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The use of micronucleus assay in
exfoliated oral cells in patients
undergoing fixed orthodontic therapy:
a systematic review with meta-analysis

Abstract: The aim of this systematic review was to evaluate published
papers regarding the micronucleus assay in oral mucosal cells of patients
undergoing orthodontic therapy (OT). A search of the scientific literature
was made in the PubMed, Scopus, and Web of Science databases for
all data published until November, 2021 using the combination of the
following keywords: “fixed orthodontic therapy,” “genetic damage”,
“DNA damage,” “genotoxicity”, “mutagenicity”, “buccal cells”, “oral
mucosa cells,” and “micronucleus assay”. The systematic review was
designed according to the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) guidelines. Nine studies were
retrieved. Some authors demonstrated that OT induces cytogenetic
damage in oral mucosal cells. Out of the nine studies included, two were
classified as strong, five as moderate, and two as weak, according to the
quality assessment components of the Effective Public Health Practice
Project (EPHPP). Meta-analysis data revealed no relationship between
mutagenicity in oral cells and OT in different months of treatment.
At one month, the SMD = 0.65 and p = 0.08; after three months of OT, the
SMD =121 and p = 0.07; and after six months of OT, the SMD = 0.56 and
p = 0.11. In the analyzed months of OT, I? values were >75%, indicating
high heterogeneity. In summary, this review was not able to demonstrate
that OT induces genetic damage in oral cells. The study is important for
the protection of patients undergoing fixed OT, given that mutagenesis
participates in the multi-step process of carcinogenesis.

Keywords: Mutagenesis; Micronucleus Tests; Mouth Mucosa.

Introduction

The importance of investigating environmental health is well established,
considering that it focuses on the presence of hazardous agents in the
environment, as well as on the association with possible adverse health
effects. Human biomonitoring studies play a pivotal role because they
are able to estimate exposure based on environmental risk.! Particularly,
human biomonitoring studies provide relevant information about the
risk of carcinogenesis in that these hazardous compounds can induce
mutations or cell cycle disruption.? As a result, several methodologies
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have been proposed in the scientific literature to
monitor and protect human populations against
potential harm.

As usual, mutagenicity assays evaluate chromosome
breakage or loss and sister chromatid exchange.
A great deal of enthusiasm has been dedicated to
the application of the micronucleus test to exfoliated
epithelial cells.* Micronucleus finds its origin in
acentric fragments or even in whole chromosomes
that are not incorporated into the main nuclei of the
daughter eukaryotic cells. It is induced by chemical
compounds that cause chromosome breakage
(clastogens), as well as by chemical agents that affect
the spindle apparatus (aneugens).*

The micronucleus test is a reliable method for
evaluating risk assessment because most tumors
originate from epithelial cells.® It is widely accepted
that a large number of micronuclei in oral exfoliated
cells have been classically utilized as a biological
parameter for mutagenicity based on the exposure
to various carcinogens.® Recently, several research
groups have successfully applied the assay to
populations (adults and children) exposed to
several environmental agents, such as drugs, dental
radiographs, and chemicals.”

Intraoral fixed orthodontic appliances comprise
brackets, bands, archwires, and cements made of
alloys and containing different concentrations of
cobalt, chromium, and nickel. Currently, dentistry
offers a wide range of orthodontic brackets, which
are associated with a growing number of protocols
for orthodontic therapy (OT). Some authors have
claimed that OT induces the occurrence of micronuclei
in oral mucosal cells. Nevertheless, the literature in
the field is contradictory, as other authors have not
confirmed the positive findings as yet.!"'?

Considering the lack of scientific consensus, the aim
of this systematic review was to answer the following
question: Is micronucleus assay in exfoliated oral
mucosal cells a useful tool for biomonitoring patients
undergoing fixed orthodontic therapy?

Methodology

This systematic review was designed according to
the Preferred Reporting Items for Systematic Review
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and Meta-Analyses (PRISMA) guidelines.”® The
following question was proposed: “Is micronucleus
assay in exfoliated oral mucosal cells a useful
tool for biomonitoring patients undergoing fixed
orthodontic therapy?”

Search strategy

Scientific databases (PubMed, Scopus, and Web
of Science) were searched to identify all published
papers with the following keywords: “fixed
orthodontic therapy,” “DNA damage,” “genetic

" ou ”ou

damage,” “mutagenicity,” “genotoxicity,” “buccal

cells,” “oral mucosa,” and “micronucleus assay” for
all data published until November 2021. In addition, a
manual search of the references was made to identify
additional studies. Two independent authors (DVS
and DAR) evaluated the titles and abstracts of all

studies retrieved by means of the search strategy used.

Eligibility criteria

Only those studies that met the following criteria
were included: a) Human subjects; b) Clinical studies;
¢) Studies reporting on OT and micronucleus assay;
d) Studies reporting on OT with oral mucosal cells; €)
Studies written in English; f) In vitro studies, review
articles, commentaries, case reports, and letters to
the editor were excluded from the analysis.

Data extraction

The following data were selected from all studies:
authors, year of publication, study design, country,
number of patients evaluated, sex, age, staining
method, control group, exclusion criteria, metanuclear
changes, blinded review, statistical approach, main
results, and conclusion.

Risk of bias in individual studies

The internal quality of included studies was
evaluated by two independent authors using the
EPHPP (Effective Public Health Practice Project)
modified scale, with some modifications.“If the
article controlled all items, the study was classified
as strong; if the investigation controlled two items,
the study was classified as moderate; and, finally, if
the article controlled one or none of the items, the
study was considered weak.


https://www.sciencedirect.com/topics/medicine-and-dentistry/sister-chromatid-exchange
https://www.sciencedirect.com/topics/medicine-and-dentistry/micronucleus-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/micronucleus
https://www.sciencedirect.com/topics/medicine-and-dentistry/chromosome-breakage
https://www.sciencedirect.com/topics/medicine-and-dentistry/spindle-apparatus
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Meta-analysis

A meta-analysis using a random-effects model
was conducted to estimate cytogenetic damage to
oral exfoliated cells in patients subjected to OT. The
random-effects model with the Der Simonian-Laird
(DS-L) method was performed in this setting and
the standard mean difference (SMD) was used as
an effect measure. The effect size was evaluated by
Cohen’s d statistic.’® The heterogeneity among the
studies was evaluated by using Cochran’s Q test™
and quantified byl? statistics.'® The analyses were
performed using the Cochrane Collaboration Review
Manager software (RevMan v5.4.1, The Cochrane
Collaboration, Oxford, UK).

Results

Study selection

The initial online search yielded 107 publications,
39 of which were redundant and were thus excluded.
After careful evaluation of the titles and abstracts, 68
studies were irrelevant and were excluded from the
study as they were literature reviews, case reports,
letters to the editor, commentaries, or papers not

-l

written in English. The full texts of nine studies
were carefully reviewed by two authors (DVS and
DAR). The search strategy employed is presented
in Figure 1.

General characteristics of the included
studies and treated Patients

As previously mentioned, nine studies were
included (Table 1). Five studies had been conducted in
Brazil """ one study in Italy,” one in India,"’ one in
Turkey,” and one in Iran.?? The age of patients at the
beginning of the orthodontic therapy ranged between
6 and 35 years. Regarding sex, four studies did not
report the total number of females and males. On the
other hand, five studies revealed the ratio between
females and males, which ranged between 10-14 for
males and 12-15 for females (Table 1).

Variables related to orthodontic treatment
and cytogenetic damage

Table 2 outlines the variables related to OT
and genetic damage. All included studies had a
control group, thus ensuring proper comparison.
Most studies established exclusion criteria, such

Figure 1. Flowchart of the selected studies.
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Table 1. Main characteristics of the papers included in the systematic review, listed in alphabetical order of authors

Age of patients

Authors Country Sex
(years)
Angelieri et al.! Brazil 185+ 7 10 males;
. ’ 13 females
Faccioni et al.? ltaly 10.3 + 1.2 14 males;
. ' ' 12 females
Flores-Bracho et al.'” Brazil nov/35 ) Not
informed
Cunha et al.’? Brazil 06/dez i s
informed
Gongalves et al.'® Brazil jul/14 ' Not
informed
Heravi et al.?? Iran dez/20 10 males;
15 females;
Toy et al.?! Turkey 14 +1.79 12 males;
' ’ 18 females
Natarajan et al.™ India 14-24 ' Not
informed
Westphalen et al."? Brazil 16 + 2.54 6 males;
14 females

as smoking, presence of dental restorations, and
drinking habit, or presence of systemic diseases.
Only the investigation made by Angelieri et al."!
did not inform the exclusion criteria.

All studies collected samples from the buccal
mucosa. In addition, the studies conducted by
Natarajan et al.’” and Westhphalen et al.”” obtained
oral mucosal cells from inside the lip. Another
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Treatment

Brackets were composed ofiron(71%), nickel(8%),
and chromium(19%). The archwires were composed

Study design

ofnickel(50.8%), titanium(49.2%) during the 102’ 6 0?:
treatment or stainless steel nickel (8.6%), iron(72.6%), monins
chromium(20%) at the end of orthodontic therapy.
Andresen activator (AA): acrylic resin and two Adam's c g(') ]g)r’]jo’
clasps and a buccalstainless steel arch !
90 days
Brackets were bonded with composite Transbond XT
and followed the Edgewise standard system:
" B . 1-12, 13-24,
0.022” x 0.028" slot and are composed of stainless 2548 and

steel (17.0 to 20.0% chromium, 8.0 to 10.5% nickel,
molybdenum 0.60% max) with stainless steel wires
(0.016”,0.018”, 0.020”, or 0.019” x 0.025").

Haas appliances were formed with stainless steel
bands. They were madeof silver welded onto

>48 months

0.9-mm-diameter stainless steel wire. Wires and bands g’] ! Gnﬁ
were welded with silver solder, and metallic structures months
were bondedwith self-curing acrylic resin
Metallic extensions of the Hyrax expansion screw were
silver-soldered (eight silver-soldered joints in each 70 and
appliance). The bands, according to the manufacturer’s 281dé1 < 6
information, were composed of: Cr, 17-20%; né !
Ni, 8-10%; Mo, max. 0.60%, and Fe; 1o o e
the silver-soldered alloy wascomposed of Ag, 55-57%;
Cu, 21-23%; Zn, 15-19%; and Sn, 4—-6%
Brackets (standard edge-wise, 0.018-in slot). The
bands and brackets were made of stainless steel. The 0 and
archwires used over the course of this study included 9 m(:)nfhs
0.014-in nickel-titanium (NiTi;), 0.016-in stainless steel
and 0.016x0.022-in stainless steel
Transbond XT, Kurasper F Ols]r;géfizd
Orthodontic appliances were composed 0f0.07%
carbon,0.70% manganese, 1% silicon, 1%-17.5% 0 and
chromium,3.0%-5.0% nickel, 3.0%-5.0% copper, 18 months

0.04% phosphorus, 0.04% sulfur, and 0.15%-0.45%

tantalum and niobium

Orthodontic appliances were made of stainless steel
(0.07% carbon, 1.0% manganese, 1.0% silicon,
15.5-17.5% chromium, 3-5% nickel, 3-5% copper,
0.15-0.45% niobium + tantalum)

0 and 30 days

important aspect concerns the adopted staining
technique. Most studies used DNA-specific
staining, as follows: DAPI, Feulgen-Fast green, or
acridine orange.!>17182021 Three studies did not
use specific DNA staining such as Papanicolaou
or Giemsa %192

Taking into account the total number of evaluated
cells, almost half of the studies evaluated 1,000
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Table 2. Variables related to orthodontic treatment, listed in alphabetical order of authors

Authors Ez(r:il’r:SriiZn Cg?g:g' Stain ceEfl: %Z;Oczed ?yr;g’:éiiscicf)j N:(::izi:so{ Blindedreview dsefEZi}iEff:éln
Angelieri et al.! No Yes Feulgen 2 Yes 23 No Yes
Faccioni et al.2° Yes Yes DAPI 1 No 25 No Yes
Flores-Bracho et al.!” Yes Yes Feulgen 2 Yes 95 Yes Yes
Cunha et al."? Yes Yes Feulgen 1 Yes 28 Yes No
Goncalves et al.'® Yes Yes Feulgen 2 Yes 20 Yes Yes
Heravi et al.?2 Yes Yes Giemsa 1 No 25 No Yes
Toy et al.?! Yes Yes gcrr(;crl:gz 2 Yes 30 Yes Yes
Natarajan et al.™ Yes Yes Papanicolaou  Not informed No 40 No Yes
Westphalen et al.'” Yes Yes Giemsa Not informed No 20 Yes Yes

cells per patient, while four studies evaluated 2,000
cells per participant. The studies conducted by
Flores Baracho et al.,”” Cunha et al.,'*> Gongalves
etal,' Toy et al., and Angelieri et al."! performed
cytotoxicity assessments, while the studies conducted
by Faccioni et al.,*® Heravi et al.,” Natarajan et al.,"’
and Westphalen et al.” only evaluated the presence
of micronucleated cells, binucleation, and cell buds.

Blinded review was adopted in five studies,>"1%2!
while four studies did not use blinded review.'**2022
Finally, all publications described the total number of
patients enrolled in the study, but one study did not
explain the statistical test used in the data analysis.”?
These findings are summarized in Table 2.

Main findings

Surprisingly, the data on cytogenetic damage
induced by OT are conflicting. Faccioni et al.’
demonstrated a significant increase in the total
number of micronucleated cells, binucleation and
cell buds in patients undergoing OT at 30, 60, and 90
post-treatment days. The same results were found by
Cunha et al.”? as the authors found a large number
of binucleated cells and cell buds in oral exfoliated
cells at 1 and 3 months after treatment. Toy et al.”!
also detected an increase in binucleated cells at 2,
4, and 6 months after treatment. Natarajan et al.’’
observed an increased number of micronucleated
cells at the debonding of the fixed orthodontic devices.
Likewise, Westphalen et al.” detected an increase in

the total number of micronucleated cells at 30 days
after the beginning of the treatment.

Taking into account all negative data, several
studies indicated that OT was not able to induce
mutagenicity in oral mucosal cells. Flores-Bracho et al.””
demonstrated no statistically significant differences
in volunteers subjected to OT, as they did not find any
differences in the number of micronucleated cells at
12 months of orthodontic therapy. Analogous results
were observed by Heravi et al.”? and Angelieri et al.”

As for cytotoxicity, some papers investigated if
and to what extent OT induced cell death in oral
cells. Considering the specific studies evaluating this
biological parameter by means of the micronucleus
assay in buccal cells, Flores-Bracho et al. detected a
decrease in karyolysis after 48 months of OT. Cunha
etal.”? pointed out an increased number of pyknosis
and karyolysis in the oral exfoliated cells of patients
undergoing OT after three months of treatment. On
the other hand, the results obtained by Angelieri
et al." and Gongalves et al.”® failed to detect any
statistically significant differences for all cytotoxicity
parameters evaluated. All findings described above
are shown in Table 3.

Risk of bias assessment

The quality assessment of all studies is shown
in Table 4. After scrutinizing the nine studies, two
were classified as strong,'”?! five as moderate,'>'8-20
and two as weak.10?2

Braz. Oral Res. 2023:37:e116 5
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Table 3. Main findings of studies evaluating cytogenetic damage following orthodontic therapy, listed in alphabetical order of authors.

Authors

Angelieri et al.!

Cytotoxicity

No significant changes

Faccioni et al.? -

Flores-Bracho et al.!”
Cunha et al.'?

Goncalves et al.'®

™ Karyolysis
MPyknosis and karyolysis

No significant differences

Heravi et al.?? _

Toy et a

|'2]

N Karyolysis

Natarajan et al.™ _

Westphalen et al.’” R

MN: micronucleus; BN: binucleated cells; 1*: increase; -: not performed.

Main findings

Mutagenicity
No significant changes
N MN, BN, and bud cells
No significant changes
M BN and bud cells
No significant differences

No significant differences

Table 4. Quality assessment and final rating of the studies, listed in alphabetical order of authors.

Author Study design Blinding
Angelieri et al.”! Moderate Weak
Faccioni et al.2° Strong Strong
Flores-Bracho et al.'” Moderate Strong
Cunha et al.’? Moderate Strong
Gongalves et al.’® Weak Strong
Heravi et al.?2 Strong Weak
Toy et al.?! Strong Strong
Natarajan et al.™® Strong Weak
Westphalen et al.'” Strong Strong

Five studies were selected for the meta-analysis.
The study by Westphalen et al.”® was excluded,
as the data presented were not mean and standard
deviation (SD). In the study by Heravi et al.,* the
period of comparison between the frequencies of
micronuclei was different, hence the exclusion.
Finally, the studies by Flores-Bracho et al.’” and
Natarajan et al.”” were excluded because the control
group was different from that of other research
studies. It is recommended that the control group
include the same patient so as to minimize bias in
research into micronuclei .

Meta-analysis data revealed no relationship
between mutagenicity in oral cells and OT in different
months of treatment. After one month of treatment,
Tau? = 0.44, Chi*=1 8.56%, p = 0.0003, and I*= 84%,
indicating high heterogeneity. The standard mean

6 Braz. Oral Res. 2023:37:e116

T BN
™ MN
™ MN
Data analysis Confounders Final rating
Strong Strong Moderate
Strong Weak Moderate
Strong Strong Strong
Weak Moderate Moderate
Strong Strong Moderate
Strong Weak Weak
Strong Strong Strong
Strong Weak Weak
Strong Weak Moderate

difference (SMD) value was 0.65, with a 95% confidence
interval (CI) between -0.07 and 1.36 and p-value
equal to 0.08, not showing statistically significant
difference (Figure 2).

After three months of OT, Tau?=1.21, Chi*= 28.34%,
p =0.001, and I?= 94%, indicating high heterogeneity.
The SMD value was 1.21, with a 95%CI between
-0.08 and 2.51 and p value equal to 0.07, showing no
statistically significant difference (Figure 3).

Finally, after six months of OT, Tau? = 0.28, Chi®
= 8.16%, p = 0.02, and I? = 75%, indicating high
heterogeneity. The SMD value was 0.56, with a
95 %ClI between -0.13 and 1.25 and p value equal to
0.11, showing no statistically significant difference
(Figure 4).

Based on these studies, OT was not able to induce
cytogenetic damage in oral cells. In addition, the
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Figure 2. Meta-analysis of the frequency of micronuclei in patients undergoing fixed OT after one month.

Figure 3. Meta-analysis of the frequency of micronuclei in patients undergoing fixed OT after three months.

Figure 4. Meta-analysis of the frequency of micronuclei in patients undergoing fixed OT after six months.

data were heterogeneous, leading to the assumption
that the evaluated studies did not share a common
effect size.

Discussion

Several studies have been conducted to investigate
the possible association between OT and the frequency
of micronuclei in oral cells.’”®? The underlying
rationale behind these studies is based on the
assumption that the continuous release of chemical
agents from metals and cements used in OT can lead
to their incorporation into the oral mucosa, resulting
in genetic damage.”

The findings of this study do not indicate a
relationship between the incidence of micronuclei
in oral mucosal cells and patients undergoing OT.
This was confirmed by the meta-analysis. In order
to evaluate the quality assessment of all studies
included in the review, the following aspects should
be taken into consideration: a) study design, b)
confounding factors, c) blinded review, and d) data
evaluation. The final rating of these studies was
categorized as weak, moderate, or strong.

In the scientific literature, various staining methods
have been employed when using the micronucleus
assay on oral cells, addressing potential confounding
factors. In the review, most clinical studies used

Braz. Oral Res. 2023:37:e116 7
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specific DNA stains, such as Feulgen-Fast Green.
However, it was noted that a considerable number of
studies, around 30%, opted for non-specific stains (e.g.,
Papanicolaou or Giemsa). Considering the absence
of DNA specificity of stains such as Papanicolaou
and Giemsa, the identification of micronuclei poses a
challenge, as the components present in the cytoplasm,
such as bacteria, cytoplasmic granules, or inflammatory
cells, often resemble micronuclei in appearance. In the
study conducted by Natarajan et al.* the data from the
control group showed a mean value of 53 micronuclei.
This is an unusually high finding, considering that
the index for spontaneous micronucleus origin in oral
mucosal cells hovers around 0.3 tol.7%,.% This raises
the possibility of false positive results.

It is important to emphasize that Tolbert et al.?®
proposed some changes in chromatin that might
suggest cytotoxicity, such as karyorrhexis, pyknosis,
and karyolysis. Cytotoxicity is a cause for concern
because it interferes with micronucleus assay
results. If cytotoxicity is high, the micronucleus is
underestimated because micronucleated cells are
not detectable due to cell death. In fact, the studies
conducted by Cunha et al.'? Flores-Bracho et al.,””
and Toy et al.”! demonstrated an increase in the
occurrence of pyknosis and karyolysis in oral mucosal
cells following OT.

The total number of cells evaluated per person
is another biological parameter that plays a pivotal

References

role. The studies conducted by Faccioni et al,* Cunha
et al,"”? and Heravi et al.*? evaluated 1,000 cells per
patient, while the studies by Natarajan et al.'” and
Westphalen et al.”” did not report how many cells
were evaluated. The remaining studies evaluated
2,000 cells per patient. In light of the micronucleus
assay guidelines, it is necessary to evaluate at least
2,000 cells per individual.® Of note, the total number
of cells scored interferes significantly with the quality
of the results.

As previously described in the discussion, these
three factors (type of staining method, number of
cells evaluated, and site of smear collection) can
significantly modulate the frequency of micronuclei
in oral mucosal cells. Nevertheless, other conditions
may also influence the quality of the results. For
example, half of the studies included in this review
did not report on the male to female ratio. This is a
confounding factor, considering that some studies
assumed that the frequency of micronuclei is higher
in females than in males.?

This systematic review did not demonstrate that
OT is able to induce DNA damage to oral cells.

Funding

The authors acknowledge research grants received
from CNPq (Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico, Grant number #001) for
productivity fellowships.

1. Smolders R, Schramm KW, Stenius U, Grellier J, Kahn A, Trnovec T, et al. A review on the practical application of human

biomonitoring in integrated environmental health impact assessment. J Toxicol Environ Health B Crit Rev. 2009 Feb;12(2):107-23.

https://doi.org/10.1080/15287390802706397

2. Valverde M, Rojas E. Environmental and occupational biomonitoring using the Comet assay. Mutat Res. 2009;681(1):93-109.

https://doi.org/10.1016/j.mrrev.2008.11.001

3. Stich HF, Parida BB, Brunnemann KD. Localized formation of micronuclei in the oral mucosa and tobacco-specific nitrosamines in the saliva of
“reverse” smokers, Khaini-tobacco chewers and gudakhu users. Int J Cancer. 1992 Jan;50(2):172-6. https://doi.org/10.1002/ijc.2910500203

4. Geus JL, Wambier LM, Bortoluzzi MC, Loguercio AD, Kossatz S, Reis A. Does smoking habit increase the micronuclei frequency in the

oral mucosa of adults compared to non-smokers2 A systematic review and meta-analysis. Clin Oral Investig. 2018 Jan;22(1):81-91.

https://doi.org/10.1007/s00784-017-2246-4

5. Belién JA, Copper MP, Braakhuis BJ, Snow GB, Baak JP. Standardization of counting micronuclei: definition of a protocol to measure
genotoxic damage in human exfoliated cells. Carcinogenesis. 1995 Oct;16(10):2395-400. https://doi.org/10.1093/carcin/16.10.2395

6. Hopf NB, Bolognesi C, Danuser B, Wild P. Biological monitoring of workers exposed to carcinogens using the buccal micronucleus
approach: A systematic review and meta-analysis. Mutat Res Rev Mutat Res. 2019;781:11-29. https://doi.org/10.1016/j.mrrev.2019.02.006

8 Braz. Oral Res. 2023:37:e116



20.

21.

22.

23.

24.

25.

26.

Souza DV, Takeshita WM, Castro GM, Renno ACM, Santos JN, Ribeiro DA

. Souza DV, Claudio SR, Silva CL, Marangoni KP, Peres RC, Ribeiro DA. Genomic instability in peripheral blood and buccal

mucosal cells of marijuana smokers: the impact of tobacco smoke. Asian Pac J Cancer Prev. 2020 May;21(5):1235-9.
https://doi.org/10.31557/APJCP.2020.21.5.1235

. Alpire ME, Camargo EA, Cardoso CM, Salvadori DM, Pereira CD, Ribeiro DA. In vivo and in vitro analysis of cytogenotoxicity in

populations living in abnormal conditions from Santos-Sao Vicente estuary. Environ Sci Pollut Res Int. 2020 Apr;27(11):12039-46.
https://doi.org/10.1007/s11356-020-07602-0

. Angelieri F, Carlin V, Saez DM, Pozzi R, Ribeiro DA. Mutagenicity and cytotoxicity assessment in patients undergoing orthodontic

radiographs. Dentomaxillofac Radiol. 2010 Oct;39(7):437-40. https://doi.org/10.1259/dmfr/24791952

. Natarajan M, Padmanabhan S, Chitharanjan A, Narasimhan M. Evaluation of the genotoxic effects of fixed appliances on oral mucosal

cells and the relationship to nickel and chromium concentrations: an in-vivo study. Am J Orthod Dentofacial Orthop.
2011 Sep;140(3):383-8. https://doi.org/10.1016/j.0jod0.2010.07.027

. Angelieri F, Carlin V, Martins RA, Ribeiro DA. Biomonitoring of mutagenicity and cytotoxicity in patients undergoing fixed orthodontic

therapy. Am J Orthod Dentofacial Orthop. 2011 Apr;139(4 Suppl):e399-404. https://doi.org/10.1016/j.0jod0.2009.06.029

. Cunha AS, Castillo WO, Takahashi CS, Kiichler EC, Segato RA, Silva LA, et al. Genotoxic and cytotoxic effects of

Haas appliance in exfoliated buccal mucosa cells during orthodontic treatment. Angle Orthod. 2018 Sep;88(5):590-5.
https://doi.org/10.2319/101117-687.1

. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the

PRISMA statement. Ann Intern Med. 2009 Aug;151(4):264-9. https://doi.org/10.7326/0003-4819-151-4-200908180-00135

. Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for systematically reviewing the literature: providing the research evidence for

public health nursing interventions. Worldviews Evid Based Nurs. 2004;1(3):176-84. https://doi.org/10.1111/.1524-475X.2004.04006 .x

. Cochran WG. The Combination of estimates from different experiments. Biometrics. 1954;10(1):101-29.

https://doi.org/10.2307/3001666

. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002 Jun;21(11):1539-58.

https://doi.org/10.1002/sim.1186

. Flores-Bracho MG, Takahashi CS, Castillo WO, Saraiva MC, Kichler EC, Matsumoto MA, et al. Genotoxic effects in oral mucosal cells

caused by the use of orthodontic fixed appliances in patients after short and long periods of treatment. Clin Oral Investig.
2019 Jul;23(7):2913-9. https://doi.org/10.1007/s00784-018-02795-8

. Gongalves TS, Menezes LM, Trindade C, Thomas P, Fenechc M, Henriques JA. In vivo evaluation of the genotoxic effects of Hyrax

auxiliary orthodontic appliances containing silver-soldered joints. Mutat Res Genet Toxicol Environ Mutagen. 2015 Sep;791:25-9.
https://doi.org/10.1016/j.mrgentox.2015.07.007

. Westphalen GH, Menezes LM, Pr& D, Garcia GG, Schmitt VM, Henriques JA, et al. In vivo determination of genotoxicity

induced by metals from orthodontic appliances using micronucleus and comet assays. Genet Mol Res. 2008;7(4):1259-66.
https://doi.org/10.4238/vol7-4gmr508

Faccioni P, De Santis D, Sinigaglia S, Pancera P, Faccioni F, Nocini PF. Short-term “in vivo” study on cellular DNA damage induced by
acrylic Andresen activator in oral mucosa cells. Orthod Craniofac Res. 2019 Aug;22(3):208-12. https://doi.org/10.1111/0cr.12312

Toy E, Yuksel S, Ozturk F, Karatas OH, Yalcin M. Evaluation of the genotoxicity and cytotoxicity in the buccal epithelial cells of patients
undergoing orthodontic treatment with three light-cured bonding composites by using micronucleus testing. Korean J Orthod. 2014
May;44(3):128-35. https://doi.org/10.4041/kjod.2014.44.3.128

Heravi F, Abbaszadegan MR, Merati M, Hasanzadeh N, Dadkhah E, Ahrari F. DNA damage in oral mucosa cells of patients with fixed
orthodontic appliances. J Dent (Tehran). 2013 Nov;10(6):494-500.

Gongalves TS, Menezes LM, Trindade C, Machado MS, Thomas P, Fenech M, et al. Cytotoxicity and genotoxicity of

orthodontic bands with or without silver soldered joints. Mutat Res Genet Toxicol Environ Mutagen. 2014 Mar;762:1-8.
https://doi.org/10.1016/j.mrgentox.2014.01.011

Bonassi S, Coskun E, Ceppi M, Lando C, Bolognesi C, Burgaz S, et al. The HUman MicroNucleus project on eXfoliated buccal cells
(HUMN(XL)): the role of life-style, host factors, occupational exposures, health status, and assay protocol. Mutat Res. 2011;728(3):88-97.
https://doi.org/10.1016/j.mrrev.2011.06.005

Tolbert PE, Shy CM, Allen JW. Micronuclei and other nuclear anomalies in buccal smears: methods development. Mutat Res.

1992 Feb;271(1):69-77. https://doi.org/10.1016/0165-1161(92)90033-I

Fenech M. The cytokinesis-block micronucleus technique: a detailed description of the method and its application to genotoxicity studies
in human populations. Mutat Res. 1993 Jan;285(1):35-44. https://doi.org/10.1016/0027-5107(93)90049-L

Braz. Oral Res. 2023:37:e116 9



