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Abstract: Advancement in nanotechnology and its inter-
vention into the medical field has led to significant devel-
opment in the field of oral health. Also, the combination
of nanomaterial science and biotechnology in dental
nanorobotics has enthralled us by adding momentum
to contemporary dental practices. The progressive nature
of dental afflictions often requires an umbrella approach
for their prevention, diagnosis, and complete treatment.
Furthermore, the complex nature of dental diseases entails
customized treatment modalities, which provides the devel-
opment of various nanotechnology armamentariums.
Furthermore, with the objective of controlled drug delivery,
researchers have done a plethora of work to apply nanoma-
terials such as nanospheres, nanotubes, and nanocompos-
ites for dental infections. However, the fundamental con-
cern with nanotechnology is cost involvement and scaleup
hurdles which limits its commercialization. Nevertheless,
we hope that optimal utilization of the available nanotech-
nological interventions for modern dental practice will
shortly improve oral health. Hence, this review primarily
focuses on the types of nanotechnological interventions

explored for various dental afflictions. Also, the authors
have attempted to enlighten the readers about the practical
aspects of nanotherapeutics for dental disease, that is, a
journey from laboratory to product commercialization.

Keywords: nanotechnology, nanotherapeutics, restora-
tive dentistry, preventive dentistry, operative dentistry,
periodontal therapy

1 Introduction

The past few years have witnessed a remarkable devel-
opment in the clinical applications of nanobiomaterials
in health care and dentistry. Nanotechnology appears as
a valuable tool to the health care industry, and its appli-
cations have led to a significant improvement in modern
medicine and dental practices. Currently, nanotechnology
is driving the dental material industry at a high pace [1].
Applications of nanotechnology offer an impeccable and
suitable solution in dentistry and seem to have answers to
the problems of conventional dental practices. These novel
nanobiomaterials canmimic the surface and interface proper-
ties of dental tissues [2]. In the past few decades, biotech-
nology and regenerativemedicine have significantly impacted
human lives. However, an advanced level of research is still
required to overcome the drawbacks of conventional bioma-
terials. Although nanodentistry is still in its infancy, it has
enormous potential to give innovative solutions for operative
and preventive dentistry, tooth restoration, and periodontics
(Figure 1). The use of nanoparticles in root end sealants and
fillers provides more strength and luster.

Similarly, the incorporation of antimicrobial nanopar-
ticles in restorative materials assures protection against
caries forming bacteria and maintains the health of the
oral environment. Also, a nanoparticle-based system is
an attractive approach for localized drug delivery in peri-
odontitis and oral squamous cell carcinomas [3,4]. Nano-
technology-based hydroxyapatite (HA) is well sufficient to
treat osseous defects [5]. Neocis’ Yomi is the only Food and
Drug Administration (FDA)-approved robotic navigation

Pooja Jain, Uzma Farooq, Nazia Hassan: Department of
Pharmaceutics, School of Pharmaceutical Education and Research,
SPER, Jamia Hamdard, New Delhi, 110062, India
Mohammed Albratty, Md. Shamsher Alam: Department of
Pharmaceutical Chemistry and Pharmacognosy, College of
Pharmacy, Jazan University, Jazan, Saudi Arabia
Hafiz A. Makeen: Pharmacy Practice Research Unit, Department of
Clinical Pharmacy, College of Pharmacy, Jazan University,
P.O. Box 114, Jazan, Saudi Arabia



* Corresponding author: Mohd. Aamir Mirza, Department of
Pharmaceutics, School of Pharmaceutical Education and
Research, SPER, Jamia Hamdard, New Delhi, 110062, India,
e-mail: aamir_pharma@yahoo.com, tel: +91-9213378765,
fax: +011-26059663
* Corresponding author: Zeenat Iqbal, Department of
Pharmaceutics, School of Pharmaceutical Education and
Research, SPER, Jamia Hamdard, New Delhi, 110062, India,
e-mail: zeenatiqbal@jamiahamdard.ac.in,
tel: +011-26058689-5662, +91-9811733016, fax: +011-26059663

Nanotechnology Reviews 2022; 11: 1935–1946

Open Access. © 2022 Pooja Jain et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0
International License.

https://doi.org/10.1515/ntrev-2022-0115
mailto:aamir_pharma@yahoo.com
mailto:zeenatiqbal@jamiahamdard.ac.in


system used in US dentistry and has performed more than
1,000 implants in 2019 [6]. Altogether, it is believed that,
in the future, nanotechnology will yield precise and cus-
tomized solutions in dentistry [7,8].

However, due to the submicron size, physical, chemical,
and mechanical properties of any material change, it is a
matter of investigation. And as FDA regulates pre-market
authorization of drugs and biologics, nanomedicines are also
pre-clinically and clinically validated by FDA. Therefore, the
safety of nanomaterials is a paramount concern [9].

Henceforth, this review attempts to appraise the readers
about the various available nanotherapeutic tools for opera-
tive dentistry, preventive dentistry, and periodontotherapy.
Also, information on the granted patents, clinical trials,
available products in themarket, and the regulatory aspects
of nanobiomaterials have been collected. It is hoped that
this review will enlighten the readers about the practical
aspects of nanotools for dental disease, that is, a journey
from laboratory to product commercialization.

2 Nanotherapeutic tools for dental
afflictions

Oral health has been majorly affected by the emergence of
advanced nanomaterials, tissue engineering techniques,

and nanorobotics. The techniques, as mentioned earlier,
aim to improvize dental therapy and reduce surgery-asso-
ciated pain and phobia.

Nowadays, nano-anaesthesia during dental surgery
is preferred to reduce pain. Oral nano-anaesthesia is the
colloidal suspension of nanorobotic particles, which are
analgesic in nature. When the anaesthesia is injected into
the gingiva, it travels to the dentinal tubules, as directed
by the dentist through the computerized navigation and
desensitized the nerves, ensuring the analgesic effect.
Once the surgical procedure is completed, nanorobots
can be easily removed by the dentist. Excellent patient
comfort, selectivity, and controllability are the significant
advantages of nano-anaesthesia over conventional anaes-
thetics [10,11].

These days, caries is the most common teeth pro-
blem, which adversely affects an individual’s daily life.
Their progressive and infectious nature requires mechan-
ical excavation and further filling with the resins or the
restorative materials. Conventional filling materials such
as HA, metals, and inorganic glues have the problem of
microleakage: the discrepancy in physicochemical prop-
erties exists between them and the tooth [12]. Clinical
studies showed that conventional filling materials lack
anticaries properties, which could result in a high inci-
dence of secondary caries. There is approximately 50%
failure in filling restorations, thereby leading to wastage

Figure 1: Various nanotools for dental afflictions.
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of public health resources. In order to resolve the above
issues, nanomaterial-based dental filling materials were
introduced and they served as the major breakthrough
in caries management. Various anticaries agents such
as silver nanoparticles, nano-zinc and nano-zincoxide,
other metal nanoparticles, remineralized nano-anticaries
materials, and biomimetic nanocatalysts were explored
by the researchers to challenge the current problems of
caries management [13]. In nutshell, we can say that with
the availability of nanomaterial-based tooth repair mate-
rials, diagnosis and treatment of dental caries can be
improved. Furthermore, applications of nanotools in var-
ious segments of dentistry are explained as follows.

2.1 Nanotools in preventive dentistry

Nanotools are gaining much attention in modern den-
tistry to prevent disease progression, where tooth decay
prevention and treatment of carious lesions are of prime
concern. Controlling the dentine hypersensitivity with
the nanotools is an emerging field [14].

Dental enamel being a calcified tissue is mainly con-
sisting of calcium-deficient carbonate hydroxyapatite. On
the nanoscale, they appeared as a crystalline nanorod-like
structure where the calcium hydroxyapatite crystallites are
arranged roughly parallel to each other. However, the den-
tine is a hydrated tissue and comprises minerals, collage-
nous and non-collagenous proteins, and fluids. And the
dentinal matrix is mainly made up of type I collagen fibrils
which form a three-dimensional scaffold and are supported
by hydroxyapatite crystallites [15]. As biofilm deposition on
the enamel surface leads to caries lesion due to acids from
bacterial metabolism, frequent consumption of acidic foods
and beverages may also cause demineralization and induce
enamel erosion [16]. Various approaches for remineraliza-
tion include fluoride treatment, casein phosphopeptide
(CPP)-stabilized amorphous calcium phosphate (ACP)
treatment, and biomimetic materials. Fluoride is a widely
accepted agent for enamel remineralization [17]. CPP sta-
bilizes calcium and phosphate ions by forming the amor-
phous nanocomplexes and ensures continuous availability
of ions for biomineralization [18]. MI Paste, Recaldent, and
GC Tooth Mousse are the marketed products containing
CPP-ACP [19]. Amongst the biomimetic approaches to remin-
eralization, biomimetic carbonate hydroxyapatite nanoparti-
cles were used to repair the micrometre-sized tooth surface
defects. These crystals have been incorporated into tooth-
pastes or mouth rinses to promote enamel remineraliza-
tion, and based upon their size, they are deposited onto the

dentinal surface (20 nm) or enamel surface (100nm) [20].
BioRepair from Coswell Laboratory is a commercially avail-
able product that contains carbonate hydroxyapatite nano-
particles for enamel remineralization which have been
proved to be effective in in vitro conditions after 10min appli-
cation [21]. Also, it has been shown that the nano-hydroxya-
patite toothpastewith either spheroidal or needle-like particles
was comparatively more effective than the sodium fluoride
solution for remineralization of etched enamel [22]. However,
due to the complex organic and inorganic structure of the
dentine, remineralizing dentine into a functional state remains
one of the most difficult challenges of dentistry.

If caries or enamel defects enlarge, they may lead to
tissue damage which cannot be repaired by remineraliza-
tion techniques. But with the help of the tissue engineering
approach, treatment of damaged tissue is possible. Cells or
drugs can be easily loaded into the nanoparticles or scaf-
folds and selectively targeted to particular tissue, thereby
ensuring the sustained and controlled release. Scaffolds
are designed in such a way that they can carry both sig-
nalling molecules for homing and therapeutic molecules
for targeted delivery. Furthermore, for tissue engineering,
three components are necessary: cell (mainly stem cell),
bioactive signalling molecule (to assist tissue regenera-
tion), and a polymeric scaffold. Researchers have exploited
numerous nanomaterials to fabricate tissue engineering
scaffolds. Differentiation and functionality are the prere-
quisite of scaffold material to act as an extracellular matrix
for supporting tissue regeneration. Different techniques
exist for nanofibrous polymeric scaffolds, and electrospin-
ning is the most commonly used one [14,23].

2.2 Nanotools in operative dentistry

Operative dentistry is based on the diagnosis, treatment,
and prognosis of complex tissue defects of the tooth with
a prime focus on restoring the form, function, and aes-
thetic [24]. Superior alternatives were developed by incor-
porating nanoparticles, nanofibres, and nanoclusters in
traditional composites. The ideal size of a nanocomposite
should be 1–100 nm. Nanohybrid composites are resin
matricesmade up of nanoparticles and large filler particles,
and their size may vary from 0.4 to 5.0µm [25]. The incorpora-
tion of nanostructures assures significantly enhanced proper-
ties of dental composites due to the availability of larger surface
areas and binding sites. These dental composites also elicit
improved smoothness, high gloss finish, better translu-
cency, and aesthetic look fortified with excellent wear
resistance [7,26]. InfinixTM Universal composite, approved
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by FDA in 2019, is based on Nobio’s QASi composite tech-
nology and consists of quaternary ammonium silica dioxide
[27,28]. Another composite 3M™ (Filtek™ Supreme Flow-
able) contains loosely bound 5–20 nm zirconia/silica parti-
cles [29]. Other nanomaterial-based marketed products are
listed in Table 1.

The difference in the size of filler particles and HA
crystals of tooth enamel results in poor bonding of the
material with the tooth, therebymaking it a little unstable.
This issue was resolved by adding the nanoparticles to the
composites, and promising results in smooth surface tran-
sition and interaction with tooth tissues were observed.
Therefore, incorporated nanostructures improve the physico-
mechanical and optical properties of the resin compos-
ites [40,41].

Longevity is the most desirable aspect of any dental
restorative material; however, most of the restoration
cannot meet the same due to the enzymatic activity
of dental caries forming oral bacteria [42]. Orthodontic
materials also suffer from a similar problem, that is to
harbour the multiplication of caries-causing bacteria.
These bacteria demineralize the enamel, which produces
a white spot lesion in 50% of patients undergoing ortho-
dontic treatments [43]. Recently, nanotechnology has
become an important area of research with a prime focus
on increasing the antimicrobial properties of dental restora-
tive and orthodontic materials [44]. Among the various
nanoparticles, silver nanoparticles were the most com-
monly exploited by researchers either alone [45] or in com-
bination with others, such as nanoparticles of zinc oxide
[45], HA nanowires [46], HA [47], silica nanoparticles [48],
and quaternary ammonium dimethacrylate [49]. Titanium
oxide nanoparticles are suitable candidates for dental
bonding materials with additional antibacterial activity
[44]. So, it can be concluded that nanoparticle-modified
dental bonding materials offer a more significant antibac-
terial activity than conventional dental bonding materials.

In cases, when non-surgical approaches are contra-
indicated or fail, a surgical endodontic procedure is
required to save the tooth. The basic steps are exposure
of carious tooth, root-end resection, preparation, and
filling of a root end sealing material [50]. Various nano-
materials have been explored for endodontic purposes
such as sealants and irrigators for disinfection purposes.

EndoSequence BC sealer is a nanoparticle-based sea-
lant having excellent dimensional stability and anti-
microbial property with a setting time of 3–4 h. It consists
of calcium hydroxide, calcium silicate, zirconia, thickening
agent, and bioactive nanoparticles. After getting hydrated
in the apical area of the tooth, it formed a nano-HA and
calcium silicate and settled down over there [51].Ta

bl
e
1:

N
an

om
at
er
ia
l-b

as
ed

de
nt
al

pr
od

uc
ts

Pr
od

uc
t
na

m
e

Pr
od

uc
t
ca
te
go

ry
Pr
od

uc
t
co

m
po

ne
nt

A
pp

lic
at
io
n
of

pr
od

uc
t

R
ef
.

N
an

oh
yb

ri
d
co

m
po

si
te

(b
ra
nd

:
N
H
C
S
R
Ph

on
ar
es

®
)

Pr
os

th
od

on
ti
cs

S
ili
co

n
ox

id
e

D
en

tu
re

te
et
h

[3
0
]

N
an

or
es

in
-m

od
ifi
ed

gl
as

s
io
no

m
er

ce
m
en

t
(G
IC
)(
br
an

d:
K
et
ac
TM

N
an

o
3M

ES
PE

)
Re

st
or
at
io
ns

Zi
rc
on

ia
/s
ili
ca

H
ig
h
sh

ea
r
(e
na

m
el
)n

an
ofi

lle
rs

an
d

na
no

cl
us

te
rs

[3
1]

N
an

oc
om

po
si
te

re
si
ns

(b
ra
nd

:
C
er
am

.x
®
,
M
on

oT
M
,
C
er
am

.x
®
,

D
uo

TM
,
D
en

ts
pl
y)

C
on

se
rv
at
iv
e

C
er
am

ic
/p

ol
ys
ilo

xa
ne

O
rg
an

ic
al
ly

m
od

ifi
ed

co
m
pr
es

si
ve

na
no

fi
lle

rs
[3
2,
33

]

N
an

o-
G
IC

(b
ra
nd

:
G
C
P
G
la
ss

Fi
ll

TM
G
C
P
D
en

ta
l)

C
on

se
rv
at
iv
e

C
ar
bo

ni
ze
d
fl
uo

ra
pa

ti
te
/H

A
na

no
pa

rt
ic
le
s

Lo
w
er

ha
rd
ne

ss
an

d
bo

nd
st
re
ng

th
de

nt
in
e

[3
4,
35

]

M
in
er
al

so
lu
ti
on

(b
ra
nd

:
N
an

oC
ar
e
go

ld
®
,
D
N
TT

M
)

C
av
it
y
di
si
nf
ec
ta
nt

S
ilv

er
na

no
pa

rt
ic
le
s

A
nt
ib
ac
te
ri
al

na
no

pa
rt
ic
le
s

[3
6]

S
ili
co

n-
ba

se
d
se

al
er

(b
ra
nd

:
G
ut
ta
Fl
ow

TM
)

En
do

do
nt
ic
s

N
an

os
ilv

er
pa

rt
ic
le
s

N
an

os
iz
ed

se
al
in
g
ag

en
t

[3
7]

B
on

e
gr
af
ts

(b
ra
nd

:
N
an

oB
on

e®
,
A
rt
os

s
G
m
bH

®
)

Pe
ri
od

on
ti
cs

N
an

oc
ry
st
al
lin

e
H
A

Lo
w

cy
to
to
xi
c
an

d
hi
gh

bi
oc

om
pa

ti
bl
e
gr
af
t

[3
8
]

N
an

o-
im

pl
an

t
co

at
in
g
(b
ra
nd

:
N
on

oT
it
e
B
IO
M
ET

3i
)

Im
pl
an

to
lo
gy

N
an

o-
H
A

B
io
co

m
pa

ti
bl
e
im

pl
an

t
co

at
in
g

[3
9]

1938  Pooja Jain et al.



Bioactive nanoparticles significantly improved the
physical properties of the materials [52].

GuttaFlow sealer is another excellent root canal sea-
lant with in-built resistance to bacterial penetration. It is
made up of silicon-based material, silver nanoparticles,
and dust of gutta-percha. This sealant is also dimension-
ally stable and has a setting time of 30min [53].

Another sealant, nano-HA-modified gutta-percha, con-
sists of nano-HA, bismuth oxide, hexamethylenetetramine,
and bisphenol-A-diglycidylether as a liquid component [54].

The bioactive glass nanoparticles have proven their
potential for root canal disinfection. Nanoparticles (20–90nm)
of bioactive glasses containing SiO2CaOP2O5 were pre-
pared, assessed for antimicrobial activity, and observed
promising results [55]. With time-lapse, they release alkaline
species in the biological environment, which are antibacterial
[56]. Bioceramics are bioactive and biocompatible, and further
release of alkaline antimicrobial species increases their suit-
ability for root canal disinfection [57].

2.3 Nanotools in periodontal therapy

Periodontitis is a complex disease that destroys collagen
and tooth-supporting materials. Its treatment is based on
the delivery of antimicrobials along with the host mod-
ulatory agents [58,59]. From high-dose systemic antibio-
tics to localized drug delivery devices, nanotechnology
has tremendously improved the treatment strategy.

In periodontics, nanoparticles such as nanospheres and
nanocapsules have been extensively used as drug delivery
carriers. Clinical data suggest that Atridox® (Collagenex
Pharmaceuticals, Newtown, PA, USA), a biodegradable
sustained release device containing doxycycline hyclate, is
capable of reducing probing periodontal pocket depths
after initial treatment of peri-implant lesions [60].

Also, promising results have been observed in a con-
trolled phase 3 clinical trial wherein Arestin® (micro-
spheres of minocycline) was administered as an adjunct
to scaling and root planning (SRP) for the treatment of
periodontitis. Adjunctive treatment reduces probing depth
significantly more than the SRP alone [61].

Since periodontitis is a classic example of biofilm-based
disease, and similar to other biofilm-mediated infections, it
is unmanageable with alone antibiotics and host modula-
tory agents. Also, for complete amelioration, multiple pla-
cements of localized drug delivery systems are required,
and this ultimately mounts the cost. The non-invasive
perio-protect method tray was proposed as a solution for
this problem. A period-tray with a customized sealing
system delivers medication deep inside the periodontal

pockets and is the one and only FDA-approved medication
delivery system for periodontitis. In clinical settings as well,
promising results were observed with this system [62].

Apart from the killing of periodontopathic bacteria,
regeneration of periodontium and bone is the prerequi-
site for the complete treatment of periodontal diseases.
Localized delivery of growth factors (GFs) to the period-
ontal cavity is a new approach to the regeneration of
periodontium. Various strategies such as micro-particles,
nanoparticles, scaffolds, injectable gels, and composites
are being explored to preserve the bioactivity of GF and
control its release [51].

Bioactive glasses also promote bone formation by
osteoinduction and osteoconduction, which has led to
the use of bioactive glasses that have been widely applied
in dentistry. It has been observed that the periodontal
ligament cells, when placed adjacent to the bioactive glass
nanoparticles, showed high growth and enhanced viabil-
ity along with elevated alkaline phosphatase activity [63].

When multiwalled carbon nanotubes were immersed
in calcium phosphate solution at 37°C for 2 weeks, they
resulted in the formation of nanoscale HA, thus indi-
cating the potential of carbon nanotubes for periodontal
tissue regeneration [64]. Ostim (Heraeus Kutzer, Hanau,
Germany), a ready-to-use paste consisting of 35% of
nanocrystalline particles of HA and 65% the water, has
been widely used for the treatment of osseous defects.
Clinically, its application results in a marked reduction
in periodontal pocket depth and, after therapy, attains
clinical attachment in 6 months [65,66].

3 Patents and clinical trials

Based on the acceptable performance of nanomaterials
for dental procedures, patents have been granted in var-
ious countries, and a few of the granted patents are listed
in Table 2.

Although the nanomaterial-based dental products
showed promising results in in vitro conditions, safety,
and efficacy still need to be evaluated by clinical trials,
few completed trials are listed in Table 3.

4 Regulatory aspect of nanotools
or nano-based products for
dentistry

The regulatory guidelines/aspects are defined as a range
of scientific disciplines encompassing the quality, safety,
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Table 2: Patents on nanotherapeutic tools for dental intervention

S.no Grant no. Study objective Description

1 US20070043142A1 Dental compositions based on nanofibre
reinforcement

The present invention describes the dental
composition based on nanofibres

2 US9545295B2 Nanobubble generator for cleaning root canal of
tooth and dental apparatus comprising the same

The present invention describes a nanobubble
generator for root canal irrigation purposes

3 WO2001030307A1 Dental materials with nanosized silica particles The present invention describes the composition of
dental materials for sealant, prosthesis, and filler
purpose

4 US8298329B2 Nanocrystalline dental ceramics The present invention describes the composition of
nanocrystalline dental ceramic

5 EP2495356A1 Dental implant with nanostructured surface and
process for obtaining it

The present invention describes the method of
production of nanotubes of titanium dioxide as a
coating for dental implants

6 WO2014087412A1 Nanosurface-modified metallic titanium implants
for orthopaedic or dental applications and methods
of manufacturing thereof

The present invention describes the method of
production of metallic implant

7 EP2409682A1 HA-binding nano- and microparticles for caries
prophylaxis and reduction of dental
hypersensitivity

The present invention describes the application of
oligopeptide functionalized nanoparticles or
microparticles for caries prevention

8 US8357732B2 Method for production of biocompatible
nanoparticles containing dental adhesive

The present invention describes the process of
production of HA nanorods containing dental
adhesive

9 WO2017149474A1 Process for the production of antimicrobial dental
adhesives including graphene and relative product
thereof

The present invention describes the process of
production of dental adhesive with antibacterial and
antibiofilm activity

10 US20130108708A1 Dental composites comprising nanoparticles of
amorphous calcium phosphate

The present invention describes the antibacterial
agent containing dental composite

11 US20130017236A1 Toothpaste or tooth gel containing silver
nanoparticles coated with silver oxide

The present invention describes the composition of
silver nanoparticle-containing toothpaste

12 US9795543B1 Nanocomplexes for enamel remineralization The present invention describes the preparation and
composition of nanocomplexes

13 US20070213460A1 Antimicrobial nano-silver additive for
polymerizable dental materials

The present invention describes the polymerizable
dental material that can be used as dental filling
material

14 US8641418B2 Titanium nanoscale etching on an implant surface The present invention describes the process of
roughening of implant surface for fixing dental
prostheses thereon

15 CN103690376B Dental pulp root canal filling paste The present invention describes the preparation of
paste for filling into the root pulp

16 US20100035214A1 Radio-opaque dental prosthetic member The present invention describes the nanoparticle-
containing radio-opaque material for dental
prosthetics

17 US6890968B2 Pre-polymerized filler in dental restorative
composite

The present invention describes the filler for a dental
composite that can be used in stress-bearing
restorations and cosmetic restorations

18 US9192545B2 Dental root canal filling material having improved
thermal conductive characteristics

The present invention describes the dental root canal
filling material with improved thermal property dental
composite of high strength

19 WO2002092022A2 The dental composite containing discrete
nanoparticles

The present invention describes the dental composite
of high strength

20 US20100047224A1 Biosilica-adhesive protein nanocomposite
materials: synthesis and application in dentistry

The present invention describes the application of
silicate in-silk fibroin fusion proteins in dentistry to
formulate silica-containing nanocomposite materials
for nanocomposite as filling material
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and efficacy assessments of health products (medicinal
products and medical devices). These guidelines provide
informed regulatory decision-making throughout the life-
cycle of a health product ranging from drug development,
licensing, registration, manufacturing, and marketing.
They are cumulatively derived from the diverse fields of
basic medical science, applied medicinal science, and
social sciences [67]. The regulatory standards and tools
often vary in different countries and for different products
as well. Examples of major regulatory authorities are
FDA, USA; Therapeutic Goods Administration, Australia;
and Central Drug Standard Control Organization, India
and European Medicines Agency. The international orga-
nizations to mandate such rules and regulations are
World Health Organization, Pan American Health Orga-
nization, World Trade Organization, International Con-
ference on Harmonization, and World Intellectual Prop-
erty Organization [68]. The category of health products is
broadly divided into two main heads, namely, medicinal
products and medical devices [69]. The medical devices
are subdivided into the categories of invasive (either sur-
gical or not) and non-invasive (coming into direct contact
with the skin) medical devices. Examples of invasive
medical devices in dentistry are dental fillers, compo-
sites, and crowns [70]. Nanomaterials are classified as
natural or formulated materials containing unbound/
aggregate (strongly bound)/agglomerate (weekly bound)
particles in a size range of 1–100 nm. The health and
medicinal products encompassing nanomaterials can be
termed nanotools and nanomedicines or nanoproducts,
respectively. The medical devices fortified with nanotech-
nology are known as nanomedical devices [71]. The
outline of a regulatory guideline for nanotechnology-
based health products is all risks (physical/chemical/
environmental) must be evaluated and reduced as far
as possible; material toxicity, compatibility, contami-
nants, residues, and leachates must be checked before
processing and minimized risk of injury in context with
physical features and external dimensions [72]. To deter-
mine the possible health effects of nanomaterials (free/fixed/
embedded) used in medical devices, the guidelines have
two norms, one is for the cases where the nanomaterial
might inadvertently be released into the human body, and
second, are the cases where the nanomaterial is intended
to be released into the human body. The assessment of nano-
materials used in medical devices is necessary to ensure
consumer safety, to examine the emerging/newly identified
health and environmental risks [73]. The regulation norms
for nanomaterials involve material characterization, that
is, either natural based or synthetic or a combination. Phy-
sicochemical characterizations include an evaluation of

various parameters such as chemical composition; particle
size; particle/mass concentration; specific surface area; sur-
face chemistry; surface charge; redox potential; solubility
and partition properties; pH; viscosity; density and pore
density; dustiness; chemical reactivity, catalytic and photo-
catalytic activities [74]. The nanomaterials used in dentistry
tools and other medical devices are categorized in terms of
low, medium, and high exposures and include various
testing parameters such as toxicokinetic, cytotoxicity, acute
toxicity, irritation, delayed-type hypersensitivity, genotoxi-
city, haemocompatibility, repeated-dose toxicity, implan-
tation, chronic toxicity/carcinogenicity, reproductive, and
developmental toxicity. For invasive dental products, a
few additional studies include immunotoxicity, persis-
tence, accumulation, and adsorption, distribution, meta-
bolism, excretion (ADME) [75,76]. The risk evaluation of
nanomaterials is based on release potential/kinetics;
distribution andmaintenance at the location site; and toxi-
city tests. The various aspects for evaluating the bio-
compatibility of nanomaterials used in dental and other
medical devices are harmonized standards; assessment
and testing in the risk management process; animal wel-
fare requirements; toxicity studies; interactions with blood;
implantation; irritation; and skin sensitization [77]. Interna-
tional Organization for Standardization (ISO) 10993 series
describes considerations for the biocompatibility assess-
ment or biological evaluation of nanomaterials based on
dental and other medical devices. The additional consid-
erations of the above series are surface nanostructures;
nanomaterials incorporatedwithin amedical devicewithout
intention tobe released;nanomaterialsboundon thesurface
of or within a medical device to be released; nanomaterials
released from a medical device as degradation product,
wear, or frommechanical treatment processes [78]. The gen-
eral considerations of ISO 10993 include the assessment of
releasekinetics (rateandquantity), contractduration,poten-
tial cellular or tissue effects (beneficial or adverse), physico-
chemical characterization, and toxicokinetic (ADME)/tissue
distribution of the nanomaterials [79]. The three prerequi-
sites for thebiological evaluationofdentalnanomaterialsare
physical morphology, chemical composition, and extrinsic
properties (interaction ability with the surrounding environ-
ment) [80]. Theextrinsicproperties cumulateprotein–cellular
interaction, cellular uptake (cross cellular and intracel-
lular), interruption activity (DNA synthesis, oxidative
stress, and other cellular functions), and translocation at
the site of administration. Additionally, other studies such
as evaluation of dose metrics, different properties to bulk
form, mass/number concentration, surface area, aggrega-
tion, electric charge, and optical properties are also taken
into consideration [81–83]. The significant toxicity studies
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include genotoxicity, carcinogenicity, reproductive toxicity,
immunotoxicity, and systemic toxicity. The in vitro toxicity
analysis demonstrates exposure to the cell nucleus, and in
vivo analysis ensures nanomaterials reach the target organ.
The ability of nanoparticles to initiate an immune response
or immunotoxicity results in their irritation and sensitization
potential. The additional toxicity study includes haemocom-
patibility which is based on nanomaterial’s ability to trans-
locate from device to systemic and to induce prothrombotic
effects, platelet activation, and inflammatory and hyper-
sensitivity reactions [59,61,67].

5 Conclusion and future
perspective

This up-to-date snapshot clearly explains the impact of
nanotechnology on dentistry and how it has revolutio-
nized the dental practice worldwide. Various nanotech-
nology-based products such as nanoresin modified-GIC,
nanohybrid composite, nanocomposite resins, and nano-
GIC are there on the market to restore the size, shape, and
aesthetic of teeth. Also, nanotechnology-driven approaches
have now improvized the diagnosis and treatment of dental
caries too. Nano-based products such as Atridox and
Arestin have gainedmuch attention from clinicians to reduce
the bacterial load of the periodontal cavity. However, due to
the unpredictable nature of existing tissue engineering tech-
niques, regeneration of the periodontal tissue still remains a
challenge to clinicians across the world. But, delivery of GFs
to the periodontal cavity along with nanocarriers and scaf-
folds can be considered for this purpose. Also, bone grafts
and implants have shown promising results in periodon-
tology. With the help of nano-anaesthesia and nanorobotics,
dental surgeries are no more dreadful for patients. Although
the communion of nanotechnology and dentistry is still in its
infancy yet, its continuous progression has shown a greater
impact on overall research and commercial translation. Due
to their promising results in in vitro conditions, a large
number of patents have been granted to dental nanoproducts
across the world. However, to assure safety and efficacy,
several clinical trials have been conducted, and many of
them are now completed. The small size of these nanopro-
ducts associates itself with nanotoxicity outcomes and hence
is particularly subjected to FDA approval before marketing
and patient usage and needs to pass the set criteria and pre-
defined standards. In conclusion, it can be said that the
nanotechnology-driven approaches have imparted an edge
to the various dental procedures and serve as a valuable tool

for dental science. However, concerted efforts are required to
address the various issues which could be pertinent to bridge
the gap between its translation from the bench side to the
clinical settings and also to have a substantial effect onmajor
tooth repair using nanodentistry.
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