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RESUMO

O dente deciduo persistente (DDP) é uma condigdo clinica prevalente que ocorre quando um
dente deciduo é retido além do periodo estabelecido de seu tempo normal de esfoliagéo,
permanecendo na cavidade bucal. Muitos fatores podem estar envolvidos no risco de DDP.
Portanto, o objetivo deste estudo foi avaliar a prevaléncia de dentes deciduos persistentes e 0s
fatores locais e genéticos associados a essa condi¢do em criancas alemds. Criancas Alemas
foram triadas, os exames de imagem (panoramicas) foram acessados para avaliar o DDP de
acordo com o estagio Nolla de seu sucessor permanente. Um dente deciduo foi considerado
retido quando seu dente permanente sucessor estava no estagio 8 de Nolla e abaixo da cripta
alveolar, estagio 9 de Nolla ou estagio 10 de Nolla. As radiografias panordmicas foram
utilizadas para avaliar os fatores locais associados com DDP e DNA extraido da saliva foi
utilizado na avaliacdo dos fatores genéticos. Foi realizada PCR em tempo real de dois
polimorfismos de nucleotideo Unico (SNPs) em COX2: rs689466 (-1195G/A) e rs5275 (+665
T/C). O teste do qui-quadrado foi usado com um alfa de 5%. Um total de 100 criangas foram
incluidas no estudo. Cinquenta e uma tiveram pelo menos um DDP, enquanto 49 criancas foram
classificadas como controle. A maioria dos casos de DDP foi considerada idiopatica (n=51,
51%). O numero de dentes persistentes na cavidade oral variou de 1 a 8. A distribui¢cdo do
gendtipo foi associada ao DDP no modelo codominante (p=0,006) para o SNP rs5275.
Individuos que carregam dois alelos T (TT) comparados com individuos que carregam pelo
menos um alelo C (C+TC) tiveram chance quase trés vezes maior de apresentar DDP (p=0,012;
OR = 2,99/ 1C95% 1,28 a 6,95 — modelo recessivo). O hapl6tipo CA para 0os SNPs rs5275 e
rs689466, respectivamente, foi significativamente associado (p=0,042). Conclui-se que a
prevaléncia de DDP foi alta na populacéo estudada e a maioria dos casos eram idiopaticos ou
estavam associados com causas relacionadas a doenca carie (como lesGes de cérie, restauracdes
e tratamento endod6ntico). Os SNPs no gene que codifica COX2 foram associados a DDP

idiopatica.

Palavras-chave: criancas, dente deciduo, genes
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ABSTRACT

Persistent primary tooth (PPT) is a prevalent clinical condition that occurs when a primary tooth
is retained beyond the established period of its normal exfoliation time, remaining in the oral
cavity. Many factors may be involved in the risk of PPT, therefore, the aim of this study was to
assess the prevalence of persistent deciduous teeth and the local and genetic factors associated
with this condition in German children. German children were screened, imaging (panoramic)
scans were accessed to assess PPT according to the Nolla stage of his permanent successor. A
deciduous tooth was considered impacted when its successor permanent tooth was in Nolla
stage 8 and below the alveolar crypt, Nolla stage 9 or Nolla stage 10. Panoramic radiographs
were used to assess local factors associated with PPT and DNA extracted from saliva was used
to assess genetic factors. Real-time PCR of two single nucleotide polymorphisms (SNPs) in
COX2 was performed: rs689466 (-1195G/A) and rs5275 (+665 T/C). The chi-square test was
used with an alpha of 5%. A total of 100 children were included in the study. Fifty-one had at
least one DDP, while 49 children were classified as controls. Most cases of PPT were
considered idiopathic (n= 51, 51%). The number of persistent teeth in the oral cavity ranged
from 1 to 8. Genotype distribution was associated with PPT in the codominant model (p=0.006)
for SNP rs5275. Individuals who carry two T alleles (TT) compared to individuals who carry
at least one C allele (C+TC) were almost three times more likely to have PPT (p=0.012; OR =
2.99 / 95%CI 1.28 to 6.95 — recessive model). The CA haplotype for SNPs rs5275 and
rs689466, respectively, was significantly associated (p=0.042). It is concluded that the
prevalence of PPT was high in the studied population and most cases were idiopathic or
associated with causes related to caries disease (such as caries lesions, restorations and
endodontic treatment). SNPs in the gene encoding COX2 have been associated with idiopathic
PPT.

Key-words: children; primary tooth; genes
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1 INTRODUCAO

A erupcdo dentaria é definida como um movimento axial/oclusal do dente desde sua
posicdo de desenvolvimento nos maxilares até sua posicdo funcional no plano oclusal
(BHASKAR, 1991). E um processo fisioldgico continuo que consiste em movimento pré-
eruptivo, erupc¢do intradssea, penetracdo na mucosa, erupcao pre-oclusal e pds-oclusal (YU et
al., 2021). Os processos coordenados de formacdo e reabsorcdo dssea ocorrem durante a
erupcdo dentéria através da estimulacdo de osteoblastos e osteoclastos, respepectivamente
(MARKS et al.,1995., WISE et al., 2002; BRODETSKA et al., 2020). A cronologia e a
sequéncia de erupcdo dos dentes podem ser influenciadas por diversos fatores, sejam locais,

sistémicos ou genéticos.

As células da linhagem mondcito-macréfago (precursoras de osteoclastos) devem ser
recrutadas para que o processo de erup¢do ocorra adequadamente para o foliculo dentario
durante a fase pré-eruptiva. O processo de sua fusdo ocorre para formar osteoclastos
multinucleares ativos que serdo responsaveis pela formacdo de uma via eruptiva no 0sso
alveolar (BRODETSKA et al., 2020). A forca de erupcdo € exercida na base do dente em
erupcdo, movendo-o ao longo do canal de erup¢do. A formacdo Ossea na base do dente, a
regulacao do foliculo dentario do dente permanente e a interacdo com a membrana periodontal
sd0 essenciais no processo de erupcdo dental. E um processo fisioldgico que promove o
estabelecimento adequado da oclusdo, a qual é fundamental para o contorno facial, funcéo e
estética (YU et al., 2021).

Todo o processo de reabsorcdo dos tecidos duros para a erupcao dos dentes permanentes
resulta da acao de fatores regulatorios locais e sistémicos. Os eventos relacionados ao processo
de reabsorcdo dentaria fisiologica em dentes deciduos iniciam-se da apoptose (morte celular
programada) dos cementoblastos e odontoblastos, que revestem a porgédo externa e interna das
raizes dentarias, respectivamente, expondo a superficie radicular mineralizada; na sequéncia
instalam-se unidades osteorremodeladoras, formadas por células clasticas (LOURENCO &
CONSOLARO, 1997). Os principais fatores responsaveis pelo processo da rizélise, ocorrem
pela apoptose em células isoladas, promovendo alteracBes nucleares como condensagdo da
cromatina, fragmentacdo do DNA seguido pelo rompimento do nucleo. No citoplasma, as
organelas mostram-se mais densas e intactas. Em concomitancia, a célula perde liquidos,
encolhe-se e rompe o contato com as células contiguas. Os corpos apoptéticos sao resultados

da contragdo da célula e posterior invaginacdo da membrana, imediatamente reconhecidos e
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fagocitados pelos macrofagos. Subsequente, ocorre a instalagdo de odontoclastos sobre a
superficie radicular descoberta, os quais liberam enzimas que dissolvem a matriz mineral. Desta
forma, o mecanismo da morte celular programada funciona como o gatilho biolédgico da rizolise
(CONSOLARO, 2002).

A reabsorc¢do radicular tem uma regulacdo semelhante a reabsorcéo 0ssea e ambos 0s
processos compartilham os mesmos mecanismos moleculares. A principal diferenca bioldgica
entre raiz e 0sso € 0 que 0 0sso sofre constante renovacao fisiologica, enquanto nos dentes a
Unica reabsorcao fisiologica é a que ocorre nos dentes deciduos (HASEGAWA et al., 2002;
LINSUWANONT et al.,, 2002). O mecanismo de reabsorcdo radicular é semelhante a
reabsorcdo 0ssea (HASEGAWA et al., 2002; LOW et al., 2005). Além disso, odontoclastos,
cementroclastos e osteoclastos compartilham caracteristicas semelhantes, um perfil de
expressao génica semelhante e atividade de reabsorcéo tecidual mineralizada (HASEGAWA et
al., 2002).

O Dente Deciduo Persistente (DDP) é uma condicéo clinica prevalente em criancas e
adolescentes que ocorre quando um dente deciduo é retido além do seu periodo normal de
esfoliacdo, permanecendo na cavidade bucal da crianca e levando a um atraso na erupcao do
seu sucessor permanente (BADAUY, 2001; AKTAN et al., 2011; XAVIER, 2016). Pode causar

mas oclusdes, periodontite, anquilose e insatisfacdo do paciente (XAVIER et al., 2021).

O DDP impacta o ciclo eruptivo dos dentes sucessores permanentes e, quando nao
diagnosticado e tratado adequadamente, pode causar disturbios infecciosos, mecéanicos e
neoplasicos (CAPPELLETTE et al., 2008; FIGUEIRA 2018). A etiologia da DDP ainda nédo
esta totalmente elucidada, quando na auséncia de antecedentes traumaticos ou fatores locais
associados, torna-se mais complexo determinar sua causa, podendo estar associado a fatores
sistémicos. Dentre os fatores sistémicos que podem influenciar no processo de esfoliacdo dos
dentes deciduos destacam-se 0s, baixo peso ao nascer, Sindrome de Down, deficiéncias
hormonais e nutricionais, displasia ectoderma, hipofofastasia e disostose cleidocraniana. Ja os
fatores locais que podem influenciar diretamente na retencdo prolongada de dentes deciduos
destacam-se a anquilose dentéria, presenca de dentes supranumerarios, odontomas, dilaceragao,
falta de espaco, lesdes de carie dentaria, erupcdo ectopica do dente permanente, fibrose

gengival, hematoma de erupcéo e perda dental precoce (FIGUEIRA, 2018).

Outro fator importante que pode determinar a etiologia da DDP s&o genes codificadores.

Sabe-se que, 0 processo de remodelacao 0ssea e reabsorcéo radicular primaria ocorrem também
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por meio do envolvimento desses genes que podem levar a retencdo prolongada dos dentes
deciduos (SCHELLACK, 2006). A retencdo prolongada dos dentes deciduos tem relagdo com
0 processo de remodelacdo Gssea e de reabsorcao radicular primaria podendo ser justificados
pelo envolvimento de genes codificadores incluindo a ciclooxigenase-2 (COX-2), também
conhecida como prostaglandin-endoperoxide synthase 2 (PTGS2), responsavel pelos
fendmenos da inflamacéo e producdo das prostaglandinas,responsaveis pela proteco estomacal
no corpo humano (SCHELLACK, 2006). Difere-se da COX-1, a qual encontramos em todo
organismo, a COX2 sé é apresentada em areas de inflamacao e no endotélio (XIE, 1991). Este
gene desempenha um papel fundamental no processo de reabsorcdo 6ssea alveolar (TAZAWA
etal., 1994).

O gene COX2 estéa localizado no cromossomo 1¢25.2-g25.3, o qual contém 10 éxons e
codifica uma proteina de 604 aminoacidos (TAZAWA et al., 1994). H& um tipo de variante
genética bastante comum em humanos que envolve alteragdes em um Gnico par de bases no
genoma chamados de polimorfismos de nucleotideos Unico (SNPs). Essas variantes podem
esclarecer diferencas na predisposicao individual a apresentar caracteristicas complexas, como
os dentes deciduos persistentes (TEAMA, 2018).

Além dos fatores genéticos, também foi observado que a erupgao pode variar entre 0s
géneros, etnia, alteracdes sistémicas, aspectos socioecondémicos, estado nutricional e
prematuridade (DUARTE et al., 2011). O estado nutricional influencia diretamente na erupcéao
dentéria, visto que a desnutricéo cronica que se estende além da primeira infancia est4 associada
ao atraso na erupcao dental. Em contrapartida, a obesidade est4 associada a maturidade precoce
das criancas e a erupc¢do dentaria acelerada. A condicdo socioeconémica tem sido relacionada
a variacOes no tempo e padrao da erupcao dentaria na denticdo decidua em algumas populacdes.
Criancas que apresentam um nivel socioecondmico elevado demonstraram ter uma erupgéo
dentéria acelerada em comparacdo com crianc¢as de nivel socioecondémico baixo (KUTESA et
al., 2019).

O diagndstico da DDP ¢ realizado através da anamnese, exame clinico e radiogréfico.
Estes exames permitem o conhecimento do posicionamento, localizagdo e associagdo dos
dentes as estruturas ésseas e aos dentes adjacentes. As radiografias oclusais auxiliam na
determinacdo vestibulo-lingual do dente, as periapicais permitem observar a presenca e a
extensdo do foliculo dentério além de evidenciar a integridade da raiz e da coroa do dente. Ja

as radiografias panoramicas determinam a posicdo do dente em dois planos, além de permitir
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observar a altura e a relacdo dos dentes com o plano sagital. As telerradiografias sdo capazes
de determinar a posi¢do do dente, de maneira a relacioné-lo com as estruturas adjacentes, como

0 assoalho da cavidade nasal e o seio maxilar (FIGUEIRA, 2018).

Embora a DDP seja uma condigdo comum na pratica clinica, especialmente na pratica
ortodontica e odontologica pediatrica, poucos estudos em diferentes populacdes foram
realizados até agora explorando a prevaléncia e os fatores associados a essa condigdo
(BJERKLIN & BENNETT, 2000; ITH-HANSEN & KJAER, 2000; HASELDEN et al., 2001;
SLETTEN et al., 2003; BJERKLIN et al., 2008; KJAER et al., 2008; ROBINSON & CHAN,
2009; AKTAN et al., 2011; XAVIER, 2016; ARID et al., 2017). O diagndstico e a intervencao
precoces sao relevantes para evitar ou diminuir danos a oclusdo, entretanto, estabelecer a
etiologia para o diagnostico da DDP podem contribuir para a correta funcéo e equilibrio do
sistema estomatognatico, visto que elas podem estar associadas a fatores locais, sistémicos e/ou

genéticos.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar a prevaléncia de dentes deciduos persistentes e os fatores associados a essa

condicdo em criancas alemas submetidas a tratamento ortodontico.

2.2 Objetivos Especificos

e Verificar através de radiografias panordmicas a presenca e frequéncia de dentes
deciduos persistentes;

e Verificar os fatores locais associados a DDP;

e Avaliar se os se SNPs no gene COX2 estéo associados a DDP ndo associados a fatores
locais.
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3 MATERIAL E METODOS

3.1 Amostra para levantamento dos pacientes

Apbs aprovacio pelo Comité de Etica do Hospital Universitario Regensburg, Alemanha
(ID 19-1549-101), todos os participantes e/ou responsaveis legais deram seu consentimento
informado por escrito para participar do estudo. As recomendac6es do STROBE foram seguidas

para o relatério de pesquisa.

Foram triadas 108 radiografias panoramicas de pacientes, de ambos os sexos, com idade
ente 8 e 17 anos em tratamento odontol6gico do Hospital Univesitario de Regensburg e de dois
consultdrios odontoldgicos privados para a realizacdo deste estudo transversal retrospectivo.
Para determinar a legibilidade deste estudo foram selecionados pacientes no periodo de 2009 a
2021. Foram avaliados pacientes alemées, de ascendéncia centro-europeia que dispunham de
radiografias panoramicas durante o tratamento ortod6ntico. Pacientes com agenesia dentéria
(excluindo agenesia de terceiro molar), trauma facial, labio leporino e/ou fenda palatina,
sindromes subjacentes e/ou doencas sistémicas foram excluidos do estudo. Apenas uma crian¢a

por familia foi incluida para evitar viés.

3.2 Avaliacédo radiografica e caracterizacdo do DDP

As radiografias panoramicas foram avaliadas por um Gnico examinador. Previamente,
foi realizada uma calibracdo, na qual foram avaliadas 10 radiografias panoramicas duas vezes
com um intervalo de duas semanas. A calibracdo intraexaminador foi avaliada pelo Teste de
Kappa. O valor de Kappa foi de 0,98 para o estagio de Nolla e 0,82 para reabsorcédo radicular

dos dentes deciduos.

O desenvolvimento dentario dos sucessores permanentes de cada dente deciduo ainda
presente na cavidade b foi ucalavaliado de acordo com os estagios de Nolla. Em sintese, a
técnica introduzida por Nolla atribui a cada dente um certo estagio de 0 (auséncia de cripta) a
10 (raiz completamente formada e apice fechado) (NOLLA, 1960). Exemplos dos estagios 6,
7, 8, 9 e 10 de Nolla podem ser observados na Figura 1. O estagio 8 de Nolla é caracterizado
pela formacédo de dois ter¢cos completos da raiz do dente (NOLLA, 1960;ZIRCK et al., 2021),
sendo que neste estagio o dente permanente deve atingir a cripta alveolar e emergir na cavidade

oral (PINTO, 2016). Sendo assim, o dente deciduo foi considerado persistente quando seu dente
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permanente sucessor se encontrava nos estagios 8, 9 ou 10 de Nolla e abaixo da cripta 6ssea

alveolar.

A

FIGURA 1: Estagios de desenvolvimento de Nolla, 6, 7, 8, 9 e 10 em pré-molares permanentes. A-
Estagio 6 (coroa completa); B- Estagio 7 (1/3 raiz completa); C-Estagio 8 (2/3 raiz
completa); D- Estagio 9 (raiz completa com apice aberto) e E-Estagio 10 (raiz completa
e forame apical fechado). OBS: A seta indica onde esta a cripta alveolar.

A raiz de cada dente deciduo que foi classificada como DDP também foi avaliada de
acordo com o grau de riz6lise radicular (Figura 2).

LEGENDA: @ Reabsorcao no terco apical; ® Reabsorcéo no terco médio; & Reabsorgdo no terco
apical; 4\ Estagio 7 de Nolla; A Estagio 8 de Nolla; A Estagio 9 de Nolla.

FIGURA 2: Classificacdo de DDP de acordo com o grau de rizélise radicular e estagio de
desenvolvimento de Nolla.
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3.3 Avaliagéo de fatores associados
As radiografias panordmicas também foram utilizadas para avaliar os seguintes fatores:

e Erupcdo dentaria ectopica, como translacdo ou transmigracdo dos dentes
permanentes sucessores;

e Existéncia de patologia, como cistos, tumores e odontoma sob dente deciduo que
resulta na impaccdo dos dentes sucessores;

e Presenca de dentes supranumerarios;

e Dente anquilosado/infraocluséo;

e Lesdo de Cérie ndo tratada com e sem envolvimento pulpar;

e Presenca de restauragdes;

e Tratamento endodéntico (pulpotomia ou pulpectomia).

3.4 Extracdo de DNA gendmico e analise dos SNPs em COX2

Para a realizacdo da extracdo de DNA foi coletada uma amostra de células bucais de
cada criangca com o auxilio de um cytobrush descartavel estéril, o qual foi passado 2-3 vezes na
mucosa interna da bochecha (esquerda e direita) e contra a base da lingua. Em seguida, as
amostras foram armazenadas a -20°C até o momento de extracdo do DNA. A extracdo do DNA
gendmico seguiu um protocolo estabelecido (KUCHLER, 2019). A solugdo de extracéo
resumida (Tris-HCL 10mm, Ph 7,8; EDTA 5mm; SDS 0,5%) contendo proteinase K (100
ng/mL) foi adicionada com o objetivo de causar a lise das células e proteinas da amostra de
saliva. As proteinas nao digeridas foram removidas utilizando acetato de amonio e 0 DNA foi
precipitado com isopropanol. Posteriormente 0 DNA foi ressuspenso em tampao TE (10 mm
Tris (pH 7,8) e 1 mm EDTA), e armazenado a -20°C para futuras analises. A concentracdo do
DNA (estimada pela medicao da absorbancia em 260 nm) e pureza (estimada pela medicao da
razdo de absorbancia em 260 nm e 280 nm) foram avaliadas por espectrofotometria usando
NanoDrop 1000 (Thermo Scientific, DE).

As caracteristicas dos SNPs selecionados s&o apresentadas na Tabela 1. As rea¢fes em
cadeia de polimerase (PCR) em tempo real foram realizadas em um volume total de 3 mL, como
segue: 4 ng de DNA/reacdo em 1,5 mL de agua estéril; 1,5 mL TagMan® PCR Master Mix e
0,075 ensaios de genotipagem TagMan®SNP personalizados especificos para cada SNP
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estudado. Um controle negativo sem DNA foi utilizado. Além disso, a ciclagem térmica foi
realizada iniciando com um ciclo de manutencgéo de 95° por 10 minutos, seguido por 45 ciclos
de amplificacdo de 92° por 15 segundos e 60° por 1 minuto. O examinador do laboratorio de
biologia molecular desconhecia o grupo das amostras durante a analise de genotipagem. Os
pacientes cujas amostras de DNA falharam na reacdo de genotipagem duas vezes, foram

excluidos da anélise posterior.

TABELA 1 - Descricdo dos SNPs estudados no gene COX 2.

. ~ Frequéncia Global Hardy-
SNP Tipo Fungao do alelo menor Weinberg y?
rs689466  -1195G/A Variante a montante 0,227 1,36
rs5275 +665 T/C 3’ regiao UTR 0,400 2,07

3.5 Analise estatistica

Para realizar a analise dos dados foi utilizado o GraphPad Prism 5.0 (Graph-Pad, San
Diego, CA, EUA). O teste do qui-quadrado foi realizado para comparar o DDP entre 0s sexos
e tais dados foram apresentados como frequéncia absoluta (n) e relativas (%). O odds ratio (OR)
e intervalos de confianca de 95% (IC 95%) foi utilizado para calcular a chance relativa entre os
grupos. A idade de cada paciente foi calculada, tendo como referéncia a data de nascimento e a
data da realizacdo do exame radiografico. O teste T foi utilizado para comparar a idade entre os

sexos e tais dados foram apresentados como média e desvio padrédo (DP).

Para a analise estatistica genética, inicialmente, o Equilibrio de Hardy-Weinberg
(HWE) foi avaliado para cada SNP pelo teste Qui - quadrado (wpcalc.com/en/equilibrium-
hardy-weinberg). O teste qui-quadrado também foi utilizado para comparar as distribui¢fes de
alelos e gendtipos (no modelo codominante e no modelo recessivo) entre 0s grupos controle e
DDP usando o software Epi Info 7.2. A analise de haplotipos também foi realizada. OR) e
IC95% foram calculados. O teste T foi utilizado para a comparacéo das médias e desvios padréo
(DP) entre 0s grupos.

O nivel de significancia foi estabelecido como p < 0,05 (alfa de 5%) para todas as

comparagoes.
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4 RESULTADOS

Para melhor compreensdo dos resultados, estes serdo apresentados por topicos, de

acordo com os artigos publicados 1 e 2.
1) Fatores locais associados com DDP

Nesta etapa do estudo foram incluidos 102 participantes incluidos no estudo, 48 (47,0%)

eram meninas e 54 (53,0%) eram meninos. A idade dos pacientes variou de 8 a 17 anos.

2) Avalicdo da associacdo entre COX2 e DDP

Nesta etapa do estudo foram incluidos 100 participantes incluidos no estudo, 47 (47,0%)
eram meninas e 53 (53,0%) eram meninos. A idade dos pacientes variou de 8 a 14 anos. Nesta

etapa do estudo foram excluidos 02 participantes com idade superior a 14 anos.

Diante das radiografias panoramicas dos participantes, foram avaliados um total de 574
dentes deciduos e seus sucessores permanentes. O numero médio de dentes deciduos na
cavidade oral foi de 5,6 (com desvio padrao de 4,3), o qual variou de 0 a 14 dentes. Nenhuma
das criancas apresentou denti¢do decidua, 80 (77,6%) apresentaram denticdo mista e 22 (22,4%)

apresentavam denticdo permanente.

Dos 574 dentes analisados, 192 foram classificados como dente deciduo persistente.
Sessenta e um (59,8%) criangas apresentaram um ou mais DDP. Em 15 (14,7%) o DDP foi

associado ao baixo indice de reabsorcéo radicular (maximo de um terco de rizélise da raiz).

As caracteristicas da amostra estudada podem ser observadas na Tabela 2, e a
distribuicdo do tipo de dente e arcada dentaria de acordo com os grupos de DDP e controle
(auséncia de DDP) € apresentada na Tabela 3. Foi possivel observar neste estudo a maior
incidéncia de DDP nos dentes molares e caninos na distribui¢do do tipo de dente segundo o
grupo de DDP e sem DDP, representa pela Figura 3. A idade néo foi associada a presenca de
DDP. O género ndo foi estatisticamente diferente entre os grupos (p=0,838; Odds Ratio =0,95,
intervalo de confianga de 95%-= 0,44 a 2,16).

As patologias e anomalias mais observadas no dente deciduo persistente foram

restauracdes dentarias (19,3%), seguidas de lesGes de cérie dentaria (4,6%) e erupcao ectopica
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(2,1%). Observou-se que 68,7% dos dentes deciduos persistentes ndo apresentavam uma
possivel causa que pudesse justificar a retencdo prolongada desses dentes deciduos e foram

classificados como idiopaticos. Tais resultados podem ser observados na Tabela 4.

TABELA 2 - Caracteristica da populacéo estudada de acordo com 0s grupos.

Variavel Total DDP Controle p-value*

Sexo n (%)

Meninos 54 (53,0%) 32 (52,45) 22 (53,7%)
0,905
Meninas 48 (47,0%) 29 (47,5%) 19 (43,3%)
Idade média e desvio padrao (DP) em meses
Meses 132,8 132,8 132,9
0,983
DP 20,6 21,3 19,7

*comparacdes realizadas entre DDP e controle.

TABELA 3 - Distribui¢do de DDP de acordo com o tipo de dentes e arcada dentéaria

Variavel Total DDP
Numero total de dentes deciduos 574 (100%) 192 (34,4%)
Arco dentério afetado

Maxila 316 (51,1%) 115 (36,4%)
Mandibula 258 (44,9%) 77 (29,8%)
Grupo de dentes afetados

Incisivos 1 (0,2%) 0 (0,0%)
Caninos 167 (29,1%) 92 (55,1%)
Molares 406 (70,7%) 100 (24,6%)
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Distribuicao do tipo de dente segundo o
diagdstico de DDP

Com DDP E1Sem DDP
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FIGURA 3: Distribuigdo do tipo de dente segundo o grupo de DDP e sem DDP. Foi observada uma
diferenca estatistica para grupo de caninos, seguido dos molares (p <0,001).

TABELA 4 - Distribuicdo das variaveis no grupo DDP e na amostra total de dentes.

Variavel DDP (192) Amostra total (574)
Lesdo de cérie ndo tratada 9 (4,6%) 15 (2,6%)
Restauracao dentaria 37 (19,3%) 66 (11,5%)
Tratamento endodéntico 2 (1,0%) 2 (0,3%)
Erupcéo ectopica 4 (2,1%) 4 (0,7)
*Qutros 8 (4,2%) 8 (0,7%)
DDP Idiopatico 138 (68,7%) -

* Duas lesOes cariosas ndo tratadas afetaram a polpa dentaria. Tratamento endoddntico significa 1 pulpotomia e 1
pulpectomia. *Outros significa 2 dentes em infra-oclusdo, 1 cisto, 3 alteraces no ligamento periodontal, 1
transposicédo e 1 anquilose dentéria.

Cinguenta e uma criangas tiveram ao menos um dente deciduo persistente por fatores
idiopaticos e foram alocadas no grupo de DDP. Quarenta e nove criancas apresentaram DDP
por fatores locais ou néo apresentaram DDP e foram classificadas como controle para avaliagdo
do gene COX2 (Figura 4).
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Amostra inicial n=108

Excluidos do estudo (n=8)

v

1 paciente com fissura ldbio palatina;

2 pacientes ja tinham irmaos participando do

estudo;
Incluidos no estudo (n=100)

DDP n=51
Controle n=49

5 foram diagnosticados com agenesia dentaria

Taxa de sucesso da genotipagem
rs689466 — 93%
rs5275-92%

FIGURA 4: Diagrama de fluxo da amostra.

No grupo de DDP, o numero de dentes persistentes na cavidade bucal variou de 1 a 8.
A média foi de 1,56 (DP=2,01). Ambos os SNPs estudados foram consistentes com o Equilibrio
de Hardy-Weinberg: HWE qui-quadrado = 2,07 para o rs5275 e HWE qui-quadrado = 0,666
para rs689466.

As distribuicbes de gendtipos e alelos de acordo com o grupo de DDP e grupo controle
sdo apresentados na tabela 5. A distribuicdo do genotipo foi associada ao dente deciduo
persistente no modelo codominante comparando TC versus TT (p=0,666; OR =0,28; IC 95% =
0,11-0,71) para 0 SNP rs5275. Os individuos que carregam dois alelos T (TT) em comparagéo
com os individuos que carregam pelo menos um alelo C (C + TC) tiveram quase trés vezes mais
chances de apresentar DDP (p= 0,012; OR=2,99; IC 95% =1,28 a 6,95 — modelo recessivo)
tambem para 0 SNP rs 5275. Para o SNP rs689466 néo foi observada diferenca de significancia

estatistica em nenhum dos modelos.



25

TABELA 5 - Distribuigdo dos gendtipos e alelos de acordo com o grupo DDP e controle.

SNP Gen6tipo  Controlen (%) DDP n (%) P - valor OR (CI 95%)
AA 26 (57,8) 26 (54,1) Referéncia
GA 17 (37,8) 20 (41,7) 0,706 1,17 (0,51-2,76)
rs689466
GG 24,9 2(4,2) >0,999 1,00 (0,14-6,75)
(1195 G/A)
A 69 (76,6) 72 (75,0) Referéncia
21(23,3) 24 (25,0) 0,790 1,09 (0,57-2,13)
TT 12 (26,7) 25 (52,1) Referéncia
TC 30 (66,7) 18 (37,5) 0,006 0,28 (0,11-0,71)
rs5275
CcC 3 (6,6) 5 (10,4) 0,782 1,25 (0,29-6,31)
(+665 T/C)
T 54 (60,0) 68 (70,8) Referéncia
C 36 (40,0) 28 (29,2) 0,098 0,67 (0,36-1,23)

*OR significa odds ratio; Cl significa intervalo de confianga. A forma em negrito indica uma diferenca
estatisticamente significativa (p <0,05).

Os haploétipos dos dois SNPs foram analisados e estdo apresentados na Tabela 6. O
haplotipo C-A para 0os SNPs rs5275 e rs689466, respectivamente, foi mais frequente no grupo

controle e foi significativamente associado ao dente deciduo persistente (p=0,042).

TABELA 6 - Anélise de associacao de haplétipos entre grupo controle e DDP.

Haplétipo Frequéncia
P - valor
155275 - 15689466 Controle DDP
T-G 0,387 0,392 0,836
T-A 0,816 0,784 0,885
C-A 0,653 0,450 0,042
CG 0,245 0,156 0,271

* A forma em negrito indica diferenca estatisticamente significativa (p<0,05).
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5 DISCUSSAO

Nos ultimos anos, alguns estudos investigaram diferentes condi¢Ges associadas aos
disturbios de erupcdo dentaria, porém nenhum estudo presente discutiu avaliar a prevaléncia de
DDP e condicdo local associada em criancas alemads que ja passaram por tratamento
ortoddntico. Observamos que a prevaléncia de criancas com DDP foi alta, em que 61%
apresentaram pelo menos um DDP. E importante ressaltar que este estudo foi realizado em
criangas que ja foram atendidas em tratamento ortod6ntico e tiveram acompanhamento
adequado e pediorido. Comumente estas criancas chegam a clinica de ortodontia atraves da
percepecdo de alguma alteracdo na cavidade bucal dos seus cuidadores, e essa prevaléncia pode

ser menor na populacéo em geral.

A diminuigdo do metabolismo do organismo gera um retardo no crescimento podendo
ocasionar a retencdo prolongada de dentes deciduos e, por conseguinte, um atraso na erupcao
do dente sucessor permanente (AKTAN et al., 2012). Os fatores sistémicos associados aos
dentes deciduos persistentes incluem deficiéncias hormonais, displasia ectodérmica, disostose
cleidocraniana, baixo peso ao nascer, sindrome de Down e deficiéncias nutricionais (RAMOS
etal., 2006; FIGUEIRA, 2018). Esses sdo fatores que podem influenciar no processo de rizélise
radicular dos dentes deciduos e um retardo na erupcdo dos dentes permanentes sucessores
(FIGUEIRA, 2018). Assim, no presente estudo foram excluidos pacientes com
comprometimentos sisttmicos a fim de avaliar apenas a condicdo local sem fatores

confudidores.

Os fatores locais incluem dentes supranumerarios, anquilose (FIGUEIRA, 2018),
odontoma (MARRA et al., 2021), perda dentaria precoce, falta de espaco, erupcdo ectdpica
permanente, hematoma de erupcdo, fibrose gengival, carie dentdria e agenesia dentéria
(AKTAN etal., 2011). Em seu estudo, Aktan et al. (2011) observaram que a causa mais comum
para 0 dente deciduo persistente foi a auséncia dos dentes sucessores permanentes.
Corroborando com a pesquisa realizada por Bjerklin & Bennett, (2000), Ith-Hansen & Kjaer
(2000), Haselden et al. (2001 ) e Bjerklin et al. (2008). Utilizamos o estagio de Nolla dos dentes
permanetes sucessores como método para diagnostico de DDP, portanto casos com agenesia

foram excluidos deste estudo.

Em seu estudo, Badauy (2001) averiguou a prevaléncia de retencdo prolongada de

dentes deciduos em uma amostra de 10.220 pacientes. De acordo com este estudo a prevaléncia
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segundo molar deciduo inferior e o canino superior corresponderam a 61,1% dos casos. A
prevaléncia do segundo molar deciduo também foi observada por Otsuka et al. (2001), Aktan
et al. (2011), Ith-Hansen & Kjaer (2000), Hvaring & Birkeland (2019) e Hvaring et al. (2014).
No presente estudo, os dentes que apresentaram a maior incidéncia de retencdo prolongada

foram os molares e 0s caninos.

O método dos estagios de Nolla também ¢é utilizado para medir a maturidade, visto que
representa uma série de mudancgas reconheciveis que ocorrem na mesma sequéncia de um
evento inicial a um ponto final constante e também para investigar a idade cronoldgica
(TOMAS et al., 2014; MELO & ATA-ALLI, 2017; YILMAZ et al., 2018). O sistema de estagios
de desenvolvimento estabelecidos por Nolla na década de 60 é bem reconhecido na literatura
odontoldgica. Em tal método existem 10 estagios de desenvolvimento do dente. Neste estudo,
0s dentes pertencentes aos estagios 8, 9 ou 10 foram classificados como dentes deciduos
persistentes, uma vez que nestes estagios de desenvolvimento os dentes permanentes sucessores
ja deveriam estar emergidos na cavidade bucal e, por conseguinte, os dentes deciduos
correspondentes ja deveriam apresentar rizolise completa da raiz (NOLLA, 1960; ZIRCK et
al., 2021).

A perda precoce dos dentes deciduos pode acelerar ou retardar a erupgéo de seu sucessor
permanente dependendo do estagio de Nolla em que se encontra. Segundo estes autores, quando
a perda do dente deciduo ocorra antes que 0 Seu sucessor permanente se encontre no estagio 6
de Nolla, havera um atraso na erupc¢do deste dente, devido a presenca de 0sso que recobre a
regido coronal do dente em erupcdo, dificultando desta forma seu irrompimento
(KORYTNICKI, 1994). Ainda, segundo Lima et al. (2008) a velocidade de erupcéo dos dentes
permanentes € maior no estagio 8 do que nos estagios 6 e 7 de Nolla. Pinto (2016) ressalta que
0s estagios mais significantes sdo o0 2, 6 e 8 de Nolla. O estagio 2 informa o inicio da calcificacdo
de um dente, ao passo que, o estagio 6 indica que ocorreu a calcificacdo completa da coroa de
um dente e é nessa fase que se inicia 0 movimento eruptivo intra-6sseo. Contudo, somente no

estagio 8 de Nolla que o dente consegue atingir a cripta alveolar e emergir na cavidade bucal.

Os fatores patologicos mais comuns associados aos dentes deciduos persistentes foram
associados a carie dentaria ndo tratada, restauracOes dentérias e tratamento endoddntico
conservador e radical. Contudo, ressalta-se que a maioria dos casos analisados no presente
estudo ndo apresentaram nenhuma causa conhecida, seja ela local ou sistémica. E provavel que

0s mesmos fatores moleculares estejam envolvidos nesses casos. Estudos anteriores observaram
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que fatores genéticos estdo envolvidos no atraso da erupcao dos dentes permanentes (ARID et
al., 2017; EVANGELISTA et al., 2019).

A erupcdo dentaria incompleta é um distdrbio incomum, e pode ser justificado pela
etiologia genética, por mais que haja uma via de erupc¢éo clara, atualmente tem sido investigada
em algumas pesquisas. Em seu estudo Hanisch et al. (2018), identificaram que um total de 51
variacOes diferentes do gene PTHIR (receptor do paratorménio 1) estavam associadas a falha
primaria de erupcdo. Outros estudos também sugeriram que as formas leves de alteracfes de
erupc¢do dentaria, como erupc¢do dentaria tardia, com ou sem DDP, também possuem em sua
etiologia um fundo genético envolvido (XAVIER et al., 2021; ARID et al., 2019; MADALENA
etal., 2021). Variacdes (SNPs) em genes como o receptor ativador do ligante NF-«xB (RANKL)
(ARID et al., 2019) e matrix metaloproteases 8 (MMP8) (EVANGELISTA et al., 2019) podem

estar envolvidos nessa condi¢cdo comum.

Embora, todos os casos de agenesia dentaria tenham sido excluidos neste estudo, vale
destacar que concomitante aos fatores de DDP ocorrem também o atraso na erupcéo do dente
permanente sucessor. Portanto, no presente estudo, investigamos se 0s SNPs comuns em COX2

estdo envolvidos no DDP associado ao risco de erupc¢éo tardia do dente permanente.

Os marcadores moleculares SNPs podem ser utilizados para detectar uma associagao
entre um gene e uma doenca. No presente estudo, buscou-se possiveis genes candidatos e SNPs
para DDP, visto que é de suma importancia para o cirurgido dentista compreender 0s
mecanismos genéticos envolvidos na erupcdo dentaria. Neste estudo investigou-se um novo

gene, levantamos a hipdtese de que COX2 poderia estar envolvido em um maior risco de DDP.

As células do ligamento periodontal de dentes deciduos também expressam COX2. Um
estudo compara o ligamento periodontal de dentes deciduos e permanentes humanos observou
que os dentes deciduos apresentaram maior expressao de COX2 e menor expressao de OPG. Os
autores concluiram que a imunorreacao mais intensa a COX2 e a ocorréncia de células clésticas
e macrdfagos ativos podem indicar que citocinas pro-inflamatorias estao presentes no ligamento
periodontal, estimulando a baixa regulagdo de OPG (Osteoprotegerin) e alta regulacdo de
RANKL, e ativando reabsor¢éo dos tecidos dentarios (MAYAHARA et al., CORDEIRO et al.,
2011). A sinalizacdo RANKL regula a formac&o, ativacéo e sobrevivéncia dos osteoclastos na
modelagem e remodelacdo 6ssea normal, enquanto a OPG protege 0 0sso da reabsorcéo
excessiva ligando-se ao RANKL e impedindo-o de se ligar ao RANK (ativador de NF-«kB)
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(BOYCE & XING 2008). Embora mais de 100 milhdes de SNPs tenham sido identificados até
agora na populacéo geral, e 0 gene COX2 seja altamente polimérfico (NACIONAL LIBRARY
OF MEDICINE, 2021) e apenas alguns SNPs foram associados a condicdes clinicas até o
momento. Neste estudo, observou-se que o SNP rs5275 em COX2 e o haplotipo C - A em
rs5275 - rs689466 poderiam estar envolvidos em maior risco de apresentar DDP. O rs5275 é
um SNP localizado na regido 3' UTR (regido ndo traduzida). A regulacéo pds-transcricional da
COX-2 depende, em parte, das sequéncias dentro da 3' UTR do mRNA da COX2 (RNA
mensageiro). Portanto, supde-se que o rs5275 afete a estabilidade do MRNA e/ou a eficiéncia
da traducdo (COK & MORRISON, 2001). Em uma meta-analise realizada agrupando estudos
que investigaram o SNP rs5275 e a periodontite, foi observada uma associac¢ao deste SNP com
a doenca periodontal (ZHANG et al., 2005). Embora a doenca periodontal e a DDP sejam
condicdes diferentes, os resultados observados na meta-analise suportam o papel do rs5275
SNP na reabsorcéo do osso alveolar/dente. A bioinforméatica mostrou que o SNP rs689466 cria
um sitio de ligacdo c-MYB, 0 que resulta em maior atividade transcricional do gene COX2
(AKTAN at al., 2011) No presente estudo este SNP foi associado ao DDP apenas na anélise de
haplotipos. Esses resultados sugerem que é o SNP rs5275 que influencia a atividade do

promotor COX-2 no contexto de DDP.

O presente estudo € um dos pioneiros a explorar genes envolvidos em DDP. Entretanto
é importante ressaltar que o nimero populacional estudado é relativamente baixo para detectar
pequenas associacdes. Além disso, como apenas alguns SNPs no gene COX2 tém a frequéncia
do alelo menor superior a 20%, ndo conseguimos selecionar SNPs que representam a maioria
das variacOes de sequéncia do gene. Ressalta-se que, os resultados desta pesquisa devem ser

replicados em grupos de estudo com nimero populacional superior.

Resumidamente, mais estudos sobre dentes deciduos persistentes devem ser realizados,
devido aos comprometimentos clinicos como méa oclus@es, periodontite e anquilose (AKTAN
et al., 2011). O DDP também pode impedir a erupcdo normal dos sucessores permanentes,
causando mordida cruzada e perda de espaco na regido anterior, devido a migracdo de dentes
adjacentes (VIEIRA et al., 2013; FIGUEIRA, 2018). Os resultados deste estudo respaldam a
hipdtese de que SNPs comuns na via de sinalizacdo COX2 podem atuar como potenciais
preditores de risco de DDP. Com crescente conhecimento cientifico dos SNPs e seu
envolvimento em diferentes condicOes, espera-se identificar criancas em maior risco para

problemas bucais.
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6 CONCLUSAO

Diante do presente estudo, foi possivel observar que:

1-

2-

Os dentes deciduos persistentes apresentam uma alta prevaléncia em pacientes
alemaes submetidos a tratamento ortodontico.

A maioria dos casos de DDP eram por fatores ndo locais e a condi¢éo patoldgica
local mais comum associada ao DDP foi as lesdes da doenca carie dentéria ndo
tratada, restauracdes dentarias e tratamento endodéntico.

Nos casos dos fatores ndo locais de DDP, pode-se constatar que 0 rs5275 e um
haplétipo no gene que codifica COX2 estdo associados a DDP e

consequentemente um possivel atraso na erupgéo do dente permanente sucessor.
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ANEXO Il - ARTIGO 1

Prevalence of Persistent Primary Teeth and Associated
Conditions in German Children

Abstract

This study aimed to evaluate the prevalence of persistent primary teeth (PPT) and the
factors associated with this condition in German children. Materials and Methods: This is
a cross-sectional retrospective study that evaluated panoramic radiographies from
orthodontic patients. The diagnosis of PPT was established according to the Nolla's
stage. The primary tooth was considered persistent when its successor permanent tooth
was in the Nolla's stage 8, 9 or 10. A statistical analysis was performed with an
established alpha of 5. A total of 102 children (48 girls and 54 boys), and 574 primary
teeth and their permanent successor teeth were evaluated. One hundred ninety-two teeth
were classified as PPT. Sixty-one (59.8%) children presented one or more PPT. Gender
was not statistically different among PPT and control groups (p=0.838; Odds Ratio=0.95,
Confidence interval 95%= 0.44 to 2.16). The pathological problems most commonly
observed associated with PPT were dental fillings (19.3%), followed by dental caries
(4.6%) and ectopic tooth eruption (2.1%). The majority of the PPT cases (68.7%) did not
present a possible cause that could justify the prolonged retention. In conclusion, PPT in
German children is high and the most common pathological condition associated with

PPT was factors associated with dental caries.

Key-words: Persistent primary teeth. Prolonged retention. Tooth eruption.
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Introduction

The tooth eruption is defined as “the axial (or) occlusal movement of the tooth from
its position of development in the jaws to its functional position in the occlusal plane”
(Bhaskar, 1991). The tooth eruption phenomenon is physiological, the timing of which a
permanent tooth emerges in the oral cavity depends on numerous factors. During tooth
eruption, the resorption of the alveolar bone and the root of the corresponding primary
tooth occurs (Wise et al., 2002). Persistent primary tooth (PPT) is a common condition
that occurs when a primary tooth is retained beyond the period of its normal exfoliation
remaining in the oral cavity (Badauy, 2001; Aktan et al., 2011; Xavier 2016).

PPT impacts the eruptive cycle of permanent successor teeth and, when not
diagnosed and properly treated, can cause infectious, mechanical and neoplastic
disorders (Cappellette et al., 2008; Figueira 2018). In patients with PPT, orthodontic-
surgical treatment is indicated when the impacted teeth are at an intraosseous level
(Figueira 2018). Although PPT is a common condition in the clinical practice, especially
in the orthodontic and pediatric dental practice, only few studies in different population
were performed so far exploring the prevalence and the factors associated with this
condition (Bjerklin, Bennett, 2000; Ith-Hansen, Kjaer, 2000; Haselden et al., 2001; Sletten
et al., 2003; Bjerklin et al., 2008; Kjaer et al., 2008; Robinson, Chan, 2009; Aktan et al.,
2011; Xavier 2016; Arid et al. 2017). The aim of this study is to assess the prevalence of
persistent primary teeth and the local factors associated with this condition in German

children undergoing to orthodontic treatment.
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Method
Ethics and sample description

The research protocol was previously approved by the Ethics Committee from the
University Hospital Regensburg, Germany (ID 19-1549-101). All participants and/or legal
guardians gave their written informed consent to take part in the study. STROBE
recommendations were followed for the research report (ref).

Patients undergoing dental treatment at the University Hospital Regensburg and
two collaborating private orthodontic practices between 2009 and 2021 were screened to
determine their eligibility. German patients who had panoramic radiographs during the
orthodontic treatment were selected evaluated. Patients with tooth agenesis, syndromes
and/or systemic diseases were excluded from the study. Only children age ranging
between 8 to 17 were included.

Radiographic evaluation and characterization of PPT

The panoramic radiographs were evaluated by a single examiner (SH). Previously,
a calibration was performed, in which 10 panoramic radiographs were evaluated twice
two weeks apart. The intra-examiner calibration was evaluated by the Kappa Test. Kappa
value was 0.98 for Nolla's stage and 0.82 for primary teeth root resorption.

The dental development of the permanent successors of each primary teeth still
present in the oral cavity were evaluate according to Nolla's stage. Briefly, the technique
introduced by Nolla assigns each tooth a certain stage from 0 (absence of crypt) to 10
(apical end of the tooth root canal completed) (Nolla, 1960). Nolla’'s stage 8 is
characterized by having two thirds of the root completed (Zirck et al., 2021; Nolla, 1960),

and at this stage the permanent tooth should reach the alveolar crypt and emerged in the



oral cavity (Pinto, 2016). Therefore, the primary tooth was considered persistent when its
successor permanent tooth was in the Nolla’s stage 8, 9 or 10.
The root of each primary teeth classified as PPT was also evaluated according to

the amount of the root resorption (Figure 1).

Note: @ Resorption in the apical third; ® Resorption in the middle third; © Resorption in
the cervical third; 4 Nolla's stage 7; A Nolia's stage 8; A Nolla's stage 9.

Associated factors
The panoramic radiographs were also used to evaluate the following factors:

e Ectopic tooth eruption such as translation or transmigration of successor teeth,

o Existence of pathology, such as cysts, tumours, and odontoma under the primary
tooth that results in the impaction of successor teeth,

e Presence of supernumerary teeth
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e Ankylosed/infra-occlusion primary tooth

e Untreated caries with and without pulp involvement

¢ Dental restauration (fillings)

e Endodontic treatment (pulpotomy or pulpectomy).

Statistical analysis

GraphPad Prism 5.0 (Graph-Pad, San Diego, CA, USA) was used to analyze data.

Chi-square test was used to compare PPT among gender and these data are presented
as absolute (n) and relative (%) frequencies. Odds ratio was used to calculate the relative
chance among groups. The patient's age was calculated, using the date of birth and the
date on which the radiographic examination was performed as a reference. T test was
used to compare age among genders and these data are presented as the mean and

standard deviations (SD). The established Alpha was 5%.

Results

Among the 102 included children, 48 (47.0%) were girls and 54 (53.0%) were boys.
The age of the patients ranged from 8 to 17 years old.

A total of 574 primary teeth and their permanent successor teeth were evaluated.
The mean number of primary teeth in the oral cavity was 5.6 (standard deviation 4.3) and
ranged from O to 14 teeth. None of the children presented primary dentition, 80 (77.6%)
presented mixed dentition and 22 (22.4%) presented permanent dentition.

One hundred ninety-two teeth were classified as PPT. Sixty-one (59.8%) children

presented one or more PPT.
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In 15 (14.7%) children PPT was associated with low resorption rate of the root
(maximum of one-third of the root resorption).

The characteristics of the studied sample is shown in the table 1 and 2, and the
type of tooth distribution according PPT and control (non PPT) groups is shown in the
Figure 2. A statistical difference was observed. Age was not associated with PPT. Gender
was not statistically different among groups (p=0.838; Odds Ratio=0.95, Confidence
interval 95%= 0.44 to 2.16).

The pathological problems most commonly observed in PPT were dental fillings
(19.3%), followed by dental caries (4.6%) and ectopic tooth eruption (2.1%). It was
observed that 68.7% the PPT did not present a possible cause that could justify the
prolonged retention of these primary teeth and they were classified as idiopathic. These

results are presented in the Table 3.

Table 1. Characteristics of the studied population according to the groups

Variable | Total | PPT | Controls p-value*
Sex n (%)

Boys 54 (53.0%) 32 (52.5%) 22 (53.7%) 0.905
Girls 48 (47.0%) 29 (47.5%) 19 (43.3%)

Mean age and standard deviation (SD) in months

Mean 132.8 132.8 132.9 0.983
SD 20.6 21.3 19.7

Note: *comparisons were performed between PPT and controls.
The distribution of the factors associated with PPT is presented in the Figure 1.

Table 2. PPT distribution according to the type of teeth and dental arch

Variable Total PPT
Total number primary teeth | 574 (100%) | 192 (34.4%)
Affected dental arch - e
Maxilla 316 (51.1%) | 115 (36.4%)
Mandible 258 (44.9%) | 77 (29.8%)
Affected group of teeth

Incisors | 1(0.2%) | 0 (0.0%)
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Canines 167 (29.1%) | 92 (55.1%)
Molars 406 (70.7%) | 100 (24.6%)

The distribution of the factors associated with PPT is presented in the Figure 2.

1 . PPT
0 Bl Non PPT

o 100 200 300 400
Number of primary teeth
Figure 2. Type of tooth distribution according PPT and non PPT group. A statistical

difference was observed (p<0.001).

Table 3. Variables distribution in the PPT group and in the total

sample o )
Variable PPT (192)  |Total sample (574)
Untreated caries 9 (4.6% ) 15 (2.6%)

Dental restoration (filling) 37 (19.3%) 66 (11.5%)
Endodontic treatment 2 (1.0%) 2 (0.3%)

Ectopic eruption 4 (2.1%) 4 (0.7%)

*Others 8 (4.2%) 8 (0.7%)
Idiopathic PPT 132 (68.7%) -

Note: Two untreated caries lesion affected the dental pulp. Endodontic
treatment means 1 pulpotomy and 1 pulpectomy. *Others means 2
infra-occlusion, 1 cyst, 3 alteration in the periodontal ligament, 1
transposition, 1 dental ankyloses.
Discussion
In the present study we decided to evaluate the prevalence of PPT and associated

local condition in German children undergoing to orthodontic treatment. We observed that
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the prevalence of children with PPT was high, in which 59.8% presented at least one
PPT. It is important to highlight that this study was performed in children undergoing to
orthodontic treatment and this prevalence could be lower in the general population.

The etiology of PPT is associated with both local and systemic factors. The systemic
associated with PPT include hormonal deficiencies, ectoderm dysplasia, cleidocranial
dysostosis, low birth weight, Down syndrome and nutritional deficiencies (Ramos et al.,
2006; Figueira, 2018). These are factors can influence the process of tooth eruption
leading to a PPT and delayed formation of the permanent successor teeth (Figueira,
2018). Therefore, in our study we excluded patients with systemic conditions in order to
evaluate only local condition without confounding factors.

Local factors include supernumerary teeth, ankylosis (Figueira, 2018), odontoma
(Marra et al., 2021), early tooth loss, lack of space, permanent ectopic eruption, eruption
hematoma, gingival fibrosis, dental caries and tooth agenesis (Aktan et al, 2011). In the
study performed by Aktan et al. (2011) the congenital absence of the permanent
successor teeth was found to be the most common reason for the PPT. This association
was also reported by Bjerklin and Bennett, (2000); Ith-Hansen and Kjaer (2000) and
Haselden et al. (2001); Bjerklin et al. (2008). In our study, tooth agenesis cases were
excluded due to the fact that the diagnosis of PPT was performed using the Nolla's stage
of the permanent successor teeth.

The Nolla's developmental stages system established by Nolla (1960) is well-known
in the dental literature. In nolla's method there are 10 stages of tooth development. In our
study we classified teeth in the stage 8, 9 or 10 as PPT, once is expected the permant

teeth development at these stages are already emerged in the oral cavity (Zirck et al.,
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2021; Nolla, 1960) and therefore, the corresponding primary teeth exfoliated. Nolla’s
stage method is also useful to measure the maturity, since it represents a series of
recognizable changes that occur in the same sequence from an initial event to a constant
end point and also to investigate the chronological age (Yilmaz et al., 2018; Melo, Ata-
Ali, 2017; Tomas et al., 2014).

The most common pathological factors associated with PPT were the ones associated
with dental caries, such as untreated dental caries, dental fillings and endodontic
treatment. However, it is also important to report that the majiority of the cases did not
present any known cause (nor local or systemic). It is possible that same molecular
factors are involved in these cases. Previous studies observed that genetic factors are
involved in delayed permanent tooth emergence (Arid et al. 2017; Evangelista et al.,
2019). More studies regarding PPT should be performed once it can cause clinical
problems such as malocclusions, periodontitis and ankylosis (Aktan et al., 2011), besides
patient dissatisfaction (Bin-Shuwaish, 2017). PPT can also prevent the normal eruption
of permanent successors, causing crossbite and loss of space in the anterior region, due

to migration of adjacent teeth (Vieira et al., 2013; Figueira, 2018).

Conclusion

Persistent primary tooth is highly prevalent in German undergoing to orthodontic
treatment. The most common pathological condition associated with PPT was factors
associated with dental caries, such as untreated caries, dental fillings and endodontic

treatment.
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Abstract: Persistent primary tooth (PPT) is a prevalent clinical condition that occurs when a primary
tooth is over-retained beyond the established period of its normal exfoliation time, remaining in the
oral cavity. Many factors could be involved in the risk of PPT; therefore, the aim of this study was
to evaluate if single nucleotide polymorphisms (SNPs) in the COX2 gene are associated with PPT.
Children undergoing orthodontic treatment were screened. Orthopantomographs were assessed
to evaluate PPT according to the Nolla stage of its permanent successor. The primary tooth was
considered retained when its successor permanent tooth was in Nolla stage 8 and below the alveolar
crypt, Nolla stage 9, or Nolla stage 10. A saliva sample from each child was collected and used for
DNA extraction. A real-time PCR of two SNPs, rs689466 (—1195 G/A) and rs5275 (+665 T/C), was
performed. A chi-square test was used to compare the allele and genotype distribution. Haplotype
analysis was also performed. A total of 100 children were included in the study. Fifty-one had at least
one PPT, while 49 children were classified as a control. The number of teeth persistent in the oral
cavity ranged from 1 to 8. The genotype distribution was associated with PPT in the co-dominant
model (p = 0.006) for SNP rs5275. The individuals that carry two T alleles {TT) compared with the
individuals that carry at least one C allele (C + TC) had an almost three times higher chance of
presenting with PPT (p = 0.012; OR = 2.99, C195% 1.28 to 6.95-recessive model). The haplotype C-A
for the SNPs rs3275 and rs689466, respectively, was significantly associated (p = 0.042). In conclusion,
single nucleotide polymorphisms in the gene encoding for COX2 are associated with persistent
primary tooth and may delay permanent tooth eruption.

Keywords: children; primary tooth; genes

1. Introduction

Permanent and primary tooth eruptions are both fundamental developmental and
physiologic processes that occur during a child’s growth and development. Permanent
and primary tooth eruption and root elongation during dental development require the
resorption of surrounding alveolar bone to occur. In some permanent teeth (incisors,
canines, and premolars) eruption, the root resorption of the corresponding primary tooth
also occurs [1]. Root resorption of the primary tooth is a physiological process in the
life span of a primary tooth and results in its exfoliation leading to the eruption of its
successor tooth [2]. Additionally, bone remodeling during the establishment of the eruption
pathway involves bone resorption on the occlusal surface and bone formation in the basal
region of the developing root [1]. The root resorption of the primary tooth is a process
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regulated similarly to the bone remodeling process at the molecular level, sharing several
common genes [2].

Persistent primary tooth (PPT) is a prevalent clinical condition in children and teenagers
that occurs when a primary tooth is over-retained beyond the established period of its
normal exfoliation time, remaining in the child’s oral cavity and commonly leading to a
delay in the permanent successor tooth [3,4]. Many encoding genes involved in the bone
remodeling process and primary root resorption process are candidate genes for PPT, in-
cluding Cyclooxygenase-2 (COX2), which is an important enzyme mediating prostaglandin
synthesis. COX2 is encoded by the Prostaglandin-Endoperoxide Synthase 2 (PTGS2) gene,
which can also be called the COX2 gene. COX2 is well-known to play a key role in the
alveolar bone resorption process [5]. In a study evaluating the periodontal ligament of
human permanent teeth and primary teeth undergoing root resorption, Howship lacunae
were found only in primary teeth and were associated with the presence of TRAP-positive
cells and an increase in COX2 expression [6].

The COX2 gene is located on chromosome 1q25.2-q25.3 and contains 10 exons and
encodes a 604-amino-acid protein [5]. Single Nucleotide Polymorphisms (SNPs) are a
type of genetic variant involving changes of a single base pair in the genome. This is
the most common type of genetic variation in humans, and these variants could explain
the differences in an individual’s predisposition to present with complex traits [7] such
as PPT. Although the etiology of PPT has been poorly investigated, the studies showing
the molecular background of tooth eruption clearly support the assumption that SNPs in
key genes could be involved in PPT. In this study, we hypothesize that common SNPs in
the COX2 signaling pathway may act as potential predictors of PPT risk. Therefore, we
evaluated two well-known SNPs in the COX2 encoding gene in a group of children with
PPT associated with delayed permanent tooth eruption.

2. Materials and Methods
2.1. Ethics and Sample Description

This study was previously approved by the Ethics Committee of the University Hos-
pital Regensburg, Germany (ID 19-1549-101). All of the included children and teenagers
and/or their legal guardians were informed about all aspects of the research. The patients
were included in the study after their legal guardians signed the informed consent form and
the literate children signed an assent form. All of the patients were treated in accordance
with the Declaration of Helsinki. The STrengthening the REporting of Genetic Association
Studies (STREGA) statement checklist was followed to design this study protocol and to
report the results presented here [8].

Biologically-unrelated children undergoing orthodontic treatment at the Orthodontic
Department at the University of Regensburg and two collaborating private orthodontic
practices in the area (Regensburg, Germany), between 2019 and 2021, were screened,
selected, and included in the study. Only children aged between 8 and 14 years with a
Central-European ancestry (at maximum one grandparent not from Central Europe) were
selected. Patients with tooth agenesis (excluding third molar agenesis), facial trauma, cleft
lip and/or cleft palate, underlying syndromes, and/or systemic diseases were excluded
from the study. Only one child per family was included to avoid bias.

2.2. Panoramic Radiographs Evaluation and Characterization of PPT

Panoramic radiographs (orthopantomographs) of each child were assessed by a single
examiner, who is a senior pediatric dentist. First, a calibration was performed using
10 panoramic radiographs, which were evaluated twice, two weeks apart. The intra-
examiner calibration was calculated, and the Kappa value was (.98 for Nolla’s stage.

The primary teeth associated with the following conditions were excluded from the
analysis, and they were not considered to be PPT: Ectopic tooth eruption of the succes-
sor’s tooth (translation or transmigration), associated pathologies (such as cysts, tumors,
and odontoma under the primary tooth), the presence of supernumerary teeth in the sur-
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rounding area, a primary tooth with ankyloses/infra-occlusion, untreated dental caries
(dental cavities) with or without pulp involvement, endodontic treatment (pulpotomy or
pulpectomy), and dental fillings/dental restorations.

The dental development of the permanent successors of each included primary tooth
was assessed according to Nolla's stage. The technique introduced by Nolla assigns each
tooth a certain stage from 0 (absence of crypt) to 10 {(apical end of the tooth root canal
completed) [9]. Examples of Nolla's stages 5, 6, 7, 8 and 9 are demonstrated in Figure 1.
Nolla stage 8 is described as having two-thirds of the root completed [9,10], and the tooth
has emerged into the oral cavity. Therefore, the primary tooth was considered retained
when its successor permanent tooth was in Nolla stage 8 and below the alveolar crypt,
Nolla stage 9 or Nolla, stage 10. The cases of Nolla stage 8 with the permanent tooth already
reaching the alveolar crypt (alveolar crest) were not considered to be PPT, as demonstrated
in Figure 2.

Figure 1. Nolla’s developmental stages 5, 6, 7, 8 and 9 in permanent premolars. Stage 5—crown
almost completed; Stage 6—crown completed. Stage 7—1/3 root completed; Stage 8—2/3 root
completed; and Stage 9—Root completed with the apex open.

Figure 2. Orthopantomograph of a child in mixed dentition, * demonstrated primary teeth with the
successor premolar in the Nolla's stage 8; however, no alveolar crypt was observed, and teeth were
not considered PPT.

Therefore, only idiopathic cases of PPT associated with the delayed permanent tooth
eruption of its successor’s tooth were considered.

2.3. Genomic DNA Exiraction and Allelic Discrimination Analysis of COX2

A sample of buccal cells was collected from each of the included children for DNA
analysis using sterile disposable cytobrushes. The samples were collected by swiping and
rolling a cytobrush over the side (right and left), 2-3 times on the inner mucosa of the
cheek and against the base of the tongue. Then, the samples were stored at —20 “C until
processing for DNA extraction. The genomic DNA extraction followed an established
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protocol. Briefly, an extraction solution (Tris-HCI 10 mM, pH 7.8; EDTA 5 mM; SDS 0.5%
containing proteinase K (100 ng/mL) was added to cause the lysis of the cells and proteins
from the saliva samples. The non-digested proteins were removed using ammonium
acetate, and the DNA was precipitated with isopropanol. Later the DNA was resuspended
in a TE buffer (10 mM Tris (pH 7.8) and 1 mM EDTA) and stored at —20 “C for future
analysis. More details on DNA extraction and purification can be found in Kiichler et al. [11].
The DNA’s concentration (estimated by measuring the absorbance at 260 nm) and purity
(estimated by measuring the ratio of absorbance at 260 nm and 280 nm) were evaluated by
spectrophotometry using NanoDrop 1000 (Thermo Scientific, DE, Waltham, MA, USA).

The potential SNPs in COX2 (chromosome 1) were screened from the dbSNP
database (http://www.ncbinlm.nih.gov/snp/ (4 April 2022)) and SNPinfo
(http:/ /snpinfo.niehs.nih.gov/ (4 April 2022)). The SNP selection was based on their MAF
(minor allele frequency) of >10% in the global population and the possible clinical impact,
taken from previous publications (http:/ /www.ncbinlm.nih.gov/snp/ (4 April 2022)).
Therefore, genotyping analyses were performed to investigate two SNPs in COX2: an
upstream variant (rs689466; —1195 G/A) and an untranslated region (rs5275; +665 T/C).
The characteristics of the selected SNPs are presented in Table 1. The allelic discrimination
reactions were carried out using real-time polymerase chain reactions (PCR), TagMan
technology (Applied Biosystems”, StepOnePlus Real-Time PCR System, Thermo Fisher
Scientific, Foster City, CA, USA). The real-time PCR reactions were performed in a total
volume of 3 mL per well as follows: 4 ng DNA /reaction in 1.5 mL of sterile water, 1.5 mL
of TagMan® Universal PCR Master Mix, and 0.075 of custom TagMan®”SNP genotyping
assays (Applied Biosystems) specific to each SNP studied. The probes and master mix
were obtained from Applied Biosystem (Foster City, CA, USA). A negative control without
template DNA was used in each run. In addition, 20% of the sample was randomly selected
for repeated analysis and demonstrated a concordance of 100%.

Table 1. Description of the studied SNPs in COX2 gene.

R Global Minor s
SNP Also Known Function Allele Frequency Hardy-Weinberg x2
689466 —1195G/A  Lpstream 0217 1.36
ariant
rs5275 +665 T/C 3' UTR region 0.400 207

Thermal cycling was performed by starting with a holding cycle of 95° for 10 min, fol-
lowed by 45 amplification cycles of 927 for 15 s and 60° for 1 min. The examiner in the molec-
ular biology laboratory was blinded to the samples’ group during the genotyping analysis.

Patients whose DNA samples failed twice in the genotyping reaction were excluded
from further analysis.

2.4. Statistical Analysis

For statistical analysis, a child was assigned to the PPT group when they had at
least one tooth diagnosed as PPT. The Hardy-Weinberg Equilibrium (HWE) was assessed
for each studied SNP by a chi-square test (wpcalc.com/en/equilibrium-hardy-weinberg
(22 May 2022). A chi-square test was also used to compare the allele and genotype dis-
tributions (in the co-dominant model and recessive model) among the control and PPT
groups using the software Epi Info 7.2. Haplotype analysis was also performed. The odds
ratio (OR) and 95% Confidence Intervals (CI) were calculated. A T-test was used for the
comparison of the means and standard deviations (SD) among the groups. The significance
level was established as p < 0.05 (alpha of 5%) for all comparisons.

3. Results

Among the 108 patients initially screened, one patient with cleft lip and palate and
two patients that had brothers already enrolled in the study were excluded in the anamnesis
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stage. Five patients had tooth agenesis diagnosed in the radiographic analysis and were
also excluded. Therefore, a total of 100 children were finally included in the study. Fifty-one
children had at least one PPT and were allocated to the PPT group, while 49 children did
not present with PPT and were classified as controls (Figure 3).

Screened
n=108

Excluded (n=8)
1 with oral cleft; 2 with siblings already enrolled
in the study; and 5 with tooth agenesis

Included (n=100)
PTT n=51
Control n=49

Genotyping success rate
rs689466 -> 93%
rs5275 > 92%

Figure 3. Flow diagram.

The characteristics of the PPT and control groups and the comparisons among them
are presented in Table 2. The number of primary teeth presented in the oral cavity ranged
from 0 to 13 (mean of 4.3; SD = 4.7) in the control group and from 1 to 12 (mean of 7.0;
SD = 3.8) in the PPT group, in which there was a statistically significant difference between
the groups (p = 0.002). Age and gender were not statistically significant among the different
control and PPT groups (p = 0.446 and p = 0.548, respectively).

Table 2. Characteristics and comparisons of groups.

Variables Control (n = 49) PPT (n =51) p-Value
Age in months y :
Mean (SD) 1331 (SD 19.4) 130.3 (SD 16.9) 0.446*
Number of primary teeth ] “
Mean (SD) 43(SD4.7) 7.0(SD 3.8) 0.002
Gender i (%)
Male 26 (53.1%) 24 (47.1%) 3

; ¢ o 0.548

Female 23 (46.9%) 27 (52.9%)

Note; * I-test was used. * Chi-square was used. Bold form indicates a statistically significant difference {p < 0.05).

In the PPT group, the number of teeth persistent in the oral cavity ranged from one to
eight. The mean was 1.56 (SD = 2.01).

Both studied SNPs were consistent with the Hardy-Weinberg Equilibrium:
HWE hisquare = 2 07 for the rs5275 and HWE ch=auar = 0,666 for rs689466.

The genotype and allele distributions according to the PPT group and control group are
presented in Table 3. The genotype distribution was associated with PPT in the co-dominant
model comparing TC versus TT (p = 0.006; OR = 0.28, C195% = 0.11-0.71) for the SNP rs5275.
The individuals that carry two T alleles (TT) compared with individuals that carry at least
one C allele (C + TC) had an almost three times higher chance of presenting with PPT
(p =0.012; OR = 2,99, CI 95% = 1.28 to 6.95-recessive model) also for the SNP rs5275.

For the SNP rs689466, a statistically significant difference was not observed in any
of the models: allele distribution genotype distribution in the co-dominant and in the
recessive models (p > 0,05).

Haplotypes of the two SNPs were analyzed and are presented in Table 4. The haplotype
C-A for the SNPs rs5275 and rs689466, respectively, was more frequent in the control group
and was significantly associated with PPT (p = 0.042).
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Table 3. Genotype and allele distribution according to PPT and controls.

SNP Genotype Control 1 (%) PPT n (%) p-Value OR (CI 95%)

AA 26 (57.8) 26(54.1) Reference

GA 17 (37.8) 20 (41.7) 0.706 1.17 (0.51-2.76)

: r]blf’;??f is GG 2(4.4) 2(4.2) >0.999 1.00 (0.14-6.75)
L A 69 (76.6) 72 (75.0) Reference

G 21(23.3) 24 (25.0) 0.790 1.09 (0.57-2.13)
TT 12 (26.7) 25 (52.1) Reference

TC 30 (66.7) 18 (37.5) 0.006 0.28 (0.11-0.71)

185275 cC 3(6.6) 5(10.4) 0.782 1.25 (0.29-6.31)

(+665 T/C)

T 54 (60.0) 68 (70.8) Reference

C 36 (40.0) 28(29.2) 0.098 0.67 (0.36-1.23)

Note: OR means odds ratio; CI means confidence interval. Bold form indicates a statistically significant
difference (p < 0.05).

Table 4. Haplotype association analysis between controls and PPT groups,

Haplotype Frequency
£55275-r5689466 Control PPT —
T-G 0.387 0.392 0.836
T-A 0.816 0.784 0.885
C-A 0.653 0.450 0.042
C-G 0.245 0.156 0.271

Note: Bold form indicates a statistically significant difference (p < 0.05).

4. Discussion

The eruption of both primary and permanent teeth is a physiological process during
childhood; however, the time at which a primary tooth exfoliates and a tooth erupts into
the oral cavity varies according to each child [3]. Although some systemic and local factors
have been associated with PPT, the fact that the majority of the cases are idiopathic [4]
suggests that genetic factors can influence the presence of PPT. In fact, in recent decades,
some studies have attempted to investigate different conditions associated with tooth
eruption disturbances, The genetic etiology behind a primary failure of eruption, which
is a rare disorder defined as incomplete tooth eruption despite the presence of a clear
eruption pathway, has been explored by some research groups. A systematic review pooled
and critically revised some studies and their results. The authors identified that a total of
51 different variations of the PTH1R (parathyroid hormone 1 receptor) gene were associated
with the primary failure of eruption [12]. More recently, some studies have also raised the
suggestion that the mild forms of tooth eruption alterations, such as delayed tooth eruption
with or without PPT, also have a genetic background involved in its etiology [4,13-15].
Variations (SNPs) in genes such as the receptor activator of NF-kB ligand (RANKL) [13]
and Matrix metalloproteases 8 (MMPS8) [14] could be involved in this common condition.
Since all cases of tooth agenesis (excluding third molars agenesis) were excluded from our
study, it is worth mentioning that all PPT cases also present with the delayed permanent
tooth eruption of its successor. Therefore, in the present study, we investigated if common
SNPs in COX2 are involved in PPT associated with delayed permanent tooth eruption risk.

SNPs can be used as genetic markers to detect an association between a gene and a
disease [7]. In our study, we were searching for possible candidate genes and SNPs for PPT,
as the understanding of the genetic mechanisms involved in tooth eruption is important for
dentists, especially orthodontists and pediatric dentists. In our study, we decided then to
investigate a novel gene once we hypothesized that COX2 could be involved in a higher risk
of PPT due to its role in the resorption process. Primary root resorption and bone resorption
and remodeling are required for the eruption of the majority of permanent teeth. Root
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resorption has a regulation similar to bone resorption, and both processes share the same
molecular background. The main biological difference between root and bone is that bone
undergoes constant physiological renovation, whereas, in teeth, the only resorption that is
physiological is the one that occurs in primary teeth [16,17]. Some studies investigated the
mechanism of root resorption and found that the process is similar to bone resorption [16,18].
Additionally, odontoclasts, cementoclasts, and osteoclasts share similar characteristics, a
similar gene expression profile, and mineralized-tissue-resorbing activity [16]. COX2 plays
a well-known role in bone resorption. Some studies showed that during orthodontic tooth
movement, COX2 is expressed and plays an important role. COX2 is involved in tooth
movement during orthodontic treatment through alveolar bone remodeling resorption
processes [19,20]. Both clinical and in vitro experiments showed that COX2 is expressed
by human periodontal ligament cells [20,21]. The periodontal ligament cells of primary
teeth also express COX2. A study comparing the periodontal ligament of human primary
and permanent teeth observed that primary teeth had higher COX2 expression and a
lower expression of OPG. The authors concluded that the more intense immunoreaction
to COX2 and the occurrence of clastic cells and active macrophages might indicate that
proinflammatory cytokines are present in the periodontal ligament, stimulating a down-
regulation of OPG (Osteoprotegerin) and an up-regulation of RANKL, and activating
resorption of tooth tissues [6]. RANKL signaling regulates osteoclast formation, activation,
and survival in normal bone modeling and remodeling, while OPG protects bone from
excessive resorption by binding to RANKL and preventing it from binding to RANK
(receptor activator of NF-xB) [22].

Although the COX2 gene is highly polymorphic and many SNPs have been identified
until now (www.ncbi.nlm.nih.gov/snp/) (1 July 2022), only a few SNPs have been associ-
ated with clinical conditions so far. In our study, we found that the SNP rs5275 in COX2
and the haplotype C-A in rs5275-rs689466 could be involved in a higher risk to present
PPT. The rs5275 is an SNP located within the 3 UTR region (untranslated region). The
post-transcriptional regulation of COX2 is dependent, in part, on sequences within the
3' UTR of the COX2 mRNA (messenger RNA). Therefore, the rs5275 is supposed to affect
mRNA stability and/or translation efficiency [23]. A meta-analysis performed pooling
studies that investigated the SNP rs5275 and periodontitis, and an association of this SNI?
with periodontal disease was observed [24]. Although periodontal disease and PPT are dif-
ferent conditions, the results observed in the meta-analysis support the role of rs5275 SNP
in alveolar bone/tooth resorption. Bioinformatics showed that the SNP rs689466 creates a
¢-MYB binding site, which results in higher transcriptional activity of the COX2 gene [25].
In our study, this SNP was associated with PPT only in the haplotype analysis. These
results suggest that it is the SNP rs5275 that influences COX2 promoter activity in the
context of PPT.

Our study has some weaknesses and strengths. This is one of the first studies to
explore genes involved in PPT. However, it is important to highlight that our study is not a
population-based study large enough to have sufficient power to detect small associations.
Furthermore, because only a few SNPs in the COX2 gene have a minor allele frequency
higher than 20%, we were not able to select SNPs that represent the majority of the sequence
variations of the gene. We emphasize that our findings must be replicated in independent
study groups.

Briefly, our results support the hypothesis that common SNPs in the COX2 signaling
pathway may act as potential predictors of PPT risk associated with delayed permanent
tooth eruption. With our growing knowledge of SNPs and their involvement in different
conditions, we will be able to identify children at a higher risk for oral conditions.

5. Conclusions

Our study demonstrated that a single nucleotide polymorphism rs5275 and a haplo-
type in the gene encoding COX2 are associated with persistent primary tooth and delayed
eruption of the permanent successor tooth.
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