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Resumo: A reabsor¢do radicular apical externa (RRAE) é uma sequela comum do
tratamento ortodéntico; € considerada multifatorial, envolvendo o hospedeiro e fatores
ambientais. Estudos sugerem que a RRAE apresenta um componente genético. A
vitamina D é responsavel pela regulagdo no nivel de transcricdo de certos genes, via
interacdo com o receptor da vitamina D (VDR) e influencia a resposta imune e
aspectos relacionados com o desenvolvimento, crescimento e homeostasia 6ssea.
Polimorfismos (SNPs) funcionais sao variagdes genéticas comuns, que podem ter
impacto na modulacdo da transcricdo génica. Objetivos: O objetivo deste estudo foi
investigar a associacdo de variaveis clinicas e do polimorfismo Taql VDR (T/C)
(rs731236, exon 9) com a RRAE em individuos tratados ortodonticamente. Material e
Métodos: Foi selecionada uma amostra de 377 pacientes de ambos 0s sexos, com
idade média de 14,9 (x2,96) anos e com maloclusdo Classe Il divisdo 1. Foram
realizadas radiografias periapicais dos incisivos centrais superiores com a raiz mais
longa (raiz de referéncia) iniciais e seis meses ap06s o inicio do tratamento. A amostra
foi divida em 3 grupos: (1) 160 individuos tratados ortodonticamente com RRAE <1,43
mm, (2) 179 individuos tratados ortodonticamente com RRAE >1,43 mm, e (3) 38
individuos néo tratados. As variaveis clinicas, como comprimento inicial da raiz de
referéncia (IR), extracdo de premolar (XP), uso do aparelho pendullun, expanséo
rapida de maxila (ERM) e uso de elasticos foram analisadas nos individuos
ortodonticamente tratados. Apds a coleta e purificacdo do DNA, a andlise do
polimorfismo Tagl foi realizada por PCR-RFLP. Andlises univariada e multivariada
foram realizadas para verificar a associacao de fatores clinicos e do polimorfismo
genético com a RRAE; p<0,05 indicou significAncia estatistica. Resultados: Foi
observada maior propor¢do de RRAE nos individuos ortodonticamente tratados
(RRAE=1,43 mm: 0,81 mm; RRAE>1,43 mm: 2,24 mm) quando comparados com 0S
individuos néo tratados (RRAE: 0,05 mm). Idade (p=0,022), comprimento radicular
inicial (p=0,002) e extracdo de pré-molares (p=0,052) foram associados com a RRAE
nos individuos tratados ortodonticamente. Genétipos contendo o alelo C foram
fracamente associados com protecdo contra a RRAE nos individuos ortodonticamente
tratados [CC+CT X TT (OR=0,29; IC 0,07-1.23; p=0,091)]. Conclusédo: Fatores
clinicos, como a idade, o comprimento inicial da raiz e a extracdo de pré-molares e o
polimorfismo Tagl do VDR foram associados com a RRAE em individuos tratados

ortodonticamente.
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External apical root resorption (EARR) is a common complication of orthodontic
treatment and is considered to be multifactorial, involving host and environmental
factors. Studies have suggested that EARR has a genetic component. Vitamin D is
responsible for regulation of certain genes at the transcription level, via interaction with
the vitamin D receptor (VDR) and influences host immune response and aspects of
bone development, growth and homeostasis. Functional single nucleotide
polymorphisms (SNPs) are common genetic variations which have an impact on gene
transcription modulation. Objectives: The aim of this study was to investigate the
association of clinical variables and Taql VDR (T/C) polymorphism (rs731236, exon 9)
with  EARR in patients under orthodontic treatment. Material and Methods: A
convenient sample of 377 unrelated patients, both sexes, mean age 14.9 (+2.96) years
who presented malocclusion Class Il division 1 was selected for study. The periapical
x-rays of the maxillary central incisors with the longer roots (reference tooth) were
taken pre-treatment and six months after the beginning of the treatment. The sample
was divided into 3 groups: (1) 160 individuals orthodontically treated with EARR <1.43
mm, (2) 179 individuals orthodontically treated with EARR >1.43 mm, and (3) 38
individuals orthodontically untreated. Clinical variable such as root initial size of the
reference tooth (IR), premolar extraction (XP), use of pendulum appliance, rapid palatal
expansion (RPE) and use of elastics were analyzed in individuals orthodontically
treated. After DNA collection and purification, VDR Tagl polymorphism analysis was
performed by PCR-RFLP. Univariate and multivariate analyses were performed to
verify the association of clinical and genetic variables with EARR and p<0.05 indicated
statistical significance. Results: It was observed a higher proportion of EARR in
patients orthodontically treated (EARR<1.43 mm: 0.81 mm; EARR>1.43 mm: 2.24 mm)
when compared with individuals who never used orthodontic appliance (EARR: 0.05
mm). Age (p=0.022), IR (p=0.002) and premolar extraction (p=0.052) were associated
with EARR in orthodontically treated patients. Genotypes containing the C allele were
weakly associated with protection against EARR in patients orthodontically treated
[CC+CT X TT (OR=0.29; IC 0.07-1.23; p=0.091)]. Conclusion: Clinical factors, with
years, initial root length, and premolars extraction and VDR Taql polymorphism were

associated with EARR in individuals orthodontically treated.
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1. INTRODUCAO

1.1 Ocluséo

A oclusdo normal apresenta relagdo harmdénica maxilo-mandibular no sentido antero-
posterior, dentes alinhados e pontos de contato cerrados (Capelozza Filho & Silva
Filho, 1997). O mal posicionamento dentario, discrepancias dento-esqueleticas e a ma
relacdo dos arcos dentérios sdo caracteristicas das maloclusdes. (Pinto et al., 2008).
Angle (1907) considerou a relagdo antero-posterior maxilo-mandibular tomando como
base a posigéo do primeiro molar superior (Moyers 1991).

Segundo Angle (1907) as maloclusdes séo classificadas em:

Classe I: Relagdo antero-posterior maxilo-mandibular normal, e a cuspide
mesiovestibular do primeiro molar superior ocluindo no sulco vestibular do primeiro
molar inferior.

Classe II: cuspide distovestibular do primeiro molar superior oclui no sulco
mesiovestibular do primeiro molar inferior.

Classe Il divisdo 1: é a distoclusdo onde o0s incisivos superiores
apresentam vestibuloversao.

Classe Il divisdo 2: é a distoclusao onde 0s incisivos centrais superiores
apresentam inclinacdo normal ou palatoverséo. (Moyers, 1991)

Classe Ill: O molar inferior esta posicionado mesialmente em relagdo ao molar
superior, sem maiores especificacbes para a linha de ocluséo. (Moyers, 1991; Graber
& Vanarsdall Jr, 1996).

A maloclusao de Classe Il divisdo 1 tem como caracteristica principal a relacdo distal
do primeiro molar inferior em relagdo ao molar superior, atresia maxilar, incisivos
superiores protruidos e incisivos inferiores verticalizados (Acquaro et al., 2007). Esta
malocluséo que representa cerca de 50% (Silva Filho et al., 2009) a 58% (Castelo et
al., 2009) do total dos casos tratados e frequientemente produz altera¢des no padrao
facial é a principal motivacao que leva os individuos com esta maloclusdo procurarem

tratamento ortodontico (Castelo et al., 2009).

1.2 Movimentacao ortoddntica

O periodonto de sustentacdo € estruturalmente constituido pelo cemento, ligamento
periodontal e osso alveolar (McCulloch & Melcher, 1983; Figueiredo & Parra, 2002;
Meireles & Ursi, 2007). Sua funcdo € manter a posi¢do dentaria e dissipar as forgas
oclusais através do osso alveolar (McCulloch & Melcher, 1983; Meireles & Ursi, 2007).
O periodonto de sustentacdo apresenta plasticidade que permite a movimentacdo

dentéria fisiologica e a acomodacdo dos movimentos que ocorrem durante a
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mastigacdo (Figueiredo & Parra, 2002). E esta plasticidade que permite a
movimentacdo ortodontica (Nojima & Gongalves, 1996). Dos trés componentes do
periodonto, o ligamento periodontal e 0 0sso alveolar parecem estar mais envolvidos
com a movimentacao dentaria, embora o cemento também participe deste processo
(Interlandi, 1999). Durante a movimentacao ortodontica, as forcas aplicadas alteram o
fluxo sanguineo do ligamento periodontal, modificando seu equilibrio homeostéatico no
lado de pressdo e de tensdo (Park, et al., 2011). No lado de pressdo ocorre
diminuicdo do espaco periodontal, deformagdo na estrutura celular (fibroblastos,
cementoblastos, osteoblastos) e diminuicdo na oxigenagéo devido a compressao dos
vasos sanguineos. Concomitantemente ocorre a liberagdo de mediadores quimicos
que induzem a instalacdo do processo inflamatorio, responsavel pelo inicio da
reabsorcdo do osso alveolar (Meireles & Ursi, 2007). A remodelagdo do cemento
durante o tratamento ortodontico, para a readaptacdo das fibras de Sharpey inseridas
no terco apical, parece ser semelhante a que ocorre no tecido 6sseo, mas, de forma

pouco previsivel e em menor intensidade (Interlandi, 1999) (Fig. 1).

FORCA

Fig. 1. Periodonto de sustentag&o durante a aplicacéo de forca ortoddntica.

Os fatores que podem interferir na movimentagdo ortoddntica s&o muito
variados: o dente a ser movimentado, a histéria dentaria (trauma, doenca periodontal,
carie) (Consolaro et al., 2004), habitos bucais deletérios, (Consolaro et al., 2004;
Owman-Moll & Kurol, 2000), o tipo de maloclusdo (Consolaro et al., 2004), o tipo e a
amplitude de movimento (Brezniak & Wasserstein, 1993; Consolaro et al., 2004; Wu,
et al., 2011), a magnitude (Zhuang, et al., 2011) e a duracdo da forca aplicada
(Brezniak & Wasserstein, 1993; Consolaro et al., 2004; Zahrowski & Jeske, 2011), a
densidade e a morfologia 6ssea (Consolaro et al., 2004), o tamanho, o niUmero e a
forma da raiz (Levander & Malmgreen, 1988; Kjaer, 1995; Owman-Moll & Kurol, 2000;

Consolaro et al., 2004; Sameshima & Sinclair, 2004), o tempo de tratamento (McNab



et al., 1999), e a associacdo desses itens com a condi¢do sistémica (McNab et al.,
1999; Davidovitch et al., 1996; Owman-Moll & Kurol, 2000).

1.3 Reabsorcdao radicular apical externa (RRAE)
Uma sequela pouco desejavel durante o tratamento ortoddntico € a reabsorgéo
radicular apical externa (RRAE) (Brezniak & Wasserstein, 1993, 2002; Vlaskalic et al.,
1998; Killiany, 1999; Mah et al., 2000; Brezniak & Wasserstein, 2000; Jimenez-
Pellegrin & Arana-Chavez, 2004). A RRAE tem sido objeto de estudo de muitos
pesquisadores na busca de fatores etiol6gicos associados a este processo, mas ainda
€ considerada pobremente esclarecida (Harris et al., 1997). A maioria dos pacientes
tratados ortodonticamente apresenta reabsorcdo em grau moderado, n&o
comprometendo a denticdo; em outros, 0 grau & severo, com prognostico desfavoravel
(Mah & Prasad, 2004).

O método empregado para detectar a reabsorcao radicular é radiografico, por
ser de facil utilizacdo e de diagndstico preciso (Sameshima & Asgarifar, 2001,
Brezniak et al., 2004; Mah & Prasad, 2004); no entanto, apresenta problemas, como
padronizagdo, exposicao a radiagdo e ponto de vista limitado (Mah & Prasad, 2004).
Radiografias panorémicas e telerradiografias em norma lateral tém sido bastante
utilizadas para a analise da RRAE (Harris, et al., 1997; Levander et al., 1998; AL-
Qawasmi, 2003), mas o diagnéstico nestas radiografias é impreciso e questionavel
(Consolaro, 2004). Radiografias periapicais, especialmente com padronizacdo de
técnica, deveriam ser a alternativa de escolha, pois proporcionam um detalhamento da
imagem (Linge & Linge, 1991; Davide et al., 1995; Levander et al., 1998). Apesar
disso, as radiografias sdo um método estatico e ndo podem precisar se 0 processo de
reabsorcao ja cessou ou esta ocorrendo (Andreasen et al., 1987; Owman-Moll, 1995;
Jiang-Zhang, 2003; Mah & Prasad, 2004). Portanto, ndo € um método preditor do
processo, que é identificado apenas quando um percentual de reabsorcao ja ocorreu.
Mesmo nas radiografias periapicais as imagens das reabsorcbes apresentam
limitacbes em sua interpretacdo, mas constituem ainda o melhor método de analise
entre os acessiveis (Consolaro, 2004).

A manifestagdo clinica da RRAE em pacientes tratados ortodonticamente é
muito variavel (AL-Qawasmi et al., 2003). Sameshima & Sinclair (2001) avaliaram a
possibilidade de identificar os fatores que poderiam contribuir para a RRAE. Em uma
amostra de pacientes tratados com ortodontia fixa, foi constatada reabsorcédo radicular
nos incisivos superiores e dentes com raiz anormal (pipeta, pontiaguda e dilacerada).

Pacientes adultos apresentaram mais reabsorcdo do que criangcas (Sameshima &
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Sinclair, 2001). Individuos de origem asiatica mostraram menor reabsorcdo que
brancos ou hispanicos (Sameshima & Sinclair, 2001). N&o foi observada diferenga
entre individuos do género masculino e feminino (Sameshima & Sinclair, 2001). A
guantidade de reabsorcdo radicular parece estar, pelo menos em parte, na
dependéncia de fatores genéticos (Newman, 1975; Harris et al., 1997; AL-Qawasmi et
al., 2003 a,b).

O mecanismo de RRAE nédo esta completamente esclarecido (Engstrom et
al., 1988; Han et al., 2005), mas ha evidéncias que citocinas contribuem de maneira
significativa na sua etiopatogénese e progressao (AL-Qawasmi et al., 2003; Zhang et
al., 2003; Lee et al., 2004). Estas citocinas promovem a reabsorcao 6ssea (Holla et al.,
2004) e sao produzidas em resposta ao processo inflamatério, sendo secretadas por
diferentes populagbes de células (Tzannetou et al., 1999; Zhang et al., 2003;
Mavragani et al., 2005). As citocinas contribuem na quimiotaxia, diferenciacdo e
ativagdo dos osteoclastos e seus precursores (Martin et al., 1998; Lorenzo & Raisz,
1999; Horowitz et al., 2001). Alguns estudos mostraram que as citocinas inflamatérias
e prostaglandinas foram expressas quando aplicadas forcas no tecido periodontal,
mas as caracteristicas do estresse mecanico nao estao claras (Davidovich et al., 1988;
Sandy et al., 1993; Teitelbaum, 2000; Alhashimi et al., 2001; Lee et al.,, 2004). A
aplicacdo de forca ortodontica no ligamento periodontal induz a sintese das
interleucinas (IL)-18 e IL-6, que tém importante papel na remodelag¢éo éssea durante a
movimentacdo ortodéntica em camundongos e humanos (Uematsu et al., 1996;
Alhashimi et al., 2001).

Segundo Ngan, et al. (2004), uma dificuldade para avaliar as causas de
reabsorcao radicular é identificar a acdo dos fatores genéticos e ambientais. Harstfield
et al. (2004) acreditam que a reabsorcdo radicular pode ocorrer ndo apenas em
pacientes tratados ortodonticamente, mas, nestes individuos, pode ser multifatorial,
envolvendo o hospedeiro e os fatores ambientais. Um substancial componente
genético (entre 50 e 70%) tem sido sugerido para explicar a variacdo na reabsorcao
radicular apical externa (Newman, 1975; Harris et al., 1997; AL-Qawasmi et al., 2003
a,b; Ngan et al., 2004).

Apesar de estimado o componente hereditario para a reabsorcao radicular
(AL-Qawasmi et al., 2003), ainda n&o se sabe quantos e quais sS40 0s genes que

contribuem para o fenétipo (Sameshima et al., 2001).



1.4 Receptor da Vitamina D (VDR)

A vitamina D, descoberta entre 1919 e 1924 (DelLuca 1988), é considerada um
horménio ester6ide multifuncional, que modula a homeostasia mineral e a arquitetura
esquelética normal (Nagpal et al., 2005), através de acdo predominantemente no
intestino (Walters et al., 2004; Collins et al., 2005). E produzida pelas células da pele,
por acdo dos raios ultravioletas, ou pode ser ingerida. Sua forma ativa, 1,25
dihidroxivitamina D3 [1,25-(OH),D;], é obtida apds sua metabolizacdo no figado e
posteriormente nos rins (Shinkio et al., 2004). A vitamina D esta envolvida em uma
ampla variedade de processos biolégicos, como o metabolismo ésseo (Davideau et al.,
2004), a modulacdo da resposta imune (Mathieu et al., 2004) e a regulagdo da
proliferacéo e diferenciacdo celular (Sooy et al., 2005). Os efeitos da vitamina D séo

mediados via receptor intracelular de alta afinidade, o receptor da vitamina D (VDR)
(Fig. 2).

Ligante Citoplasma

Fig. 2. Receptor da vitamina D. www.uku.fi/biokem/research/vaisanen/resdescript.shtml

O VDR € uma proteina nuclear, membro da superfamilia de receptores de
hormonios esterdides (Nezbedova & Brito, 2004; Shaffer & Gewirtt, 2004; Nagpal et
al., 2005), amplamente expresso em muitos tipos de células, como osteoblastos (Misof
et al., 2003) e diferentes células do sistema imune, como linfécitos, macréfagos e
células B pancreédticas (Walters, 1992; Mathieu et al., 2004). E um fator de transcricéo
modulado através de um ligante (a vitamina D), formando um complexo capaz de
estimular a transcricdo de genes, cujo produto pode promover a diferenciacdo
osteoclastica (Kim et al., 2005).

O gene do VDR esté localizado no cromossomo 12, na regido 12g13.1. E um
gene considerado grande, contem 63.454 pb com 9 éxons, que possui uma extensa

regido promotora (Poon et al., 2004).
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Polimorfismos séo alteracdes na sequéncia génica, que geram formas
variantes, denominadas alelos, cuja freqiéncia do mais raro é superior a 1%
(Nussbaum et al. 2002).

A abundancia e a grande frequéncia de polimorfismos no genoma humano os
transformam em alvo para explicar a variabilidade genética (Korstanje & Paigen, 2002;
Thomas & Kejariwal, 2004) e sua influéncia no risco e progressao de algumas doencas
(Morange et al., 2005; Rao et al., 2005; Sun et al., 2005).

Varios polimorfismos tém sido descritos no gene do VDR (Faraco et al.,
1989; Morrison et al., 1992; Ye et al., 2000) e foram associados a diversas doencas,
tais como asma (Poon et al., 2004), diabetes tipo | (Marti et al., 2004) e diversos tipos
de cancer (Cheteri et al.,, 2004; Guy et al., 2004; Slattery et al., 2004). Alelos e
gendtipos especificos do gene do VDR tém sido relacionados com parametros de
homeostasia 6ssea (Kim et al., 2003), com a massa e o turnover 6sseo (Langdahl et
al., 2000), e com doengas, nas quais a perda 0ssea € um sinal cardinal, como a
osteoartrite, osteoporose (Duman et al., 2004) e a doenca periodontal (Brito Junior et
al., 2004).

Poon et al. (2004) estabeleceram blocos de desequilibrio de ligagéo
(associacéo de alelos de polimorfismos diferentes que séo herdados em bloco) para o
gene do VDR. Um polimorfismo localizado no éxon 2, reconhecido pela enzima de
restricdo Fokl (Polimorfismo de Comprimento de Fragmento de Restricdo - RFLP) é
considerado um marcador independente, pois ndo possui desequilibrio de ligacdo com
nenhum outro polimorfismo do VDR. Este polimorfismo mostrou-se funcional, sendo
gue um dos alelos (F) teve um efeito mais ativo no aumento da transcricdo génica
(Jurutka et al., 2000). Foi demonstrada maior atividade do VDR quando o alelo menos
funcional do Fokl (f) esteve associado com o alelo que determina cauda poly(A) mais
curta, na regido UTR néo-traduzida (Whitfield et al., 2001).

A acdo da vitamina D é importante para o desenvolvimento esqueletal,
crescimento e homeostase 6ssea, mas tem sido pouco estudada no osso orofacial
(Davideau et al., 2004).

A determinacdo dos fatores sistémicos diretos e indiretos que influenciam a
resposta do hospedeiro parece ser de grande relevancia na identificacdo de grupos
de risco ao desenvolvimento de respostas fisiopatologicas indesejaveis. Assim, a
busca de marcadores genéticos que permitam a deteccdo de individuos mais
provaveis de desenvolver reabsor¢cdo radicular é fundamental para a prevencdo da
instalagdo do processo destrutivo, ou na instauracdo de terapéutica individualizada e

proservacdo adequada de pacientes, nos quais sinais clinicos ja se manifestaram.
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2. PROPOSICAO

2.1 Objetivo geral

O objetivo do presente trabalho € investigar a associacdo de variaveis
clinicas e alelos e gendtipos especificos do polimorfismo (rs731236, Taql) no gene
VDR com a reabsorcdo radicular apical externa (RRAE) durante o tratamento

ortodontico.

2.2 Objetivos especificos

i) Investigar aspectos clinicos envolvidos com a RRAE em individuos

tratados ortodonticamente.

i)  Analisar a associagdo entre alelos e gendtipos especificos de
polimorfismo (rs731236, Tagl) no gene VDR e a RRAE.
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External apical root resorption (EARR) is a common complication of orthodontic
treatment and is considered to be multifactorial, involving host and environmental
factors. Studies have suggested that EARR has a genetic component. Vitamin D is
responsible for regulation of certain genes at the transcription level, via interaction with
the vitamin D receptor (VDR) and influences host immune response and aspects of
bone development, growth and homeostasis. Functional single nucleotide
polymorphisms (SNPs) are common genetic variations which have an impact on gene
transcription modulation. Objectives: The aim of this study was to investigate the
association of Tagl VDR (T/C) polymorphism (rs731236, exon 9) with EARR in patients
under orthodontic treatment. Material and Methods: A convenient sample of 377
unrelated patients, both sexes, mean age 14.9 (x2.96) years who presented
malocclusion Class Il division 1 was selected for study. The periapical x-rays of the
maxillary central incisors with the longer roots (reference tooth) were taken pre-
treatment and six months after the beginning of the treatment. The sample was divided
into 3 groups: (1) 160 individuals orthodontically treated with EARR <1.43 mm, (2) 179
individuals orthodontically treated with EARR >1.43 mm), and (3) 38 individuals
orthodontically untreated. Clinical variable such as root initial size of the reference tooth
(IR), premolar extraction (XP), use of pendulum appliance, rapid palatal expansion
(RPE) and use of elastics were analyzed in individuals orthodontically treated. After
DNA collection and purification, VDR Taqgl polymorphis( analysis was performed by
PCR-RFLP. Univariate and multivariate analyses were performed to verify the
association of clinical and genetic variables with EARR; p<0.05 indicated statistical
significance. Results: It was observed a higher proportion of EARR in patients
orthodontically treated (EARR<1.43 mm: 0.81 mm; EARR>1.43 mm: 2.24 mm) when
compared with individuals who never used orthodontic appliance (EARR: 0.05 mm).
Age (p=0.022), IR (p=0.002) and premolar extraction (p=0.052) were associated with
EARR in orthodontically treated patients. Genotypes containing the C allele were
weakly associated with protection against EARR in patients orthodontically treated
[CC+CT x TT (OR=0.29; CI 0.07-1.23; p=0.091)]. Conclusion: Clinical factors and
VDR Tagl polymorphism were associated with EARR in individuals orthodontically

treated.
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INTRODUCTION

External apical root resorption (EARR) is a common consequence of orthodontic tooth
movement (Brin et al., 2003; AL-Qawasmi et al, 2003a, b; Yamagushi et al., 2006;
Pizzo et al., 2007; Huang, et al., 2010; Zhuang, et al., 2011). Many studies aimed to
elucidate the causal relationship between orthodontic tooth movement and root
resorption, but to date this issue is poorly understood and it is not possible to predict
who will develop EARR (Harris et al., 1997; Ngan, et al., 2004; Mah & Prasad, 2004,
Pizzo et al., 2007; Gulden et al.,, 2009). The clinical manifestation of EARR in
orthodontic patients is highly variable (AL-Qawasmi et al., 2003). Most of the patients
treated orthodontically present resorption in a moderate degree, not committing the
dentition; in others, the degree is severe, with unfavorable prognostic (Mah & Prasad,
2004).

It is believed that EARR may not happen only due to orthodontic movement,
but in patients under treatment, it may result from multiple variables, such as host
(genetic aspects) (Hartsfield et al.,, 2004; Hartsfield, 2009) and environmental
(mechanical forces, trauma) factors (Winter et al., 2009; Zhuang, et al., 2011). One of
the difficulties to evaluate the causes of EARR is to separate the contribution made by
genetic from those by environmental factors such as treatment (Ngan et al., 2004).

It was reported that genetic factors account for at least 50% of the variation in
EARR (Hartsfield et al., 2004). It has been suggested a strong genetic component for
EARR (Newmann, 1975; Harris et al., 1997), estimated in 70% (Harris et al., 1997),
especially when monozygotic twin pairs are studied (Ngan et al., 2004). Although the
efforts for the identification of the genetic component for EARR, how many and which
are the genes that contribute to the phenotype of EARR are yet largely unknown (Ngan
et al., 2004).

Vitamin D is responsible for both positive and negative control of certain genes
at level of transcription, via interaction with the vitamin D receptor (VDR) (Sutton &
MacDonald, 2003) and is important for the development skeletal, growth and bone
homeostasis (Davideau, et al., 2004). The human VDR is a product of a single gene,
which is located on chromosome 12q13-14 (Labuda et al., 1992). The gene is
comprised of 9 exons that, together with intervening introns, span approximately 63 kb
(Poon et al., 2004). Genome-wide analyses have identified over 100 polymorphisms in
the VDR gene (Uitterlinden et al., 2002). Polymorphisms refer to the existence of 2 or
more alleles at a given locus and, if such alleles occur at a frequency of more than 1%
in a population, the locus is said to be polymorphic (Chiba-Falek & Nussbaum 2001).

Single nucleotide polymorphisms (SNPs) are the most common form of DNA variation
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in the human genome. Patterns of linkage disequilibrium (LD) in the VDR gene were
proposed for a Canadian population (Poon et al., 2004) and 2 LD blocks are believed
to represent the whole gene. Block one locates toward the 5 end and spans roughly
8.4 kb and block two locates toward the 3’ end of VDR and spans approximately 5.8
kb. Near the 3’ untranslated region (UTR) there is a SNP identified by the presence of
a restriction site for Tagl enzyme (T/C) in VDR exon 9 (rs731236). This SNP may
represent the second LD block (Poon et al., 2004). Indeed, alleles of this polymorphism
are in LD with other polymorphisms in the same block and are linked and inherited
together. Allelic variations in this region could be responsible for messenger RNA
(mRNA) stability and differences in translational efficiency, resulting in changes in
cellular expression of VDR (Decker & Parker 1995; Durrin et al.,, 1999). This
polymorphism has been associated with bone mass, turnover, and mineral loss
(Karkoszka et al., 1998) and diseases such as osteoarthritis (Uitterlinden et al., 1997),
(Horst-Sikorska et al., 2005), and periodontal disease (Brito Junior et al., 2004).
However, there is no study investigating VDR gene polymorphisms and their
association with EARR.

The aim of this study was to investigate the association of Tagl VDR (T/C)
polymorphism (rs731236, exon 9) and clinical variables with EARR in patients under

orthodontic treatment.

METHODS

Study population

A sample of 377 Caucasoid unrelated patients, both sexes, mean age 14.9 years
(range 8 to 21), from which 339 patients presented malocclusion Class Il division 1 by
edgewise or straight wire techniques, orthodontically treated and 38 patients presented
malocclusion Class Il division 1 but orthodontically untreated. The reason of choice for
Class Il division 1 is due to this type of malocclusion be the most frequent and which
requires more treatment (Acquaro et al., 2007; Silva Filho et al., 2009) besides the fact
that may lead to higher levels of EARR (Remmelink & Van Der Molen, 1984; Coperland
& Green, 1986; Tanner et al., 1999; Brin et al., 2003; Liou & Chang, 2010). The
patients were selected from the Dental Clinics of the Graduation Course in
Orthodontics of Profis (Bauru-SP), from Dental Clinics of the Graduation Course in
Orthodontics of Thum Institute of Research (Joinville-SC), and from two private
Orthodontic Clinics (Curitiba-PR) (Table 1). Although the study sample was composed
by Caucasoid, the Brazilian white population is heterogeneous. Recent articles have

not recommended grouping Brazilians into ethnic groups based on color, race and
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geographical origin because Brazilian individuals classified as white or black have
significantly overlapping genotypes, probably due to miscegenation (Parra et al., 2003).

Subjects completed personal, medical and dental history questionnaires, and
within a protocol approved by an Institutional Review Board, signed a consent form
after being advised of the nature of the study (approved by the Ethical Committee in
Research at PUCPR, protocol n° 546/05). The patients could not have chronic usage of
anti-inflammatory drugs, HIV infection, and immunosuppressive chemotherapy history
of any disease known to severely compromise immune function, current pregnancy or
lactation, oral trauma, parafunctional behavior, endodontic treatment and extensive
caries lesions.

The periapical x-rays of the maxillary central incisors with the longer roots
(reference tooth) were taken pre-treatment and six months after the beginning of the
treatment. The evaluation method consisted in measuring the root and crown lengths
directly from the radiographs. The root apex, incisal edge, and cementoenamel junction
(CEJ) of each tooth were demarcated on the x-rays on the light table. The longitudinal
axis of each tooth was constructed from the root apex to the incisal edge following the
root canal as accurately as possible. A perpendicular axis was then projected to the
longitudinal axis from the mesial to the distal CEJ sides. The crown length was
measured from the incisal edge to the projected CEJ, and the root length from the
projected CEJ to the root apex (Fig. la, b). The resultant difference between those
measures pre-treatment and 6 months after treatment beginning indicates the
presence of EARR. A correction factor (CF) was calculated using the following formula:
CF=C1/C2 (C1 is the crown length on the pre-treatment, C2 is the crown length 6
months after starting treatment). Then, EARR was calculated using the following
formula: EARR=R1-(R2xCF); R1 is the root length on the pre-treatment, and R2 is the
root length 6 months after treatment start). EARR was also expressed as a percentage
of the original root length: EARR x 100/R1. Only teeth with complete root formation
were considered for investigation. Any distortion between the pre-treatment and follow-
up radiographic image was corrected using the crown length registration, assuming
crown length to be unchangeable over the observation period (Linge & Linge, 1991,
Mohandesan et al., 2007). The EARR was evaluated by one single examiner
(M.L.S.S.N.F). The radiographs were examined over a light table and the
measurements were made with a fine-tip digital caliper with accuracy up to 0.02 mm
(UTUSTOOLS Professional, Electronic Digital Vernier Caliper) (Fig. 2)

A ROC curve was constructed intended to verify the cutoff point based on the
sample data distribution for EARR and the value of 1.43 mm was obtained. Then, the

sample was divided into 3 groups:
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Group 1: 160 individuals orthodontically treated with EARR < 1.43 mm
Group 2: 179 individuals orthodontically treated with EARR > 1.43 mm.
Group 3: 38 individuals orthodontically untreated.

Clinical Parameters in Orthodontically Treated Individuals
The following parameters were evaluated in patients treated orthodontically (OT): age,
gender, root initial size of the reference tooth (IR), premolar extraction (XP), use of

pendulum appliance, rapid palatal expansion (RPE), use of elastics (Table 2).

DNA Collection and Purification

Cells were obtained through a mouthwash with 3% glucose solution for 1 min, and
scraping of the oral mucosa with a sterile spatula (Trevilatto & Line, 2000). DNA was
extracted from epithelial oral cells with ammonium acetate 10 M and EDTA 1 mM
(Aidar & Line, 2007).

Analysis of VDR polymorphism

VDR Tagl (T/C) Polymorphism (rs731236)

The following primer pair was used for polymerase chain reaction (PCR) amplification
of genomic DNA samples: (F - 5 CAG AGC ATG GAC AGG GAGCAAG 3 andR -5
GGA TGT ACG TCT GCA GTG TG 3’). Reaction conditions and cycling parameters
were as follows: 1 pL of the genomic DNA were used for PCR amplification in a
reaction mixture containing 22.5 uL GoTaq Green Master Mix (Promega, Madison, WI,
USA) and 0.7 pL of each 25 uM primer. The reactions were performed in a Techne T-
512 thermal cycler and consisted of an initial denaturation step of 95°C for 5 min,
followed by 37 cycles of 95°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute, and a
final extension of 72°C for 7 minutes. The restriction fragment length polymorphism
(RFLP) technigue was performed in a final reaction volume of 20 pL, using 1 unit Taqgl
(TYCGA) (Invitrogen Life Technologies) and a 10-pL aliquot of PCR products, digested
at 65°C overnight. The digested products were separated in 10% polyacrylamide gel
electrophoresis stained by silver. The genotypes were determined by comparing the
RFLP band patterns with a 1-kb-plus DNA ladder (Invitrogen Life Technologies). The
RFLP is formed by a single base transition (T/C) at codon 352 in exon 9 of the VDR
gene that creates a Tagl restriction site. The alleles which result from the cleavage of
Taqgl are designated ‘C’ (Tagl site present, with 2 fragments: 293 bp and 47 bp) or ‘T’
(Tagl site absent, with a fragment: 340 bp).

Statistical analysis
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The results observed in the study were expressed for mean and standards deviation
(quantitative variable) or frequencies/percentages (qualitative variable). To evaluate the
association between two qualitative variables, the Chi-square test or Fisher’s exact test
were used. Comparisons between the groups in relation the quantitative variables used
analysis of variance with one factor and LSD test for multiple comparisons.
Adjustments of ROC curve were made for EARR and for age and measure of the initial
root length, with the objective to determine cut points associated with EARR. Unpaired
t-test was used to compare EARR, age, and initial root length between the groups. For
the multivariate analysis, the logistic regression model and Wald’s test were used.
Values of p<0.05 indicated statistical significance. Data were organized in Excel spread

sheet and analyzed with the computational program Statistica v.8.0.

RESULTS

Clinical Parameters in Orthodontically Treated Individuals

It was observed a higher proportion of EARR in patients orthodontically treated
(EARR<1.43 mm: 0.81 mm; EARR>1.43 mm: 2.24 mm) when compared with
individuals who never used orthodontic appliance (EARR: 0.05 mm). The clinical
impact of the use of orthodontic appliances on root resorption can be observed in figure
3.

Regarding OT individuals, no statistically significant differences (NS) were
observed between the groups in relation to gender, use of pendulum appliance, RPE,
and use of elastics. A statistically significant difference (SD) was found between the
groups regarding age (p=0.021) and IR (p=0.005) in the univariate analysis. After the
multivariate analysis age (p=0.022), IR (p=0.002) and XP (p=0.052) were associated
with EARR (Table 2).

VDR (rs731236, Taql) Genotyping

Considering the study SNP, the genotype distribution was not consistent with the
assumption of Hardy-Weinberg equilibrium neither in the control group nor for the
whole sample. No differences were found in VDR Tagl polymorphism genotype
frequency (p=0.051) and allele distribution (p=0.455) between the groups (Table 4).
However, when individuals orthodontically treated were analyzed versus untreated
subjects, it was observed a weak protection effect of allele C against EARR [CC+CT x
TT (OR=0.29; CI 0.07-1.23; p=0.091)].
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DISCUSSION

Most clinicians are highly concerned about EARR as an undesirable side effect of
orthodontic treatment. The etiology of EARR has been studied for the past few
decades, but remains unclear (Gonzales el al., 2008). It is believed that no orthodontic
tooth movement is possible without some proportion of EARR (Reitan & Rygh, 1994),
but, in most cases, it will be minor and therefore of no clinical significance (Loenen et
al., 2007). However, moderate to severe root resorption has been reported to occur
with a frequency of 10 to 20% (Hollender et al., 1980; Levander & Malmgren, 1988;
Brin et al., 2003).

The cause of EARR is considered to be multifactorial (Lopatiene &
Dumbravaite, 2008). Several factors have been mentioned to influence EARR (Pizzo et
al., 2007), both mechanical and biological (Brezniak & Wasserstein, 2002a, b). Several
studies have suggested that excessive orthodontic force (Chan & Darendeliler, 2005;
Harris et al., 2006), tooth intrusion, (Sameshima & Sinclair, 2001; Han et al., 2005),
rapid palatal expansion (Gulden et al., 2009), as well as tooth movement against hard
and highly mineralized tissue (Gulden et al., 2009) are critical factors for EARR.
Regarding biological aspects, associations between EARR and age, gender (George &
Evans, 2009), tooth morphology, periodontal condition (Pizzo et al., 2007), immune
response (Alhashimi et al., 2004; Nishioka et al., 2006), bone metabolism (Verna et al.,
2003a, b; Takada et al., 2004), and systemic and genetic factors (Al-Qawasmi et al.,
2003) have been suggested.

In this study, an impact of age, root initial length of the maxillary central incisor
(reference tooth), and premolar extraction was found on EARR in individuals
orthodontically treated. It has been recently reported that older individuals have more
EARR than the younger (Pandis et al., 2008). However, to the authors’ knowledge,
there are no other studies in the literature which reported the root length influencing
EARR so far. It has been reported that incisors present a degree of root resorption
increased (Brezniak & Wasserstein, 1993; Harris,1999; Sameshima & Sinclair, 2004)
from 15% before treatment to 73% after treatment and the number of teeth with
moderate and severe root resorption increases from 1% before treatment to 25% after
treatment (Lupi et al., 1996; Wierzbicki et al., 2009). We also identified an association
of EARR with orthodontic treatment with extraction, in accordance to other studies
(Remmelink & Van Der Molen, 1984; Coperland & Green, 1986; Tanner et al., 1999;
Brin et al., 2003; Mohandesan et al., 2007; Liou & Chang, 2010). However, other
authors failed to find a relationship between EARR and premolar extraction (Pandis et
al., 2008; Huang et al., 2010).
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Regarding gender, there was no statistical difference between orthodontically
treated patients with and without EARR, which has been reported by several authors
(Harris et al., 1997; Sameshima & Sinclair, 2001; Mohandesan et al., 2007; Pandis et
al., 2008). However, Baumrind et al. (1996) found a higher prevalence of EARR in
males than in females and Kjaer (1995) observed more EARR among females than
males. No statistical difference was found in relation to the use of pendulum in our
study. It is worth mentioning that all the patients who made use of pendulum were
orthodontically treated with the straight-wire technique and all the individuals who did
not use pendulum were treated with the edgewise technique. No influence was also
observed of the type of orthodontic appliance on EARR in other studies (Mohandesan
et al., 2007; Lopatiene & Dumbravaite, 2008), but Mavragani et al. (2000) found greater
EARR in patients treated with edgewise technique than the straight-wire. Data of this
work suggest that maxillary incisors do not present susceptibility to EARR during RPE;
however, other authors have found such association (Vardimon et al., 2005). It is worth
mentioning that all individuals who made use of the expanse appliance type Haas in
this study also used the pendulum appliance. Moreover, in the present study, no
significant difference was found when Class Il elastic was used, in contrast with other
authors (Mavragani et al., 2000).

The x-ray is the common employed method to diagnose EARR, and is
considered to be effective and predictive (Sameshima & Asgarifar, 2001; Mah &
Prasad, 2004). However, it presents limitations, as standardization, radiation exposure
remain, and a restricted point of view (Mah & Prasad, 2004). Moreover, radiographic
method is static and cannot indicate if the process of root resorption has finished or is
ongoing, just showing the result of the EARR process (Andreasen et al., 1987; Owman-
Moll, 1995; Jiang & Zhang, 2003; Mah & Prasad, 2004; Makedonas, et al., 2009). So
far, EARR has been measured on lateral cephalometric and panoramic radiographs
(Harris, et al., 1997; AL-Qawasmi, et al., 2003). Once diagnosis by those types of x-
rays is thought to be imprecise and questionable, standardized intraoral radiographs
should be used instead by the fact they provide more detailed image information (Linge
& Linge, 1991, Levander et al., 1998). In the present study, periapical x-rays were used
to measure EARR. Even in the periapical x-rays, the image interpretation of the
resorptions present limitations, but they are the most indicated method of analysis
among the accessible ones (Consolaro, 2004).

Although EARR may even be detected in non-treated subjects (Lopatiene &
Dumbravaite, 2008), the results of this study are consistent with the published literature
showing that teeth without any forces have less resorption than teeth that have

undergone orthodontic treatment (Mohandesan et al., 2007).
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Our findings of a clinically significant association between the degree of EARR
and orthodontic treatment suggest that individuals susceptible to EARR may be
identified early in treatment (Levander et al., 1998; Levander & Malmgren, 2000). It has
been shown that EARR of the upper incisors, observed during the initial months of
treatment, could be a predictor of a higher risk for continuing resorption during
treatment (Levander et al., 1998; Wierzbicki et al., 2009). Consequently, it has been
recommended that periapical x-ray should be obtained after 6 months of the initial
treatment (Levander et al., 1994; Levander et al., 1998; Levander & Malmgren, 2000).

Susceptibility to EARR is believed to have a genetic basis (Newman, 1975
Harris et al., 1997; Ngan et al., 2004) (see table 3). The genetic component controlling
the occurrence and extent of EARR accounts from 50 to 70% in humans and was
especially identified in maxillary central incisors (MCI) and mandibular central incisor
(MLI) (Harris et al., 1997; Ngan et al. 2004). This may due to the fact those teeth are
more subject anterior retraction forces in individuals with Class Il division 1
malocclusion during orthodontic treatment.

Efforts to investigate host factors influencing EARR are scarce and have
focused on linkage and association analysis (Table 3). Concerning linkage analysis,
only one study was conducted and found an evidence for linkage of TNFRSF11A
(RANK) with EARR (AL-Qawasmi et al., 2003b). In the case of association studies,
only 2 candidate genes of the immune-inflammatory response have been investigated:
IL1A and IL1B, coding for IL-1a and IL-1B pro-inflammatory mediators, respectively (Al-
Qawasmi et al., 2003a; Lages et al., 2009; Gulden et al., 2009). An evidence for
association was identified between EARR and alleles from IL1A and IL1B gene
polymorphisms. In the case of IL1A (-889) polymorphism, a significant difference in the
genotype distribution was found between EARR patients and the control group, with an
augment of genotype TT in the group with EARR in a North-American population
(Gulden et al., 2009). Concerning IL1B (+3954), allele C (Lages et al., 2009) and
genotype CC (AL-Qawasmi et al., 2003a) were significantly associated with the EARR
in a Brazilian and a North-American population, respectively (Table 3).

Vitamin D is the major regulator of calcium homeostasis and protects the
organism from calcium deficiency via effects on the intestine, kidney, and bone.
Vitamin D is well known as a hormone involved in mineral metabolism and bone
formation, and its effect is to facilitate intestinal absorption of calcium and phosphate
Vitamin, (Lips, 2006; Fleet, 2006). Numerous effects of vitamin D on bone have been
demonstrated, as a synthesis of bone matrix protein such as type | collagen, alkaline
phosphatase, osteocalcin and osteopontin (Gallagher & Riggs, 1990; Glenville et al.,

1996). Several epidemiological studies have reported positive associations between
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osteoporosis or low bone density and alveolar bone and tooth loss (Naito et al., 2007).
It also inhibits lymphocyte proliferation and stimulates monocyte differentiation (Labuda
et al., 1992). Thus, there is considerable scientific evidence that vitamin D has a variety
of effects on immune system function that may enhance innate immunity and inhibit the
development of autoimmunity (Griffin et al., 2003).

The effects of vitamin D on cells are thought to be mediated through the
vitamin D receptor (VDR) that belongs to the steroid receptor super family (Sinotte et
al., 2008), a transcription factor regulating gene expression in several cell types,
including osteoblasts (Masuyama et al., 2006). Polymorphisms in the VDR gene have
been associated with bone mineral density, bone turnover, and diseases in which
mineral loss is a cardinal sign (Gunes et al., 2008). However, to the authors’
knowledge this is the first study to investigate association of VDR polymorphisms and
susceptibility to EARR. It was observed an enrichment of heterozygotes in the
individuals genotyped for polymorphism VDR Tagql (T/C) (rs731236) in this study. The
inclusion of individuals with malocclusion Class Il division 1 of Angle may have favored
the selection of such a genotype. It can be suggested that the craniofacial grow pattern
may be related with the heterozigosity. Also, genotypes containing the C allele were
observed to be weakly associated with protection against root resorption in patients
orthodontically treated. Although the literature shows some controversy, it seems that
C allele of polymorphism Tagl increases mRNA stability and VDR expression (see
Uitterlinden et al., 2004). The protector effect of allele C might only be observed in
individuals orthodontically treated. The mechanical forces might regulate gene
expression during orthodontic treatment though a mechanism involving transducing
molecules and mechanosensitive ion channels (Kung, 2005).

In summary, it was observed that clinical aspects such as age, initial root
length, and premolar extraction as well as VDR Taqgl polymorphism (rs731236) were

associated with EARR in orthodontically treated individuals.
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Table 1. Baseline clinical characteristics of the study population.

Group 1 Group 2 Group 3 p value
n=160, (%) n=179, (%) n=38 (%)
Gender, n (%)
Female 86 (53.7) 99 (55.3) 23 (60.5) 0.695
Male 74 (46.3) 80 (44.7) 15 (39.5)
Age, years
mean + SD (range) 14.50+3.01 (8-21) 15.33+2.64 (9.9-20)* 16.46+1.93 (11-19)% <0.001

Group 1: individuals orthodontically treated with EARR <1.43 mm; Group 2: individuals
orthodontically treated with EARR >1.43 mm; Group 3: individuals orthodontically untreated.

’ Chi-square; “ ANOVA, mean # standard deviation. Equal letters mean statically significant
differences.
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Table 2. Clinical variables influencing EARR in individuals orthodontically treated.

EARR p-value* p-value**
Variable n <143 >143 (univariate) (multivariate) OR Cl 95%
n=160 (47.2%) n=179 (52.8%) n=339 n=339
Age (years) ®
<14 147 80 (54.4) 67 (45,6)
>14 192 80 (41.7) 112 (58.3) 0.021 0.022 1.69 1.08 —2.66
Gender
Female 185 86 (46.5) 99 (53.5)
Male 154 74 (48.1) 80 (51.9) 0.827
Initial Root (mm) °
<30 258 133 (51.6) 125 (48.4)
230 81 27 (33.3) 54 (66.7) 0.005 0.002 2.34 1.36 —4.03
XP
No 291 143 (49.1) 148 (50.9)
Yes 48 17 (35.4) 31 (64.6) 0.087 0.052 194 0.99 -3.78
Elastics
No 276 133 (48.2) 143 (51.8)
Yes 63 42 (42.9) 36 (57.1) 0.486
RPE
No 285 130 (45.6) 155 (54.4)
Yes 54 30 (55.6) 24 (44.4) 0.185
Pendulum
No 252 113 (44.8) 139 (55.2)
Yes 87 47 (54) 40 (46) 0.171
Genotype
T 58 33 (56.9) 25 (43.1)
TC +CC 274 124 (45.3) 150 (54.7) 0.114 0.104 1.64 0.90 — 2.97

* Exact Fisher’s test, p<0.05

** Regression Logistic Model, Wald’s test, p<0.05 (variable were included when p<0.20 in univariate
analysis).

& Cutoff point (14 years) suggested by ROC curve (0.574, p=0.017).

® Cutoff point (30 mm) suggested by ROC curve (0.620, p<0.001).
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Table 3. A summary of studies in humans investigating genetic aspects on external apical root resorption (EARR).

Authors (year) Type of study  Sample (n) Mean age (yr-old)  Population X-ray Malocclusion Results
Newman (1975) Descriptive 47 individuals (case: 41; 14.5 North-American Pe' 50% Class | Familial aggregation suggested
control: 6) 27% Class Il d1
6.8% Class Il d2
9.1% Class Ill
Harris et al. (1997) Twin study 103 twin pairs boys:14.5 North-American p? 30% Class | ~70% heritability to EARR of MCI°® and LM’
girls:13.3 c? 63% Class I
9% Class Il
AL-Qawasmi et al. Family-based 35 families (118 individuals: 12.1 North-American P Class | IL1A (-889) polymorphism not associated. IL1B
(2003 a) association study 73 siblings and 45 parents) © Class Il (+3954) genotype CC [OR 5.6 Cl 95% 1.9-21.2
Class IlI p=0.0003] associated with EARR>2mm in
MCI, MdCI®, LM
AL-Qawasmietal. Linkage 38 families (124 individuals; 12.3 North-American P Class | Evidence for linkage of D18S64 microsatellite
(2003 b) analysis 79 siblings and 45 parents) C Class Il marker [lightly linked to TNFRSF11A (RANK)]
Class IlI with EARR>2mm [LOD=2.5; p=0.02] in MCI
Ngan et al. Twin study 26 twin pairs 13.5Mz Australian P Class | 49% heritability to EARR in MCI and 66% in
(2004) (16 Mz* 10 DZ°) 2.9DZ Austrian Class Il LM
Class llI
Lages et al. Population-based 61 Individuals ? Brazilian Pe 54% Class | Allele C of IL1B (+3954) is associated with
(2009) association study (case: 23; control: 38) 39% Class Il EARR [OR=4.0 Cl 95% p<0.05] in MCI and
6% Class Il MLI*
Gulden et al. Population-based 94 individuals 212 North-American P IL1B (+3954) polymorphism not associated with
(2009) association study (case: 45; control: 49) EARR. Genotype TT of IL1A (-889)
polymorphism is associated with EARR
(p<0.032)
Pe' periapical X-ray; P*: panoramic X-ray; C* Cephalometric X-ray; MZ*: monozygotic; DZ>: dizygotic
MCI®>:  maxillary central incisor; LM% lower molar; MdCI>: mandibular central incisor; MLI': maxillary lateral incisor.
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Table 4. Genotype and allele distribution of the VDR Taql polymorphism between the

groups.

Genotypes Group 1, n=157 (%) Group 2, n=175 (%) Group 3, n=35 (%) p-value*

TT 33 (21.02) 25 (14.29) 2 (5.71)
TC 117(74.52) 139 (79.43) 33 (94.29) 0.051
cC 7 (4.46) 11 (6.29) 0 (0.00)

Alleles Group 1, n=314 (%) Group 2, n=350 (%) Group 3, n=70 (%) p-value*

T 183 (58.28) 164 (46.85) 35 (50.00) 0.455
C 131 (50.00) 138 (39.42) 33 (47.14)

Group 1: EARR £1.43 mm; Group 2: EARR >1.43 mm; Group 3: non orthodontically treated.
*Chi-square, p<0.05.
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a b

Fig. 1. (a) Anatomical references to measure EARR: cementoenamel junction (CEJ).

(b) References of measurements in x-ray.
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Fig. 2. Measurements with Calipter in x-ray.
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Fig. 3. Comparison of the EARR values (initial and final root length) among the groups
(Paired t-test). Group 1: individuals orthodontically treated with EARR <1.43mm;
Group 2: individuals orthodontically treated with EARR >1.43 mm; Group 3:

individuals orthodontically untreated.
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4. CONCLUSAO

Os seguintes parametros clinicos estiveram associados a reabsorcédo radicular
apical externa: pacientes com maior idade, dentes com raizes mais longas e

extracdo de pré-molares.

Gendtipos contendo o alelo C do polimorfismo Tagl (C/T) no gene VDR
(rs731236) foram fracamente associados com protecdo contra a RRAE em
individuos ortodonticamente tratados.
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