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RESUMO

Produtos over-the-counter (OTC) surgiram no inicio dos anos 2000 nos Estados Unidos
como alternativa para pacientes que ndo possuiam condi¢des financeiras de procurar um
cirurgido-dentista, mas que buscavam tratamentos clareadores, esses produtos possuem
baixas concentracdes de peroxido de hidrogénio e, dependendo a legislagcao de cada pais,
podem ser comercializados sem a prescricdo de um profissional da odontologia. A
literatura contém uma variedade de estudos clinicos e laboratoriais que utiliza produtos
OTC, e mostra que eles proporcionam efetiva alteragdo de cor dos elementos dentais,
porém, carece de uma revisao que possa incluir todos os tipos de produtos descritos de
forma a se comparar a alteracdo de cor proporcionada por cada um deles, e se eles
conseguem atingir uma altera¢@o de cor semelhante a clareamentos convencionais. Essa
tese tem como objetivo geral, avaliar a eficidcia de clareadores over-the-counter na
alteracdo de propriedades Opticas e mecanicas de dentes, e levantar seus possiveis efeitos
adversos. Objetivo especifico 1: Realizar uma revisao sistematica de ensaios clinicos
randomizados para avaliar a alteracdo de cor e efeitos adversos de clareadores over-the-
counter. Objetivo especifico 2: Avaliar in-vitro, o impacto de produtos over-the-counter
nas propriedades opticas (alteragdo de cor e brilho) de dentes bovinos submetidos a
tratamento ortodontico simulado. Objetivo especifico 3: Avaliar in-vitro, o impacto de
produtos over-the-counter nas propriedades mecanicas (rugosidade superficial e
cisalhamento) de dentes bovinos submetidos a tratamento ortodontico simulado. Apds a
andlise dos dados, foi possivel concluir que: 1) Produtos over-the-counter atingiram
resultados satisfatorios na alteragdo de cor, com pouco ou nenhum impacto na
sensibilidade dental, mas os estudos apresentaram baixa certeza de evidéncia. 2) Com
excecdo dos dentifricios com peroxido, os clareadores over-the-counter testados
apresentaram resultados de alteragdo de cor semelhante ao clareamento de consultorio.
Nenhum dos grupos apresentou diferenga na alterag@o de brilho. 3) Os produtos over-the-
counter testados nao influenciaram nos resultados de propriedades mecanicas dos dentes

submetidos a tratamento ortoddntico simulado.

Palavras-chave: Alteragao de cor. Clareamento dental. Produtos over-the-counter.
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ABSTRACT

Over-the-counter (OTC) products appeared in the early 2000s in the United States as an
alternative for patients who could not afford a dentist but sought bleaching treatments.
These products have a low hydrogen peroxide concentration and may be sold without a
prescription from a dental professional, depending on the legislation of each country. The
literature includes several clinical and laboratory studies using OTC products, showing
they effectively change the color of dental elements. However, it lacks a review that may
use all described products to compare color changes and whether they promote color
changes similar to conventional bleaching. The general objective of this thesis is to assess
the efficacy of OTC bleaching agents in changing the optical and mechanical properties
of teeth, identifying potential adverse effects. Specific objective 1: To perform a
systematic review of randomized clinical trials to assess color changes and adverse effects
of OTC bleaching agents. Specific objective 2: To asses in vitro the impact of OTC
products on the optical properties (color and gloss changes) of bovine teeth subjected to
a simulated orthodontic treatment. Specific objective 3: To asses in vitro the impact of
OTC products on the mechanical properties (surface roughness and shear) of bovine teeth
subjected to a simulated orthodontic treatment. The analyzed data concluded that: 1) OTC
products achieved satisfactory color change outcomes with little or no impact on tooth
sensitivity, but the studies presented a low certainty of evidence. 2) Except for dentifrices
with peroxide, the tested OTC bleaching agents presented color change outcomes similar
to in-office bleaching. Gloss did not change in any group. 3) The tested OTC products
did not influence the mechanical property outcomes of teeth subjected to a simulated

orthodontic treatment.

Keywords: Tooth bleaching. Over-the-counter products. Color change.
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1. INTRODUCAO E JUSTIFICATIVA

O escurecimento dos elementos dentais ¢ uma condi¢do que pode ser causada por
fatores intrinsecos; como genética ou idade, ou fatores extrinsecos; relacionados a
condi¢des ambientais, alimentagdo, ou habitos como tabagismo ou ingestao de bebidas
pigmentadas (Hattab et al., 1999; Sulieman, 2005), essa condi¢ao tem influéncia direta
em fatores psicoldgicos e na autopercepcao estética, afetando diretamente a qualidade de
vida de pacientes (Hofel et al., 2007; Carey, 2014). Essa busca por estética vem levando
a um crescente aumento na procura por procedimentos de clareamento dental em clinicas
odontoldgicas nas ultimas décadas, influenciada também pelo fato desses procedimentos
serem minimamente invasivos, e apresentarem resultados satisfatorios em um curto
intervalo de tempo (Kihn, 2007; Brunton et al., 2012).

O agente clareador mais utilizado durante o clareamento de consultorio ¢ o
perdoxido de hidrogénio (H202), uma molécula altamente instavel que se quebra liberando
radicais hidroxila, responsaveis pela quebra dos cromogenos, resultando em alteragdo de
cor do elemento dental (Féliz-Matos et al., 2014; Epple et al., 2019). O peroxido de
carbamida ¢ uma alternativa para o clareamento dental, € ¢ uma molécula maior que se
divide em peroxido de hidrogénio e ureia, necessitando um maior tempo de uso para que
resulte em uma acdo de clareamento eficaz (Peixoto et al., 2018).

O clareamento dental idealmente deve ser realizado sob supervisdo do cirurgiao-
dentista, que pode utilizar a técnica de consultorio (in-office), na qual o agente clareador
com alta concentracdo de peroxido € aplicado sobre a superficie vestibular dos elementos
dentais que o profissional deseja alterar a cor (Altinsik et al., 2023), ou a técnica de
clareamento caseiro (at-home), na qual, uma moldeira personalizada ¢ confeccionada para
o paciente a partir de um modelo obtido do mesmo, para que o paciente aplique o agente
clareador com uma menor concentragao de peroxido de hidrogénio na superficie interna
da moldeira e utilize em sua rotina didria (de Geus et al., 2016).

Porém, no inicio dos anos 2000 varios produtos com baixas concentracoes de
peroxido de hidrogénio passaram a ser comumente disponibilizados em farmacias,
supermercados e lojas em geral, e podiam ser vendidos sem a prescricdo de um
profissional da odontologia, - s3o os produtos over-the-counter (OTC) (Ghalili et al.,
2014). A comercializacdo destes agentes foi incentivada e popularizada nos Estados
Unidos como uma forma de facilitar o acesso a procedimentos clareadores a populagao
que ndo possuia condi¢des financeiras para buscar um cirurgido-dentista (Demarco et al.,

2009).
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Esses produtos sao comercializados principalmente na forma de fitas, dentifricios,
bochechos, goma de mascar e vernizes (Hasson et al., 2006, Caldas et al., 2014) e, a
legislagdo a respeito de sua comercializacdo pode variar de acordo com a agéncia de
vigilancia de cada pais (Demarco et al., 2009). Apesar da facilidade dos pacientes em se
obter esses produtos, deve-se ressaltar que a automedicacao pode causar efeitos adversos
quando sdo usados de forma inadequada, podendo causar alteragcdes na morfologia do
esmalte dentario, e nas propriedades dos materiais restauradores, sendo indicado sempre
buscar a orientacdo de um professional antes de se utilizar qualquer agente clareador
(Tostes et al., 2009, Lima et al., 2010).

O forte investimento de propaganda sobre esses produtos, associado a busca
desenfreada por estética, faz com que pacientes se sintam atraidos pela facil oferta de
alteracdo de cor dos elementos dentais, mesmo sem a comprovagdo cientifica de sua
efetividade, especialmente em situagdes em que a autoestima dos pacientes ja pode estar
afetada, como por exemplo, durante tratamentos ortoddnticos com aparelhos fixos
convencionais (Consolaro et al., 2013; DeFreitas et al., 2021).

Sabe-se que o momento ideal para se realizar o tratamento clareador seria apds o
término do tratamento ortoddntico, j4 que durante o mesmo, os dentes podem estar
sobreposicionados ou intruidos de maneira desarmonica, o que levaria a uma alteracio de
cor maior em alguns elementos do que em outros, além disso, a utilizacao de aparelhos
fixos convencionais favorece o acimulo de placa, o que prejudicaria a eficicia do
tratamento clareador (Consolaro et al., 2013). Porém, desde que seja realizado sob
supervisao de um profissional, € possivel indicar e obter bons resultados de clareamento
em pacientes sob tratamento ortodontico (Jadad et al., 2011). Além disso, devemos levar
em consideragdo a facilidade de acesso a esses produtos através de plataformas de vendas
online, na qual sdo comercializados indiscriminadamente, atraindo os pacientes (Naidu et
al., 2020).

A literatura contém uma variedade de estudos clinicos e laboratoriais que utiliza
produtos OTC, e mostra que eles proporcionam efetiva alteragdo de cor dos elementos
dentais (Bizhang et al., 2009, Jiang et al., 2018, Kim et al., 2018), porém, carece de uma
revisdo que possa incluir todos os tipos de produtos descritos de forma a se comparar a
alteracdo de cor proporcionada por cada um deles, e se eles conseguem atingir uma
alteracdo de cor semelhante a clareamentos convencionais. Logo, um dos nossos
objetivos foi realizar uma revisao sistematica de forma a se mapear os tratamentos OTC

disponiveis para se responder as perguntas, ‘Os métodos clareadores over-the-counter
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podem atingir resultados de alteracdo de cor tdo satisfatorios quanto os métodos
convencionais? Quais métodos de clareamento over-the-counter apresentam os melhores
resultados de alteracdo de cor?’. A hipotese do nosso estudo € que ndo existiria diferenca
estatistica de alteracdo de cor entre os tratamentos OTC, e que eles apresentem resultado
de alteracao de cor menor do que clareamentos convencionais.

Sabe-se que o agente clareador, a base de peroxido de hidrogénio, atua por difusao
nas estruturas dentais (Féliz-Matos et al., 2014), porém a literatura ainda ¢ incerta sobre
a efetividade de clareadores over-the-counter sob a regido de instalagdo dos braquetes
ortodonticos. Assim, nosso segundo estudo teve como objetivo, avaliar in-vitro a
alteracdo de propriedades Opticas proporcionada por diferentes produtos OTC (colutoério,
dentifricio e paint-on) em dentes bovinos sob tratamento ortodontico simulado. A
hipdtese do estudo € que ndo haveria diferenca de alteragdo de cor entre os grupos e nem
entre os pontos de avaliacdo. E por fim, sabendo do risco de agentes clareadores causarem
alteragcdes morfologicas em esmalte dentdrio, e nas propriedades dos materiais
restauradores, nosso terceiro estudo teve como objetivo, avaliar in-vitro a alteragdo de
propriedades mecanicas de produtos OTC em dentes bovinos sob tratamento ortodontico
simulado, partindo da hipdtese de que nao haveria diferenga nas propriedades mecanicas

entre os grupos de tratamento e os grupos controle.
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2. Objetivos
Objetivo Geral
Avaliar a eficacia de clareadores over-the-counter na alteracdo de propriedades Opticas,

mecanicas e avalias os seus possiveis efeitos adversos

Objetivos especificos

Objetivo especifico 1

Capitulo 1 - Assessment of color changes and adverse effects of over-the-counter
bleaching protocols: a systematic review and network meta-analysis

Realizar uma revisdo sistematica de ensaios clinicos randomizados para avaliar a alteracao

de cor e efeitos adversos de clareadores over-the-counter

Objetivo especifico 2

Capitulo 2 - Impact of over-the-counter bleaching products on teeth with orthodontic
brackets: an in vitro assessment of optical properties - part I

Avaliar in-vitro, o impacto de produtos over-the-counter nas propriedades Opticas (alteragao

de cor e brilho) de dentes bovinos submetidos a tratamento ortodontico simulado.

Objetivo especifico 3

Capitulo 3 - Impact of over-the-counter bleaching products on teeth with orthodontic
brackets: an in vitro assessment of mechanical properties - part II

Avaliar in-vitro, o impacto de produtos over-the-counter nas propriedades mecanicas
(rugosidade superficial e cisalhamento) de dentes bovinos submetidos a tratamento

ortodontico simulado.
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Abstract

Objectives To assess color change efficacy and the adverse effects of varied over-the-counter {OTC) bleaching protocols.
Methodology The study included randomized climical trials evaluating color changes from OTC bleaching agents. Nine
databases were searched. including the partial capture of the grey literature. The RoB2 tool analyzed the individual risk
of bias in the studies. Frequentist network meta-analyses compared treatments through common comparators {AEab* and
ASGU color changes, and tooth sensitivity), integrating direct and indirect estimates and osing the mean and risk differences
a5 effect measures with respective 95% confidence intervals. The GRADE approach assessed the certainty of the evidence.
Results Owerall, 37 remaining studies constituted the qualitative analysis, and ten composed the meta-analyses. The wotal
sample included 1.932 individuals. AEab® was significantly higher in groups 6% hydrogen peroxide (HF) strips (= 14 h).
ASGU was significantly higher in groups at-home 10% carbamide peroxide (CP) (= 14 h). followed by 6% HP strips (= 14 h)
and 3% HP strips (= 14 h). At-home 105 CP(7-13 h) and placebo showed lower nisks of tooth sensiuvity without significant
differences between these treatments.

Conclusion Considering the low level of evidence, OTC products presented satisfactory short-term effects on tooth bleaching
compared to the placebo, with little to no impact on dentin hypersensitivity and gingival irmitation.

Clinical Relevance.

OTC products are proving to be practical alternatives for tooth whitening. However, patients should be advised about the
possible risks of carrying out such procedures without professional supervision.

Keyword Dentin sensitivity - Tooth bleaching - Tooth bleaching agents - Over-the-counter
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Intraduction

Over-the-counter (OTC) products appeared in the early
20005 and represent bleaching agents that are available in
drugstores, supermarkets, and general stores [1, 2]. These
products. encompassing strips. dentifrices, paint-on gels,
mouthwashes, chewing gum, and varnishes, are self-appli-
cable and commonly marketed without the need for den-
tist supervision [3]. They contain hydrogen or carbamide
peroxide in their composition. although the concentration
may vary according to the regulatory agency of each coun-
try [4]. While some regions, such as Europe, prohibit the
commercialization of whitening products with hydrogen
peroxide concentrations exceeding 0.1% without dentist
supervision [5], OTC products are classified as “cosmet-
ics” in other locations. This categorization facilitates their
worldwide purchase through online sales without neces-
sitating a prescription [4, 5).

Although several clinical studies have used methodolo-
gies with OTC products demonstrating significant color
changes, the delivery methods present various application
protocols [6-10]. Such a scenario opens comparison pos-
sibilities that are unfeasible for conventional randomized
clinical trials becanse of the need for numerous groups
and samples [11. 12].

MNetwork meta-analyses (NMA) create simuoltancous
direct and indirect estimates and are applied to these
cases o integrate several groups [13]. Moreover, system-
atic reviews promote the data survey of possible adverse
effects in tooth bleaching procedures with OTC products.
Considering that these products are not individualized, the
occurrence and intensity of dentin hypersensitivity and
gingival irntation are concerming [ 14, 15].

Considering the variety of OTC products available and
their easy purchase and use. the primary objective of this
systematic review was to map the global scientific litera-
ture to assess the color change efficacy from different OTC
bleaching protocols. The secondary goal was to evaluate
the adverse effects of the various techniques.

Methodology
Protocol registration

The protocol of this sysiematic review was reported
according to the PRISMA-F (Preferred Reporting Items
for Systematic Eeview and Meta-Analysis Protocols)
guidelines [16] and registered in the PROSPERO data-
base (hip/fwww.ord. york. ac.uk/PROSPERO) under
CRD42021276125. The systematic review was produced

@ Springer

according to the JBI Manual for Evidence Synthesis [17]
and reported following the PRISMA-NMA {Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses) guidelines [18]. There were no deviations from the
registered original protocol.

Research question and eligibility criteria

This systematic review aimed o answer the following guid-
ing guestion based on the PICOS acronym (Population,
Intervention, Comparator, Outcome, and Study design): “In
adult patients undergoing vital woth whitening. does the
application of over-the-counter whitening protocols resolt in
a superior effect on color change when compared o placebo
or dentist-supervised protocols?. To compare their effec-
tiveness, we included compansons between dentist-super-
vizsed reatment to evaluate if OTC treatment can reach the
same results in color change as the gold standard treatments.
Additionally, we also included comparisons between OTC
products and placebo treatments to analyze if these products
would provide real effects for color change, and comparisons
between different OTC bleaching protocols.

Inclusion criteria

# Population: Aduolt individuals subjected to tooth bleach-
ing in vital teeth;

# [ntervention: At least one group treated with OTC prod-
ucts composed of hydrogen peroxide (HP) or carbamide
peroxide (CF), regardless of the concentration or applica-
tion method;

# Comparator: OTC products based on HF or CP, placebo
inegative control), or conventional at-home andfor in-
office tooth bleaching methods, regardless of the bleach-
ing agent (positive control );

# Outcomes: Color changes after tooth bleaching (AEab*
f ASGL) as the primary outcome, and adverse effects,
such as dentin sensitivity or gingival irritation, as a sec-
ondary outcomes;

* Study design: Parallel or split-mouth randomized clinical
trials without restricting publication year or language.

Exclusion criteria

* Stwdies with participants subjected to tetracycline stain-
ing;

# Studies with participanis undergoing orthodontic treat-
ment;

& Swdies that did not clearly describe the used bleaching
technigue.
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Information sources and search

The electronic searches were performed until December
2021 in the Cochrane Library, Embase, LILACS, MedLine
(via PubMed), SciELO, Scopus, and Web of Science data-
bases. Google Scholar and ProQuest partially captured the
"arey literature” to reduce selection bias. An update was
performed up to January 2023 in the MedLine (via PubMed)
database. The search strategies in each database agreed to
their respective syntax rules (Table 1).

Study selection

The results obtained in the primary databases were initially
exported to the EndMote Web™ software (Thomson Reu-
ters, Toronto, Canada) for cataloging and deduplicating. The
"grey literature” results were exported to Microsoft Word
(Microsoft™, Lid, Washington, U5A) for manually extract-
ing duplicates.

The results were exported to Rayyan QCRI software
(QJatar Computing Research Institute, Doha, Qatar) [19] for
study selection. Two reviewers performed all phases inde-
pendently, and in case of disagreements, a third reviewer
(LRP) was consulted for a final decision. Examiners were
considered eligible for the subsequent phase only after
reaching an agreement of Kappa = (.81, and this procedure
was applied for all steps of the systematic review. In the first
phase, the titles were read and those unrelated to the topic
were excluded. In the second phase, the abstracts were evalu-
ated with the initial application of the eligibility criteria. The
titles that met the study objectives but did not have abstracts
available were fully analyzed in the next phase. In the third
phase. the full texts of eligible articles so far were read to
verify whether they met the eligibility criteria. If the full
texts were not found, a bibliographic request was made o a
library database, and e-mails were sent to the corresponding
author up to three times within 15 days to obtain the texts.
Full texts published in languages other than English or Por-
tuguese were translated for applying the eligibility criteria.

Data collection process

A calibration exercise was performed before data extraction,
in which the reviewer's extracted information from three
eligible studies jointly to ensure consistency. Mext, the full
texts of the selected articles werne reviewed, and the fol low-
ing data were systematically extracted: (a) study identifica-
tion (author, year, location, and funding sources); (b) sample
characteristics (the number of participants, distribution by
sex, and mean age): (c) bleaching protocol (OTC product
and application method); (d) contact time between the
bleaching agent and the tooth surface; (e) assessment meth-

oids for color changes (spectrophotometry / Vita scale) and
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sensitivity: (f) outcomes of color changes (AEab* [ ASGL),
tooth sensitivity, and gingival irritation; (g) follow-up time
for post-bleaching color assessment. The corresponding
author was contacted via e-mail in the case of incomplete
or insufficient information.

The color change estimate could be extracted using
two metrics. The first is the Commission [nternationale de
L'Eclairage (CIE) LAB coordinates system. an objective
method to evaluate color change using a spectrophotometer.
This system is based on the luminosity (L* coordinate ) and
the a* (red-green axis) and b* {yellow-blue axis) chromatic-
ity coordinates. The result is calculated wsing the following
formula: AEab == L1 = L2)F + (al — a2)* + (bl = b2
[20]. The second is a subjective method based on the Vita
Shade Guide (Vita Zahnfabrik, Sackingen. Germany). Ini-
tially, the shade units are ranked by their value, according to
the manufacturer. and the operator can use a spectrophotom-
eter or visually evaluates the initial and final color using the
Shade Guide. The difference 15 showed as the ASGU [21].

Only studies that reported mean values and respective
standard deviatons of AEab* or ASGU were included in
this NMA.

Risk of bias within individual studies

Two reviewers (MNO and MTCV) independently assessed
the individual risk of bias in the eligible studies with the
Risk of Bias Tool of the Cochrane Collaboration (version
2.0) (RoB2) for randomized clinical trials. This wool con-
sists of five domains: bias from the randomization process,
bias due to deviations from the intended interventions, bias
from missing outcome data. bias from outcome measure-
ments, and bias from the selection of the reported result.
Each domain was assessed according to the algorithms pro-
posed in the RoB2 manuval and included signaling questions
with "yes," “probably yes," “probably not,” "no." or "no
information” as potential answers. These answers showed
the occurrence and provided the base to judge the risk of
bias at the domain level, which could be “high nsk,” "some
concerns,” or “low risk.” The article had a "low nsk" of
bias if all domains had a low risk, “some concerns” 1f at
least one domain showed some concerns, and a "high risk™
of bias if at least one domain presented a high nisk, or sev-
eral domains showed some concerns. Reviewer disagree-
ments were solved by discussing and consulting with a third
reviewer ( LRP).

Data synthesis
Three review outcomes were quantitatively analyzed:
AEab*, ASGLU, and tooth sensitivity. Firstly, we performed

pairwise comparisons with available head-to-head data.
Treatments were grouo inte common nodes based on
g
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Table 1 Svapegies for database search

[atabase Search Swrategy {until December, 2021 ) and Update (until January, 3023)
Main databases
PubMed #1 “Tooth Bleaching™[Mesh] OR “Teeth Whiten* [t | OR “Tooth Whiten® " [tw] OR “Teeth

hinpaiwoww meba nlm_mb. govipubmid

Embase

hnpiiwww.embase oom

Scopus

hnpiiwww.soopus.com'

SaELD
hnpsiscieleorg!

LILACSE
hinpssilass bvsalud org’

Wb of Scence
hpeiapps. webolknowledge com/

Cochrane Library
hnpsfwww cochranelibrary. con'

Cirey Literanare
Gisogle Scholar
hnpsischalar. google. oo, brf

ProQwes

hipsswww proguesi. comd

Bleaching“[tw] OR “Esthetics, Dental”"[Mesh]| OR “Dental Esthetse®*[pw] OR “Cosmetic
Drennisr* = [rw]

#1 “Tooth Bleaching Agenis™[Mesh] OR “Teeth Whitenng Agent*™[ow] OF “HBlesching Agents"[Mesh)
OR “Bleadhing Product®*[rw] OR “Whitening Agent* [ow] OR “Owver the Counter'[ow] OR
SOTC [ow] OR “An Home™[tw] QR “Mon-prescription”ow | OR “Dentfraces"[Mesh] OR
“Toothpasies“[Mesh] OF “Mouthwashes™ | Mesh] OR “Whiesnp*“[rw] OR “Sirnp*[ow] OR “Paint
O [w]

#1 AND #2

#1 ‘tooth whiteningVexp OR woth wihitening' OR ‘demal procedurefexp OR “dental procedure’

#21 1ooth bleaching agentVexp OR ‘woth Meaching agent’ OR ‘bleaching agent'exp OR bleaching agent’
OR 'mon prescription drugfexp OR ‘non prescription drug” OR ‘oothpasie'exp OR oothpase’ OR
‘meouthwashexp OR ‘mouthwash’

#1 AND #2

#1 TITLE-ABS-KEY “tooth bleaching™ O “weeth whiten®" R “wsoth whiten®* OR “1eeth bleaching™
OR “eathetics, dental™ OR “dental esthetsc ™ OR “cosmenc dentig®™

#2 TITLE-ABS-KEY “tooth bleaching agens’ or “weeth whitening agent®" or “bleaching agents™ or
“bleschirg prodsct*™ or “whitening ageal®” or “over the couwnter™ or “ole™ or “al home™ or “non-pre-
seription” or “dentiirces™ or “wwathpasies” or “mowbwashes” or “whilestnp® or “swp™ or “painl on™

#1 AND #2

(“Tooth Bleaching Agents™ OR “Teeth Whitening Agents™ OR “Bleaching Agents™ OR “Bleaching
Products™ OF “Whitening Agent™ OR “Owver the counter™ QR “0TC O A1 Home™ OF “Non-
prescription” O “Dentifrices” OR “Tosbpasies” OR “Moubhwahes” OB “Whiestrips™ OB “Suwrips”
O “Paint ™)

#1 mh:(ooth bleaching) OR (1eeth whiten® ) OR (tooth whiten® j QR (1eeth bleaching) OR mb:{eshetics,
dental) OR (denal esthene®) OR (cosmenc dentig*)

#1 mh:(ooth bleaching agents) OR (teeth whitening agent®) OR mhcibleaching agem® ) OR (bleaching
product®) OR (whitening agent® ) OR (over the counter ) OB (OTC) OR (a1 bome) OR {non-prescrip-
ton OB mhel denifrices) OF mboipoathpasies) OR mb:imouthwashes) OR {whitestrip® ) OR (srip*)
OR (paml on)

#1 AND #2

#1 TS ={"wath bleaching™ OR “weeth whitening™ OR “woth whitening™ OB “eeth bleaching™ (R
“estheties, demtal” OR “dental estheties™ OR “cosmetie dentisiry™)

#2 TS ={"woth Meaching agents™ or “1zeth whitening agent®” or “bleaching agenis™ or “bleaching
products” or “whitening agents” or “over the counter™ or “ole™ or “al home™ or “non-prescraplaon’ o
“dentifrices™ or “roathpastes” or “mowtbhwashes” or “whitestaps”™ or “sirips™ ar “paial on’)

#1 AND #2

#1 “woth bleaching™ OR “1eeth whiten®™ OF “wooth whien™®" (R “weeth bleaching™ OB “eshetics,
dental” OR “dental esherc™ OR “cosmetic demis=

#21 “woth bleaching agents™ or “leeth whitening agent*™ or “bleaching agens™ or “bleaching product*
or “whitening apent*” or “over the cownter™ or “otc”™ or “at home™ or “non-prescrpiion” or “denti-
fraces™ or “wothpases” or “mouthwashes” or “whitestnp*™ or “srp* or “paint on™

#1 AN #2 i trials

allinnitle: whitening over-the-counter OF dentifrice OR whiesirips OR mouthwashes “beachmg™

(00" Tooth bleaching” OR “Dental Esthenc™) AND (“OTC" OR “Non-prescription”™) AND (*Clinical
Tral”)j)

The MeSH {Medical Subject Headings), DeCS (Health Sciences Deseriptors), and Emiree (Embase Subject Headings) resources provided the
descriplors, Moreover, synonyms and free words composed the seanch. The Boolean operators “AND" and "OR® improved the strategy with sev-

eral combinalions
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each OTC bleaching product and respective use protocol.
The treatments were grouped according to the delivery
method (i.e., strips, gel), bleaching agent (HP or CF) and
its respective concentrations, and the duration of the con-
tact between the bleaching agent and the tooth structure.
For example. in Kim et al., 2018 [10], the treatments were
performed twice daily for 30 min each, for four weeks,
totalizing 28 h of contact between the bleaching agent and
the teeth. Although classification decisions were arbitrary
and may compromise the outcomes, the lack of group-
ing would merge several OTC products and contribute
to network incoherence. Subsequently, a random-effects
frequentist NMA compared multiple OTC bleaching pro-
tocols through common comparators by integrating direct
and indirect estimates [13]. Transitivity was evaluated by
comparing the distribution of important covariates across
comparisons [22]: sex, age, and follow-up assessment time
point for AEab*; age and follow-up assessment time point
for ASGU: and only follow-up assessment time point for
tooth sensitivity [23]. We must anticipate that all analyses
were conducted using data from the second week of fol-
low-up; the low number of comparisons precluded analy-
ses using other time points. Random-effects models with
the Der-Simonian and Laird variance estimator [ 24)] were
preferred over fined-effects models based on the deviance
information criterion { DIC). Gingival irritation was narra-
tively described due to the very low density in the network.

The effect estimate was the mean difference (MD)
instead of standardized MD (SMD), as studies used com-
parable scales for the assessed outcomes and to prevent
the standard deviation (SD) effect on SMD estimates. For
the tooth sensitivity cutcome, we used the risk difference
(RD). The 95% confidence intervals (CI) were calculated
for all estimates. Direct, indirect, and network estimate
(0.05 significance level) comparisons evaluated local
incoherence.

League tables presented the outcomes, and each treat-
ment was ordered from best to worst according to the rank-
ing probabilities of treatment effects. The Metalnsight,
version 5.1.2, hosted all analyses.

Geometry of the network

The geometry of the networks was explored wsing conven-
tional measurements of number of nodes and edges as well
as additional metrics of density (the ratio between real and
possible edges) and number of strong edges (edges with
more than one trial) [25]). Edges proportional to the num-
ber of arms in the cormesponding pairwise meta-analysis
represented direct comparisons among the varions OTC

bleaching protocols.
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Assessment of inconsistency

The presence of inconsistency in NMAs was assessed by
examining the agreement between direct and indirect effect
estimates. When applicable, the difference between head-to-
head and indirect estimates was calculated, along with the
respective 95% confidence interval.

Certainty of evidence

The GRADE tool classified the certainty of evidence of
treatment effect estimates for the network meta-analysis
[26, 7). First, the certainty of evidence evaluation of each
direct comparison verified the risk of bias, inconsistency,
indirectness, and publication bias. Indirect comparisons
considered the first-order loop with the lowest certainty and
eviluated intransitivity. Finally, concerns of imprecision or
incoherence in the network meta-analysis caused certainty
of evidence downgrading. The certainty of evidence could
be high, moderate, low, or very low [26].

Results
Study selection

The first study selection phase yielded 18,564 results distnb-
uted in nine electronic databases, including the “grey litera-
ture.” After removing duplicates, 12,614 results remained for
analysis. A careful reading of titles and abstracts excluded
12,535 articles. Five of the 79 remaining studies were not
found, and 74 were fully read, of which 37 were excluded.
Appendix 51 describes the reasons for exclosions. The 37
remaining articles constituted the qualitative analysis, and
ten composed the meta-analyses (Fig. 1).

Characteristics of eligible studies

The articles were published between 2001 and 2022 and per-
formed in 12 countries, with 20 studies in America [28-47],
12 in Europe [1, 6, 7. 9, 48-55). and five in Asia [ 10, 56-59].
Two studies [9, 41] had a split-mouth design, and the others
were parallel. 27 articles declared funding sources [10, 28,
30, 31, 3343 _48-57].

The total sample included 1,932 participants, with 548
men and 1,177 women in studies reporting the sex of par-
ticipants. The age group ranged between 15 and 79 years.
Among the products used, 25 studies tested the whitestrips
(HF concentration ranging from 5,3% to 14%) [1. 10, 28-30,
3347, 51, 52, 54, 56, 57], 13 swdics evaloated paint-on
products (HP concentration ranging from 3 to 9%) [7, 9, 10,
31, 32, 37, 38, 49, 50, 53, 56-58], three studies tested OTC

@ Springer
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[ Identification of studies via databases and registers ]
Records identified from: R bah .
. ecords removed before screening:
Main databases (n=18448) |  Grey lilerature (n=116); mg
. Main databaszes:
= Cochrane Library (n=575} « Googla Scholar (r=3) « Dk :
. - o plicate recards removed by aulermalion logks (n=3731)
. EITEEE‘SE[{;EB:BE;: * Prouast (n=113) * | . Duplcate records remaved manugly (=2219)
= MedLine via FubMed {n=1333) - i
= Scopus [n= 3849) + Duplicate records mmoved manually (n=0}
= Wiah ol Science (n=d4354)
— v
Racords screened by Litle (n=12614) * | Records excluded: (n=11540)

Records excluded, with reasons (n=905)

= Abestracts, editorials and leters o editor (n=8)
= Books or book chapbers {n=5)

Records screened by abstract (n=1074)

= Casa repors of casa seres (n=29)
* Duplicate sludies (n=17)
» Leboraborial shudies [n=385)

= Litarabure reviaws (n=234]
= Research projects (n=16)
« Sludhas sulside the scops (n=280)

Screening

Records sought for retrieval (n=79)

Records mot retrisved: (n=5)

Fuill-text records assessed for eligibdity (n=74)

Records excluded, with reasons (n=37)
Appendix 1

Studies included in review (ne3T)

& Qualikative synthaesis (n=3T)
»  Quantitatve synthasis (In=10)

| included |

Fig. 1 Flowchart of the selection process according 1o PRISMA

bleaching gels (HP concentration ranging from 6 to 106)
[45-47] and dentifrices (HF concentration ranging from
0.75% o 2.8%) [6, 55, 59]. In 14 smdies, a placebo group
(negative control) was present [10, 32, 33, 36, 3840, 44,
45, 49, 55-58] and 12 stodies [1. 9, 10, 2§, 30, 35, 41, 43,
46, 47, 51, 54] had a positive control group using a dentist
supervised bleaching protocol — 100 of them, with an at-home

'ﬂ Springer

treatment [1, 10, 28, 30, 35, 41, 43, 46, 47, 54] and three
with an in-office bleaching group [1. 9, 43]. More details
about the bleaching protocols and the duration of the reat-
ments are shown in (Table 2). Spectrophotometry (AEab*®)
and the Vita scale (ASGU) analyzed tooth bleaching. The
occurrence of tooth sensitivity and gingival irritation was
assessed by self-perception with a categorical evaloation
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{ves or no), and intensities were examined with visual analog
scales (WAS) (Table 3). Moreover, color change assess-
ments had different intervals, from immediately after, one
day, seven days, and several others up o360 days. The most
commaon evaluation interval was 14 days. reported in nine
studies [29, 30, 32, 34 49 51, 56-58].

Risk of individual bias in the studies

Only four studies had an overall low risk of bias [6, 46,
47, 55] (Fig. 2). Three studies showed an overall high risk
of bias due to missing outcome data [49], deviations from
the intended interventions [37], and outcome measurements

[36, 49].

Syntheses of results and meta-analyses

Color changes (AEab*)

Among the 13 studies that provided the AEab* values,
three [27, 33, 57] were excluded because they did not pre-
sent the values of standard deviation, one [35] because used
a different method of color assessment (colonmeter), one
[%] did not provide the concentration of HF in the inter-
vention group, four [28, 41, 42, 46] due to the lack of a
common comparator group, and one [58] due to violating
the transitivity assumption (the study sample exclusively
comprised female individuals.). Hence. three stdies [10,
30, 40] with five treatments and eight pairwise compari sons
were included, totaling 169 participants. Density was 08
and each edge was composed by only one trial; that is, there
was no strong edge. Figure 3 demonstrates the network and
Appendix 52 presents direct evidence findings.

Figure 4 shows estimates from NMA. AEab* was signifi-
cantly higher for 6% HP strips (2 14 h) (MD: 3.07; 95% CI:
0.63 — 5.50) compared to placebo two weeks after treatment.
No other significant differences were observed. The differ-
ences among direct, indirect, and NMA evidence suggested
no inconsistency (Appendix 53).

Color changes (ASGU)

Among the 17 studies that presented ASGU evaluation,
two [1. 37] were excluded due to not providing the exact
contact time between the bleaching agent and tooth sur-
face. and one [453] showed the results as visual graphs,
without specifying the mean and standard deviation val-
ues. Moreover, this NMA excluded ten studies [7, 9, 21,
41, 46-50, 53] due to the lack of a common compara-
tor group and one [36] due to violating the transitivity
assumption (the study only provided the color assess-
ment at the third week). Hence, three studies [10, 32,
51] with six treatments and eight pairwise comparisons
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Fig.2 Individual risk of biss of sdies
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were included, totaling 239 participants. Figure 5 dem-
onstrates the network, and Appendix 54 presents direct
evidence findings. This geometry had a density of 0,53
and no strong edge.

Figure & shows estimates from NMA. The ranking prob-
ability showed that the most effective treatment was at-home
10% CP (= 14 h), followed by 6% HP strips (= 14 h) and 3%
HP strips (= 14 h). The at home 10% CP (= 14 h) protocol
had significantly higher ASGU than all other treatments,
except for 6% HP strips (2 14 h) (MD: 0.41; 95% CI: -1.01
- 1.B3). Moreover, ASGU was significantly higher for 6%
HP strips (2 14 h) compared to 6% HP paint-on gel (7-13 h)
(MD: 1.93; 95% CI: 0.27 - 3.59) and placebo (MD: 2.60;
95% CI: 1.01 — 4.19). The assessment of inconsistency was
not possible due to the absence of mixed (both direct and
indirect) evidence {Appendix 55).

Adverse effects

Among the 30 studies that evaluated tooth sensitivity, four
[28, 30, 50, 51] employed desensitizing agents in at least
one group (which could introduce bias in pooled estimates).
three [42, 45, 52] were excluded due to providing only total
sample estimates of tooth sensitivity ocourrence: (withoot
specifying it according to comparison group), one [1] due
to not providing the exact contact time between the bleach-
ing agent and tooth surface, other [53] did not reported the
assessment method for tooth sensitivity, and another [45]
showed the results as visual graphs, without specifying the
occurrence of tooth sensitivity according to each groop. Fur-
thermore, this NMA excluded ten studies [7, 9, 34, 35, 38,
41, 47, 48, 51. 57] due to the lack of a common compara-
tor group and five [33. 35, 40, 42, 43] due to violating the
transitivity assumption. The tooth sensitivity NMA included
five studies [28, 39, 45, 46, 56] with 9 treatments and 11
pairwise comparisons, totaling 216 participants. Figure 7
demonstrates the network and Appendix 56 presents direct
evidence findings. The geometry had very low density (0.31)
and no strong edge.

Figure 8 shows estimates from NMA. The ranking prob-
ahbility showed that at-home 10% CP (7-13 h) exhibited
lower risk of tooth sensitivity, followed by placebo, and
&% HP paint-on gel (= 14 h). Placebo (RD: -0.21; 95% CL:
-0.39 — {104} and 6% HP paint-on gel (= 14 hj (RD: 0021
95% Cl: -0.42 — -0.01) had significantly lower risk of tooth
sensitivity than 106¢ HP strips (= 14 h). The assessment of
inconsistency was not possible due to the absence of mixed
{both direct and indirect) evidence ( Appendix S57).

Certainty of evidence

Owverall, this study analyzed 61 direct and indirect com-
parisons considering three outcomes (color changes (AE*),
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color changes (ASGLU ), and tooth sensitivity ). The certainty the similar time of bleaching agent application among all
of evidence varied from very low to low. The main reasons  groups (= 14 h) and the close HP concentration justify the
for evidence downgrading were the risk of bias and impreci- results. However, the positive control in the ASGU analy-
sion (Appendix 58). sis presented more color changes than all four evaluated
OTC protocols. One analyzed study [10] nsed paint-on
gel (3% = 14 h) and reported participants with difficulties
Discussion using the bleaching agent. That may explain the difference
in results because OTC protocols are not personalized. and
The AEab* analysis did not show statistical differences  the absence of professional support may cause complica-
between OTC protocols and the positive control. Consid-  tions in product se.
ering meta-analysis limitations, only one supervised pro- The AEab* analysis showed that two OTC protocols
tocol could be compared (at-home 10%CP 2= 14 h)., and  did not differ from the placebo group: 3%HP strips = 14 h

'ﬂ Springer
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[10]) and 3%HP paint-on gel = 14 h [10]. That may be due
to the low bleaching agent concentration, reinforced by the
higher color change achieved with 6% HP strips= 14 hin
twi studies [20, 30]. The AEab* indices of one positive con-
trol alse did not differ from the placebo treatment: at-home
10FCP = 14 h [30]. The low prodoct concentration in these
cases associated with short application times (30 min) poten-
tially influenced the findings. Carbamide peroxide takes
longer to react and release hydroxyl radicals [60]. Therefore,
at-home bleaching with carbamide peroxide should ose an
impression tray as the bleaching agent for longer.

It is worth noting that although AEab* and ASGU pro-
vide two different analyses, both methods generally evalu-
ate and identify color changes [61]. Therefore, the findings
should be complementary.

Gingival irritation is an adverse effect of bleaching proce-
dures caused by the direct contact of hydrogen peroxide with
the gingival mucosa. The bleaching agent is highly toxic
when working on fibroblasts in the gingival tissue, reduoc-
ing cell survival [ 14]. OTC products are not customized for
everyone, potentially promoting contact between the bleach-
ing agent and the gingival tissue and consequent irritation
[4]. The data from our search did not allow a meta-analysis
comparing gingival irritation between OTC products and
positive controls. Further clinical stodies should perform
this comparison.

An important point to emphasize is that the application
of products containing HP should always be supervised by
a professional. Indiscriminate use of bleaching products can
potentially cause oral lesions. Additionally, the lack of a
personalized reservoir for at-home use of these prodocts may
result in the ingestion of HP [4], leading to irritation of the
gastrointestinal tract, nausea, and vomiting [62].

Tooth sensitivity is the most common adverse effect of
bleaching treatments. Although its binlogical mechanism has
not been established, it might occur from the permeability of
onygen lons, which are cytotoxic in cdontoblastic extensions
close to pulp cells [63]. Considering that tooth permeability
is higher in exposed dentin due to dentinal tubules, OTC
products may promuote the direct contact of bleaching agents
with the exposed dentin in patients with gingival recessions,
or non-canous cervical lesions may lead to severe inflamma-
tory reactions in pulp cells [15, 63]. Different standardiza-
tions in visual analog scales limited the sensitivity intensity
BESESSMIENL.

Drespite our extensive search, none of the direct compari-
sons (AEab, ASGU, or sensitivity) included more than one
study comparing similar treatments. restricting the appli-
cation of the findings to clinical conditions, considering
the high number of indirect comparisons. Moreover, the
study limitations excluded other delivery methods from the
meta-analysis, such as dentifrices and mouthwashes. Thus,
we suggest that further studies standardize the outcomes,

providing means and standard deviations of AEab andfor
ASGLU in each group and assessing more bleaching products.

Another factor worth noting is that 25 eligible articles
declared funding sources by private companies related to
dental material production and all presented satisfactory
results for bleaching with OTC products. Bradley et al.
[64] advocate that conflict reporting or interest statements
should become more open, thus establishing reliability in
study objectivity. More studies unattached to company
funding should be conducted.

The body of evidence in this review presents notewor-
thy limitations. First, only four studies showed a low risk
of bias [6, 46, 47, 55]. The primary source of bias referred
to randomization. which is common in dental randomized
clinical trials and significantly implicates the internal
validity of studies. Second. the low number of studies
in each comparison and the small sample sizes directly
impacted estimate precision, contributing to the uncer-
tainty of findings. Lastly, the low density (indicating low
graph connectedness) and the lack of strong edges (mean-
ing a low weight of evidence on each pair) impacted the
certainty of WNMA estimates. Nevertheless, these metrics
indicate potential evidence gaps that should be addressed
in further RCTs.

Conclusion

Orver-the-counter products achieved satisfactory effects on
tooth bleaching compared to the placebo, with little to no
impact on dentin hypersensitivity and gingival irritation
but with very uncertain evidence. Lower risks of bias and
larger study samples are required to draw more conclusive
directions.
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APPENDIX

Appendix S1. Studies excluded during full-text readings and the reasons for exclusion

(n=42).

Excluded study

Reason for exclusion

Howard [1]
Rosentiel et al. [2]
Matis et al. [3]
Kihn et al. [4]
Nathoo et al. [5]
Sielsky et al. [6]
Singh et al. [7]
Barlow et al. [8]
Myers et al. [9]
Ferrari et al. [10]
Leonard et al. [11]
Shahidi et al. [12]
Berga-Caballero et al. [13]
Bizhang et al. [14]
Wetter et al. [15]
Giachetti et al. [16]
Meireles et al. [17]
Turkun et al. [18]
Grobler et al. [19]
Mondelli et al. [20]
Silva et al. [21]
Bruzell et al. [22]
Santos et al. [23]
Zhao et al. [24]
Hyland et al. [25]
Vano et al. [26]
Machado et al. [27]
Pintado-Palomino et al. [28]
Aka and Celik [29]
de la Pena and Cabrita [30]
Darriba et al. [31]
Sever et al. [32]
Nie et al. [33]

Tao et al. [34]
Angel et al. [35]
Chemin et al. [36]
Chemin et al. [37]
Jiang et al. [38]
Bersezio et al. [39]
Ahrari et al. [40]
Meireles et al. [41]
Schlafer et al. [42]

Does not use OTC bleaching products.
Does not use OTC bleaching products.
Not reached.

Does not use OTC bleaching products.
Not reached.

Evaluates only extrinsic stains removal.
Evaluates only extrinsic stains removal.
Conference abstract.

Does not use OTC bleaching products.
Not reached.

In vitro study.

Not reached.

Does not use OTC bleaching products.
Not reached.

Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use bleaching agents containing HP.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use bleaching agents containing HP.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not evaluate isolated OTC products.
Does not use OTC bleaching products.
Does not use OTC bleaching products.
Does not use bleaching agents containing HP.
Does not use bleaching agents containing HP.

OTC: Over-the-counter, HP: Hydrogen peroxide.
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Appendix S2. Pairwise comparisons for AEab*.

Study Comparison Treatment 1 Treatment 2 MDY SE°¢ 95% CIf
N Mean SD¢ N Mean SD

Karpinia et al., 2003  At-home 10% CP? (>14h):6% HP 26 1.60 1.05 29 3.37 1.05 -1.77 0.29 -2.33;-1.21
strips (=14h)

Kim et al., 2018 3% HPY strips (>14h):3% HP paint- 15 2.95 1.02 15 1.77 0.74 1.18 033 0.54;1.82
on gel (=14h)

Kim et al., 2018 3% HP paint-on gel (>14h):At- 15 1.77 0.74 15 434 171 -2.57 048 -3.51;-1.63
home 10% CP (>14h)

Kim et al., 2018 3% HP paint-on gel (>14h):Placebo 15 1.77 0.74 30 1.26 0.61 051 0.22 0.08;0.94

Kim et al., 2018 3% HP strips (>14h):At-home 10% 15 2.95 1.02 15 434 1.71 -1.39 0.51 -2.40;-0.38
CP (>14h)

Kim et al., 2018 3% HP strips (=14h):Placebo 15295 1.02 30 126 061 1.69 029 1.13;2.25

Kim et al., 2018 At-home 10% CP (>14h):Placebo 15 434 1.71 30 1.26 0.61 3.08 0.45 2.19;3.97

Swift et al., 2009 6% HP strips (>14h):Placebo 19 3.10 0.87 20 090 0.89 220 0.28 1.65;2.75

ACP, carbamide peroxide;
HP, hydrogen peroxide;
°SD, standard deviation;
IMD, mean difference;
°SE, standard error;

fCI, confidence interval;
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Appendix S3. Assessment of inconsistency (AEab*).

Comparison No.Studies NMA® Direct Indirect Difference Diff 95CI¢ Diff 95CI pValue
lower upper
3% HP? paint-on gel (>14h):3% 1 -1.18  -1.18 NA® NA NA NA NA

HP strips (=14h)

3% HP paint-on gel (>14h):6% 0 -298 NA -2.98 NA NA NA NA
HP strips (=14h)

3% HP paint-on gel (>14h):At- 1 208 257 241 -4.98 -14.73 4.78 0.32
home 10% CP® (>14h)

3% HP paint-on gel 1 0.09 0.51 -4.85 5.36 -5.14 15.85 0.32
(>14h):Placebo

3% HP strips (>14h):6% HP 0 -1.80  NA -1.80 NA NA NA NA
strips (>14h)

3% HP strips (=14h):At-home 1 -090 -1.39 3.65 -5.04 -14.93 4.84 0.32
10% CP (=14h)

3% HP strips (=14h):Placebo 1 1.27 1.69 -3.74 543 -5.22 16.08 0.32
6% HP strips (>14h):At-home 1 0.90 1.77 -0.88 2.65 -2.54 7.84 0.32
10% CP (=14h)

6% HP strips (>14h):Placebo 1 3.07 22 4.85 -2.65 -7.84 2.54 0.32
At-home 10% CP (>14h):Placebo 1 2.16  3.08 0.43 2.65 -2.54 7.84 0.32

*HP, hydrogen peroxide;

®CP, carbamide peroxide;
‘NMA, network meta-analysis;
4CI, confidence interval;

°NA, not applicable;
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Appendix S4. Pairwise comparisons for ASGU.

Study Comparison Treatment 1 Treatment 2 MDY SE°¢ 95% CIf
N Mean SD¢ N Mean SD

Collins et al., 2004 6% HP* paint-on gel (7- 58 1.02 132 59 035 129 0.67 024 0.20;1.14
13h):Placebo

Hanning et al., 2007  At-home 10% CP® (>14h):6% HP 23 4.55 2.74 24 414 2.19 041 0.72 -1.01;1.83
strips (>14h)

Kim et al., 2018 3% HP strips (>14h):3% HP paint- 15 1.84 1.01 15 1.30 0.87 0.54 034 -0.13;1.21
on gel (=14h)

Kim et al., 2018 3% HP paint-on gel (>14h):At- 15 1.30 0.87 15 328 135 -198 041 -2.79;-1.17
home 10% CP (>14h)

Kim et al., 2018 3% HP paint-on gel (>14h):Placebo 15 1.30 0.87 30 0.27 0.57 1.03 025 0.54;1.52

Kim et al., 2018 3% HP strips (>14h):At-home 10% 15 1.84 1.01 15 3.28 135 -1.44 043 -2.29;-0.59
CP (=14h)

Kim et al., 2018 3% HP strips (=14h):Placebo 15 1.84 1.01 30 027 057 157 028 1.02;2.12

Kim et al., 2018 At-home 10% CP (>14h):Placebo 15 3.28 1.35 30 0.27 0.57 3.01 036 230;3.72

2HP, hydrogen peroxide;
®CP, carbamide peroxide;
°SD, standard deviation;
IMD, mean difference;
°SE, standard error;

fCI, confidence interval;
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Appendix S5. Assessment of inconsistency (ASGU).

Comparison No.Studies NMA® Direct Indirect Difference Diff 95CI¢ Diff 95CI pValue
lower upper
3% HP? paint-on gel (>14h):3% 1 -0.54  -0.54 NA® NA NA NA NA

HP strips (=14h)

3% HP paint-on gel (>14h):6% 0 036 NA 0.36 NA NA NA NA
HP paint-on gel (7-13h)

3% HP paint-on gel (=14h):6% 0 -1.57 NA -1.57 NA NA NA NA
HP strips (=14h)

3% HP paint-on gel (>14h):At- 1 198 -1.98 NA NA NA NA NA
home 10% CP® (>14h)

3% HP paint-on gel 1 1.03 1.03 NA NA NA NA NA
(=14h):Placebo

3% HP strips (=14h):6% HP 0 090 NA 0.90 NA NA NA NA
paint-on gel (7-13h)

3% HP strips (=14h):6% HP 0 -1.03  NA -1.03 NA NA NA NA
strips (>14h)

3% HP strips (=14h):At-home 1 -1.44  -144 NA NA NA NA NA
10% CP (=14h)

3% HP strips (=14h):Placebo 1 1.57 1.57 NA NA NA NA NA
6% HP paint-on gel (7-13h):6% 0 -1.93 NA -1.93 NA NA NA NA
HP strips (=14h)

6% HP paint-on gel (7-13h):At- 0 -2.34  NA -2.34 NA NA NA NA
home 10% CP (>14h)

6% HP paint-on gel (7- 1 0.67 0.67 NA NA NA NA NA

13h):Placebo
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6% HP strips (=14h):At-home 1 -0.41
10% CP (=14h)

6% HP strips (>14h):Placebo 0 2.60
At-home 10% CP (>14h):Placebo 1 3.01

-0.41

NA

3.01

NA

2.60

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

*HP, hydrogen peroxide;

°CP, carbamide peroxide;
‘NMA, network meta-analysis;
4CI, confidence interval;

°NA, not applicable;
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Appendix S6. Pairwise comparisons for tooth sensitivity.

Study Comparison Treatment 1 Treatment2 RDY SE° 95% CIf

Events N Events N

Cordeiro et al., 2018 10% HP? strips (7-13h):10% 14 20 15 20 -0.05 0.14 -0.33;0.23
OTC" bleaching gel (7-13h)

Cordeiro et al., 2018 10% HP strips (7-13h):At-home 14 20 19 20 -0.25 0.11 -0.47;-0.03
10% HP (7-13h)

Cordeiro et al., 2018  10% OTC bleaching gel (7- 15 20 19 20 -020 0.1  -0.41;0.01
13h):At-home 10% HP (7-13h)

Gerlach et al., 2001  At-home 10% CP° (7-13h):6% 1 10 4 10 -0.30 0.18 -0.66; 0.06
HP strips (7-13h)

Papas et al., 2009 Placebo:10% HP strips (>14h) 0 14 6 28 -0.21  0.09 -0.39; -0.04

Pinto et al., 2017 Placebo:6-9% OTC bleaching 0 12 4 20 -0.20 0.10 -0.40; 0.00
gel (7-13h)

Pinto et al., 2017 10% HP strips (7-13h):6-9% 0 10 4 20 -0.20 0.11 -0.41;0.01

OTC bleaching gel (7-13h)
Pinto et al., 2017 Placebo:10% HP strips (7-13h) 0 12 0 10 0.00 0.08 -0.16; 0.16

Xu et al., 2007 6% HP paint-on gel (>14h):6% 0 17 2 18  -0.11 0.09 -0.28; 0.06
HP strips (7-13h)

Xu et al., 2007 Placebo:6% HP paint-on gel 0 17 0 17 0.00 0.06 -0.11; 0.11
(=14h)
Xu et al., 2007 Placebo:6% HP strips (7-13h) 0 17 2 18 -0.11  0.09 -0.28; 0.06

2HP, hydrogen peroxide;
bOTC, over-the-counter;
°CP, carbamide peroxide;
9RD, risk difference;
°SE, standard error;

fCI, confidence interval;
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Appendix S7. Assessment of inconsistency (tooth sensitivity).

Comparison No.Studies NMA! Direct Indirect Difference Diff 95CI¢ Diff 95CI pValue
lower upper
10% HP? strips (=14h):10% HP 0 0.21 NAT 0.1 NA NA NA NA

strips (7-13h)

10% HP strips (>14h):10% OTC® 0 0.16 NA 0.16 NA NA NA NA
bleaching gel (7-13h)

10% HP strips (>14h):6-9% OTC 0 0.01 NA 0.01 NA NA NA NA
bleaching gel (7-13h)

10% HP strips (>14h):6% HP 0 021 NA 0.21 NA NA NA NA
paint-on gel (>14h)

10% HP strips (>14h):6% HP 0 0.10 NA 0.10 NA NA NA NA
strips (7-13h)

10% HP strips (>14h):At-home 0 040 NA 040 NA NA NA NA
10% CP* (7-13h)

10% HP strips (>14h):At-home 0 0.04 NA  -004 NA NA NA NA
10% HP (7-13h)

10% HP strips (=14h):Placebo 1 0.21 0.21 NA NA NA NA NA

10% HP strips (7-13h):10% OTC 1 -0.05 -0.05 NA NA NA NA NA
bleaching gel (7-13h)

10% HP strips (7-13h):6-9% 1 -0.20  -0.20 NA NA NA NA NA
OTC bleaching gel (7-13h)

10% HP strips (7-13h):6% HP 0 0.00 NA 0.00 NA NA NA NA
paint-on gel (>14h)

10% HP strips (7-13h):6% HP 0 -0.11  NA -0.11 NA NA NA NA
strips (7-13h)

47



10% HP strips (7-13h):At-home 0 0.19 NA 0.19 NA NA NA NA
10% CP (7-13h)

10% HP strips (7-13h):At-home 1 -0.25 -0.25 NA NA NA NA NA
10% HP (7-13h)

10% HP strips (7-13h):Placebo 1 0 0 NA NA NA NA NA
10% OTC bleaching gel (7- 0 -0.15 NA -0.15 NA NA NA NA
13h):6-9% OTC bleaching gel (7-

13h)

10% OTC bleaching gel (7- 0 0.05 NA 0.05 NA NA NA NA
13h):6% HP paint-on gel (>14h)

10% OTC bleaching gel (7- 0 -0.06 NA -0.06 NA NA NA NA
13h):6% HP strips (7-13h)

10% OTC bleaching gel (7- 0 024 NA 0.24 NA NA NA NA
13h):At-home 10% CP (7-13h)

10% OTC bleaching gel (7- 1 -0.2 -0.2 NA NA NA NA NA
13h):At-home 10% HP (7-13h)

10% OTC bleaching gel (7- 0 0.05 NA 0.05 NA NA NA NA
13h):Placebo

6-9% OTC bleaching gel (7- 0 0.2 NA 0.2 NA NA NA NA
13h):6% HP paint-on gel (>14h)

6-9% OTC bleaching gel (7- 0 0.09 NA 0.09 NA NA NA NA
13h):6% HP strips (7-13h)

6-9% OTC bleaching gel (7- 0 039 NA 0.39 NA NA NA NA
13h):At-home 10% CP (7-13h)

6-9% OTC bleaching gel (7- 0 -0.05 NA -0.05 NA NA NA NA
13h):At-home 10% HP (7-13h)

6-9% OTC bleaching gel (7- 1 0.2 0.2 NA NA NA NA NA

13h):Placebo
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6% HP paint-on gel (=14h):6% -0.11  -0.11 NA NA NA NA NA
HP strips (7-13h)

6% HP paint-on gel (>14h):At- 0.19 NA 0.19 NA NA NA NA
home 10% CP (7-13h)

6% HP paint-on gel (>14h):At- -0.25 NA -0.25 NA NA NA NA
home 10% HP (7-13h)

6% HP paint-on gel 0 0 NA NA NA NA NA
(>14h):Placebo

6% HP strips (7-13h):At-home 0.3 0.3 NA NA NA NA NA
10% CP (7-13h)

6% HP strips (7-13h):At-home -0.14 NA -0.14 NA NA NA NA
10% HP (7-13h)

6% HP strips (7-13h):Placebo 0.11 0.11 NA NA NA NA NA
At-home 10% CP (7-13h):At- -0.44 NA -0.44 NA NA NA NA
home 10% HP (7-13h)

At-home 10% CP (7- -0.19 NA -0.19 NA NA NA NA
13h):Placebo

At-home 10% HP (7- 025 NA 0.25 NA NA NA NA

13h):Placebo

®HP, hydrogen peroxide;
YOTC, over-the-counter;

°CP, carbamide peroxide;
4NMA, network meta-analysis;
°ClI, confidence interval,

NA, not applicable;
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Appendix S8. Assessment of GRADE for direct and indirect comparisons evidence certainty

Outc Compa Direct evidence Direc | Indirec | Indirec | Lowe | Intransi | Incohe | Imprec | Final
ome rison t t t st tivity rence ision certa
Risk | Inconsis | Indirec | Public | evide | eviden | eviden | betw for for inty
of tency tness ation nce ce ce een NMA NMA
bias Bias certa | compa | compa | both
inty rison rison
from from
the the
closest | closest
loop loop
Color | 6% HP | Seri N/A Not Not Mode | At At Mode Not Not Very Very
chang | strip (> | ous® serious | serious rate | home home rate serious serious | serious” | low
e 14h) vs 10% 10%
(AE*) | Placebo CP >|CP (>
14h) vs | 14h) vs
6% HP | Placeb
strip (> | o
14h)
At Not N/A Not Not High | At 6% HP | Mode Not Not Very Very
home serio serious | serious home strip (> | rate serious serious | serious” | low
10% CP us 10% 14h) vs
(> 14h) CP (> | Placeb
Vs 14h) vs | o
Placebo 6% HP
strip (>
14h)
At Seri N/A Not Not Mode | At 6% HP | Mode Not Not Very Very
home ous* serious | serious rate home strip (> rate serious serious | serious® low
10% CP 10% 14h) vs
(> 14h) CP (> | Placeb
vs 6% 14h) vs | o
HP strip Placeb
(> 14h) o
3% HP | Not N/A Not Not High | 3% HP | 3% HP | High Not Not Very Low
paint- serio serious | serious strip (> | strip (> serious serious | serious®
on gel us 14h) vs | 14h) vs
(> 14h) 3% HP | Placeb
Vs paint- o
Placebo on gel
(> 14h)
3% HP | Not N/A Not Not High | 3% HP | 3% HP | High Not Not Very Low
paint- serio serious | serious strip (> | strip (> serious serious | serious®
on gel us 14h) vs | 14h) vs
(> 14h) at 3% HP
vs  at home paint-
home 10% on gel
10% CP CP (> 14h)
(>14h) (>14h)
3% HP | Not N/A Not Not High | 3% HP | 3% HP | High Not Not Very Low
strip (> | serio serious | serious paint- strip (> serious serious | serious®
14h) vs us on gel | 14h) vs
Placebo (> 14h) | 3% HP
Vs paint-
Placeb | on gel
o (> 14h)
3% HP | Not N/A Not Not High | 3% HP | 3% HP | High Not Not Very Low
strip (> | serio serious | serious strip (> | paint- serious serious | serious®
14h) vs us 14h) vs | on gel
at home 3% HP | (> 14h)
10% CP paint- vs at
(>14h) on gel | home
(> 14h) | 10%
CP
(>14h)
3% HP | Not N/A Not Not High - - - - - Very Low
strip (> | serio serious | serious serious®
14h) vs us
3% HP
paint-
on gel
(> 14h)
3% HP - - - - - 3% HP | 6% HP | Mode Not N/A Very Very
paint- paint- strip (> rate serious serious’® | Low
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on gel
(> 14h)
vs 6%
HP strip
(> 14h)

on gel
(> 14h)
Vs
Placeb
0

14h) vs
Placeb
[

6% HP
strip (>
14h) vs
3% HP
strip (>
14h)

6% HP
strip (>
14h) vs
Placeb
[
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strip (>
14h) vs
Placeb
[

Mode
rate

Not
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N/A

Very
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Very
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Low
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(14h)
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N/A

Not
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Not
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Mode
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Very
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Very
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6% HP
painted
on gel
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14h) vs
Placebo

Seri
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N/A
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Not
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Mode
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Very
serious®

Very
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3% HP
painted
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(> 14h)
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us
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High
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serious®
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painted
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serious®
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3% HP
strip (>
14h) vs
at home
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N/A

Not
serious

Not
serious

High

Very
serious®
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strip (>
14h) vs
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painted
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(> 14h)

Not
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us

N/A

Not
serious

Not
serious

High

Very
serious®

Low

At
home
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vs 6%
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painted-
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a -
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[
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painted
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Very
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3% HP CP (> | at
strip 14h) vs | home
(>14h) 6% 10%
strip CP (>
(14h) 14h)
6% HP - - - - - At 3% HP | Mode Not - Very Very
strip (> home painted rate serious serious’ | Low
14h) vs 10% on gel
3% HP CP (> | (> 14h)
paint- 14h) vs | vs at
on gel 6% home
(>14h) strip 10%
(14h) CP (>
14h)
6% HP - - - - - At At Very Not - Very Very
strip (> home home Low serious serious’ | Low
14h) vs 10% 10%
6% HP CP (>|CP (>
paint- 14h) vs | 14h) vs
on gel 6% 6% HP
(7-14h) strip painted
(14h) -on gel
a7 -
14h)
6% HP - - - - - At At Mode Not - Very Very
strip (> home home rate serious serious® | Low
14h) vs 10% 10%
placebo CP >|CP (>
14h) vs | 14h) vs
6% Placeb
strip o
(14h)
3% HP - - - - - 3% HP | 6% HP | Mode Not - Very Very
paint- painted | paint- rate serious serious® | Low
on gel on gel | on gel
(> 14h) (> 14h) | (7-14h)
vs 6% Vs Vs
HP Placeb | Placeb
paint- o o
on gel
(7-14h)
3% HP - - - - - 3% HP | 6% HP | Mode Not - Very Very
strip (> painted | painted rate serious serious® | Low
14h) vs on gel | on gel
6% HP >14h) | 7 -
paint- Vs 14h) vs
on gel Placeb | Placeb
(7-14h) o o
Tooth | 6% HP | Seri Not Not Not Mode - - - - - Very Very
sensiti | strip (7- | ous® serious serious | serious rate serious® low
vity 14h) vs
Placebo
6% HP | Seri N/A Not Not Mode - - - - Very Very
strip (7- | ous® serious | serious rate serious® low
14h) vs
at home
10% CP
a -
14h)
6% HP | Seri N/A Not Not Mode - - - - - Very Very
strip (7- | ous® serious | serious rate serious® low
14h) vs
at home
6% HP
paint-
on gel
(>14h)
6% HP - - - - - 6% HP | 10% Very Not N/A Very Very
strip (7- strip OTC low serious serious® low
14h) vs (7-14h) | bleachi
10% Vs ng gel
OTC Placeb | (7-14h)
bleachi o Vs
ng gel Placeb
(7-14h) o
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6% HP - - - - - 6% HP | 6-9% Mode Not N/A Very Very
strip (7- strip OTC rate serious serious® | low
14h) vs (7-14h) | bleachi
6-9% Vs ng gel
OTC Placeb | (7-14h)
bleachi o Vs
ng gel Placeb
(7-14h) o
6% HP - - - - - 6% HP | At Very Not N/A Very Very
strip (7- strip home low serious serious® | low
14h) vs (7-14h) | 10%
at home Vs HP (7-
10% HP Placeb 14h) vs
(7-14h) [ placebo
6% HP - - - - - 6% HP | 10% Mode Not N/A Very Very
strip (7- strip HP rate serious serious® | low
14h) vs (7-14h) | strip
10% HP vs (>14h)
strip Placeb | vs
(>14h) o Placeb
o
6% HP - - - - - 6% HP | 10% Mode Not N/A Very Very
strip (7- strip HP rate serious serious® | low
14h) vs (7-14h) | strip (7
10% HP Vs - 14h)
strip (7- Placeb Vs
14h) o Placeb
o
10% Not N/A Not Not High - - - - - Very Low
OTC serio serious | serious serious®
bleachi us
ng gel
(7-14h)
vs 10%
HP strip
(7-14h)
10% Not N/A Not Not High - - - - - Very Low
OTC serio serious | serious serious®
bleachi us
ng gel
(7-14h)
Vs at
home
10% HP
(7-14h)
10% - - - - - 10% 6-9% Mode Not N/A Very Very
OTC OTC OTC rate serious serious® low
bleachi bleachi | bleachi
ng gel ng gel | ng gel
(7-14h) (7-14h) | (7-14h)
vs 6-9% vs 10% | vs 10%
OTC HP HP
bleachi strip strip
ng gel (7-14h) | (7-14h)
(7-14h)
10% - - - - - 6% HP | 6% HP | Very Not N/A Very Very
OTC strip strip low serious serious® low
bleachi (7-14h) | (7-14h)
ng gel vs 6-| vs at
(7-14h) 9% home
vs 6% OTC 6% HP
paint- bleachi | paint-
on gel ng gel | on gel
(14h) (7-14h) | (>14h)
10% - - - - - 10% At Very Not N/A Very Very
OTC OTC home low serious serious® low
bleachi bleachi | 10%
ng gel ng gel | CP (7 -
(7-14h) (7-14h) | 14h) vs
vs at vs 10% | 10%
home HP HP
10% CP strip strip (7
(7-14h) (7-14h) | - 14h)
10% - - - - - 10% At Mode Not N/A Very Very
OTC OTC home rate serious serious® low
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bleachi bleachi | 10%
ng gel ng gel | HP (7-
(7-14h) (7-14h) | 14h) vs
vs 10% vs at | 14%
HP strip home HP
(>14h) 10% strip
HP (7- | (>14h)
14h)
10% - - - - - 10% 10% Mode Not N/A Very Very
OTC OTC HP rate serious serious” low
bleachi bleachi | strip (7
ng gel ng gel | - 14h)
(7-14h) (7-14h) | vs
Vs vs 10% | Placeb
Placebo HP o
strip
(7-14h)
6-9% Seri N/A Not Not Mode - - - - - Very Very
OTC ous® serious | serious rate serious® low
bleachi
ng gel
(7-14h)
vs
Placebo
6-9% Seri N/A Not Not Mode - - - - - Very Very
OTC ous® serious | serious rate serious® low
bleachi
ng gel
(7-14h)
vs 10%
HP strip
(7-14h)
6-9% - - - - - 6-9% 6% HP | Mode Not N/A Very Very
OTC OTC paint- rate serious serious® low
bleachi bleachi | on gel
ng gel ng gel | (> 14h)
(7-14h) (7-14h) | vs
vs 6% Vs Placeb
HP Placeb o
paint- 0
on gel
(>14h)
6-9% - - - - - 6-9% At Mode Not N/A Very Very
OTC OTC home rate serious serious® low
bleachi bleachi | 10%
ng gel ng gel | HP (7-
(7-14h) (7-14h) | 14h) vs
vs at vs 10% | 10%
home HP HP
10% HP strip strip
(7-14h) (7-14h) | (7-14h)
6-9% - - - - - 6-9% At Very Not N/A Very Very
OTC OTC home low serious serious® low
bleachi bleachi | 10%
ng gel ng gel | CP (7-
(7-14h) (7-14h) | 14h) vs
vs at Vs placebo
home Placeb
10% CP o
(7-14h)
6-9% - - - - - 6-9% 10% Mode Not N/A Very Very
OTC OTC HP rate serious serious® low
bleachi bleachi | strip
ng gel ng gel | (>14h)
(7-14h) (7-14h) | vs
vs 10% Vs Placeb
HP strip Placeb | o
(>14h) o
6% HP | Seri N/A Not Not Mode - - - - - Very Very
paint- ous® serious | serious rate serious® low
on gel
(> 14h)
Vs
Placebo
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6% HP - - - - - 6% HP | At Very Not N/A Very Very
paint- paint- home low serious serious® | low
on gel on gel | 10%
(> 14h) (> 14h) | HP (7-
Vs at Vs 14h) vs
home Placeb | placebo
10% HP o
(7-14h)
6% HP - - - - - 6% HP | 6% HP | Mode Not N/A Very Very
paint- strip strip rate serious serious® | low
on gel (7-14h) | (7-14h)
(> 14h) vs at | vs at
vs at home home
home 10% 6% HP
10% CP CP (7 - | paint-
(7-14h) 14h) on gel
(>14h)

6% HP - - - - - 6% HP | 10% Mode Not N/A Very Very
paint- paint- HP rate serious serious® | low
on gel on gel | strip
(> 14h) (> 14h) | (>14h)
vs 10% Vs Vs
HP strip Placeb | Placeb
(>14h) [ [
6% HP - - - - - 6% HP | 10% Mode Not N/A Very Very
paint- paint- HP rate serious serious® | low
on gel on gel | strip (7
(> 14h) (> 14h) | - 14h)
vs 10% Vs Vs
HP strip Placeb | Placeb
(7-14h) o o
At - - - - - At At Very Not N/A Very Very
home home home low serious serious” low
10% HP 10% 10%
(7-14h) HP (7- | CP (7 -
vs at 14h) vs | 14h) vs
home 14% 14%
10% CP HP HP
(7-14h) strip strip

(>14h) | (>14h)
At - - - - - At 14% Very Not N/A Very Very
home home HP low serious serious® low
10% HP 10% strip
(7-14h) HP (7- | (>14h)
vs 10% 14h) vs | vs 10%
HP strip 14% HP
(>14h) HP strip

strip (>14h)

(>14h)
At Not N/A Not Not High - - - - - Very Low
home serio serious | serious serious®
10% HP us
(7-14h)
vs 10%
HP strip
(7-14h)
At - - - - - At 10% Mode Not N/A Very Very
home home HP rate serious serious® low
10% HP 10% strip (7
(7-14h) HP (7- | - 14h)
' 14h) vs | vs
placebo 10% Placeb

HP o

strip

(7-14h)
At - - - - - 6% HP | 6% HP | Very Not N/A Very Very
home strip strip low serious serious® low
10% CP (7-14h) | (7-14h)
7 - vs at | vs 10%
14h) vs home HP
10% HP 10% strip
strip (7 CP (7 - | (7-14h)
- 14h) 14h)
At - - - - - 6% HP | 6% HP | Very Not N/A Very Very
home strip strip low serious serious® low
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10% CP (7-14h) | (7-14h)
(7-14h) vs at | vs 10%
vs 10% home HP
HP strip 10% strip
(>14h) CP (7 - | (>14h)
14h)
At - - - - - 6% HP | 6% HP | Mode Not N/A Very Very
home strip strip rate serious serious® | low
10% CP (7-14h) | (7-14h)
(7-14h) vs at | vs
Vs home placebo
placebo 10%
CP (7 -
14h)
10%HP | Seri N/A Not Not Mode | 10% 10% Very Not Not Very Very
strip ous® serious | serious rate | HP HP low serious serious | serious” | low
(>14h) strip strip
Vs (>14h) | (<7h)
Placebo vs 10% | vs
HP Placeb
strip (< | o
7h)
10% HP - - - - - 10% 10% Mode Not N/A Very Very
strip HP HP rate serious serious® | low
(>14h) strip strip (7
vs 10% (>14h) | - 14h)
HP strip Vs Vs
(7-14h) Placeb Placeb
o o
10%HP | Seri N/A Not Not Mode | 6-9% 6-9% Mode Not Not Very Very
strip (7 | ous® serious | serious rate | OTC OTC rate serious serious | serious® | low
- 14h) bleachi | bleachi
Vs ng gel | ng gel
Placebo (7-14h) | (7-14h)
vs 10% | vs
HP Placeb
strip o
(7-14h)

N/A —not applicable. a - If there were important limitations in the trials (eg, problems in the randomization
process and lack of blinding.) but the risk of bias was not high, we downgraded by 1 level. b - Certainty of
evidence was downgraded by two levels because the total number of events was less than 300, and the
95%C.1. crosses the threshold of null effect and appreciable benefit or appreciable harm (SMD > 0.8 or < -
0.8). ¢ - Downgraded by 2 levels if more than 50% of the participants were from trials with a high risk of
bias. d — Absence of overlap of confidence intervals.
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Artigo 2 — Artigo a ser submetido na revista Dental Press Journal of Orthodontics

Qualis A4

Impact of over-the-counter bleaching products on teeth with orthodontic brackets:

an in vitro assessment of optical properties - part I

ABSTRACT

This in vitro study evaluated the impact of over-the-counter (OTC) products on the optical
properties (color and gloss changes) of teeth subjected to a simulated orthodontic
treatment. Thus, 80 bovine teeth were selected and subjected to a staining protocol and
initial color and surface roughness assessments. Then, orthodontic brackets were bonded
on the center of the clinical crown of each sample, and teeth underwent the bleaching
protocols. The samples were allocated to five groups (n=16): Conventional in-office
bleaching 35% Hydrogen peroxide (HP) - positive control; Dentifrice with 2% HP;
Mouthwash with 2.5% HP; Paint-on with 6% HP; Conventional dentifrice without HP -
negative control. After receiving the bleaching protocol, the samples underwent the shear
bond strength test for orthodontic bracket removal. The remaining resin was then
removed from the sample surfaces using multi-blade burs. The statistical assessment
detected a significant difference between the groups for color change (AEab — p =
0.0000532; AEOO — p = 0.000069). Multiple comparison analyses showed significant
differences (p< 0.05) in both metrics between groups DHP vs. MouHP, DSHP vs.
MouHP, DHP vs. HP35, and DSHP vs. HP35. The statistical test did not detect a
significant difference in post-bleaching gloss increase between the experimental groups
(p = 0.20). Except for dentifrices, the color change outcomes of the evaluated OTC
bleaching treatments were as satisfactory as in-office bleaching, without differences

between groups for gloss change.

INTRODUCTION
Hydrogen peroxide (H20:) is the main active ingredient of tooth-bleaching
products 2. Tooth bleaching is little invasive, well accepted by most patients, and

presents satisfactory color change outcomes with few adverse effects when correctly
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supervised by a dentist >*. The success of these bleaching agents depends on their
concentration and action time in contact with the tooth surface °.

However, some products available in the market are sold without requiring the
supervision of a dental professional, promising fast, effective, and inexpensive tooth
bleaching °. These products are known as over-the-counter (OTC), among which gels,
dentifrices, mouthwashes, Whitestrips, and paint-on stand out. They are often marketed
without the required research to assess efficacy and potential adverse effects .

The high marketing investments in these products, associated with the unbridled
search for esthetics, make patients attracted to the easy offer of changing the color of
teeth, even without scientific proof of their effectiveness . That occurs particularly when
patients' self-esteem might be already affected, such as during orthodontic treatments with
conventional fixed appliances '%°.

The optimal time to perform a bleaching treatment is after ending orthodontic
therapy because, during the latter, teeth may be overlapped or disharmoniously intruded,
which would cause more color change in some teeth than others. Moreover, the brackets
reduce the contact area between the dental surface and the bleaching agent, and
conventional fixed appliances favor plaque buildup, harming the efficacy of the bleaching
treatment '!. However, if supervised by a dentist, tooth bleaching may promote
satisfactory outcomes in patients undergoing orthodontic treatment '2. This study
considers that patients using conventional orthodontic appliances seek OTC products
because of their easy access.

Therefore, an in vitro assessment of the changes in optical properties (color and
gloss) of different OTC products containing hydrogen peroxide were performed in bovine
tooth samples with orthodontic brackets cemented on their buccal surface, simulating a
conventional fixed appliance treatment. The study used the null hypothesis that the groups

would not statistically differ.

METHODOLOGY
Study design and sample size:

The study design followed the CRIS (Checklist for Reporting In vitro Studies)
tool guidelines !°, according to the recommendations for in vitro studies. The bovine tooth
samples originated from slaughterhouse donations, exempting them from the ethical
committee approval for animal testing. All tests followed the scientific requirements and

research protocols established by the World Medical Association Declaration of Helsinki.
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The sample size calculation was based on the experimental design and the primary study
outcome (AEab), using the following parameters: 5% two-tailed significance level (o =
0.05), 95% confidence interval, 90% statistical power (B = 0.10), 1:1 sample allocation
ratio to experimental groups, and a large estimated effect size (d = 0.80), indicating the
need for including at least 16 samples in each group, totaling 80 samples, based on Torres

etal. (2013).

Sample selection and preparation:

After extraction, the bovine incisors were cleaned with periodontal curettes and
stored in distilled water. Teeth selection followed the eligibility criteria: 1. Healthy
permanent incisors; 2. Teeth without fractures in the coronal region; 3. The absence of
macroscopically visible enamel cracks. The excluded teeth were discarded properly as
biological materials. The initial color assessment had the samples cleaned, polished with
pumice, and extrinsically stained by black coffee immersion for three days, replacing the
solution every 24 hours and preparing it according to the manufacturer's instructions by
diluting two teaspoons of powder (Nescafé®, Nestlé, Sao Paulo, SP, Brazil) in 100 ml of
boiling water '*. After finishing the staining protocol, the samples were cleaned in running
water to remove the excess coffee and dried at room temperature for six hours. A diamond
disc (American Burrs, Palhoca, SC, Brazil) helped remove the roots, and the samples
were stabilized by the palatal surface in a colorless acrylic resin base (VIPI FLASH,
Pirassununga, SP, Brazil) made with a polyvinyl chloride (PVC) tube (Conexdes Tigre,
Joinville, SC, Brazil) of 12 mm in diameter, completely exposing the buccal aspect of the

crown. Figure 1 shows the samples.

Figure 1: Samples prepared before bracket bonding.

Color assessment:
A reflectance spectrophotometer (Ci64UV, X-Rite, Grand Rapids, MI, USA)

evaluated sample colors. This device has an opening diameter of 4 mm, and the readings
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occurred at a 2° observation angle and illuminant D65. The LAB system coordinates of
the Commission Internationale de L'Eclairage (CIE) were recorded. This system consists
of luminosity (L* coordinate) and a* (red-green axis) and b* (yellow-blue axis)
chromaticity coordinates. The color was measured at baseline (T0) and 72 hours after
finishing the bleaching treatment (T1); the samples were stored in distilled water during
that period. Color measurements occurred in triplicate on a white background
(ColorChecker grayscale, X-Rite, Grand Rapids, MI, USA, L*white = 95.2, a*white =
21.2, b*white = 50.3), and the data analysis used the mean values of the three assessments.
The CIEDE2000 color difference (AE00) calculated the overall color changes between
TO and T1 as follows: AE00= [(AL/KLSL)*> + (AC/ KCSC)? + (AH/KHSH)?* + RT
(AC/KCSC) (AH/KHSH)]"?, where AL, AC, and AH are luminosity, chroma, and hue
differences between the measured colors; KL, KC, and KH are the parametric factors for
visualization conditions and the influence of lighting conditions; RT is the interaction
function of hue and chroma differences in the blue region; SL, SC, and SH are the
weighing functions for color difference adjustments considering the variation of L*, a*,
and b* coordinate locations (18). AEab was calculated with the formula AEab = [AL?+
Aa? + Ab? 12,

Gloss assessment:

A gloss meter device (Microgloss, BYK, Geretsried, Germany) helped evaluate
gloss, using a square area of 2 mm x 2 mm and 45° of incidence. Gloss measurements are
expressed in gloss units (GU). A surface that does not reflect gloss has 0 GU and a glass
surface with 1567 refraction has 100 GU. The mean of three measurements provided the
result. The assessment occurred at baseline (T0) and 72 hours after finishing the treatment

(T1).

Bracket bonding:

Eighty metal brackets with an area of 6 mm? (Kirium UIR Roth 022; Abzil 3M,
Sao José do Rio Preto, SP, Brazil) were cemented on the center of the clinical crown of
the samples. The region delimited by the mold was etched with 37% phosphoric acid
(Alpha-Etch; Nova DFL, Rio de Janeiro, RJ, Brazil) for 30 seconds according to the
manufacturer's specifications, then washed with water for 30 seconds and dried by air
spray. Next, an adhesive layer (Scotchbond; 3M Unitek, Sumaré, SP, Brazil) was light-

cured for 20 seconds according to the manufacturer's instructions (Valo — Ultradent,
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Indaiatuba, SP, Brazil) and applied. A composite resin layer (Transbond™ XT, Sumaré,
SP, Brazil) was then spread under the metal bracket base placed on the tooth surface aided
by orthodontic tweezers. After a quick three-second light-curing, the excess resin was
removed from the dental surface aided by a spatula (Golgran, Sao Caetano do Sul, SP,

Brazil). Then, a final light-curing was performed for 20 seconds.

Bleaching treatment:

A blind evaluator allocated the samples to five groups using randomization
software (www.random.org). Group HP35 underwent an in-office bleaching simulation
using 35% hydrogen peroxide gel (Whiteness HP — FGM, Joinville, SC, Brazil) applied
on the buccal surface of the samples with the help of a brush. Three 45-minute sessions
(three 15-minute applications according to the product manufacturer's recommendations)
occurred with a 48-hour interval between sessions, establishing the positive control
group. Group DHP experienced bleaching with a dentifrice containing 2% hydrogen
peroxide (Colgate Luminous White Advanced - Colgate - Sao Paulo, SP, Brazil). The
samples were taken to the toothbrushing machine programmed to perform 60
reciprocating brushing movements per minute with a 200g load. This process
accomplished 850 cycles, simulating approximately 180 toothbrushing days using soft-
bristle toothbrushes (Colgate Classic — Colgate, Sdo Paulo, SP, Brazil). Group MouHP
underwent a simulated treatment with a mouthwash containing 2.5% hydrogen peroxide
(Listerine Whitening Extreme — Johnson and Johnson, Sao José dos Campos, SP, Brazil).
The samples were immersed in a recipient with mouthwash for 12 hours, simulating 12
months of use. The mouthwash was replaced every hour, and the samples were washed
in running water at each exchange. Group PON underwent treatment using paint-on gel
containing 6% hydrogen peroxide (Whitening Pen — Dazzling White, Guangzhou, China).
The samples received the product in daily 10-minute applications for 14 days. Group
DSHP underwent treatment using a conventional dentifrice (Colgate Total 12 - Colgate -
Sdo Paulo, SP, Brazil) without hydrogen peroxide. The samples were taken to a
toothbrushing machine under the same settings of group DHP, simulating a 180-day
treatment, establishing the negative control. The samples were stored in distilled water

while not subjected to bleaching agents. Figure 2 exemplifies the allocation of samples.

Figure 2: Flowchart of sample allocations.
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Initial Samples
(n=80)

Allocation

-
Positive Control Test Group Test Group Test Group Negative Control
Office whitener 35%HDP Whitening Toothpaste MMouthwazh 2.5%HP Paint-on §%HP Conventionzl Toothpasts
(n=16}) 2% HP (n=16) (n=16) (n=186) (n=186)

.

Initial samples (n=80) / Allocation / Positive control — 35% HP in-office bleaching (n=16) / Test group —
2% HP bleaching dentifrice (n=16) / Test group — 2.5% HP mouthwash (n=16) / Test group — 6% HP
paint-on (n=16) / Negative control — Conventional dentifrice (n=16).

Bracket removal:

After ending the bleaching treatment, a shearing machine (EMIC DL-1000,
Uberlandia, MG, Brazil) helped remove the brackets from the samples. This equipment
used a 1kN cell and an active chiseled tip placed between enamel and resin, and the speed
was 0.5 mm/min. After bracket removal, a multi-blade bur helped eliminate the excess

surface resin to remove the orthodontic adhesive (Orthometric, Marilia, SP, Brazil).

Data analysis:

A blinded participant performed the statistical analysis. The data were analyzed
with R software, version 4.3.0, aided by the stats, rstatix, and ggplot2 packages. The
Shapiro-Wilk and Bartlett tests evaluated the normality and homogeneity of data
variance, respectively. The data from color change analyses (AE00) presented a non-
normal distribution (p < 0.05); hence, Kruskal-Wallis with Dunn post-hoc test and
Bonferroni correction compared the groups. ANOVA compared the means of post-
bleaching gloss increase in each experimental group. All analyses used a 5% significance

level.

RESULTS

The analyses included the data from all specimens. The Kruskal-Wallis test
detected a significant difference between the groups (AE00 — p = 0.000069). Multiple
comparison analyses showed significant differences (p< 0.05) between groups DHP vs.
MouHP, DSHP vs. MouHP, DHP vs. HP35, and DSHP vs. HP35 (Table 1, Figure 2).
ANOVA did not detect a significant difference in the post-bleaching gloss increase
between the experimental groups (F(4.75) = 1.53, p = 0.20) (Table 2, Figure 3).

62



Table 1. Comparison between groups for AEOO and AEab values.

Groups AE00 (median, minimum-maximum AEab (median, minimum-
value) maximum value)

HP35 11.09 (6.17 — 12.60)* 16,38 (8,87 — 18,50)A

MouHP 10.47 (8.01 — 13.81)* 15,26 (11,41 - 19,46)A

DSHP 8.49 (4.15-12.47)8 11,45 (6,04 —17,45)B

DHP 7.75 (2.06 — 10.83)8 11,17 (2,67 - 16,12)B

PON 10.24 (1.99 — 12.92)AB 14,40 (2,20 — 18,60)AB

Figure 3. Boxplots of the comparisons between groups for AEOO values.
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Table 2. Comparison between groups for gloss values.

Groups Gloss change (mean + standard deviation)
HP35 6.39 + 1.20%
MouHP 5.17 +£2.06"
DSHP 5.76 £ 1.14%
DHP 5.52+1.328
PON 5.64 +1.844

Figure 4. Boxplots of the comparisons between groups for gloss values.
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DISCUSSION

Considering the limitations of this study, the initial color change showed a better
outcome for groups applying in-office bleaching (35% HP) and mouthwash (2.5% HP)
than those using dentifrice (2% HP and without peroxide). This difference may be due to
the higher hydrogen peroxide concentration in groups HP35 and MouHP than in DHP
and DSHP. The literature indicates a tendency for higher color change in teeth exposed
to more concentrated agents !¢ and a higher propensity for sensitivity "1, Further
clinical trials and a tooth sensitivity assessment should be performed with these products

to validate the results.
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The color change outcomes were close to other in vitro studies using over-the-
counter (OTC) products but without orthodontic brackets '®!. Other in vitro studies
corroborate these findings, showing that an orthodontic bracket bonded on the buccal
surface did not interfere with tooth color change 2°. However, the color change between
the margins and under the bracket may present statistically significant results, although
that difference seems clinically imperceptible 22,

It is worth noting that, despite the statistical difference in color change outcomes,
the mean of all groups was higher than the color change tolerance index (AE00>1.77) 2.
This finding may be associated with the potential of dentifrices to remove the teeth
extrinsic staining, changing the color even without hydrogen peroxide action 2%, which
shows that the performed treatments were satisfactorily effective for color change, even
in the placebo group (DSHP).

Gloss change is related to the light reflected on the enamel surface, and increasing
this value benefits esthetic perception because it may give the impression of a bleached
tooth 2°2°, All groups showed a positive color change in sample gloss without statistical
differences between the groups, favoring the color change findings. Gloss is directly
related to surface roughness 27, so the increase in sample gloss suggests that the tested
bleaching agents did not cause adverse effects on tooth enamel morphology.

A limitation of laboratory studies with OTC products is the impossibility of
evaluating gingival irritation caused by these agents. Considering the absence of follow-
up by a dentist, the bleaching protocol is not customized, promoting the risk of inadequate
product application. The direct contact between the bleaching agent and soft tissues may
cause inflammatory reactions because hydrogen peroxide is toxic to the fibroblasts of the
gingival tissue, leading to an inflammatory reaction 2®. Future clinical studies should also
evaluate different bracket materials because metallic brackets may accumulate more
plaque than ceramic brackets, potentially causing adverse effects, such as gingival
irritation %°.

This study verified several bleaching agents with different application methods,
commercialized online, freely, and without requiring follow-up by a dental professional,
making it impossible to test all products. We suggest more regulation in commercializing
these agents to evaluate the scientific proof of each one before they become available to
patients.

Lastly, the agents effectively changed the color of samples, indicating the

possibility of further clinical studies, even in patients undergoing orthodontic treatment
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who wish to perform tooth bleaching, to correctly map the occurrence of potential adverse

effects and allow the assessment of patient satisfaction.

CONCLUSION

Except for dentifrices, the color change outcomes of the evaluated over-the-

counter bleaching treatments were as satisfactory as in-office bleaching, without

differences between groups for gloss change.
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Qualis A4

Impact of over-the-counter bleaching products on teeth with orthodontic brackets:
an in vitro assessment of mechanical properties - part 11

ABSTRACT

This in vitro study evaluated the impact of over-the-counter (OTC) products on the
mechanical properties (surface roughness and shear bond strength) of tooth enamel. Thus,
80 bovine teeth were selected and subjected to a staining protocol and initial surface
roughness assessment. Then, orthodontic brackets were bonded on the center of the
clinical crown of each sample, and teeth underwent the bleaching protocols. The samples
were allocated to five groups (n=16): Conventional in-office bleaching 35% Hydrogen
peroxide (HP) - positive control; Dentifrice with 2% HP; Mouthwash with 2.5% HP;
Paint-on with 6% HP; Conventional dentifrice without HP - negative control. After
receiving the bleaching protocol, the samples underwent the shear strength test for
orthodontic bracket removal. The remaining resin was then removed from the sample
surfaces using multi-blade burs, and the final roughness was assessed under the sample
center. The statistical assessment did not detect a significant difference between the
experimental groups for shear assessment (p = 0.14). As for surface roughness, the
statistical test detected a significant difference between group means (p =0.007). Pairwise
comparisons with Tukey's post hoc test identified a significant difference only between
groups DSHP and HP35 (p = 0.008). The group using dentifrice without peroxide
presented higher surface roughness change. The study suggests that the evaluated OTC
products did not influence the bond strength of orthodontic brackets to teeth or enamel

roughness change.

INTRODUCTION

Over-the-counter (OTC) products appeared in the early 2000s in the United States
as an alternative for patients who could not afford a dentist but sought bleaching
treatments !. These products have a low hydrogen peroxide concentration and may be
sold without a prescription from a dental professional, depending on the legislation of

each country 2.
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The association between whiter teeth and the image of an ideal smile, associated
with the increasing esthetic pressure, directly affects psychological factors and patients'
quality of life, also potentially affecting patients whose self-esteem might be already
affected, such as during orthodontic treatments 3. The easy acquisition of these products
online, combined with intense advertisement, makes these patients attracted to the
possibility of tooth bleaching during treatment, even though the literature reports that the
optimal time to perform a bleaching protocol is after ending orthodontics &7

Another concern related to bleaching treatment without professional supervision
is the morphological change of tooth enamel, as studies indicate an association between
bleaching agents and enamel surface roughness changes %°. Although these changes are
usually reversible through natural saliva remineralization '°, the outcomes from OTC
bleaching agents without scientific proof, combined with their unrestrained use without
the supervision of a dental professional, remain uncertain.

Another factor for consideration is the influence of bleaching agents on
orthodontic bracket adhesion '!. Although the literature remains unclear about the clinical
relevance of the lower adhesion potentially caused by bleaching agent action on the

bonding interface '*!3

, studies are still scarce regarding the effects of OTC bleaching
agents on the adhesion of brackets cemented on the dental structure.

Hydrogen peroxide (H203) is the primary tooth-bleaching agent. Tooth bleaching
is little invasive, well accepted by most patients, and presents satisfactory color change
outcomes with few adverse effects when correctly supervised by a dentist '*!>. The
success of these bleaching agents depends on their concentration and action time in
contact with the dental surface '°.

Our study considers that patients using conventional orthodontic appliances seek
OTC products because of their easy access. Therefore, we performed an in vitro
assessment of the changes in mechanical properties (roughness and shear) of different
OTC products containing hydrogen peroxide in bovine tooth samples with orthodontic

brackets bonded on their buccal surface, simulating a conventional fixed appliance

treatment. The study used the null hypothesis that the groups would not statistically differ.

METHODOLOGY
Study design and sample size:
The study design followed the CRIS (Checklist for Reporting In vitro Studies)

tool guidelines !7, according to the recommendations for in vitro studies. The bovine tooth
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samples originated from slaughterhouse donations, exempting them from the ethical
committee approval for animal testing. All tests followed the scientific requirements and
research protocols established by the World Medical Association Declaration of Helsinki.
The sample size calculation was based on the experimental design, using the following
parameters: 5% two-tailed significance level (a = 0.05), 95% confidence interval, 90%
statistical power (B = 0.10), 1:1 sample allocation ratio to experimental groups, and a
large estimated effect size (d = 0.80), indicating the need for including at least 16 samples

in each group, totaling 80 samples, based on Torres et al. (2013).

Sample selection and preparation:

After extraction, the bovine incisors were cleaned with periodontal curettes and
stored in distilled water. Teeth selection followed the eligibility criteria: 1. Healthy
permanent incisors; 2. Teeth without fractures in the coronal region; 3. The absence of
macroscopically visible enamel cracks. The excluded teeth were discarded properly as
biological materials. The initial color assessment had the samples cleaned, polished with
pumice, and extrinsically stained by black coffee immersion for three days, replacing the
solution every 24 hours and preparing it according to the manufacturer's instructions by
diluting two teaspoons of powder (Nescafé®, Nestlé¢, Sao Paulo, SP, Brazil) in 100 ml of
boiling water (Torres et al., 2013). After finishing the staining protocol, the samples were
cleaned in running water to remove the excess coffee and dried at room temperature for
six hours. A diamond disc (American Burrs, Palhoga, SC, Brazil) helped remove the
roots, and the samples were stabilized by the palatal surface in a colorless acrylic resin
base (VIPI FLASH, Pirassununga, SP, Brazil) made with a polyvinyl chloride (PVC) tube
(Conexdes Tigre, Joinville, SC, Brazil) of 12 mm in diameter, completely exposing the

buccal aspect of the crown. Figure 1 shows the samples.

Figure 1: Samples prepared before bracket bonding.

Surface roughness assessment:
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A contact roughness meter (Mitutoyo, Aurora, IL, USA) analyzed the surface
roughness of each sample at baseline (TO) and 72 hours after finishing the bleaching
treatment and removing the brackets (T1); the samples were stored in distilled water
during this period. Mean roughness (Ra) was measured with a 5N static load and speed
of 0.5 mm/s. The cutoff value was 0.25 pm in sequence, and the measurement distance
was 1 mm. Each sample was read three times, at each time, from the sample center in the
enamel region where the bracket was bonded. The arithmetic mean of the values was

calculated and tabulated.

Bracket bonding:

Eighty metal brackets with an area of 6 mm? (Kirium UIR Roth 022; Abzil 3M,
Sao José do Rio Preto, SP, Brazil) were cemented on the center of the samples. The region
delimited by the mold was etched with 37% phosphoric acid (Alpha-Etch; Nova DFL,
Rio de Janeiro, RJ, Brazil) for 30 seconds according to the manufacturer's specifications,
then washed with water for 30 seconds and dried by air spray. Next, an adhesive layer
(Scotchbond; 3M Unitek, Sumaré, SP, Brazil) was light-cured for 20 seconds according
to the manufacturer's instructions (Valo — Ultradent, Indaiatuba, SP, Brazil) and applied.
A composite resin layer (Transbond™ XT, Sumaré¢, SP, Brazil) was then spread under
the metal bracket base placed on the tooth surface aided by orthodontic tweezers. After a
quick three-second light-curing, the excess resin was removed from the dental surface
aided by a spatula (Golgran, Sao Caetano do Sul, SP, Brazil). Then, a final light-curing

was performed for 20 seconds.

Bleaching treatment:

A blind evaluator allocated the samples to five groups using randomization
software (www.random.org). Group HP35 underwent an in-office bleaching simulation
using 35% hydrogen peroxide gel (Whiteness HP — FGM, Joinville, SC, Brazil) applied
on the buccal surface of the sample with the help of a brush. Three 45-minute sessions
(three 15-minute applications according to the product manufacturer's recommendations)
occurred with a 48-hour interval between sessions, establishing the positive control
group. Group DHP experienced bleaching with a dentifrice containing 2% hydrogen
peroxide (Colgate Luminous White Advanced - Colgate - Sdo Paulo, SP, Brazil). The
samples were taken to the toothbrushing machine programmed to perform 60

reciprocating brushing movements per minute with a 200g load. This process
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accomplished 850 cycles, simulating approximately 180 toothbrushing days using soft-
bristle toothbrushes (Colgate Classic — Colgate, Sdo Paulo, SP, Brazil). Group MouHP
underwent a simulated treatment with a mouthwash containing 2.5% hydrogen peroxide
(Listerine Whitening Extreme — Johnson and Johnson, Sao José dos Campos, SP, Brazil).
The samples were immersed in a recipient with mouthwash for 12 hours. The mouthwash
was replaced every hour, and the samples were washed in running water at each exchange.
Group PON underwent treatment using paint-on gel containing 6% hydrogen peroxide
(Whitening Pen — Dazzling White, Guangzhou, China). The samples received the product
in daily 10-minute applications for 14 days. Group DSHP underwent treatment using a
conventional dentifrice (Colgate Total 12 - Colgate - Sdo Paulo, SP, Brazil) without
hydrogen peroxide. The samples were taken to a toothbrushing machine under the same
settings of group DHP, simulating a 180-day treatment, establishing the negative control.
The samples were stored in distilled water while not subjected to bleaching agents. Figure

2 exemplifies the allocation of samples.

Figure 2: Flowchart of sample allocations.

i A
Initial Samples
(n=30)

‘. S
Allocation

-

Paozitive Contral Test Group Test Group Test Group Negative Control
Office whitenar 33%HP Whitening Toothpaste Mouthwash 2.3%HEP Paint-on §%HP Conventionz] Toothpazta
(=16} 2%HP (n=16) (=16} (a=1£) (m=16)

A

Initial samples (n=80) / Allocation / Positive control — 35% HP in-office bleaching (n=16) / Test group —
2% HP bleaching dentifrice (n=16) / Test group — 2.5% HP mouthwash (n=16) / Test group — 6% HP
paint-on (n=16) / Negative control — Conventional dentifrice (n=16).

Bracket removal and bond strength assessment:

All samples were subjected to a mechanical shear test in a machine (EMIC DL-
1000, Uberlandia, MG, Brazil). This equipment used a 1kN cell and an active chiseled tip
placed between enamel and resin, and the speed was 0.5 mm/min. The maximum force

for rupture was recorded in Newtons (N). The mechanical test is shown in figure 3.
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Figure 3. Sample positioned for the shear bond strength test.

Data analysis:

A blinded participant performed the statistical analysis. The data were analyzed
with R software, version 4.3.0, aided by the stats, rstatix, and ggplot2 packages. The
Shapiro-Wilk and Bartlett tests evaluated the normality and homogeneity of data
variance, respectively. The data from shear analyses presented a non-normal distribution
(p < 0.05); hence, Kruskal-Wallis with Dunn post-hoc test and Bonferroni correction
compared the groups. ANOVA and Welch with Games-Howell post hoc test analyzed the
roughness change means of each experimental group due to the absence of variance

homogeneity (p < 0.5). All analyses used a 5% significance level.

RESULTS
Shear test:
The shear test excluded six specimens from the analysis due to technical failure.

The Kruskal-Wallis test did not detect significant differences between the experimental

groups (p = 0.14) (Table 1, Figure 2).
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Table 1. Comparison between groups for shear values.

Groups Shear (median, minimum-maximum value)
HP35 202 (65 —-357)*

MouHP 185 (96 - 364)*

DSHP 188 (66 —421)*

DHP 126 (79 — 449)*

PON 168.5 (74 — 335)A

Surface roughness assessment:

The analysis of post-bleaching roughness change included all specimens. Welch
ANOVA detected a significant difference between the group means (p = 0.007). Pairwise

comparisons with Tukey's post hoc test identified a significant difference only between

groups DSHP and HP35 (p = 0.008) (Table 2, Figure 2).

Table 2. Comparison between groups for roughness values.

Groups Surface roughness (median, minimum-maximum value)
HP35 0.44 +0.13A

MouHP 0.60 £ 0.25AB

DSHP 0.65+0.19B

DHP 0.52 +£0.33AB

PON 0.63 £0.31AB

Figure 4. Boxplots of the comparisons between groups for roughness change and shear

strength values.
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DISCUSSION

The shear assessment did not show statistical differences between the groups,
confirming the null hypothesis and suggesting that the evaluated bleaching agents did not
harm the bond strength of brackets. These findings agree with other in vitro '%!°; however,
the present investigation treated the teeth for a controlled time, which would not
necessarily occur if patients purchased these products indiscriminately and used them
without professional supervision.

The decreased bond strength of brackets with orthodontic cement may cause their
detachment, promoting patient discomfort and the need for additional repair and bonding
sessions 2°. However, the means obtained in all groups reached the minimum adhesion
results recommended in the literature: 50-70 N 2!. The findings suggest that bleaching
agent action cannot harm adhesion to the point of clinically impairing orthodontic
treatment development. We also suggest further studies to evaluate whether the prolonged
use of these agents may cause adverse effects on material shear bond strenght.

As for surface roughness values, the only statistical difference occurred between

the positive control (in-office bleaching) and the negative control (dentifrice without
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hydrogen peroxide). That suggests the tested OTC products did not influence enamel
roughness more than a regular dentifrice, although the surface roughness tests rejected
the null hypothesis due to the statistical difference.

Despite the surface morphology change after bleaching, studies indicate that
roughness variations between 0.4 and 0.6 um presented remineralization potential when
applying remineralizing dentifrices 22. Therefore, the study suggested that, during the
protocol time, OTC bleaching agents would not cause irreversible changes in tooth
enamel morphology.

Another factor that may influence the surface roughness analysis results is the
technique to remove the dental surface resin. Laboratory investigations indicate that
bladed burs, such as those used in this study, present better roughness and enamel
preservation results than other techniques, such as diamond points or Er:YAG laser.
However, surface roughness still changes, with values agreeing with our study 2>**. We
emphasize that the results suggest that roughness change is reversible and has no
significant clinical implications; however, the roughness increase may be more related to
bracket bonding and removal than the bleaching agent.

Lastly, it is worth noting the relevance of professional supervision for bleaching
treatments due to the toxicity of hydrogen peroxide, which may cause gingival irritation
if the agent directly contacts the gingiva (Furukawa et al., 2015) or inflammatory

reactions in the digestive tract if the product is accidentally ingested *°.

CONCLUSION
The present in vitro study suggests that the evaluated over-the-counter products
did not influence the shear bond strength of orthodontic brackets to teeth or enamel

roughness changes.
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4. Consideracoes Finais

Apesar da baixa certeza de evidéncia, os resultados dos estudos obtidos na revisao
sistematica sugerem que produtos clareadores over-the-counter apresentaram resultados
clinicos satisfatorios, tanto em alteragao de cor, quanto em ocorréncia de efeitos adversos.
Porém, devemos ressaltar cautela durante a utilizacdo desses produtos, ja que nos estudos
clinicos avaliados, havia supervisao do cirurgido-dentista durante a utilizacdo dos agentes
clareadores, o que refor¢ca a importincia do acompanhamento profissional em
procedimentos clareadores.

Foi observado através de estudo in-vitro, a eficacia na alteracao de cor ¢ de brilho
dos produtos over-the-counter em dentes bovinos submetidos a tratamento ortodontico
supervisionado, sugerindo também que os produtos OTC avaliados nao influenciariam na
rugosidade superficial das amostras ou na for¢a de unido dos braquetes ao dente.

Porém, devido as limitagdes de estudos in-vitro, ndo € possivel avaliar possiveis
efeitos adversos que esses agentes poderiam causar em pacientes. Outra limitagdo ¢ a
grande variedade de produtos disponiveis para vendas online de agentes contendo
peroxido de hidrogénio, o que impossibilita uma avaliacio de todos os produtos
disponiveis no mercado. Assim, o paciente se torna suscetivel a utilizar produtos que ndo

possuam comprovacao cientifica de sua eficécia.
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