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RESUMO
Introducio. As doencas cardiovasculares, principal causa de morte global, estdo associadas a
periodontite apical assintomatica, que tem papel contribuinte na origem da inflamagao sistémica
cronica de baixo grau, possivelmente afetando a satide geral do individuo. A inflamagao sistémica
cronica de baixo grau ¢ um aumento nos niveis sanguineos de marcadores inflamatdrios, os quais
desempenham um papel na origem e no desenvolvimento de alteragdes cardiovasculares,
tornando-se uteis na predi¢do do risco cardiovascular. Nao ha consenso, porém, se estes
marcadores — como citocinas inflamatorias [Fator de necrose tumoral alfa (TNF-a) e Interleucina-
6 (IL-6)], moléculas de adesdo celular [Molécula de adesdo intercelular-1 (ICAM-1) e Molécula
de adesdo celular vascular-1 (VCAM-1)] e proteina C reativa (PCR) — sdo reduzidos com o
tratamento endoddntico. O objetivo deste estudo foi sumarizar a evidéncia disponivel sobre o
efeito do tratamento endodontico nos niveis séricos de marcadores inflamatdrios associados ao
risco cardiovascular. Métodos. Esta revisdo sistematica e meta-andlise seguiu as diretrizes do
PRISMA e foi registrada no PROSPERO sob o nimero CRD42023391374. Foram incluidos
estudos observacionais do tipo coorte e caso-controle, e experimentais do tipo ensaio clinico
controlado e estudos do tipo antes e depois, com individuos com periodontite apical assintomatica,
sem restricoes de idade, cor, sexo ou status socioecondmico. Nao foram incluidos estudos
transversais, relatos de casos, opinides de especialistas, relatorios técnicos, cartas aos editores e
revisdes, bem como estudos que ndo mediram marcadores inflamatdrios no soro antes e apds o
tratamento endodontico, estudos com condi¢des endoddnticas agudas e em pacientes com
comorbidades ou sem controle das exposigdes a fatores de risco comportamentais. Foi realizada
uma busca sistematica nas bases de dados PubMed/Medline, Embase, Web of Science, Scopus,
BVS (Medline, IBECS, BBO, LILACS) e em fontes de literatura cinzenta, sem restrigdes de
idioma ou data de publicag¢do, nos meses de outubro e novembro de 2022. Apds a remogao de
duplicatas, os titulos e resumos dos estudos foram avaliados por dois revisores independentes. Os
estudos elegiveis foram lidos na integra. A extragdo de dados foi realizada por dois revisores
independentes, assim como a avaliagdo do risco de viés por meio da escala Newcastle-Ottawa
(NOS) adaptada para estudos de intervencao. Em adi¢do, a qualidade da evidéncia e a for¢a da
recomendacao foram aferidas pelo sistema GRADE (Grading of Recommendations Assessment,
Development and Evaluation). Discordancias foram resolvidas por consenso ou desempate por
terceiro avaliador. Foram conduzidas meta-andlises de efeitos randomicos com estimador de
DerSimonian e Laird para estimar as diferencas médias (DM) agrupada e intervalos de confianga
a 95% (IC95%) das concentracdes de marcadores inflamatdrios entre grupos submetidos ao
tratamento endodontico e controles. Também foram realizadas andlises de subgrupo para
investigar diferencas nas estimativas entre estudos com e sem grupo controle proprio, utilizando
um grupo de controle externo. Heterogeneidade entre os estudos foi analisada por meio do teste
Q de Cochran e I>. Devido ao nimero limitado de estudos, ndo foi possivel realizar anélises de
viés de publicacdo. Todas as analises foram realizadas no software Stata versao 14.0, considerando
alpha=5%. Resultados. Foram identificadas 2.101 publica¢des. Apds remog¢do de duplicatas e
avaliagdo de titulos e resumos, foram elegiveis 12 estudos e, apds a leitura na integra, cinco
estudos que avaliaram os niveis séricos de marcadores inflamatorios antes e apds o tratamento
endodontico, comparados a controles saudaveis, foram incluidos na revisdo sistematica e meta-
analise. Foram analisados varios marcadores inflamatorios, incluindo PCR, IL-6, TNF-a, VCAM-
1 e ICAM-1. Na avaliagdo da qualidade metodoldgica baseada na NOS, todos os estudos
apresentaram risco moderado de viés. O nivel da evidéncia, conforme o GRADE, foi considerado



Xiv

muito baixo para todos os desfechos avaliados. Os resultados da meta-analise mostraram que o
tratamento endodontico possivelmente reduziu os niveis séricos da PCR [DM=0.50 (IC95%: -
0.64, 1.65)] e VCAM-1 [DM=0.03 (IC95%: -0.15, 0.21)] a valores semelhantes aos dos controles,
mas nao afetou IL-6 [DM=6.26 (1C95%: 4.26, 7.87)], TNF-a [DM=7.26 (IC95%: 3.61, 10.91)] ¢
ICAM-1 [DM=-44102.04 (IC95%: -122551.39, 34347.32)]. Houve heterogeneidade entre os
estudos na maioria das meta-analises (1>>50% e P<0,10), mesmo nas analises de subgrupo.
Conclusio: A evidéncia disponivel aponta para a possibilidade de o tratamento endodontico
reduzir os niveis séricos de PCR e VCAM-1. No entanto, ha poucos estudos, com risco de viés e
o nivel da evidéncia ¢ muito baixo, indicando que a confianga na estimativa de efeito ¢ limitada,
e que ha um importante grau de incerteza nesses achados.

Palavras-chave: Periodontite periapical. Inflamacao. Mediadores da Inflamagdo. Fatores de
Risco de Doencas Cardiacas. Tratamento do Canal Radicular.
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ABSTRACT
Introduction: Cardiovascular diseases, the leading global cause of death, are associated with
asymptomatic apical periodontitis, which plays a contributing role in the onset of chronic low-
grade systemic inflammation, potentially impacting the overall health of the individual. Chronic
low-grade systemic inflammation involves increased blood levels of inflammatory markers, which
play a role in the origin and development of cardiovascular alterations, becoming useful in
predicting cardiovascular risk. However, there is no consensus on whether these markers—such
as inflammatory cytokines [Tumor Necrosis Factor-alpha (TNF-a) and Interleukin-6 (IL-6)], cell
adhesion molecules [Intercellular Adhesion Molecule-1 (ICAM-1) and Vascular Cell Adhesion
Molecule-1 (VCAM-1)], and C-reactive protein (CRP)—are reduced with endodontic treatment.
This study aimed to summarize the available evidence on the effect of endodontic treatment on
serum levels of inflammatory markers associated with cardiovascular risk. Methods. This
systematic review and meta-analysis followed PRISMA guidelines and were registered in
PROSPERO under the number CRD42023391374. Observational studies including cohorts and
case-controls, as well as experimental studies including controlled clinical trials and before-and-
after, with asymptomatic apical periodontitis patients, were included, without restrictions on age,
race, gender, or socioeconomic status. Excluded were cross-sectional studies, case reports, expert
opinions, technical reports, editorials, reviews, studies not measuring inflammatory markers in
serum before and after endodontic treatment, studies involving acute endodontic conditions, and
patients with comorbidities or without control of behavioral risk factor exposures. A systematic
search was conducted in PubMed/Medline, Embase, Web of Science, Scopus, BVS (Medline,
IBECS, BBO, LILACS), and grey literature sources, with no language or publication date
restrictions, in October and November 2022. After removing duplicates, two independent
reviewers assessed titles and abstracts. Eligible studies were read in full. Data extraction was
performed by two independent reviewers, as well as risk assessment using the Newcastle-Ottawa
Scale (NOS) adapted for intervention studies. Additionally, the quality of evidence and strength
of recommendation was assessed using the GRADE system (Grading of Recommendations
Assessment, Development, and Evaluation). Discrepancies were resolved by consensus or third-
party adjudication. Random-effects meta-analyses with DerSimonian and Laird estimator were
conducted to estimate pooled mean differences (MD) and 95% confidence intervals (CI) of
inflammatory marker concentrations between groups undergoing endodontic treatment and
controls. Subgroup analyses were conducted to investigate differences in estimates between
studies with and without their control group, using an external control group. Heterogeneity
among studies was assessed using Cochran's Q test and I2. Due to the limited number of studies,
publication bias analyses were not feasible. All analyses were performed using Stata version 14.0,
considering alpha=5%. Results: A total of 2,101 publications were identified. After removing
duplicates and evaluating titles and abstracts, 12 studies were eligible. After full-text reading, five
studies evaluating serum levels of inflammatory markers before and after endodontic treatment,
compared to healthy controls, were included in the systematic review and meta-analysis. Various
inflammatory markers were analyzed, including CRP, IL-6, TNF-a, VCAM-1, and ICAM-1.
Based on NOS, all studies showed a moderate risk of bias. The evidence level, according to
GRADE, was considered very low for all evaluated outcomes. Meta-analysis results indicated that
endodontic treatment possibly reduced serum levels of CRP [MD=0.50 (95% CI: -0.64, 1.65)] and
VCAM-1 [MD=0.03 (95% CI: -0.15, 0.21)] to values similar to controls, but did not affect IL-6
[MD=6.26 (95% CI: 4.26, 7.87)], TNF-a [MD=7.26 (95% CI: 3.61, 10.91)], and ICAM-1 [MD=-
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44102.04 (95% CI: -122551.39, 34347.32)]. Heterogeneity among studies was observed in most
meta-analyses (12>50% and P<0.10), even in subgroup analyses. Conclusion: Available evidence
suggests the possibility that endodontic treatment may reduce serum levels of CRP and VCAM-
1. However, with few studies, a risk of bias, and a very low evidence level, confidence in the effect
estimate is limited, indicating a significant degree of uncertainty in these findings.

Keywords: Apical Periodontitis. Inflammation. Inflammatory Mediators. Cardiovascular Risk
Factors. Root Canal Therapy.
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1 INTRODUCAO

O perfil das doengas atuais foi modificado pela mudanga dos hdbitos comportamentais,
como estilo de vida sedentario, alcoolismo, tabagismo e dieta inadequada. Isso resultou no
aumento significativo da morbimortalidade devido a doengas ndo transmissiveis (DNTs), como
cancer, diabetes, doengas respiratorias e as doengas cardiovasculares (DCVs). As DCVs sdo a
principal causa de mortes no mundo. Até 2019, 17,9 milhdes de pessoas morreram em
consequéncia de alteracdes cardiovasculares, cerca de 32% de todas as mortes globais (WORLD
HEALTH ORGANIZATION, 2023).

Essa mudanca de habitos comportamentais também impactou na saude bucal. A carie e a
periodontite sdo as DNTs mais prevalentes que afetam a cavidade bucal, atingem
aproximadamente 3,5 bilhdes de pessoas no mundo, ao longo do ciclo vital, desde a infancia até
a velhice. Dentre elas, a doenga cérie ¢ a mais prevalente, por acometer cerca de 50% da populacao
mundial (WORLD HEALTH ORGANIZATION, 2022).

A carie tem etiologia multifatorial e compartilha fatores de risco comuns a outras DNTs,
como a alta ingestao de agucares de adi¢do. A dieta rica em agucares desequilibra a microbiota da
cavidade bucal. Assim, o biofilme oral disbidtico metaboliza o agucar, produzindo 4cidos que
desmineralizam a estrutura dental, e, se ndo houver interven¢ao, ocorrera a cavitacdo dos tecidos
duros dentais, resultando nas lesoes de carie (SIMON-SORO; MIRA, 2015).

Em consequéncia ao ndo tratamento das lesdes de carie pode ocorrer o acometimento do
tecido pulpar. Em estagios iniciais, ocorre um processo inflamatorio reversivel que pode evoluir
para uma condigdo irreversivel. A persisténcia da inflamacdo pulpar irreversivel evolui para a
decomposic¢ao do tecido pulpar. Instalada a necrose pulpar, os restos celulares em decomposicao
e os subprodutos bacterianos como enzimas e toxinas agridem os tecidos periapicais, causando
uma inflamagio nesta regido, caracterizando assim, a periodontite apical (JIMENEZ-SANCHEZ
et al., 2020).

A periodontite apical pode se manifestar de forma sintomdtica ou assintomatica
(GLICKMAN, 2009). A periodontite apical assintomatica ¢ uma doenga sem sinais e sintomas
clinicos, manifestando-se radiograficamente como uma radiolucidez apical (AMERICAN
ASSOCIATION ENDODONTICS, 2013; SIQUEIRA; ROCAS, 2019), e acomete pelo menos um
dente em 52% da populag¢io mundial (TIBURCIO-MACHADO et al., 2021).

Desde meados de 1900, com o surgimento da Teoria da Infec¢do Focal, a infec¢ao dentaria
tem sido estudada como uma possivel causa de diversas doengas sistémicas (PIZZO et al., 2010).

Naquela época, a extracdo dentaria era a Unica alternativa terapéutica empregada para controlar
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esse tipo de infeccao. Havia um descrédito em relacdo ao tratamento de canais radiculares para o
controle das infec¢cdes de origem endododntica. Entretanto, nos anos seguintes a Endodontia
evoluiu como ciéncia, gragas ao desenvolvimento de tecnologias e técnicas de tratamento
endoddntico mais refinadas, tornando-se a opg¢do terapéutica de escolha para o sucesso do
tratamento destes casos. Por isso, a Teoria da Infecg¢do Focal caiu no ostracismo, por varias
décadas (PIZZO et al., 2010).

No entanto, mais tarde, no final do século passado, as infeccdes dentarias voltaram a ser
associadas as diversas DNTs, incluindo as DCVs (AMINOSHARIAE; KULILD; FOUAD, 2018).
Atualmente, a Medicina Endodontica investiga os mecanismos pelos quais a periodontite apical
assintomatica esta relacionada a essas doengas cronicas (AMINOSHARIAE et al., 2017).
Evidéncias indicam que a potencial relacdo entre a periodontite apical assintomatica e as doengas
sistémicas ¢ bidirecional, o que significa que uma pode influenciar a outra (CINTRA et al., 2021).

Por um lado, quando ja existem manifestagdes instaladas de DNTs, como, por exemplo, o
diabetes mellitus, o hospedeiro torna-se mais vulneravel a infeccdo endodontica, podendo haver
um aumento no numero de microrganismos presentes na periodontite apical assintomatica,
estimulando a resposta imunoldgica local, perpetuando o processo inflamatério e a reabsorgao
Ossea apical (CINTRA et al., 2021).

Por outro lado, a periodontite apical assintomatica possivelmente contribui para o risco de
desenvolvimento de DNTs, dentre elas as DCVs. A infec¢ao do sistema de canais radiculares pode
resultar em bacteremia transitoria, aumentando a suscetibilidade do hospedeiro a doenga
cardiovascular, o que ocorre, em casos raros, nas endocardites bacterianas (SAVARRIO et al.,
2005).

Além disso, os microrganismos presentes na infeccdo endodontica liberam seus
subprodutos na regido periapical que ganham a corrente sanguinea, desencadeando uma resposta
imune e induzindo a produgdo de citocinas pro-inflamatorias, como IL-1, IL-6, IL-8, TNF-a, de
proteinas e moléculas, como a proteina C-Reativa (PCR), haptoglobina, fibrinogénio,
tromboxano, (COTTI et al., 2011; JIMENEZ-SANCHEZ et al., 2020), levando ao estresse
oxidativo, o que resulta em repercussoes sistémicas dessa inflamacao local, expressa como uma
resposta inflamatdria sist€émica, que convencionalmente passou a ser chamada de inflamagdo
sistémica cronica de baixo grau. Tal fendmeno, contribui para a desregulacdo de parametros
sistémicos, e estd relacionado ao desenvolvimento de DNTs (CINTRA et al., 2021).

A inflamagdo sistémica cronica de baixo grau ¢ considerada um estado inflamatorio
prolongado, de intensidade moderada no organismo, € que se inicia em resposta a estimulos

persistentes, como infecgdes cronicas, estresse oxidativo, ou disfun¢des metabolicas. E
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caracterizada pela producgdo constante de citocinas pro-inflamatoérias, ativagao cronica do sistema
imunolégico e danos progressivos nos tecidos, mesmo na auséncia de sintomas Obvios
(HOTAMISLIGIL, 2006; PICKUP, 2004; WELLEN; HOTAMISLIGIL, 2005). Essa condi¢ao
tem sido exaustivamente estudada devido a sua contribuigdo significativa para o desenvolvimento
e progressdo de varias DNTs, com fortes evidéncias de estar associada ao diabetes mellitus
(DONATH; SHOELSON, 2011; SHOELSON; LEE; GOLDFINE, 2006), as DCVs
(HOTAMISLIGIL, 2006; YE et al., 2022), a obesidade (WELLEN; HOTAMISLIGIL, 2005) e as
doencas neurodegenerativas (XU et al., 2009).

As recentes investigagcdes associam a periodontite apical assintomatica a inflamagdo
sistémica cronica de baixo grau. Em consequéncia a inflamagdo dos tecidos periapicais ocorre
aumento das concentracdes séricas de citocinas inflamatérias I1L-1, 1L-2, IL-6, da molécula
reguladora de 6xido nitrico dimetilarginina assimétrica (ADMA), de moléculas de adesao, tais
como endotelina-1 (ET-1), molécula de adesdo intercelular-1 (ICAM-1), E-selectina e do
complemento soluvel 14 (sCD14) (BERGANDI et al.,2019) mesmo em pacientes sem fatores de
risco cardiovascular. E importante ressaltar que a alteragio sérica de ADMA ¢ um indice confiavel
de comprometimento endotelial em pacientes jovens e pode ser considerada como precursora no
desenvolvimento futuro de DCVs (COTTI et al., 2011).

Outro importante biomarcador, presente na inflamagdo sistémica cronica de baixo grau, é
a molécula de adesdo celular vascular-1 (VCAM-1). A VCAM-1 pertence a superfamilia das
imunoglobulinas e desempenha um papel importante na modulacao da inflamacao, nas respostas
imunes e nos processos de sinalizagdo intracelular. Sua expressdo ¢ induzida por citocinas
produzidas nos tecidos, bem como por elevados niveis de espécies reativas de oxigénio (ROS),
lipoproteina de baixa densidade oxidada (LDLox) e outros fatores desencadeadores. Em adicao, a
presenca de VCAM-1 soluvel no plasma tem sido empregada como um marcador bioldgico
preditor em varias doengas. Além disso, a VCAM-1 esta associada a doengas cardiovasculares,
desempenhando um papel relevante na origem e progressdo da aterosclerose (COOK-MILLS;
MARCHESE; ABDALA-VALENCIA, 2011; KAUR et al., 2023; VARONA et al., 2019).

Esse estado inflamatorio sistémico cronico associado a periodontite apical assintomatica
interfere nas fun¢des do endotélio. O endotélio € responsavel por controlar a coagulacdo do sangue
e prevenir a adesdo de células sanguineas as paredes dos vasos. Quando ha um desequilibrio nessas
fungdes, ocorre a disfungdo endotelial, a qual é um pré-requisito para o desenvolvimento da
doenca cardiovascular aterosclerética (COTTI et al., 2011).

A periodontite apical assintomatica também estd associada ao aumento da PCR, um

importante marcador de inflamagao sistémica, que por sua vez esta envolvido no desenvolvimento
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de DCVs devido ao aumento da inflamagdo, estresse oxidativo e de fatores de coagulacao
sanguinea (GARRIDO et al., 2019; GOMES et al., 2013). Para ratificar essa afirmagdo Garrido e
colab. (2019) constataram que pacientes adultos jovens com periodontite apical assintomatica
apresentaram niveis elevados de PCR, indicando carga inflamatoria sistémica e aumento do risco
cardiovascular. Além disso, desde a década de 60, ha fortes evidéncias de que doencas bucais,
como a doenga periodontal, abscesso alveolar e pericoronarite elevam os niveis de PCR
(BOUCHER; HANRAHAN; KIHARA, 1967).

A PCR ¢ produzida em diferentes células, incluindo hepatdcitos, células musculares lisas,
macrofagos, células endoteliais, linfocitos e adipdcitos. Durante sua sintese, a PCR fica presa no
reticulo endoplasmatico por uma ligagdo com carboxilesterases, o que faz com que sua liberacao
seja lenta. Em estados inflamatérios, ha redugdo dessa ligacdo, resultando em uma liberagao
acelerada da PCR (SPROSTON; ASHWORTH, 2018). A sintese da PCR ¢ principalmente
estimulada pela IL-6 e, em menor propor¢ao, pela IL-1 e TNF-a. Além de ser um marcador de
inflamacao, a PCR também pode aumentar em resposta a infecgdes bacterianas devido a presenga
de IL-1 e IL-6 (ZHANG; SAMOLS; KUSHNER, 1996).

A IL-6 ¢ uma citocina produzida por células inflamatdrias, células endoteliais e
fibroblastos, e desempenha um papel importante na regulacdo da resposta do hospedeiro a
infeccdo (SPROSTON; ASHWORTH, 2018). Sua producao ¢ estimulada pelo aumento dos niveis
séricos de TNF-a, outra citocina inflamatoria. O aumento da IL-6 tem sido associado a danos na
funcdo cardiovascular, evidenciando sua importancia na fisiopatologia das DCVs (TANAKA;
KISHIMOTO, 2014).

Os niveis elevados de TNF-a sdo geralmente uma resposta a eventos inflamatorios ou
infecciosos. Nas infec¢des endodonticas, o lipopolissacarideo (LPS), endotoxina constituinte da
membrana externa das bactérias gram-negativas, prevalentes em casos de reabsor¢ao dssea apical,
estimulam os macréfagos a produzirem esse mediador quimico (MACHADO et al., 2020).

As recentes evidéncias tém mostrado como a inflamagao cronica local, em decorréncia da
infeccdo do sistema de canais radiculares, afeta a saide do corpo como um todo, e vice-versa.
Nesse sentido, os estudos tém sugerido que a periodontite apical assintomatica esta ligada ao
aumento nos niveis séricos de marcadores inflamatorios, ocasionando repercussoes sistémicas no
organismo, que indicam risco para o desenvolvimento de alteragdes cardiovasculares. Assim, nos
propusemos a sumarizar a evidéncia disponivel do efeito do tratamento endoddntico sobre os
marcadores inflamatorios de risco cardiovascular em niveis séricos.

Desse modo, o objetivo deste estudo foi verificar se o tratamento endodontico pode reduzir

os niveis séricos de marcadores inflamatorios de risco cardiovascular em pessoas saudaveis com
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periodontite apical assintomatica. Para isto, foi realizada uma revisao sistematica e meta-analise
da literatura para responder a seguinte questao de pesquisa: “O tratamento endodontico modifica

os niveis séricos de marcadores inflamatorios de risco cardiovascular em individuos com

periodontite apical assintomatica?”.
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2 CAPITULO 1

O TRATAMENTO ENDODONTICO MODIFICA OS NIVEIS SERICOS DE
MARCADORES INFLAMATORIOS DE RISCO CARDIOVASCULAR EM
INDIVIDUOS COM PERIODONTITE APICAL ASSINTOMATICA?
UMA REVISAO SISTEMATICA E META-ANALISE

DOES ENDODONTIC TREATMENT MODIFY SERUM LEVELS OF
INFLAMMATORY MARKERS OF CARDIOVASCULAR RISK IN INDIVIDUALS
WITH ASYMPTOMATIC APICAL PERIODONTITIS? A SYSTEMATIC REVIEW

AND META-ANALYSIS.

A ser submetido na revista Journal of Endodontics
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Resumo

Introducdo: Niveis plasmaticos de marcadores inflamatorios de risco cardiovascular estdo
associados a periodontite apical assintomatica. Porém, ainda ndo ha consenso sobre o efeito do
tratamento endodontico reverter essa condicao. Esta revisao sistematica e meta-analise sumarizou
a evidéncia disponivel sobre o efeito do tratamento endoddntico nos niveis séricos desses
marcadores inflamatorios. Métodos: Foram pesquisadas as bases de dados PubMed/Medline,
Embase, Web of Science, Scopus, BVS (Medline, IBECS, BBO, LILACS), literatura cinzenta e
lista de referéncias, entre outubro e novembro de 2022. A qualidade dos estudos foi avaliada pela
Escala Newcastle-Ottawa, e a for¢a da evidéncia pelo sistema GRADE. As buscas, selecdao e
extracdao de dados foram realizadas em duplicata por avaliadores independentes. Meta-analise de
efeitos randomicos estimaram as diferencas médias (DM) agrupadas e intervalos de confianca de
95% (IC95%) das concentracdes dos marcadores inflamatorios entre os grupos submetidos ao
tratamento endodontico e os controles (alpha=5%). Resultados: Das 2.101 publicacdes
identificadas, foram elegiveis 12 para leitura na integra. Cinco estudos foram incluidos na revisao
sistematica e meta-analise. Todos apresentaram risco moderado de viés. O nivel de evidéncia, para
todos os desfechos, foi muito baixo. A meta-analise indicou redug@o dos niveis séricos da proteina
C- reativa (PCR) [DM=0.50 (IC95%:-0.64, 1.65)] e da molécula de adesdo celular vascular-1
(VCAM-1) [DM=0.03 (I1C95%:-0.15, 0.21)] a valores semelhantes aos dos grupos controle.
Conclusdo: A evidéncia disponivel aponta para a possibilidade de o tratamento endoddntico
reduzir os niveis séricos dos marcadores inflamatoérios de risco cardiovascular, PCR e VCAM-1.
Entretanto, o nivel da evidéncia ¢ muito baixo, indicando um importante grau de incerteza nesses
achados.

Palavras-chave: Periodontite periapical. Inflamac¢do. Mediadores da Inflamacao. Fatores de
Risco de Doengas Cardiacas. Tratamento do Canal Radicular.
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INTRODUCAO
As doengas cardiovasculares (DCVs) sdo a principal causa de mortalidade no mundo,

representando cerca de 32% de todas as mortes globais (1). O desenvolvimento das DCVs esta
relacionado a fatores de risco comportamentais, como tabagismo, alcoolismo, dieta pouco
saudavel e sedentarismo, que desencadeiam alteracdes metabolicas, como hipertensao,
hiperlipidemia, sobrepeso e obesidade (2). Além disso, a presenga de inflamagdo sistémica
cronica de baixo grau, caracterizada por elevagao dos marcadores inflamatorios séricos, atua na
patogénese de distirbios cardiovasculares, incluindo a aterosclerose, considerada um fator
preditor de risco cardiovascular futuro (3).

A periodontite apical ¢ uma doenca inflamatoria que afeta os tecidos que circundam as
raizes dentarias, podendo manifestar-se de forma assintomatica ou sintomatica. Sua etiologia esta
associada a necrose pulpar, resultante de carie, traumas, doenga periodontal ou iatrogenia, que
permitem a entrada de bactérias da cavidade oral para o sistema de canais radiculares. Esses
microrganismos alcangam a regido apical, desencadeando, inicialmente uma resposta inflamatoria
cronica dos tecidos periapicais (4,5).

A inflamagdo cronica periapical ¢ modulada por uma resposta imunoldgica inata e
adaptativa complexa, que envolve atividade pro- e anti-inflamatéria. As células do sistema
imunologico como macréfagos, linfocitos, leucocitos sdo recrutadas para a regido periapical, e
liberam mediadores inflamatérios, como quimiocinas e citocinas. Dessa maneira, na regiao
periapical hd uma intensa resposta imune para evitar que a infec¢do do sistema de canais
radiculares atinja outras partes do corpo. No entanto, essa resposta imunoldgica ndo é capaz de
eliminar o biofilme bacteriano, a causa da periodontite apical assintomatica, o que resulta em
maiores danos aos tecidos periapicais, principalmente reabsor¢ao oOssea apical (5,6), que ¢
modulada por citocinas pro-inflamatorias, como as interleucinas (IL) IL-1pB, IL-6, o interferon
gama (IFN-y) e o fator de necrose tumoral alfa (TNF-a); e por citocinas anti-inflamatoérias, como
o fator de transformacdo do crescimento beta (TGF-B) e a IL-4 presentes no fluido intersticial
periapical (7).

O impacto da inflamacao crdnica local, em decorréncia da infec¢do do sistema de canais
radiculares, na saude sistémica do individuo tem sido objeto de varias investigacdes. Evidéncias
sugerem que a periodontite apical assintomatica pode influenciar os niveis plasmaticos de
mediadores inflamatorios, tais como IL-6, IL-1p e IL-18, TNF-a e a proteina C-reativa (PCR),
contribuindo para a instauracao de uma inflamacdo sistémica cronica de baixo grau (8-11). Niveis
elevados de IL-6 estdo associados a erosdo da placa aterosclerdtica, enquanto a PCR ¢ considerada

um biomarcador de disfun¢do endotelial ¢ um preditor de eventos cardiovasculares (3). Além
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disso, foi demonstrado que a periodontite apical assintomatica estd correlacionada com
modificacdes nos niveis plasmaticos de molécula de adesao intercelular 1 (ICAM-1), molécula de
adesdo vascular 1 (VCAM-1) e E-selectina endotelial (E-selectina), fatores que desempenham um
papel importante na inducao da disfuncao endotelial, um pré-requisito para o desenvolvimento da
doenga cardiovascular aterosclerética (12).

Em duas revisdes sistematicas e meta-analises anteriores, so foi possivel avaliar o efeito
do tratamento endodontico sobre os niveis séricos da PCR, e ndo foram encontradas diferengas
estatisticas significantes apds a intervencdo endodontica. Tais resultados ndo permitiram
conclusdes sobre a eficacia do tratamento endoddntico na redugdo dos niveis séricos da PCR
devido a alta heterogeneidade metodolégica dos estudos intervencionais. Além disso, os
individuos tinham diagnosticos diferentes quanto a periodontite apical, uma vez que foram
incluidos casos sintomaticos e assintomaticos (9,10). No entanto, novas evidéncias tém sugerido
que o tratamento endoddntico reduz os niveis séricos da PCR (11,13,14).

Desse modo, ainda ndo foi esclarecido qual o impacto do tratamento endoddntico na
modulagdo dos niveis séricos desses mediadores inflamatdrios. Assim, € plausivel a investigagao
sobre sua eficacia em reduzir os niveis séricos de marcadores inflamatérios que predizem o risco
cardiovascular. Nesta perspectiva, o presente estudo buscou responder a seguinte questdo de
pesquisa: "O tratamento endodontico modifica os niveis séricos de marcadores inflamatorios de
risco cardiovascular em individuos com periodontite apical assintomatica?"” por meio de uma
revisdo sistemadtica e meta-analise. Portanto, esse estudo teve por objetivo sintetizar e analisar
criticamente as evidéncias disponiveis sobre o impacto do tratamento endoddntico em individuos
saudaveis com periodontite apical assintomatica nos niveis séricos de marcadores inflamatorios
de risco cardiovascular.

MATERIAL E METODOS
Esta revisdo sistematica e meta-analise seguiu as recomendagdes do Preferred reporting

items for systematic reviews and meta-analyses (PRISMA, 2020) (15). Seu protocolo estéd
registrado no banco de dados do International prospective register of systematic reviews
(PROSPERO) sob o numero de registro CRD42023391374.
Critérios de elegibilidade

Critérios de inclusdo: estudos observacionais (coorte e caso-controle) e experimentais
(ensaios clinicos randomizados e nao randomizados, incluindo os estudos antes-e-depois) que
avaliaram o efeito do tratamento endoddntico em individuos com periodontite apical
assintomatica, sem restrigdes quanto a idade, cor, sexo ou status socioeconomico. Esses desenhos

de estudo foram considerados devido a existéncia de um grupo de comparacao e/ou ao seu carater
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longitudinal, o que nos permitiu analisar de maneira mais apropriada o efeito de uma
intervengao/exposicao nos desfechos de interesse.

Critérios de ndo inclusdo: estudos transversais, relatos de casos, opinides de especialistas,
relatorios técnicos, cartas aos editores e revisoes de qualquer natureza. Estudos sem medicoes de
marcadores inflamatorios no soro antes e apds a intervencdo endoddntica. Estudos com
populacdes que apresentassem condi¢des endodonticas agudas, como periodontite apical
sintomatica e abscesso dentoalveolar agudo. Estudos com individuos com comorbidades e
exposicao a fatores de risco comportamentais nao controlados.

Estratégia de busca e bases de dados

A busca sistematica da literatura foi realizada por dois revisores cegos e independentes
(RSA e VAF). Foi utilizada a estratégia de busca PICO, que descreve a populagcdo [(P) —
individuos com periodontite apical assintomatica], a intervengdo [(I) - tratamento endodontico],
o controle [(C) - valores pods-tratamento e controle externo de pessoas saudaveis, e o desfecho [(O)
- marcadores inflamatorios de risco cardiovascular, citocinas, biomarcadores]. Para a composicao
da equacdo de busca foram considerados todos os termos MeSH (Medical Subject Headings),
DeCS (Descritores em satde) e Emtree, conectados pelos operadores booleanos (OR e AND) a fim
de garantir a abrangéncia da busca. A equacdo de busca referente a cada base de dados esta
detalhada nas tabelas suplementares S1-S6.

A busca foi realizada no periodo de outubro a novembro de 2022, sem restrigdes quanto
ao idioma e data de publicagdo. Foram consultadas bases de dados indexadas: PubMed/Medline,
Embase, Web of Science, Scopus, BVS (Medline, IBECS, BBO, LILACS); e bases de dados de
literatura cinzenta: Catalogo de teses e dissertagdes Capes, Biblioteca brasileira digital de teses e
dissertacdes, ProQuest e Google Scholar. Em adicao, consulta a especialistas e listas de referéncias
de publicacdes relacionadas a tematica deste estudo também foram examinadas.

Selecao dos artigos

Os resultados da busca foram exportados para o EndNote Web (Clarivate Analytics, EUA),
onde as duplicatas foram identificadas e excluidas. Em seguida, os titulos e informagdes dos
estudos foram tabulados em uma planilha do software Microsotf Excel® 2022 (Microsoft
Corporation, Washington, EUA), e, na sequéncia, passaram por nova avaliagdo de duplicidade.
Por fim, titulos e resumos foram analisados por dois avaliadores (RSA e VAF) independentes
considerando os critérios de elegibilidade pré-estabelecidos. Em casos de dissensos, um terceiro

avaliador arbitrou a decisdo (SFCS). Apenas os estudos elegiveis foram lidos na integra.

28



Extracao de dados

A extracdo de dados foi realizada por dois avaliadores (RSA e VAF), sob supervisdo de
duas outras experientes pesquisadoras (SFCS e EBAFT). Os dados foram extraidos e tabulados
em um formulério de coleta de dados elaborado em consenso por trés revisores (RSA, SFCS,
EBAFT). As seguintes informagdes foram registradas: autores, ano de publicagdo, pais em que o
estudo foi realizado, desenho do estudo, populagdo, tamanho da amostra, faixa etéria, tipo de
tratamento endoddntico, tipo de marcador inflamatério de risco cardiovascular avaliado, médias
e desvios-padrao dos niveis de marcadores inflamatérios antes e ap6s o tratamento endodontico,
intervalo de confianca de 95% (IC95%), tempo de acompanhamento apds a intervengado, variaveis
utilizadas no controle de confundimento, existéncia de grupo controle, tipo de grupo controle,
médias e desvios-padrdo dos marcadores inflamatorios de risco cardiovascular no grupo controle,
principais resultados e as limitagdes dos estudos. Na auséncia de dados, os autores dos estudos
foram consultados via e-mail e as informagdes foram gentilmente solicitadas.
Avaliacao do risco de viés dos estudos incluidos e avaliacao da qualidade das evidéncias

O risco de viés de cada estudo incluido na revisdo sistematica foi avaliado pela escala
Newcastle-Ottawa (NOS) (16,17) para estudos do tipo coorte adaptada para estudos de
intervengdo, por dois examinadores (RSA e VAF). Os estudos avaliados que receberam de 7 a 9
estrelas foram classificados com baixo risco de viés; de 4 a 6 estrelas com risco moderado de viés
e de 0 a 3 estrelas com alto risco de viés. Divergé€ncias foram resolvidas em consenso. A qualidade
das evidéncias dos estudos incluidos na meta-analise foi avaliada seguindo o sistema Grading of
recommendations assessment, development and evaluation (GRADE).
Analise estatistica

Foram realizadas meta-analises para estimar as diferengas médias (DM) agrupadas, e
respectivos intervalos de confianca a 95% (IC95%) das concentragdes dos marcadores
inflamatérios entre os grupos submetidos ao tratamento endoddntico e controles (proprios ou
externos). Valores de DM negativos ou aqueles com zero incluido no IC95% representavam
reducdes dos marcadores inflamatdrios apos o tratamento endodontico para niveis semelhantes
aos controles saudaveis e sem periodontite apical assintomdtica. A heterogeneidade entre os
estudos incluidos nas meta-analises foi avaliada por meio do Cochran Q-test e I, considerando-
se heterogeneidade quando P<0,10 e I*>50% (18,19). Como os estudos incluidos foram realizados
em diferentes cendrios, com diferentes delineamentos na intervengao e avaliaram individuos em
diferentes idades, as estimativas das DM entre os grupos de cada estudo foram agrupadas

utilizando os modelos de efeitos aleatorios com estimativa de DerSimonian e Laird (20).
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Andlises de subgrupo e de sensibilidade foram realizadas para investigar possiveis
diferengas nas estimativas agrupadas dos estudos que possuiam grupo controle proprio e naqueles
sem grupo controle, para os quais utilizamos um grupo de controle externo (de outros estudos),
para estimar as diferencas médias nas concentracdes dos marcadores inflamatérios de risco
cardiovascular do grupo tratado em relagdo ao grupo controle.

Devido ao pequeno numero de estudos (< 10), ndo foi vidvel a realizagdo da andlise de
viés de publicacdo por meio do teste de Egger e inspecdo visual do funnel plot. Todas as analises
foram realizadas empregando o software estatistico Stata versao 14.0, adotando-se alpha de 5%.
RESULTADOS
Resultados das buscas

Foram encontradas 2.101 publicagdes em todas as bases de dados pesquisadas. Apds a
exclusao dos artigos duplicados, da leitura dos titulos e resumos foram consideradas elegiveis para
leitura na integra 12 publicagdes, uma das quais foi identificada apds busca manual em referéncias
bibliograficas (21). Nesta etapa, sete publicacdes (22-28) foram excluidas e a justificativa das
exclusdes esta detalhada na Figura 1. Cinco estudos (11-14,21) foram incluidos na sintese
qualitativa e quantitativa.

Caracteristicas dos estudos

Trés estudos (12-14) tinham desenho hibrido — estudos “antes e depois” com grupo
controle transversal de individuos saudaveis; um estudo (21) “antes e depois” sem grupo controle
interno (valores de referéncias dos marcadores inflamatérios foram utilizados como controle
externo); e um estudo (11) considerado preliminar de intervengdo sem grupo controle (valores de
referéncias dos marcadores inflamatérios foram utilizados como controle externo). Estas
pesquisas foram realizadas nos Estados Unidos (21), Italia (12), India (11,13) e Reino Unido (14).
O tamanho amostral variou entre 15 e 115 participantes, com idades de 18 a 75 anos. Foram
avaliados 23 marcadores inflamatdrios, sendo os mais repetidos nos estudos: PCR (11,13,14,21)
IL-1 (12,14), IL-6 (12,14), TNF-a (12,14), ICAM-1 (12,14), VCAM-1 (12,14) ¢ o C3
(componente 3 do complemento) (14,21). O tratamento endodontico realizado nesses cinco
estudos variou em relacdo a técnica: em trés estudos (11-13) foi realizado o tratamento
endoddntico convencional nao cirurgico, em um estudo (21) o tratamento endodontico associado
a complementacao cirtrgica, € no outro estudo (14) foram comparados o retratamento endodontico
ndo cirargico e a microcirurgia apical. O tempo de follow-up entre eles variou de 07 dias a 12

meses (Tabela 1).
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Avaliacao do risco de viés e avaliacdo da qualidade das evidéncias

Todos apresentaram risco moderado de viés (Tabela 2). A qualidade das evidéncias nos
estudos incluidos na meta-analise de acordo com o0 GRADE, foi muito baixa. A baixa qualidade
das evidéncias se deve principalmente a inclusdo de estudos ndo randomizados, nos quais ha um
maior risco de viés, devido a impossibilidade de randomizar a amostra, bem como a inconsisténcia
e imprecisdo dos resultados (Tabela 3).

Meta-analise

Em um dos estudos incluidos na meta-analise, os autores foram consultados e os dados
brutos foram disponibilizados (14). Os estudos que foram submetidos a meta-analise que tinham
grupo controle interno (12-14) utilizaram a estratégia de comparagdo com uma populacio
saudavel, portanto, de certa forma, representava um grupo controle externo. Em dois estudos que
nao tinham grupo controle interno (11,21), utilizamos grupo controle externo, considerando dois
cenarios: (a) medidas do grupo controle de outro estudo incluido nesta revisao (13) e (b) medidas
de valores de referéncia de uma populagdo saudavel para a PCR, IL-6 e TNF-a (29) e para as
moléculas de adesao celular I[CAM-1 e VCAM-1 (30). Esta abordagem permitiu a inclusdo desses
estudos nas andlises.

As DM agrupadas, e seus respectivos 1C95%, revelaram que o tratamento endodontico
teve efeito na reducdo dos marcadores inflamatérios da PCR [DM=0.04 (1C95%: -0.04, 0.10),
controle proprio - Figura 2b; DM=0.50 (IC95%: -0.64, 1.65), controle externo — Figura 2d] e da
VCAM-1 [DM=-0.05 (IC95%: -0.09, -0.01), controle préprio - Figura 3b; DM=0.03 (IC95%: -
0.15, 0.21), controle externo — Figura 3d], que se aproximaram aos valores dos controles.
Enquanto que a IL-6 [DM=-0.04 (IC95%: -1.46, 1.39), controle proprio - Figura 4b; DM=6.26
(IC95%: 4.26, 7.87), controle externo — Figura 4d], o TNF-o [DM=-0.25 (1C95%: -0.60, 0.10),
controle proprio - Figura 5b; DM=7.26 (1C95%: 3.61, 10.91), controle externo — Figura 5d] e a
ICAM-1 [DM=32.15 (IC95%: 9.32, 54.99), controle proprio — Figura 6b; DM=-44102.04
(IC95%: -122551.39, 34347.32), controle externo — Figura 6d] ndo apresentaram diferencas no
baseline entre os grupos, permanecendo inalteradas apos a intervencao endodontica.

Em todas as analises os valores de I* foram maiores que 50% e os valores de p foram
menores que 0,10 (19), indicando a presenga de heterogeneidade, que se manteve mesmo apds
andlises de subgrupo (Figuras 2-6), exceto em algumas andlises considerando controle interno —
IL-6 no baseline (Figura 4a), TNFa pds-tratamento (Figura Sb), ICAM-1 no baseline e pds-

tratamento (Figuras 6a e 6b).
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Identificacdo dos estudos por meio de bases de dados e registros

Identificacio dos estudos por meio de outros métodos

. . . Registros identificados
Registros identificados o - ) o
= . » Duplicidade (n=159) (n=1122), sendo: —> Duplicidade (n=>50)
a (n=979), sendo: .
= PubMed (1 = 64) Google Scholar (n =965)
g - PROQUEST (1= 153)
S Embase (n = 55) . . ~
= . B Catalogo de teses e dissertacdes
= Web of Science (n=471) T,
= e CAPES (n=3)
= Scopus (n= 349) BDTD (n=0)
- BVS-(Medtine, TBECS, Busca manual em listas de
BBO, LILACS) (n=40) . -
referéncias (n=1)

Leitura de titulos e resumos - L . _ Leitura de titulos e resumos Publicagoes retiradas

(n = 820) Publicagdes retiradas (n = 809) (0 =1072) > (n=1071)
g
@
1)
] 1
=

Leitura na integra (n =11) » Publicagdes excluidas Leitura na integra (n = 1)

Dentigao decidua (n=1)
— Amostra de individuos doentes

h

Total de estudos incluidos na
revisdo (n=4)

Total de estudos incluidos na
meta-analise (n=4)

(n-2)

Auséncia de dados antes e depois
do tratamento endodontico (n = 1)
Texto na integra nao disponivel nas
bases de dados. Foi solicitado o
artigo aos autores por e-mail (sem
resposta) (n=1)

Comparagéo da qualidade das
técnicas obturadoras condensagdo
lateral e termoplastificada sobre os
marcadores de inflamacao
sistémica(n=1)

Artigo duplicado (n=1)

Total de estudos incluidos na revisao
=1)

Total de estudos incluidos na meta-
analise (n=1)

Figura 1. Fluxograma PRISMA. Processo de identificacdo e selecdo dos estudos incluidos na revisao sistematica e meta-analise.
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Tabela 1. Sintese qualitativa dos estudos incluidos na revisao sistematica.

Autor/Ano  Local Desenho de Tamanho Faixa Tipo de Grupo Biomarcadores  Follow- Principais Limitac6es
Estudo da Etaria Intervencéo Controle de risco CV up Resultados
Amostra
Bakhsh et Reino Coorte n=115 19a75anos  Retratamento Controle IL-1P 12 meses Apds 3e6meses,  Grupos com
al., 2022 Unido endoddntico interno de IL-6 observou-se um pequeno n
(14) (n=35) pacientes IL-8 aumento em alguns  amostral
saudaveis TNF-a marcadores
Cirurgia (n=50) Pentraxin 3 inflamatdrios,
periapical ICAM-1 como PCR e IL-1.
(n=30) VCAM-1 No entanto, apds
PCR 12 meses, esses
FGF-23 marcadores
MMP-2 diminuiram a
MMP-8 niveis semelhantes
MMP-9 dos controles.
C3
ADMA
Kumar et india Estudo n=50 18a40anos  Tratamento Controle PCR 6 meses  ApOs 6 meses de Grupos com
al., 2022 intervencional endoddntico interno de acompanhamento,  pequeno n
(13) prospectivo convencional pacientes houve reducéo amostral
(n=25) saudaveis significativa na
(n=25) média dos niveis de
hs-PCR.
Poornimaet  India Estudo n=15 20a40anos  Tratamento Semgrupo PCR 6 meses  Apds 6 meses de Pequeno n
al., 2021 preliminar endoddntico controle acompanhamento,  amostral e
(11) prospectivo, convencional interno houve reducédo auséncia de
longitudinal (n=15) significativa na grupo
intervencionista média dos niveis de controle.
hs-PCR.
Bergandi et  Italia Ensaio clinico  n=43 < 35 anos Tratamento Controle TNF-a 12 meses Apds o tratamento, Pequeno n
al., 2019 observacional, endoddntico interno de IL-6 as concentracdes amostral
(12) caso-controle convencional pacientes IL-1 séricas de IL-1,
(n=23) saudaveis sCD14 sCD14, ET-1,
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Marton &
Kiss, 1992
(21)

USA

Estudo clinico
antes e depois

n=36

Idade média
dos
homens=28.1
anos.

Idade média
das
mulheres=
25.2 anos

(n=20)

Tratamento Sem grupo
endodéntico controle
convencional interno
com

complementacédo

cirdrgica

Endotelina-1
ICAM-1
VCAM-1
E-selectina

AAT
AMG
C3
PCR
HPT
IgA
19G
IgM

3 meses

ICAM-1e E-
selectina
diminuiram
significativamente,
tornando-se
comparaveis as dos
individuos
controles.

As concentragdes
séricas dos
marcadores
avaliados
diminuiram ap6s 3
meses de
tratamento
endoddntico com
complementacgao
cirtrgica, com
destaque para a
PCR.

Auséncia de

grupo
controle

CV= cardiovascular. IL-1p= interleucina 1-beta. IL-6= interleucina-6. IL-8= interleucina-8. TNF-a= fator de necrose tumoral-alfa. ICAM-1= molécula de adesdo celular
intercelular- 1. VCAM-1= molécula de adesao celular vascular-1. PCR= proteina C reativa. FGF-23= fator de crescimento de fibroblastos-23. MMP-2= matriz metaloproteinase-
2. MMP-8= matriz metaloproteinase-8. MMP-9= matriz metaloproteinase-9. C3= componente 3 do sistema complemento. ADMA= Dimetilarginina assimétrica. sCD14= cluster
de diferenciagdo 14 solivel. ET-1= endotelina-1. AAT= antitripsina. AMG= alfa-2 macroglobulina. HPT= haptoglobina. IgA= imunoglobulina A. IgG= imunoglobulina G. IgM=
imunoglobulina M.
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Tabela 2. Avaliag@o da qualidade metodologica dos estudos de acordo com os critérios da NOS*

AUtor/Ano Selecéo Comparabilidade Desfecho
1. 2. 3. 4 1. 1. 2. ok
Bakhsh et al., 2022 (14) * * **
*
Kumar et al., 2022 (13) * * * * * *
Poornima et al., 2021 (11) * * * * *
Bergandi et al., 2019 (12) *x * * * * *
Marton & Kiss, 1992 (21) N % N *

* Adaptado para estudos de intervencdo. Escala de classificagdo: 7 a 9 estrelas = baixo risco de viés; 4 a 6 estrelas = risco moderado de viés; 0 a 3 estrelas = alto risco de viés.
Selecdo: 1. Representatividade da amostra; 2. Sele¢do da coorte ndo exposta; 3. Determinagdo da exposicao; 4. Desfecho de interesse ndo estava presente no inicio do estudo.
Comparabilidade: 1. Comparabilidade dos grupos para controle de confundimento baseada no desenho do estudo ou analise. Desfecho: 1. Determinagdo do desfecho; 2. O

seguimento foi suficiente para a ocorréncia dos desfechos? 3. Adequagdo dos seguimentos das coortes. Um estudo pode receber no maximo uma estrela (%) para cada item
numerado nas categorias sele¢do e desfecho. Um maximo de duas estrelas (%) pode ser dado para comparabilidade.
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Tabela 3. Grading of Recommendations Assessment, Development and Evaluation (GRADE)

Avaliacio da Certeza Ne de pacientes Efeito
controles
Risco saudaveis ou Relativo
Ne dos Delineamento  de Evidéncia Outras Tratamento medidas pés- 95% Absoluto
estudos  do estudo viés Inconsisténcia indireta Imprecisio consideracées endodontico tratamento CD 95% CI) Certeza Importancia
PCR (seguimento: variagiio 7 dias até 12 meses; avaliado com: Niveis séricos)
SMD 0.5 SD mais @ OO O
4 estudo observacional grave grave® ndo grave grave® nenhum 164 120 - (-0.64 menos para 1.65 mais) Muito baixa Critico
IL- 6 (seguimento: variacdo 3 meses até 12 meses; avaliado com: niveis séricos)
SMD 6.26 SD mais alto eO00O
2 estudo observacional grave grave® nao grave grave? nenhum 88 60 - (4.65 mais alto para 7.87 mais alto) Muito baixa Critico
VCAM-1 (seguimento: variaciio 3 meses até 12 meses; avaliado com: niveis séricos)
SMD 0.03 SD mais alto e0O00O
2 estudo observacional grave grave® nao grave grave' nenhum 88 38 - (0.15 menor para 0.21 mais alto) Muito baixa Critico
TNF-o (seguimento: variacio 3 meses até 12 meses; avaliado com: niveis séricos)
SMD 7.26 SD mais alto @ OO O
2 estudo observacional grave grave® ndo grave grave” nenhum 88 56 - (3.61 mais alto para 10.91 mais alto) Muito baixa Critico
ICAM-1 (seguimento: variac¢io 3 meses até 12 meses; avaliado com: niveis séricos)
SMD 44102.04 SD menor @OOO
2 estudo observacional grave grave' nao grave grave/ nenhum 88 38 - (-122551.39 menor para 34347.32 mais alto) Muito baixa Critico

PCR: proteina C-reativa; IL-6: interleucina 6; VCAM-1: molécula de adesdo celular vascular-1; TNF-a: fator de necrose tumoral alfa; ICAM-1: molécula de adesdo celular
intercelular-1 CI: Confidence interval; SMD: Standardised mean difference. #>%&: 1> > 50%, com valor de p significativo. >4*J: n total <400
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2a Mean % 2b Mean %

Study difference (85% CI)  Weight Study difference (95% C)  Weight
(3 I

Bakhsh et al 2022 3 . 0.04 (0.02. 0.07) 83 Bakhsh et al 2022 a . 0.04 (0.03, 0.05) 50.80
Bakhsh et ol 2022 b . 0.05(0.02.0.08) 8|0 Bakhsh et 8l 2022 b ' 0.03 (0.01,0.05) 8.0
Marton & Kiss 1992 a —_— 4.91(3.07.6.75) 062 Marton & Kiss 19928 —— 471(1.92.7.50) 004
Marton & Kiss 1992 b —_— 491(3.07,6.75) 062 Marton & Kiss 1992b —_— 221(1.18,324) 029
Kumar et 8l 2022 —— 1.68 (0.28. 3.08) 107 Kumar et al 2022 0.10(-1.01.1.21) 025
Poomima et 8l 2021 1.19 (004, 242) 137 Poomima et al 2021 -0.35(-152,082) 022
Overal {I-squared = 52.0%, p = 0.000) 0.14 (-0.00, 0.29) 100,00 Overall (1-squared = 82 7%, p = 0.000) 0.04 (0.01,0.10) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis

10 0 10 10 0

Favours treatment Not favours treatment Favours treatment Not favours treatment

2c Mean % 2d Mean %

Study difference (5% C1)  Weight Study difference (85% Cl})  Weight
Bakhsh et 81 2022 8 - -1.32(-1.58, -1.0T) 1782 Bakhsh et 8l 2022 2 - -1.33(-1.59, -1.08) 18.56
Bakhsh ot ol 2022 b - A32(A71.-083) 17T Bakhsh et ol 2022 b - A34(173,-085) 1834
Marton & Kiss. 1992 a L —— 5.20 (3,64, 6.76) 1521 Marton & Kiss 1992 a —_— 500 (2.54, 7.48) 004
Marton & Kiss 1982 b — 5.20 (3.64,6.76) 1’21 Marton & Kiss 1992b - 250(1.78,322) 17.44
Kumar et al 2022 — 1.87 (0.93,3.01) 1660 Kumar et al 2022 -— 039 (-0.31, 1.09) 15
Poomima et al 2021 - 1.48 (0.89, 2.07) 1746 Poomima et al 2021 -- 0,06 (-0.55,043) 1.4
Overal {I-squared = 97.7%. p = 0.000) Q 1.70(0.13.327) 10000 Overal {-squared = 96.6%. p = 0.000) > 0.50 (0,64, 1.65) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis.
-1‘0 o Ilo -1‘3 a i‘ﬂ
Favours treatment Nol favours kreatment Favours ireatment Not favours reatment

Figura 2. Efeito do tratamento endoddntico nos niveis séricos da PCR. 2a. Baseline com grupo
controle interno. 2b. Pds-tratamento endodontico com grupo controle interno. 2¢. Baseline com
grupo controle externo. 2d. Pds-tratamento endodontico com grupo controle externo.

3a e “ 3b om «

Sy lference (B5% 1) Weight Sy lference (B5% 1) Weight
Bakhsh ot 2l 20223 —_— 018031, -007) 128 Bakhsh ot al 20223 —_— 034 (-0.45, -0.23) 980
Bakhsh ot ol 20220 R 0256044007 055 Bakhsh ot ol 20220 _— DAVCOST.DZY)  4TE
Bergand et al 2019 a . 0.01 (0.00, 0.01) 4908 Bergand et al 2019 a :' 0.01 (0.00, 0.01) 4310
i H

Bergand et 9120108 . 0,01 10.00,001) 1909 Bergand et 912010 8 = 000 (001,001 2z
Overal (1-squared = 82 9%, p = 0.001) 0100 (001, 002) 100,00 Overal ({1-squared = §5.1%, g = 0.000) 0 005 (-0.08, -0.01) 100,00
NOTE: Weights.are from random effects analysis NOTE: Weights.are from random effects analysis

T T T T

2 [ 1 2 [ 1

Favours treatment ot favours treatment Favours treatment ot favours treatment

3¢ 3d

Mean * Mean *

Study dfference (95% C1) ‘Weght Seudy difference (95% C1) ‘Weight
Bakhsh ¢t al 20228 —— 047 (0.36, 0.58) 2449 Bakhsh et al 2022 a —_— 0.31 (0.24, 0.38) 2485
Bakhsh et al 2022 b _ 0,40 (0.23, 0.58) 2106 Bakhsh 613l 2022 b D o—— 026 (0.14,037) 2345
Bergandi et 3l 2019 2 - : -0.20(-0.23, -0.18) FE Bergand et al 2019 2 - : -0.20(-0.23, -0.18) 25.80
Bergandi et al 2019 a - : 020(023,-0.18) nn Berpandi et al 2019 2 - H 0.21(-023.-0.18) 580
Overall (I-squared = §0.4%, p = 0,000) <:> 0.8 (-0.08, 0.26) 100.00 Overal (I-squared = 68 8%, p = 0.000) <> 003 (015, 021) 100.00
NOTE: Wexghts are from random effects anayss : NOTE: Weights are from random effects anaiysss

T T T T

2 o 1 3l o 1

Favours treatment ot favours treatment Favours treatment Not favours ireatment

Figura 3. Efeito do tratamento endodontico nos niveis séricos da VCAM-1. 3a. Baseline com
grupo controle interno. 3b. Pos-tratamento endoddntico com grupo controle interno. 3¢. Baseline
com grupo controle externo. 3d. Pos-tratamento endoddntico com grupo controle externo.
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4a

Mean % Mean %
sty fference (95%C1)  Weight Sty fference (95%C1)  Weight
Bakhsh et 312022 3 : 010 (1,21, 1.01) as02 Bakhsh et 3120223 0,46 (1,45, 0.53) 61,05
Bakhsh ot 3l 2022 b ———— 2409 1251 Bakhsh ot al 2022 5 L 4t 808 883
Bergandi et al 2015 8 B 2141301, 273) 105 Berpandi ot 12016 8 —_— 022¢328,372) 1385
Bergandi et a1 2015 8 —_— D14(3.01,27%) 1953 Bergandi et 2018 e 093 (4.13,227) 1817
Cverall (I-squared = 37.7%, p = 0.186) > 0.45 (-1.07, 1.87) 100.00 Overal (-squared = 23 6%, p = 0.268) “0.04 (-1.48, 1.39) 100.00
NOTE: Weights are from random eflects anaiysis NOTE: Wekghts are from random efects anaiysis

T r T T
10 10 B i
Favours treatmem Not favours weatment Facours treatment ot favours weaiment
dc - . 4d o .
Sty lforonce (B5% CI)  Weight Sudy lforonce (5% €1} Weight
Bakhsh et al 2022 a — 5.17 (3.98, 8 38) 3185 Bakhsh et al 2022 a "-. 4.81(3.82,580) B
Bakneh o1 31 20225 953 (475, 1431 641 Bakneh 18120225 : 938 (355, 1521) 052
Borgandi ot al 2019 a — 715 (5.8, 842) ez Bergandi ot al2018 — 751 (545,857) 257
Bergandi et 2015 — 7.15(5.88,8.42) 0 Bergandi ¢t 2018 — 636 (464, 8.08) 2055
Gveral (l-squared = 84.1%, p = 0,030) <> 667 (536, 7.98) 100.00 Overal (l-squared = 63.0%, p = 0.044) <> 626 (465, 7.87) 10000
NOTE: Weights are from random eflects anaiysis NOTE: Wekghts are from random efiects anaiysis :
T T
18 o 1

-10 10
Favours treatment Not favours treatment Favours treatment

Figura 4. Efeito do tratamento endodontico nos niveis séricos da IL-6 4a. Baseline com grupo
controle interno. 4b. Pos-tratamento endodontico com grupo controle interno. 4¢. Baseline com
grupo controle externo. 4d. Pos-tratamento endodontico com grupo controle externo.

Sa

Mean % Mean %
Study difforonce (35% CI) Weight Study dfforonce (85% CI) Weight
Bakhsh et al 2022 a —— 371 (-0.48, 7.88) £ Bakhsh et al 2022 3 -1.22 (:2.84, 0.40) a6
Bakhsh etal 2022 b 10.59 (0.82. 20.38) o7 Bakhsh etal 2022 b -1.34 (-3.34.0.66) 3.08
Bergandi ot al 2010 & 012 (064, 0.40) 4788 Bergand ot al 2019 & .10 (0.62,0.42) 4524
Bergand ¢t al 2019 & 0.12 (084, 0.40) 4788 Bergand ¢t 8l 2019 & 0.23(:0.74,028) 4704
Overall (I-squared = B1.5%, p = 0,050) 0.11(-0.74,0.97) 100.00 Overall (-squared = 0.0%. p = 0.416) .25 (-0.60, 0.10) 10000
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
T T T T
2 E- -10 10
Favours treatment Nat favours reatment Favours treatment Not favours treatment
Sc Mean % Sd Mean %
Study diference (85% C1) Weight Study difference (85% C1) Weight
Bakhsh et al 2022 - 15.58 (10.14, 21.02) 2043 Bakhsh et al 2022 3 I —e—  1085(896,1234) 2474
Bakhsh et al 2022 b : 22.48 (9,37, 35.55) 628 Bakhsh etal 2022 b | ——e—  1053(882.1224) 7
Bergand ot al 2016 a : 405 (273,5.37) 2685 Bergand ot al 2019 & —_ 4.07 (278, 5.38) 2528
Berpand et al 2016 & i 405 (273,5.37) 685 Bergand ¢t 8l 2019 & —_ 394 (263,5.25) 2528
Overall (l-squared = B7.5%, p = 0.000) <> 7.56 (3.98, 11.15) 100.00 Overall (I-squared = 95.8%, p = 0,000) <> 7.26 (361, 10.91) 10000
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
T T T
40 -4 14

Faveurs reatment

Mot taveurs teatrment

Fauours reatment

Figura 5. Efeito do tratamento endoddntico nos niveis séricos do TNF-a. Sa. Baseline com grupo
controle interno. Sh. Pds-tratamento endodontico com grupo controle interno. Sc¢. Baseline com

grupo controle externo. 5d. Pos-tratamento endoddntico com grupo controle externo.
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6a

Swdy

Bakhsh ot 2l 2022 2

Bakhsh et al 2022 b

Mean difference (#5% C1) Weight

43739.80 (-74576.67, 16206.27)  0.00
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Figura 6. Efeito do tratamento endodontico nos niveis séricos da ICAM-1. 6a. Baseline com
grupo controle interno. 6b. Pds-tratamento endodontico com grupo controle interno. 6¢. Baseline
com grupo controle externo. 6d. Pos-tratamento endodontico com grupo controle externo.

DISCUSSAO

A periodontite apical assintomatica tem papel contribuinte na elevacao dos niveis séricos
de marcadores inflamatdrios. Por isso, ha um interesse da comunidade cientifica em investigar o
impacto do tratamento endodontico na reversibilidade dessa condi¢ao. Esta revisdo sistematica e
meta-analise da literatura sumarizou e analisou as evidéncias disponiveis sobre o efeito do
tratamento endodontico nos niveis séricos dos marcadores inflamatérios associados a predi¢ao do
risco cardiovascular. A meta-andlise apontou para uma possivel redugdo dos niveis da PCR e
VCAM-1, sugerindo um provavel beneficio para a satde sistémica.

Uma vez que a literatura tem enfatizado o papel da inflamacgdo sistémica cronica de baixo
grau como um fator contribuinte para o desenvolvimento e a progressdo de condigdes
cardiovasculares, nosso resultado tem relevancia. Ao longo das ultimas trés décadas, uma série de
evidéncias tem demonstrado que a infec¢do de origem endodontica potencialmente impacta a
saude geral dos individuos (31-35), desempenhando um papel crucial na etiologia da inflamag¢do
sistémica cronica de baixo grau, com o aumento dos niveis plasmaticos de diversos marcadores

inflamatorios, incluindo a IL-1, IL-6, PCR, TNF-a, moléculas de adesdo, dentre outros (8-10).

39



Nesse sentido, a PCR ¢ o principal biomarcador capaz de predizer o risco de
desenvolvimento de eventos cardiovasculares. Ela ¢ secretada pelos hepatdcitos em resposta a
estimulagdo de citocinas como a IL-1, IL-6 ¢ TNF-a, e estd correlacionada com a disfuncao
endotelial e a diversas fases da doenga arterial coronariana (36). Nesta revisao sistematica e meta-
analise, observamos, no baseline, que a média da concentra¢do sérica de PCR nos pacientes
diagnosticados com periodontite apical assintomatica ¢ maior do que nos pacientes controles,
corroborando achados de outros estudos (11,13,14,21) e apresentou tendéncia de reducao, a niveis
semelhantes aos dos controles, apos o tratamento endodontico.

Garrido e colab. (2019) mostraram resultados semelhantes ao analisarem o risco
cardiovascular em individuos que apresentaram concentragdes de PCR no soro acima de 3 mg/L,
mostrando uma associagdo significativa com a presenca de, pelo menos, uma lesdo periapical.
Esse risco aumentou 3,3 vezes mais na presenga de uma segunda lesdo periapical. Em outras
infecgdes bucais, tais como doenga periodontal, abscesso dento-alveolar e pericoronarite, ja
existem evidéncias, desde a década de 60, indicando o mesmo fendmeno (37).

Até 2019, com base em duas meta-analises (9,10), a evidéncia cientifica disponivel
indicava que ndo havia diferenga nos niveis de PCR no sangue antes e depois do tratamento
endodontico. No entanto, nos anos seguintes, novos estudos (11,13,14) foram realizados, os quais
foram incluidos em nossa meta-analise. Assim, observamos que o tratamento endodontico
apresentou tendéncia em reduzir niveis de PCR no sangue, trazendo-os para valores semelhantes
aos controles apds um periodo de proservagao de trés a 12 meses. Embora esse resultado parega
promissor, nao podemos desconsiderar o fato de que os marcadores inflamatorios, como a PCR,
podem ser alterados por varios outros fatores. Além disso, mecanismos subjacentes ainda ndo
investigados e ndo compreendidos podem estar envolvidos nessa associacdo. Isso implica dizer
que nossos resultados sustentam a hipdtese de que o tratamento endodontico, quando bem
executado, pode ter papel contribuinte na redugdo da PCR, melhorando a saude geral dos
individuos com periodontite apical assintomatica, provavelmente impactando na classificagao de
risco cardiovascular recomendada pela American Heart Association, que considera baixo risco
quando os niveis estdo abaixo de 1 mg/L, risco médio na faixa de 1-3 mg/L e alto risco quando
acima de 3 mg/L (38).

Além disso, também foi notada uma tendéncia de redugdo nos niveis séricos da VCAM-1,
que foram reduzidas a valores inferiores aos dos pacientes controles apds a intervencao
endododntica. Essa molécula promove a disfun¢dao endotelial e migracdo de leucocitos (39,40).
Seus niveis circulantes elevados estdo associados a gravidade e complicagdes da doenga arterial

coronariana (41-43); e sdo capazes de indicar a presen¢a de um estado inflamatorio cronico
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precoce, podendo ser empregada como marcador para prever a mortalidade e a aterosclerose
subclinica (44).

A expressao elevada da VCAM-1 denota a presenca de inflamagdo sistémica cronica de
baixo grau que acompanha diversas condigdes patologicas. Dessa forma, a presenca da VCAM-1
em niveis elevados no soro ndo ¢ apenas um marcador de risco para doengas cardiovasculares,
mas também para osteoartrite grave, doenga renal cronica, distirbios neuropsiquiatricos,
obesidade e para a reducao da fungao pulmonar. Destaca-se o fato de que a inflamagdo sistémica
cronica de baixo grau e as doengas associadas apresentam tendéncia de crescimento na populacao
global (45).

Embora um provavel efeito do tratamento endoddntico em reduzir os niveis séricos de
PCR ¢ VCAM-1 tenha sido detectado em nossas meta-analises, ¢ importante destacar que o nivel
de evidéncia atribuido pelo sistema GRADE foi muito baixo. Isso se deve principalmente a
inconsisténcia, em consequéncia da alta heterogeneidade (I>>50%), potencialmente reflexo de
diferengas nos tamanhos amostrais, idades dos individuos, tempo de seguimento, tipo de grupo
controle e nas intervengdes endodonticas (tratamento endoddntico ndo cirtirgico e cirurgico; e,
retratamento endodontico cirtrgico e ndo cirurgico) dos estudos incluidos na meta-analise. E,
também, devido a imprecisao, que foi impactada pelo pequeno » amostral dos estudos incluidos,
que mesmo agrupados na meta-analise, foi inferior a 400 individuos.

Além disso, no presente estudo ndo observamos diferencas significantes nos niveis séricos
de IL-6 no baseline entre os grupos controle e individuos com periodontite apical assintomatica.
O tratamento endoddntico ndo alterou a situagdo inicial. Esse resultado diverge dos achados de
Georgiou e colab. (2019), que, em revisdo sistemdtica e meta-andlise, notaram aumento
significativo da IL-6 em individuos com periodontite apical assintomatica. Uma possivel
explicacdo para nossos achados ¢ que em individuos sauddveis (sem periodontite apical
assintomatica), como os controles incluidos nos estudos, a IL-6 pode ser produzida pelos
adipdcitos durante a sua diferenciacdo e pela contracdo muscular, estando presente no sangue,
mesmo na auséncia de danos celulares ou doencga (46,47). A atividade fisica também desempenha
papel modulador nos niveis séricos da IL-6 (48). Além disso, a presenga de IL-6 esta relacionada
a diversas fungdes, como regeneragao tecidual, metabolismo e homeostase dssea, € aumenta a
medida que a idade avanga (49), e o estudo de Bakhsh e colab. (2022), estudo com maior tamanho
amostral e considerado 2 vezes em cada meta-analise, incluiu pessoas de até 75 anos. Recomenda-
se que estudos futuros realizem andlises de subgrupo por faixa etaria e incorporem a pratica de

atividade fisica nas analises.
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Também ndo foram observadas diferencas significantes nos niveis séricos de TNF-a, antes
e ap6s o tratamento endodontico. O TNF-o, nas doengas oOsseas, induz o recrutamento de
osteoclastos que promovem uma perda Ossea excessiva, como ocorre na artrite reumatoide,
doencas periodontais e periapicais (50). No fluido intersticial periapical ha uma intensa atividade
do TNF-a, porém, em niveis plasmaticos ndo foram encontrados valores alterados nos individuos
com periodontite apical assintomatica (32), o que nos leva a especular que sua atividade esteja
restrita mais a resposta imunoinflamatoéria local, que ocorre na regido periapical desses individuos,
do que na sistémica.

Outro marcador inflamatorio correlacionado com a inflamacao ¢ a ICAM-1. A expressao
da ICAM-1 ¢ induzida por citocinas inflamatodrias, células endoteliais, células epiteliais e células
imunes. A ICAM-1 ja foi encontrada em niveis elevados na doenca pulmonar obstrutiva cronica,
asma, sepse, aterosclerose e cancer. No entanto, seus niveis no sangue em individuos saudaveis
sdo baixos (30). Embora Bergandi e colab (2019) tenham observado niveis mais altos da ICAM-
1 em pacientes com periodontite apical assintomatica, os resultados dessa meta-analise nao
corroboram tais achados. Deve-se considerar, todavia, o pequeno numero de estudos que
investigam esse marcador, com reduzido tamanho amostral, ¢ a existéncia de resultados
inconsistentes entre os trabalhos. Outros estudos primarios, com adequado desenho metodolégico,
sdo encorajados.

Diante do exposto, os resultados deste estudo destacam a necessidade de estudos
adicionais. Segundo o primeiro relatorio do Surgeon General sobre a “Saude Oral na América”
publicado em 2000, as doengas bucais tém sido tratadas como uma epidemia negligenciada (51).
Cerca de 75% dos casos de carie ndo tratada concentram-se nos paises de renda média (52),
refletindo na alta prevaléncia da periodontite apical assintomatica, que afeta pelo menos um dente
da metade da populagdo mundial (53). Diante desse cenario, ¢ importante a compreensao do
impacto que a saude endodontica dos pacientes desempenha na promocao da saude geral. Este
reconhecimento, especialmente em individuos com elevado risco de doengas cronicas nao
transmissiveis, enfatiza a necessidade de uma abordagem integrativa na prestagcdo de cuidados a
saude (1,14). Além disso, o conhecimento da relacdo entre o tratamento endoddntico e a reducao
de marcadores inflamatdrios em individuos com periodontite apical assintomatica potencialmente
repercutird nas politicas de Satde Publica. Diretrizes baseadas em evidéncias mais robustas
embasardo a promoc¢ao ao acesso a servigos odontologicos, incluindo o tratamento endodontico.

Algumas limitagdes dos estudos incluidos nesta revisao sistematica e meta-analise devem
ser consideradas na interpretagdo de nossos resultados: (a) os estudos apresentaram amostras nao

representativas da populacdo e com pequeno » amostral, limitando a generalizagao dos achados e
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repercutindo em baixo poder para identificar diferencas significativas entre os grupos, (b) os
estudos avaliaram diferentes marcadores inflamatorios impossibilitando a comparagao entre eles,
(c) ndo houve padroniza¢ao nem do tempo de follow-up nem da faixa etaria das amostras incluidas,
resultando na alta heterogeneidade entre os estudos, observados nas meta-analises, (d) a
manuten¢do da alta heterogeneidade entre os estudos, como verificado pelo 12, mesmo apos
analises de subgrupo, e (e) a impossibilidade de analise acurada de viés de publicacdo. Além disso,
os cinco estudos incluidos nesta revisdo sistematica e meta-analise apresentaram risco moderado
de viés, conforme a analise do risco de viés baseada nos critérios da NOS, e, ainda, baixa qualidade
da evidéncia, segundo o GRADE. Embora a NOS ndo seja especifico para estudos de intervencao,
ela tem sido também utilizada nesses casos (9,10) e apresenta validade semelhante a ferramenta
da Cochrane - Robins I, utilizada para avaliar o risco de viés de estudos ndo randomizados.
Destacamos ainda que o instrumento NOS tem como principal vantagem a facilidade de sua
aplicag¢do (16). Ainda assim, como analise de sensibilidade, realizamos andlise do risco de viés
por meio da ferramenta de avaliagdo critica para estudos experimentais sem alocagdo aleatdria do
Joana Briggs Institute (JBI) (54), dados ndo apresentados, e identificamos resultados semelhantes.

Ressaltamos como ponto forte deste estudo o controle de viés de confundimento. Embora
o controle total de varidveis confundidores seja impossivel, os estudos aqui incluidos selecionaram
suas amostras controlando ao maximo potenciais confundidores, excluindo pacientes
sistemicamente comprometidos, com outras infecgdes cronicas bucais diferentes da periodontite
apical assintomatica e que realizaram uso de medicagao anti-inflamatdria e/ou antibidtica alguns
meses antes das coletas de sangue. Adicionalmente, em nossas meta-analises, estratégias foram
utilizadas para aumentar a robustez de nossos achados, por exemplo, para aqueles grupos sem
controles internos imputamos valores de outro estudo, também incluido nesta revisdo sistematica
e meta-analise (13). Isso so foi possivel porque em todos os estudos os individuos incluidos nos
grupos controles eram saudaveis. Além disso, atestamos a consisténcia de nossas andlises, ao
realizarmos uma meta-andlise considerando valores de referéncias normais para pessoas sem
comprometimento sistémico.

E por fim, para expandir o conhecimento sobre os efeitos do tratamento endodontico na
reducao dos niveis séricos de marcadores inflamatorios de risco cardiovascular em individuos com
periodontite apical assintomadtica sugerimos a realizagao de estudos longitudinais multicéntricos
que investiguem a relagdo entre a efetividade do tratamento endodontico e desfechos de satde a
longo prazo, com amostras representativas da populagdo, periodos de follow-up maior e
padronizados, bem como a investigacdo de mecanismos moleculares subjacentes a inflamacdo

sistémica cronica de baixo grau.
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CONCLUSAO

A evidéncia aqui sumarizada aponta para a possibilidade de o tratamento endodontico
reduzir os niveis séricos de dois marcadores de risco cardiovascular (PCR ¢ VCAM-1). No
entanto, ha poucos estudos, com risco de viés e o nivel da evidéncia ¢ muito baixo, indicando que
a confianca na estimativa de efeito ¢ limitada, e que hd um importante grau de incerteza nesses

achados.
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3. CONSIDERACOES FINAIS

Com base na revisdo sistematica e meta-analise aqui apresentadas, nossos resultados
destacam que ainda ndo ha evidéncia suficiente que sustente a hipdtese de que o tratamento
endodontico seja efetivo na reducdo dos niveis séricos dos marcadores inflamatdrios associados
ao risco cardiovascular. Além disso, nosso estudo ressaltou a necessidade de investigagdes
adicionais, com uma abordagem padronizada e rigor metodologico para estudos futuros,
garantindo qualidade metodoldgica para a obtencao de resultados mais consistentes, € que sejam
comparaveis aos de outros estudos ja disponiveis na literatura. Assim, reafirmamos a necessidade
de investimentos nessa area de pesquisa, a fim de melhor compreendermos os impactos positivos

do tratamento endoddntico na saude sistémica dos individuos.
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APENDICE A- TABELAS SUPLEMENTARES
Tabela suplementar 1. Descricdo da estratégia de busca realizada na base de dados Pubmed,
e seus respectivos resultados.

NuUmero

Estratégia de busca

Resultados

#4
#3

#2

#1

#1 AND #2 AND #3

"Root Canal Therapy” OR "Canal Therapies, Root" OR "Canal
Therapy, Root" OR "Root Canal Therapies” OR "Therapies, Root
Canal" OR "Therapy, Root Canal"

"Inflammation Mediators” OR "Mediators, Inflammation” OR
"Mediators of Inflammation” OR Cytokines OR Cytokine OR
Chemokines OR "Chemotactic Cytokine”™ OR "Cytokine,
Chemotactic” OR Intercrines OR "Chemotactic Cytokines” OR
"Cytokines, Chemotactic® OR Intercrine OR Chemokine OR
Interleukins OR Interleukin OR "C-Reactive Protein” OR "C Reactive
Protein™ OR hsCRP OR "High Sensitivity C-Reactive Protein” OR
"High Sensitivity C Reactive Protein" OR hs-CRP OR "Tumor
Necrosis Factor-alpha” OR "Tumor Necrosis Factor alpha" OR
"Cachectin" OR "Cachectin-Tumor Necrosis Factor" OR "Cachectin
Tumor Necrosis Factor" OR "Tumor Necrosis Factor Ligand
Superfamily Member 2" OR "Tumor Necrosis Factor" OR "TNF
Superfamily, Member 2" OR TNFalpha OR TNF-alpha

"Periapical Diseases” OR "Disease, Periapical” OR "Diseases,
Periapical” OR "Periapical Periodontitis” OR "Periapical Disease” OR
"Periapical Periodontitides” OR "Periodontitides, Periapical” OR
"Periodontitis, Periapical” OR "Periodontitis, Apical® OR "Apical
Periodontitides” OR "Apical Periodontitis" OR "Periodontitides,
Apical” OR "Periapical Granuloma" OR "Granuloma, Periapical” OR
"Granulomas, Periapical® OR "Periapical Granulomas” OR
"Periapical  Periodontitis,  Chronic ~ Nonsuppurative”  OR
"Periodontitis, Apical, Chronic Nonsuppurative” OR "Dental
Granulomas" OR "Granulomas, Dental” OR "Dental Granuloma" OR
"Granuloma, Dental"

64
25.205

1.170.968

9.093
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Tabela suplementar 2. Descri¢do da estratégia de busca realizada na base de dados Web of
Science, e seus respectivos resultados.

NUmero

Estratégia de busca

Resultados

#5
#4
#3

#2

#1

#1 AND #2

#1 AND #2 AND #3

ALL= (“Root Canal Therapy” OR “Canal Therapies, Root” OR
“Canal Therapy, Root” OR “Root Canal Therapies” OR “Therapies,
Root Canal” OR “Therapy, Root Canal”)

ALL=(“Inflammation Mediators” OR “Mediators, Inflammation” OR
“Mediators of Inflammation” OR Cytokines OR Cytokine OR
Chemokines OR “Chemotactic Cytokine” OR “Cytokine,
Chemotactic” OR Intercrines OR “Chemotactic Cytokines” OR
“Cytokines, Chemotactic” OR Intercrine OR Chemokine OR
Interleukins OR Interleukin OR “C-Reactive Protein” OR “C
Reactive Protein” OR hsCRP OR “High Sensitivity C-Reactive
Protein” OR “High Sensitivity C Reactive Protein” OR hs-CRP OR
“Tumor Necrosis Factor-alpha” OR “Tumor Necrosis Factor alpha”
OR “Cachectin” OR “Cachectin-Tumor Necrosis Factor” OR
“Cachectin Tumor Necrosis Factor” OR “Tumor Necrosis Factor
Ligand Superfamily Member 2” OR “Tumor Necrosis Factor” OR
“TNF Superfamily, Member 2” OR TNFalpha OR TNF-alpha)
ALL=(“Periapical Diseases” OR “Disease, Periapical” OR “Diseases,
Periapical” OR “Periapical Periodontitis” OR “Periapical Disease”
OR “Periapical Periodontitides” OR “Periodontitides, Periapical” OR
“Periodontitis, Periapical” OR “Periodontitis, Apical” OR “Apical
Periodontitides” OR “Apical Periodontitis” OR “Periodontitides,
Apical” OR “Periapical Granuloma” OR “Granuloma, Periapical” OR
“Granulomas, Periapical” OR “Periapical Granulomas” OR
“Periapical ~ Periodontitis, =~ Chronic =~ Nonsuppurative”  OR
“Periodontitis, Apical, Chronic Nonsuppurative” OR “Dental
Granulomas” OR “Granulomas, Dental” OR “Dental Granuloma” OR
“Granuloma, Dental’)

471
11
1.213

970.144

3.860
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Tabela suplementar 3. Descricdo da estratégia de busca realizada na base de dados Scopus, e
seus respectivos resultados.

NuUmero

Estratégia de busca

Resultados

#4
#3

#2

#1

#1 AND #2 AND #3

ALL ("root canal therapy" OR "canal therapies, root" OR "canal
therapy, root” OR "root canal therapies” OR "therapies, root canal”
OR "therapy, root canal™)

ALL ( "inflammation mediators” OR "mediators, inflammation” OR
"mediators of inflammation” OR cytokines OR cytokine OR
chemokines OR "chemotactic cytokine™ OR "cytokine, chemotactic"
OR intercrines OR "chemotactic cytokines” OR "cytokines,
chemotactic" OR intercrine OR chemokine OR interleukins OR
interleukin OR "c-reactive protein™ OR "c reactive protein" OR hscrp
OR "high sensitivity c-reactive protein” OR "high sensitivity ¢
reactive protein” OR hs-crp OR "tumor necrosis factor-alpha” OR
"tumor necrosis factor alpha” OR "cachectin” OR "cachectin-tumor
necrosis factor” OR "cachectin tumor necrosis factor” OR "tumor
necrosis factor ligand superfamily member 2" OR "tumor necrosis
factor" OR "tnf superfamily, member 2" OR tnfalpha OR tnf-alpha )

ALL ( "periapical diseases” OR "disease, periapical” OR "diseases,
periapical” OR "periapical periodontitis" OR "periapical disease” OR
"periapical periodontitides” OR "periodontitides, periapical* OR
"periodontitis, periapical” OR "periodontitis, apical® OR ™"apical
periodontitides” OR ™apical periodontitis” OR "periodontitides,
apical" OR "periapical granuloma” OR "granuloma, periapical” OR
"granulomas, periapical” OR "periapical granulomas" OR "periapical
periodontitis, chronic nonsuppurative” OR "periodontitis, apical,
chronic nonsuppurative” OR "dental granulomas" OR "granulomas,
dental” OR "dental granuloma™ OR "granuloma, dental™)

349
17.811

2.981.210

18.798
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Tabela suplementar 4. Descri¢do da estratégia de busca realizada na base de dados Embase, e

seus respectivos resultados.

NUmero

Estratégia de busca

Resultados

#4
#3

#2

#1

#1 AND #2 AND #3

‘endodontic procedure'/exp OR ‘endodontic procedure' OR 'endodontic
method'/exp OR ‘'endodontic method' OR 'endodontic technique'/exp
OR 'endodontic technique' OR "pulp canal therapy'/exp OR "pulp canal
therapy' OR 'root canal procedure'/exp OR 'root canal procedure' OR
'root canal therapy'/exp OR 'root canal therapy'

‘cytokine'/exp OR cytokine OR 'cytokines/exp OR cytokines OR
'interleukin’/exp OR interleukin OR ‘inflammatory mediator'/exp OR
'inflammatory mediator' OR 'autacoid'/exp OR autacoid OR ‘autacoid
agent'/exp OR ‘'autacoid agent' OR ‘"autacoids'/exp OR autacoids OR
‘inflammation mediators'/exp OR ‘inflammation mediators' OR 'c
reaction protein'/exp OR 'c reaction protein’ OR 'c-reactive protein‘/exp
OR 'c-reactive protein' OR 'creactive protein'/exp OR 'creactive protein’
OR ‘crp'/exp OR crp OR "protein, ¢ reactive'/exp OR 'protein, ¢ reactive'
OR 'serum c reactive protein'/exp OR 'serum c reactive protein' OR 'c
reactive protein'/exp OR 'c reactive protein' OR 'tumor necrosis
factor'/exp OR 'tumor necrosis factor' OR 'tnf alfa'/exp OR 'tnf alfa’ OR
tnf alpha’/exp OR 'tnf alpha’ OR 'tumor necrosis factor alfa'/exp OR
'tumor necrosis factor alfa’ OR 'tumor necrosis factor alpha‘/exp OR
'tumor necrosis factor alpha’ OR ‘tumor necrosis factor-alpha‘/exp OR
'tumor necrosis factor-alpha' OR ‘tumor necrosis factors'/exp OR ‘tumor
necrosis factors' OR 'tumor necrosis serum‘/exp OR 'tumor necrosis
serum' OR 'tumour necrosis factor'/exp OR 'tumour necrosis factor' OR
'tumour necrosis factor alfa’/exp OR ‘tumour necrosis factor alfa’ OR
‘tumour necrosis factor alpha'/exp OR ‘tumour necrosis factor alpha’
OR 'tumour necrosis factor-alpha'/exp OR ‘tumour necrosis factor-
alpha’ OR 'tumour necrosis factors'/exp OR 'tumour necrosis factors'
OR 'tumour necrosis serum'/exp OR 'tumour necrosis serum'’

'tooth periapical disease'/exp OR 'tooth periapical disease' OR 'dental
granuloma'/exp OR 'dental granuloma’ OR 'dentin granuloma’/exp OR
‘dentin granuloma’ OR 'dentine granuloma’/exp OR 'dentine
granuloma’ OR 'periapical disease'/exp OR 'periapical disease' OR
‘periapical diseases'/exp OR 'periapical diseases' OR 'periapical
granuloma'/exp OR 'periapical granuloma’' OR 'periapical
infection'/exp OR ‘periapical infection' OR "periapical lesion'/exp OR
‘periapical lesion' OR 'periapical periodontitis’/exp OR 'periapical
periodontitis’ OR 'tooth granuloma’/exp OR 'tooth granuloma’ OR
'tooth periapical granuloma’/exp OR 'tooth periapical granuloma’ OR
'tooth periapical infection'/exp OR ‘'tooth periapical infection’

55
8.690

2.276.892

8.174
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Tabela suplementar 5. Descricdo da estratégia de busca realizada na base de dados BVS
(Medline, IBECS, BBO, LILACS), e seus respectivos resultados.

NuUmero

Estratégia de busca

Resultados

#1

("Doencas Periapicais” OR "Periapical Diseases" OR "Enfermedades
Periapicales” OR "Doencas da Polpa Dentéaria” OR "Periodontite
Periapical" OR "Periapical Periodontitis" OR "Periodontitis Periapical”
OR "Periodontite Apical™ OR "Granuloma Periapical” OR "Periapical
Granuloma" OR "Granuloma Periapical* OR "Granuloma Dentario"
OR "Periodondite Periapical ndo Supurativa Cronica™ OR "Periodontite
Apical ndo Supurativa Cronica™ OR "Cisto Radicular" OR "Radicular
Cyst" OR "Quiste Radicular” OR "Cisto Apical Periodontal” OR "Cisto
Periapical”) AND ("Mediadores da Inflamacdo” OR "Inflammation
Mediators” OR "Mediadores de Inflamacion” OR citocinas OR
cytokines OR citocina OR citoquina OR quimiocinas OR chemokines
OR "Citocina Quimiotatica”™ OR "Citocinas Quimiotaticas” OR
intercrina OR intercrinas OR quimiocina OR interleucinas OR
interleukins OR "Fatores de Necrose Tumoral” OR "Tumor Necrosis
Factors" OR "Factores de Necrosis Tumoral™ OR "Proteina C-Reativa"
OR "C-Reactive Protein™ OR "ProteinaC-Reactiva” OR "Proteina C
Reativa de Alta Sensibilidade” OR "Proteina C-Reativa de Alta
Sensibilidade” OR hs-crp OR hscrp) AND ("Tratamento do Canal
Radicular" OR "Root Canal Therapy" OR "Tratamiento del Conducto
Radicular™)

40

Tabela suplementar 6. Descri¢do da estratégia de busca realizada na base de dados de literatura

cinza, e seus respectivos resultados.

Base Estratégia de busca Resultados
Google Scholar ("periapical periodontitis” OR "apical periodontitis") 965
AND (cytokines OR "inflammatory mediators” OR "C
reactive protein") AND (“root canal therapy™)
Catdlogo de Teses e “periodontite apical” AND citocinas AND “tratamento 3
Dissertacdes CAPES endodoéntico”
PROQUEST ("periapical periodontitis”) AND (cytokines OR 153
"inflammatory mediators” OR "C reactive protein")
AND (“root canal therapy”)
Biblioteca Digital "(Todos os campos:periodontite apical assintomatica E 0
Brasileira de Teses e Todos os campos:marcadores inflamatorios)”

Dissertacdes (BDTD)
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GUIDE FOR AUTHORS

INTRODUCTION

The Journal of Endodontics is owned by the American Association of Endodontists. Submitted
manuscripts must pertain to endodontics and may be original research (eg, clinical trails, basic science
related to the biological aspects of endodontics, basic science related to endodontic techniques, case
reports, or review articles related to the scientific or applied aspects of endodontics). Clinical studies using
CONSORT methods or systematic reviews using meta-analyses are particularly encouraged. Authors of
potential review articles are encouraged to first contact the Editor during their preliminary development
via e-mail at JEndodontics@UTHSCSA.edu. Manuscripts submitted for publication must be
submitted solely to JOE. They must not be submitted for consideration elsewhere or be published
elsewhere.

Disclaimer

The statements, opinions, and advertisements in the Journal of Endodontics are solely those of the
individual authors, contributors, editors, or advertisers, as indicated. Those statements, opinions, and
advertisements do not affect any endorsement by the American Association of Endodontists or its agents,
authors, contributors, editors, or advertisers, or the publisher. Unless otherwise specified, the American
Association of Endodontists and the publisher disclaim any and all responsibility or liability for such
material.

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
e Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'
¢ All references mentioned in the Reference List are cited in the text, and vice versa
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e Permission has been obtained for use of copyrighted material from other sources (including
thelnternet)

e A competing interests statement is provided, even if the authors have no competing interests todeclare

e Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans. The manuscript should be in line with the Recommendations
for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical Journals and aim for the
inclusion of representative human populations (sex, age and ethnicity) as per those recommendations.
The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in accordance
with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU Directive
2010/63/EU for animal experiments, or the National Research Council's Guide for the Care and Use of
Laboratory Animals and the authors should clearly indicate in the manuscript that such guidelines have
been followed. The sex of animals must be indicated, and where appropriate, the influence (or
association) of sex on the results of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations that
could inappropriately influence (bias) their work. Examples of potential competing interests include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two places:
1. A summary declaration of interest statement in the title page file (if double anonymized) or the
manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest form,
which forms part of the journal's official records. It is important for potential interests to be declared in
both places and that the information matches. More information.

Declaration of generative Al in scientific writing

The below guidance only refers to the writing process, and not to the use of Al tools to analyse and draw
insights from data as part of the research process.

Where authors use generative artificial intelligence (Al) and Al-assisted technologies in the writing
process, authors should only use these technologies to improve readability and language. Applying the
technology should be done with human oversight and control, and authors should carefully review and
edit the result, as Al can generate authoritative-sounding output that can be incorrect, incomplete or
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biased. Al and Al-assisted technologies should not be listed as an author or co-author, or be cited as an
author. Authorship implies responsibilities and tasks that can only be attributed to and performed by
humans, as outlined in Elsevier’s Al policy for authors.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the writing
process by following the instructions below. A statement will appear in the published work. Please note
that authors are ultimately responsible and accountable for the contents of the work.

Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the writing process by
adding a statement at the end of their manuscript in the core manuscript file, before the References list.
The statement should be placed in a new section entitled ‘Declaration of Generative Al and Alassisted
technologies in the writing process’.

Statement: During the preparation of this work the author(s) used [NAME TOOL /
SERVICE] in order to [REASON]. After using this tool/service, the author(s) reviewed
and edited the content as needed and take(s) full responsibility for the content of
the publication.

This declaration does not apply to the use of basic tools for checking grammar, spelling, references etc. If
there is nothing to disclose, there is no need to add a statement.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the
form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English
or in any other language, including electronically without the written consent of the copyrightholder. To
verify compliance, your article may be checked by Crossref Similarity Check and other originality or
duplicate checking software.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and
promotes equal opportunities. Content should make no assumptions about the beliefs or commitments
of any reader; contain nothing which might imply that one individual is superior to another on the grounds
of age, gender, race, ethnicity, culture, sexual orientation, disability or health condition; and use inclusive
language throughout. Authors should ensure that writing is free from bias, stereotypes, slang, reference
to dominant culture and/or cultural assumptions. We advise to seek gender neutrality by using plural
nouns ("clinicians, patients/clients") as default/wherever possible to avoid using "he, she," or "he/she."
We recommend avoiding the use of descriptors that refer to personal attributes such as age, gender, race,
ethnicity, culture, sexual orientation, disability or health condition unless they are relevant and valid.
When coding terminology is used, we recommend to avoid offensive or exclusionary terms such as

"master", "slave", "blacklist" and "whitelist". We suggest using alternatives that are more appropriate and

(self-) explanatory such as "primary", "secondary", "blocklist" and "allowlist". These guidelines are meant
as a point of reference to help identify appropriate language but are by no means exhaustive or definitive.

Reporting sex- and gender-based analyses
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Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should integrate
sex and gender-based analyses (SGBA) into their research design according to funder/ sponsor
requirements and best practices within a field. Authors should address the sex and/or gender dimensions
of their research in their article. In cases where they cannot, they should discuss this as a limitation to
their research's generalizability. Importantly, authors should explicitly state what definitions of sex and/or
gender they are applying to enhance the precision, rigor and reproducibility of their research and to avoid
ambiguity or conflation of terms and the constructs to which they refer (see Definitions section below).
Authors can refer to the Sex and Gender Equity in Research (SAGER) guidelines and the SAGER guidelines
checklist. These offer systematic approaches to the use and editorial review of sex and gender information
in study design, data analysis, outcome reporting and research interpretation - however, please note there
is no single, universally agreed-upon set of guidelines for defining sex and gender.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical and physiological
features (e.g., chromosomal genotype, hormonal levels, internal and external anatomy). A binary sex
categorization (male/female) is usually designated at birth ("sex assigned at birth"), most often based
solely on the visible external anatomy of a newborn. Gender generally refers to socially constructed roles,
behaviors, and identities of women, men and gender-diverse people that occur in a historical and cultural
context and may vary across societies and over time. Gender influences how people view themselves and
each other, how they behave and interact and how power is distributed in society. Sex and gender are
often incorrectly portrayed as binary (female/male or woman/man) and unchanging whereas these
constructs actually exist along a spectrum and include additional sex categorizations and gender identities
such as people who are intersex/have differences of sex development (DSD) or identify as non-binary.
Moreover, the terms "sex" and "gender" can be ambiguous—thus it is important for authors to define the
manner in which they are used. In addition to this definition guidance and the SAGER guidelines, the
resources on this page offer further insight around sex and gender in research studies.

Author contributions

For transparency, we require corresponding authors to provide co-author contributions to the manuscript
using the relevant CRediT roles. The CRediT taxonomy includes 14 different roles describing each
contributor’s specific contribution to the scholarly output. The roles are: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing original draft; and Writing - review &
editing. Note that not all roles may apply to every manuscript, and authors may have contributed through
multiple roles. More details and an example.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any addition,
deletion or rearrangement of author names in the authorship list should be made only before the
manuscript has been accepted and only if approved by the journal Editor. To request such a change, the
Editor must receive the following from the corresponding author: (a) the reason for the change
in author list and (b) written confirmation (e-mail, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.
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Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication of
the manuscript will be suspended. If the manuscript has already been published in an online issue, any
requests approved by the Editor will result in a corrigendum.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that illustrates
the progress of patients through the trial, including recruitment, enroliment, randomization, withdrawal
and completion, and a detailed description of the randomization procedure. The CONSORT checklist and
template flow diagram are available online.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of the
manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of this
agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission from
the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for use by
authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a 'License
Agreement' (more information). Permitted third party reuse of gold open access articles is determined by
the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the
collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit
the article for publication. If the funding source(s) had no such involvement, it is recommended to state
this.

Open access

The Journal of Endodontics supports Open Access. Following acceptance, authors have the option to make
their article freely accessible for a fee of $3,000. Please see the following link to learn more about open
access options: https://www.elsevier.com/about/open-science/open-access.

Open access
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Please visit our Open Access page for more information.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these).
Authors who feel their English language manuscript may require editing to eliminate possible grammatical
or spelling errors and to conform to correct scientific English may wish to use the Language Editing service
available from Elsevier's Language Services.

Submission

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the peer-review
process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final publication. All
correspondence, including notification of the Editor's decision and requests for revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.editorialmanager.com/JOE.

PREPARATION
General Points on Composition

Authors are strongly encouraged to analyze their final draft with both software (eg, spelling and grammar
programs) and colleagues who have expertise in English grammar. References listed at the end of this
section provide a more extensive review of rules of English grammar and guidelines for writing a scientific
article. Always remember that clarity is the most important feature of scientific writing. Scientific articles
must be clear and precise in their content and concise in their delivery because their purpose is to inform
the reader. The Editor reserves the right to edit all manuscripts or to reject those manuscripts that lack
clarity or precision or that have unacceptable grammar or syntax. The following list represents common
errors in manuscripts submitted to the Journal of Endodontics:

a. The paragraph is the ideal unit of organization. Paragraphs typically start with an
introductorysentence that is followed by sentences that describe additional detail or examples. The last
sentence of the paragraph provides conclusions and forms a transition to the next paragraph. Common
problems include one-sentence paragraphs, sentences that do not develop the theme of the paragraph
(see also section “c,” below), or sentences with little to no transition within a paragraph.

b. Keep to the point. The subject of the sentence should support the subject of the paragraph
Forexample, the introduction of authors’ names in a sentence changes the subject and lengthens the text.
In a paragraph on sodium hypochlorite, the sentence, “In 1983, Langeland et al, reported that sodium
hypochlorite acts as a lubricating factor during instrumentation and helps to flush debris from the root
canals” can be edited to: “Sodium hypochlorite acts as a lubricant during instrumentation and as a vehicle
for flushing the generated debris (Langeland et al, 1983).” In this example, the paragraph’s subject is
sodium hypochlorite and sentences should focus on this subject.

C. Sentences are stronger when written in the active voice, that is, the subject performs the
action.Passive sentences are identified by the use of passive verbs such as “was,” “were,” “could,” etc. For
example: “Dexamethasone was found in this study to be a factor that was associated with reduced
inflammation,” can be edited to: “Our results demonstrated that dexamethasone reduced inflammation.”
Sentences written in a direct and active voice are generally more powerful and shorter than sentences
written in the passive voice.

d. Reduce verbiage. Short sentences are easier to understand. The inclusion of unnecessary wordsis
often associated with the use of a passive voice, a lack of focus, or run-on sentences. This is not to imply
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that all sentences need be short or even the same length. Indeed, variation in sentence structure and
length often helps to maintain reader interest. However, make all words count. A more formal way of
stating this point is that the use of subordinate clauses adds variety and information when constructing a
paragraph. (This section was written deliberately with sentences of varying length to illustrate this point.)

e. Use parallel construction to express related ideas. For example, the sentence,
“Formerly,endodontics was taught by hand instrumentation, while now rotary instrumentation is the
common method,” can be edited to “Formerly, endodontics was taught using hand instrumentation; now
it is commonly taught using rotary instrumentation.” The use of parallel construction in sentences simply
means that similar ideas are expressed in similar ways, and this helps the reader recognize that the ideas
are related.

f. Keep modifying phrases close to the word that they modify. This is a common problem in
complexsentences that may confuse the reader. For example, the statement, “Accordingly, when
conclusions are drawn from the results of this study, caution must be used,” can be edited to “Caution
must be used when conclusions are drawn from the results of this study.”

g. To summarize these points, effective sentences are clear and precise, and often are short,
simpleand focused on one key point that supports the paragraph’s theme.

h. Authors should be aware that the JOE uses iThenticate, plagiarism detection software, to
ensureoriginality and integrity of material published in the journal. The use of copied sentences, even
when present within quotation marks, is highly discouraged. Instead, the information of the original
research should be expressed by the new manuscript author’s own words, and a proper citation given at
the end of the sentence. Plagiarism will not be tolerated and manuscripts will be rejected or papers
withdrawn after publication based on unethical actions by the authors. In addition, authors may be
sanctioned for future publication.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should be
in single-column format. Keep the layout of the text as simple as possible. Most formatting codes will be
removed and replaced on processing the article. In particular, do not use the word processor's options to
justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. When
preparing tables, if you are using a table grid, use only one grid for each individual table and not a grid for
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier).
Note that source files of figures, tables and text graphics will be required whether or not you embed your
figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Essential title page information

. Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
. Author names and affiliations. Please clearly indicate the given name(s) and family

name(s) of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lowercase
superscript letter immediately after the author's name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country name and, if available, the e-mail address
of each author.
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. Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any future
queries about Methodology and Materials. Ensure that the e-mail address is given and
that contact details are kept up to date by the corresponding author.

. Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated
as a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Structured abstract

A structured abstract, by means of appropriate headings, should provide the context or background for
the research and should state its purpose, basic procedures (selection of study subjects or laboratory
animals, observational and analytical methods), main findings (giving specific effect sizes and their
statistical significance, if possible), and principal conclusions. It should emphasize new and important
aspects of the study or observations.

Abstract Headings

Introduction, Methods, Results, Conclusions

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will be
used for indexing purposes.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or
proof reading the article, etc.).

The authors deny any conflicts of interest related to this study.

Original Research Article Guidelines
Title Page

The title describes the major emphasis of the paper. It must be as short as possible without loss of clarity.
Avoid abbreviations in the title because this may lead to imprecise coding by electronic citation programs
such as PubMed (eg, use sodium hypochlorite rather than NaOCI). The author list must conform to
published standards on authorship (see authorship criteria in the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals at www.icmje.org). Include the manuscript title; the names and
affiliations of all authors; and the name, affiliation, and full mailing address (including e-mail) of the
corresponding author. This author will be responsible for proofreading page proofs and ordering reprints
when applicable. Also highlight the contribution of each author in the cover letter.

Abstract

The Abstract concisely describes the purpose of the study in 250 or fewer words. It must be organized into
sections: Introduction, Methods, Results, and Conclusions. The hypothesis is described in the Abstract
Introduction. The Abstract describes the new contributions made by this study. The Abstract word
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limitation and its wide distribution (eg, PubMed) make it challenging to write clearly. This section is written
last by many authors. Write the abstract in past tense because the study has been completed. Provide 3-
5 keywords.

Introduction

The introduction briefly reviews the pertinent literature in order to identify the gap in knowledge that the
study is intended to address and the limitations of previous studies in the area. Clearly describe the
purpose of the study, the tested hypothesis, and its scope. Many successful manuscripts require no more
than a few paragraphs to accomplish these goals; therefore, do not perform extensive literature review
or discuss the results of the study in this section.

Materials and Methods

The Materials and Methods section is intended to permit other investigators to repeat your experiments.
There are 4 components to this section: (1) detailed description of the materials used and their
components, (2) experimental design, (3) procedures employed, and (4) statistical tests used to analyze
the results. Most manuscripts should cite prior studies that used similar methods and succinctly describe
the essential aspects used in the present study. A "methods figure" will be rejected unless the procedure
is novel and requires an illustration for comprehension. If the method is novel, then you must carefully
describe the method and include validation experiments. If the study used a commercial product, the
manuscript must either state that you followed manufacturer’s protocol or specify any changes made to
the protocol. If the study used an in Vitro model to simulate a clinical outcome, describe either
experiments made to validate the model or previous literature that proved the clinical relevance of the
model. The statistical analysis section must describe which tests were used to analyze which dependent
measures; P values must be specified. Additional details may include randomization scheme, stratification
(if any), power analysis as a basis for sample size computation, dropouts from clinical trials, the effects of
important confounding variables, and bivariate versus multivariate analysis.

Results

Only experimental results are appropriate in this section; do not include methods, discussion, or
conclusions. Include only those data that are critical for the study, as defined by the aim(s). Do not include
all available data without justification; any repetitive findings will be rejected from publication. All Figures,
Charts, and Tables must be cited in the text in numerical order and include a brief description of the major
findings. Consider using Supplemental Figures, Tables, or Video clips that will be published online.
Supplemental material often is used to provide additional information or control experiments that
support the results section (eg, microarray data).

Figures

There are 2 general types of figures: type 1 includes photographs, radiographs, or micrographs; type 2
includes graphs. Type 1: Include only essential figures and use composite figures containing several
panels of photographs, if possible. Each panel must be clearly identified with a letter (eg, A, B, C), and the
parts must be defined in the figure legend. A figure that contains many panels counts as 1 figure. Type
2! Graphs (ie, line drawings including bar graphs) that plot a dependent measure (on the Y axis) as a
function of an independent measure (usually plotted on the X axis). One example is a graph depicting pain
scores over time. Use graphs when the overall trend of the results is more important than the exact
numeric values of the results. A graph is a convenient way to report that an ibuprofen-treated group
reported less pain than a placebo-treated group over the first 24 hours, but pain reported was the same
for both groups over the next 96 hours. In this case, the trend of the results is the primary finding; the
actual pain scores are not as critical as the relative differences between the NSAID and placebo groups.
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Tables

Tables are appropriate when it is critical to present exact numeric values; however, not all results need be
placed in either a table or figure. Instead of a simple table, the results could state that there was no
inhibition of growth from 0.001%-0.03% NaOClI, and a 100% inhibition of growth from 0.03%-3% NaOClI
(N=5/group). If the results are not significant, then it is probably not necessary to include the results in
either a table or as a figure.

Acknowledgments

All authors must affirm that they have no financial affiliation (eg, employment, direct payment, stock
holdings, retainers, consultantships, patent licensing arrangements, or honoraria), or involvement with
any commercial organization with direct financial interest in the subject or materials discussed in this
manuscript, nor have any such arrangements existed in the past 3 years. Disclose any potential conflict of
interest. Append a paragraph to the manuscript that fully discloses any financial or other interest that
poses a conflict. Disclose all sources and attribute all grants, contracts, or donations that funded the study.
Specific wording: "The authors deny any conflicts of interest related to this study."

References

The reference style can be learned from reading past issues of JOE. References are numbered in order
of citation. Please use superscripts at the end of a sentence or at the end of a clause that requires a
literature citation. There are no limits in the number of references for review articles.

Other Article Types and Guidelines

Manuscripts submitted to JOE that are not Original Articles must fall into one of the following categories.
Abstract limit: 250 words. Note that word limits, listed by type, do not include figure legends or
References. If you are not sure whether your manuscript falls within one of the categories listed or if you
would like to request pre-approval to submit additional figures, contact the Editor at
JEndodontics@uthscsa.edu.

CONSORT Randomized Clinical Trial

Must strictly adhere to the Consolidated Standards of Reporting Trials —CONSORT—minimum guidelines
for publication of randomized clinical trials

(https://www.goodreports.org/reporting-checklists/consort/). Word limit: 3500. Headings: Abstract,
Introduction, Materials and Methods, Results, Discussion, Acknowledgments. Maximum number of
figures: 4. Maximum number of tables: 4.

Review Article

Either narrative articles or systemic reviews/meta-analyses. Case Report/Clinical Techniques articles, even
when they include an extensive review of the literature, are categorized as Case Report/Clinical
Techniques. Word limit: 3500. Headings: Abstract, Introduction, Discussion, Acknowledgments. Maximum
number of figures: 4. Maximum number of tables: 4.

Clinical Research
Prospective or retrospective studies of patients or patient records, research on biopsies excluding the use
of human teeth for technique studies. Word limit: 3500. Headings: Abstract, Introduction, Materials and

Methods, Results, Discussion, Acknowledgments. Maximum number of figures: 4. Maximum number of
tables: 4.

Basic Research—Biology
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Animal or culture studies of biological research on physiology, development, stem cell differentiation,
inflammation, or pathology. Primary focus is on biology. Word limit: 2500. Headings: Abstract,
Introduction, Materials and Methods, Results, Discussion, Acknowledgments. Maximum number of
figures: 4. Maximum number of tables: 4.

Basic Research—Technology

Focus primarily on research related to techniques and materials used, or on potential clinical use, in
endodontics. Word limit: 2500. Headings: Abstract, Introduction, Material and Methods, Results,
Discussion, Acknowledgments. Maximum number of figures: 3. Maximum number of tables: 3.

Case Report/Clinical Techniques

Reports of an unusual clinical case or use of a cutting edge technology in a clinical case. Word limit: 2500.
Headings: Abstract, Introduction, Materials and Methods, Results, Discussion, Acknowledgments.
Maximum number of figures: 4. Maximum number of tables: 4.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill
& Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace
[grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or not-
for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (Sl). If other
units are mentioned, please give their equivalent in SI.

Artwork
Electronic artwork General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, oruse
fonts that look similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.
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You are urged to visit this site; some excerpts from the detailed information
are given here. Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized,
please 'Save as' or convert the images to one of the following formats (note the resolution requirements
for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi. TIFF
(or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have alow
number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or MS Office
files) and with the correct resolution. If, together with your accepted article, you submit usable color
figures then Elsevier will ensure, at no additional charge, that these figures will appear in color online
(e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further information on the
preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (NnOt on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant
textin the article, or on separate page(s) at the end. Number tables consecutively in accordance with their
appearance in the text and place any table notes below the table body. Be sparing in the use of tables and
ensure that the data presented in them do not duplicate results described elsewhere in the article. Please
avoid using vertical rules and shading in table cells.

References

Please ensure that every reference cited in the text is also present in the reference list (and vice versa).
Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not allowed in the reference list, but they may be mentioned in the text. Citation of
a reference as "in press" implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
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Crossref and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the DOI is highly
encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article. An
example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E.,
Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern
Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the
format of such citations should be in the same style as all other references in the paper.

Web References

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.), should
also be given. Web references are included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in
your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year, and
global persistent identifier. Add [dataset] immediately before the reference so we can properly identify it
as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name of
the preprint server, as part of the reference. The preprint DOI should also be provided.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in the
text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language styles,
such as Mendeley. Using citation plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this journal, please follow
the format of the sample references and citations as shown in this Guide. If you use reference
management software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference management
software.

Reference style
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Text: Indicate references by Arabic numerals in parentheses, numbered in the order in which they
appear in the text. List: Number the references in the list in the order in which they appear in the text.
List 3 authors then et al.

Examples:
Journal article:

1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun.
2010;163:51-59.

Book:

2. Strunk W Jr, White EB. The Elements of Style, 4th ed. New York: Longman; 2000.
Chapter in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, SmithRZ, eds.
Introduction to the Electronic Age. New York: E-Publishing; 2009:281-304.

Journal abbreviations source
Journal names are abbreviated according to Index medicus.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific research.
Authors who have video or animation files that they wish to submit with their article are strongly
encouraged to include links to these within the body of the article. This can be done in the same way as a
figure or table by referring to the video or animation content and noting in the body text where it should
be placed. All submitted files should be properly labeled so that they directly relate to the video file's
content. In order to ensure that your video or animation material is directly usable, please provide the file
in one of our recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total.
Video and animation files supplied will be published online in the electronic version of your article in
Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used instead of standard icons
and will personalize the link to your video data. For more detailed instructions please visit our video
instruction pages. Note: since video and animation cannot be embedded in the print version of the
journal, please provide text for both the electronic and the print version for the portions of the article
that refer to this content.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article
to enhance it. Submitted supplementary items are published exactly as they are received (Excel or
PowerPoint files will appear as such online). Please submit your material together with the article and
supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file. Do
not annotate any corrections on a previous version. Please switch off the 'Track Changes' option in
Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers to
the results of observations or experimentation that validate research findings, which may also include
software, code, models, algorithms, protocols, methods and other useful materials related to the project.
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Below are a number of ways in which you can associate data with your article or make a statement about
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