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' 1. Introduction
] Dental caries is a prevalent chronic disease
affecting ~2.44 billion people globally" it

is a significant public health concern owing
toits extensive impact, high prevalence, and
often overlooked early symptoms .\l The ini-

tial stage of caries development, known

- as early caries, is characterized by struc-
tural alterations in the enamel, typically pre-

senting as shallow cavities or white spot

lesions.?! Cariogenic bacteria continue to

produce organic acids on the tooth surface

y without sufficient preventive and therapeu-
tic action, which leads to the demineraliza-
tion of dental hard tissues and eventually
causes tooth disintegration and cavities*!

Once dental caries progresses to this stage,
the affected tooth tissue must be extracted,
repaired, and replaced with an artificial fill-
_ - ing material. Although this technique can
_ repair defects, artificial filling materials are
neither aesthetic nor as effective as nat-
BT e SN2 L !: " ural teeth, and complications can lead to
el L TR various health and economic problems !
Thus, effectively controlling early caries
is crucial for maintaining oral health.
Effective control of early caries entails the eradication of these
bacteria as the demineralized tooth surface is repaired to main-
tain tooth integrity.>¢! Currently, antibiotics, such as chlorhexi-
- dine and triclosan, are widely used to eliminate cariogenic.
ria, whereas fluoride is used to prevent demineralization. How-
ever, long-term use of chlorhexidine and triclosan can leas
‘ tooth staining, multidrug resistance in oral bacteria, or:
. balance, and potential systemic health impacts.”) In adc
. cessive fluoride accumulation from treatments, such 2
and fluoride, can cause dental and skeletal fluorosis 181
numerous innovative approaches fo-
i3 The ORCID identification number(s) for the author (s) of this article s hand, > e o

K can be found under https://doi.org/10-1002/advs. 202409133 :‘ym&gﬁ[‘;‘ been :et:l";‘;’ni“mpi
Bmzou The Author(s). Advanced Science published by Wiley-VCH i ) : andg o

bH. This is an open access article under the terms of the Creative nanotechnology-based particles Asaen
formmans Attribution License, which permits use, distribution and ods often face challenges such as difficulty
epre -smumehriginal work is prupeﬂy cited.

12 © 2024 The Author(s).
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