has been related to a 30% increase in failure rate.6 

Nanotechnology may be incorporated to develop a 
temporary anchorage device which can reduce the 
incidence of pain and discomfort, with minimal changes 
in their functional characteristics. Surface modifications 
may include pharmacologically active pre-incorporated 
antibacterial agents or compounds, like antibiotics, 
antiseptics, metal ions, or organic molecules which may 
change the implant from a passive, pharmacologically 
inert medical device, to something more similar to a 
drug agent, with unpredictable long-term effects and 
challenging regulatory issues.7

Nanoparticles in temporary anchorage devices
Currently, TADs are manufactured with smooth titanium 
surfaces. Complications associated with stability and 
patient safety can arise during mini screw placement 
and after orthodontic loading. Soft tissue complications 
like aphthous ulceration, soft tissue coverage of mini 
screw head and auxiliary, pain, inflammation, infection 
and peri-implantitis are common. So, it is vital is to 
attenuate the pain and peri-implant infection related 
to the insertion of temporary anchorage devices 
which may be achieved with the assistance of 
surface modifications using pharmacologically active 
substances.

Historically, two main strategies have been proposed 
for effective antibacterial surface treatment either 
“contact killing” or “drug eluting”. Antibacterial surface 
technologies can employ metals (silver, zinc, copper, 
etc.), non-metal elements (e.g., iodine, selenium), 
organic substances (antibiotics, anti-infective peptides, 
chitosan, other substances), and their combinations.10 

Antibacterial activity of the majority of metal coatings 
is closely linked to the ionic or nano form rather than to 
the bulk material.7

Silver is the most prevalent metal employed in 
biomedical applications. Dissolved silver cations are 
biochemically active agents that interfere with bacterial 
cell membrane permeability and cellular metabolism.9 
Silver also contributes to formation of reactive oxygen 
species and other mechanisms that potentially influence 
prokaryotic cells. Copper and zinc also have potent 

antibacterial effects on a broad spectrum of bacterial 
species.8 Another interesting technology is expounded 
to modification of commonly used alloys, like titanium. 
The anti-infective potential of titanium dioxide layers 
has been widely investigated and proven effective in 
vitro both alone or together with other substances. Non-
metal elements like hydrogen, chlorine, iodine, or oxygen 
are commonly employed in biomedicine for their anti-
infective properties. Selenium bound covalently onto 
the surface of titanium or titanium alloy implant discs 
has been shown to forestall Staphylococcus aureus 
and Staphylococcus epidermidis attachment without 
affecting osteoblast viability.9

Clinical evaluation
Coating implants with antimicrobial peptides, cytokines, 
or other molecules critical for host response to bacteria 
invasion has proven experimentally effective against a 
broad spectrum of pathogens. Antimicrobial peptides, 
like antibiotics, function via damage of the cell wall and 
inhibition of key bacterial protein synthesis.9 Additionally, 
they exert influence upon inflammation, tissue healing, 
and apoptotic events; resistance to antimicrobial 
peptides has been reported less frequently than to 
antibiotics. Initial experiments demonstrated that a thin 
layer of antimicrobial peptides affixed onto the surfaces 
of metal alloys exhibit excellent antibacterial effects 
against typical pathogens.7

Long-term impact of permanently coated implants with 
antibiotics and other organic compounds, never used 
before either for local or general administration, does 
raise concerns regarding possible induction of bacterial 
resistance, local, and general toxicity and possible 
detrimental effects on implant osteointegration, 
ultimately preventing clinical applications so far. It is 
therefore important to own a close intimacy between the 
bone and the surface of the mini screw, as this permits 
better stability and greater resistance to orthodontic 
forces. Furthermore, inflammatory processes can 
affect the primary stability and determine a premature 
loss of the screw.

The stability and osseointegration of mini screws surface 
modified by nanotechnology has been evaluated by two 
studies: the studied surface was characterized by TiO2 
(titanium dioxide) nanotube arrays. The TiO2 nanotube 
arrays were loaded with RhBMP-2 (recombinant human 
bone morphogenetic protein-2) and ibuprofen and were 
compared with a control group of standard mini screws. 
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The effects of the drugs were evaluated in vivo and they 
found that drug-modified mini screws had a positive 
effect on tissue health.10

These modified mini screws can convey other drugs, 
like antibiotic agents, aspirin and Vitamin C, to 
decrease inflammation at the insertion site and patient 
discomfort. This modification to the materials has also 
proved important in ensuring greater surface roughness 
of the aids and improving wettability compared to 
conventional products.

CONCLUSION
Although application of nanotechnology in orthodontics 
is taken into account to be in its infancy, there is 
enormous potential in research in this area including 
nano-designed orthodontic bonding material, possible 

nano-vector for gene delivery for mandibular growth 
stimulation, and nano-LIPUS devices. In an exceedingly 
fast-growing world of nanotechnology, the hope would 
be to induce these technologies into clinical application 
sooner or later. To conclude, the future in orthodontic 
treatment will benefit greatly through nanotechnology 
should all the current attempts succeed to its clinical 
application at an affordable cost to the orthodontist 
and patients.

OJN

1.	 Subramani, Karthikeyan. (2012). Nanobiomaterials in Clinical Dentistry, 2nd Edition. 

2.	 Nanotechnology in Dentistry: A Review Kunal Jhanji*, Sai Charan Pasupuleti1

3.	 Meursinge Reynders, Reint & Ronchi, Laura & Bipat, Shandra. (2009). Mini-implants in orthodontics: A systematic review of the literature. 
American journal of orthodontics and dentofacial orthopedics: official publication of the American Association of Orthodontists, its 
constituent societies, and the American Board of Orthodontics. 135. 564.e1-19; discussion 564. 10.1016/j.ajodo.2008.09.026.

4.	 Chawla K, Lamba AK, Gupta M, Khanna N. Treatment of peri-implantitis around orthodontic miniscrew using Er,Cr: YSGG Laser. J Dent 
Lasers 2012; 6:66-7

5.	 Joshi R, Shyagali TR, Jha R, Gupta A, Tiwari A, Tiwari T. Evaluation and Comparison of the Effect of Elastomeric Chain and Stainless-
Steel Ligature Wire on Maxillary Orthodontic Miniscrew Failure. Int J Appl Basic Med Res. 2021 Apr-Jun;11(2):100-105. doi: 10.4103/
ijabmr.IJABMR_191_20. Epub 2021 Apr 8. PMID: 33912430; PMCID: PMC8061618.

6.	 Yamaguchi M, Inami T, Ito K, Kasai K, Tanimoto Y. Mini-implants in the anchorage armamentarium: new paradigms in the orthodontics. 
International Journal of Biomaterials. 2012; 2012:394121. DOI: 10.1155/2012/394121. PMID: 22719763; PMCID: PMC3374939.

7.	 Romanò, C.L., Scarponi, S., Gallazzi, E. et al. Antibacterial coating of implants in orthopaedics and trauma: a classification proposal in 
an evolving panorama. J Orthop Surg Res 10, 157 (2015). https://doi.org/10.1186/s13018-015-0294-5

8.	 Kendoff, D. & Morgan-Jones, Rl & Haddad, F.S. (2016). Periprosthetic Joint Infections: Changing Paradigms. 10.1007/978-3-319-30091-7. 

9.	 Gallo J, Holinka M, Moucha CS. Antibacterial surface treatment for orthopaedic implants. Int J Mol Sci. 2014 Aug 11;15(8):13849-80. 
doi: 10.3390/ijms150813849. PMID: 25116685; PMCID: PMC4159828.

10.	 De Stefani A, Bruno G, Preo G, Gracco A. Application of Nanotechnology in Orthodontic Materials: A State-of-the-Art Review. Dent J 
(Basel). 2020 Nov 9;8(4):126. doi: 10.3390/dj8040126. PMID: 33182424; PMCID: PMC7712537.

11.	 Subramani, Karthikeyan & Ahmed, Waqar & Hartsfield, James. (2012). Nanobiomaterials in Clinical Dentistry. 

12.	 Varun Abrol and Karan Abrol: 2018, “Nanorobotics: Game Changer of Orthodontics” International Journal of Current Research; 10, (07), 
pp.71904-71905.

13.	 Maheshwari S, Verma SK, Tariq M, Gaur A. Nano-orthodontics revolutionizing oral health care. Indian J Oral Sci 2014; 5:109-11.

14.	 Kravitz ND, Kusnoto B. Risks and complications of orthodontic miniscrews. Am J Orthod Dentofacial Orthop. 2007 Apr;131(4 Suppl): 
S43-51. doi: 10.1016/j.ajodo.2006.04.027. PMID: 17448385.

15.	 Hammad SM, El-Wassefy N, Maher A, Fawakerji SM. Effect of nanotechnology in self-etch bonding systems on the shear bond strength 
of stainless-steel orthodontic brackets. Dental Press J Orthod. 2017 Jan- Feb;22(1):47-56. DOI: http://dx.doi.org/10.1590/2177-
6709.22.1.047-056.oar

REFERENCES

X Chelza, Sivadasa A : Nanotechnology In Temporary Anchorage Devices




