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ABSTRACT

Nanotechnology involves physical, chemical, and biological properties of nanoscale structures and their com-
ponents. Nanotechnology is based on the principle of manipulating atoms and molecules one by one, to create
usable structures. Many advances in health sciences as well as materials’ science, biotechnology, electronic and
computer technology, aviation, and space exploration would be possible because of this technology. The objective
of the study was to conduct a systematic review of the literature to evaluate the applications of nano-technology
in dentistry. Included studies were systematically analyzed based on PRISMA (preferred reporting items for
systematic reviews and meta-analyses), and studies were identified based on PICO (glossary of evidence-based
terms, 2007): random clinical trials (RCT), which have been published in last 6 years and in English language
only. Electronic database search of PubMed, Medline, Cochrane, and clinicaltrials.gov was performed us-
ing MeSH terms: nanotechnology, nanotechnology in dentistry, and nanotechnology in dental practice. Arti-
cles published between 2014-2020 were reviewed, and were included based on inclusion and exclusion criteria.
The authors assessed individual study bias by using Cochrane risk of bias tool to find bias risk assessment. Based
on this systematic review of literature, it can be concluded that advancement in nanotechnology has significantly
influenced dental disease prevention and therapy.
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INTRODUCTION

“Curiosityisthe mother of invention”, and itholds true
in today’s modern era of science and technology. Man’s
quest to create a new technology, which is better and
more efficient, has led to the introduction of nanotech-
nology, a technology that deals with structures ranging
in size of 100 nanometers or less in at least one dimen-
sion [1].

The term “nano” is derived from a Greek word mean-
ing “dwarf”, and first definition of nanotechnology has
been introduced by a Japanese scientist, Dr. Norio Tani-
guchi in 1974. He defined it as a process of separating,

consolidating, and deformating materials by one atom or
one molecule [2]. The late Nobel Prize winning physi-
cist Richard P. Feynman, contemplated the potential
of nano size devices as early as in 1959. In his historic
lecture called “There’s plenty of room at the bottom’,
he concluded by saying: “This is a development, which
I think cannot be avoided”. The term “nanodentistry” was
invented by R.A. Freitas Jr in the year 2000.

The basic idea of nanotechnology is to employ in-
dividualatoms and molecules to construct functional
structures. Nanotechnology has revolutionized all fields
from healthcare to engineering into a new archetype
beyond traditional, and dentistry is no exception.
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Role of nanotechnology in dentistry: a systematic review

The aim of this systematic review of the literature
was to evaluate and summarize the role of nanotechno-
logy in dentistry.

METHODOLOGY

This systematic review was based on PRISMA (preferred
reporting items for systematic reviews and meta-analyses).

FOCUSED QUESTION

Does nanotechnology have an effective role in den-
tistry for management of oral diseases?

SEARCH STRATEGY

The literature was searched systematically, and studies
published between June, 2020 to October, 2020 were taken
into consideration. Electronic database search of PubMed,
Medline, Cochrane, and clinicaltrials.gov were examined
holistically. Key words used for the literature search includ-
ed “Nanotechnology”, “Nanotechnology in dentistry”, and
“Nanotechnology in dental practice”. Articles published in
last 6 years, ie., from 2014 to 2020, were reviewed. Addi-
tionalmanual search was also conducted by two authors,
Akanksha Raj and Ali Atif, for off-line publications. Dupli-
cated and repeated articles were excluded (Figure 1).

INCLUSION AND EXCLUSION CRITERIA

Random clinical trials (RCT) that have been pub-
lished in last 6 years and were published in English lan-
guage only.

Exclusion criteria were articles not relevant to den-
tistry, letters to editor, short or rapid communications,
review articles, observational studies, phase I clinical tri-
als, editorials, case reports, articles published before 2014,
and articles published in any other language than English.

EXTRACTION OF INFORMATION

Data extraction was performed by review author and
an assistant researcher after assessing all selected arti-
cles, such as RCT to evaluate biasing risk, and data was
extracted using data extraction form.

TABLE 1. The domains for the risk of bias assessment

1. Selection bias Random sequence generation

Allocation concealment

PR LT3 (T BTG TETII Done by blinding participants

3. Detection bias Blinding outcome assessors

4, Attrition bias Outcome data not complete

5. Reporting bias

Selective reporting of outcome

| No. of records identified, N = 906 |

I
Y Y

| Database search, n =900 | | Other sources,n=6 |
[ |

v

No. of records after removing duplicates/repeated records, n = 890

Reason for exclusion:
| content not relevant;
studies published
before June 2014

Y

No. of records excluded in title and abstract screening, n = 707

v

No. of full articles assessed for eligibility, n = 193

Reason for exclusion:
Letter to editor=1
Review =37
Editorial =1
Animal studies =18
Full text not found =1
Results not given =2

Y

No. of full articles excluded:

Ex vivo and in vivo studies and
studies other than RCT= 122

Y

No. of articles included for qualitative analysis,n =11

FIGURE 1. Flowchart for the inclusion and exclusion of
the articles

RISK OF BIAS ASSESSMENT

Risk of bias assessment was performed according
to guidelines issued by Cochrane, and was done under
following domains (Table 1). Accordingly, studies were
divided into 3 domains (Table 2).

RESULTS
SEARCH RESULTS AND EXCLUDED TRIALS

900 papers were retrieved in initial electronic search,
and 6 clinical trials were identified when search was per-

TABLE 2. Criteria for the division of studies based on do-
main

Low-risk for all domains

1 or 2 criteria not met, but unlikely to affect quality
or outcome of study

1 or 2 criteria not met and likely to affect quality
or outcome of study

2 or more criteria having high-risk of bias
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TABLE 4. Results

Study Authors

No.

Random
sequence

generation
(selection
bias)

Allocation
concealment
(selection
bias)

Blinding of
participants
(performance
bias)

Blinding
of outcome
assessment
(detection

bias)

Incomplete
outcome data
(attrition bias)

Selective
reporting

Overall risk
assessment

1 Vano etal., 2014 \ \ \ v No dropouts V Low
2 Santos et al., 2014 V v v V Sample size V Low
adjustment done
3 Panditetal., 2015 V No dropouts V Unclear
4 Hegazy etal., 2016 V X X Sample size \V At risk, but
adjustment done unlikely to affect
outcomes
5 Wang et al., 2016 Vv X N v Sample size \V Unclear
adjustment done
6 Freire et al., 2017 + v v \V X V Unclear
7 Priyadarshini et al, N N X N Sample size N Low
2017 adjustment done
8 Amaechietal, 2018 N N \V N Sample size N Low
adjustment done
9 Yaberi et al., 2018 V X V V X V Unclear
10 | Tripathietal, 2019 V vV vV v Sample size V Low
adjustment done
11 Fernando et al, 2019 v V V V Sample size V Low
adjustment done

\ - done; x - not estimated/not mentioned

formed by review authors manually. In first stage of screen-
ing, 194 papers were selected based on the title and abstract.
14 clinical trials were selected, but only 11 were identified
for inclusion, as for 2 clinical trials data was insufficient due
to results not given and for 1 clinical trial, full text could
not be found. 38 review articles, 18 animal studies, and
1 letter to editor, along with 1 editorial were excluded.
In vitro studies and ex vivo studies were also excluded.
Summary of studies are presented in Table 3.

Risk of bias assessment was also performed accord-
ing to guidelines given in Cochrane handbook, and re-
sults are presented in Table 4.

DISCUSSION

Nanotechnology has an effective role in the manage-
ment of the following oral diseases:

1. A study evaluating effectiveness of nano-hydroxy-
apatite (nHA) toothpaste in reducing dentinal
hypersensitivity problem was conducted, and results
showed that nHAP toothpastes had better re-mine-
ralization effects than fluoridated toothpastes [6].
Other study showed that 20% nHA toothpaste or
dental cream has an effective role in treating dentinal
hypersensitivity when applied daily [10].

2. In a double-blinded randomized controlled clinical
trial conducted on 20 teeth of 10 patients of age 18-21

years, showed that 10% of nHA solution has an effec-
tive role in increasing micro-hardness of enamel in per-
manent teeth, following exposure to soft drinks [14].

. A study done on 159 lesions in 50 children of age 6-10

years concluded that effect of applying 5% nano-silver
fluorides annually has same effect as that of 38% silver
diamine fluoride in prevention of caries progression
in primary molars, and also concluded that its” appli-
cation does not stains dentinal tubules [7].

. In cross-over clinical trials, nano-sodium fluoride

(nNaF) can be used as an anti-biofilm, as it has proven
to have bactericidal effects against Streptococcus mu-
tans. Hence, nNaF can be used in clinical control as
well as in prevention of oral biofilm formation [11].

. Nanogen and BoneGen TR can be used to treat infra-

bony periodontal defects as stated by authors, who
conducted their study on 16 individuals in age range
of 20-64 years [8].

. Nano-surface-treated implants: Results have shown

that no statistically significant difference was found
when comparing laser collar and nano-surface-treat-
ed implants in terms of PD, including probing depth,
modified bleeding index, and assessment of implant
mobility at different follow-up intervals. Amount of
bone loss observed was consistent with peri-implant
tissue stability observed at 12 months. Also, bone loss
had not caused any implant mobility [9].
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LIMITATIONS

For the present systematic review, articles published
in English language only were considered, which may
lead to biasing in results and interpretations.

Due to non-availability of sufficient number of clini-
cal trials, effective assessment of various interventions
could not be done.

CONCLUSIONS

It can be concluded that nanotechnology has a pivo-
tal role in prevention and management of oral diseases.
The use of nanotechnology in treatment of dental diseases
has been extended to treat dentinal hypersensitivity, den-
tal tissue re-mineralization, treatment of dental implant’s
surface, prevention of formation of oral biofilm, and pre-
vention of progression of dental caries [17]. Nanotechno-
logy in dentistry may have an important role in maintain-
ing oral health, but the risk and toxicity associated with
these nano-therapeutics may need extensive research for
better understanding [18, 19].
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