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Resumo A falha de implantes osseointegráveis é um processo complexo e 

multifatorial. Fatores clínicos sozinhos parecem não explicar totalmente o processo de 

perda de implantes. Essas observações, juntamente com a tendência de agregação de 

casos de perda em certos indivíduos, apontam para questões interessantes 

relacionadas com a susceptibilidade do hospedeiro à falha de implantes dentais. 

Evidências de influência genética a falhas de implantes dentais vêm sendo 

demonstradas. Polimorfismos genéticos são classicamente considerados como fatores 

de risco a diversas patologias, e mais recentemente, à perda de implantes dentais. A 

vitamina D está envolvida em uma ampla variedade de processos biológicos, como o 

metabolismo ósseo, e seus efeitos são mediados por seu receptor (VDR). Os objetivos 

deste estudo são: i) apresentar uma breve descrição das metodologias utilizadas em 

análises genéticas de doenças complexas, especialmente aplicadas à perda de 

implantes dentais, seguida de uma revisão crítica da literatura a respeito da 

suscetibilidade genética à falha de implantes dentais osseointegráveis; ii) investigar 

fatores clínicos relacionados ao processo de falha de implantes, e iii) analisar a 

associação entre polimorfismo (rs731236, TaqI)  do gene do VDR e a perda de 

implantes dentais osseointegráveis. Duzentos e dezessete (217) pacientes não-

aparentados, média de idade 51,7 ± 11,3 anos, foram divididos em dois grupos: Grupo 

Controle (C), 137 indivíduos com pelo menos um implante osseointegrado em função 

por pelo menos seis meses e nenhuma perda e Grupo Estudo (S), 80 indivíduos com 

perda de pelo menos um implante. O perfil socioeconômico, estado médico geral, fumo, 

parâmetros de higiene bucal e parâmetros clínicos, como número de dentes presentes, 

condição periodontal, qualidade e quantidade óssea, presença de enxerto, posição do 

implante, estabilidade primária, comprimento e diâmetro do implante, tipo de plataforma 

e tempo para carga foram avaliados. Depois da obtenção e purificação do DNA, foi 

realizada a análise do polimorfismo pela técnica de PCR-RFLP. Diferenças entre grupo 

controle e estudo e entre implantes perdidos e saudáveis foram avaliadas. Os seguintes 

parâmetros clínicos estiveram associados à perda de implantes: edentulismo, 

profundidade de bolsa, posição do implante, estabilidade primária, o comprimento do 

implante, a técnica cirúrgica e a quantidade óssea. Nenhuma associação foi encontrada 

entre genótipos/alelos do polimorfismo TaqI do VDR e a perda de implantes dentais 

osseointegráveis. Oservou-se que aspectos clínicos, mas não o polimorfismo estudado, 

estiveram associados à perda de implantes dentais osseointegráveis.  



 

 

 

3

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                      ABSTRACT  
                       



 

 

 

4

Abstract The observation that clinical factors alone do not explain implant loss in 

some patients, the understanding of the osseointegrated implant failure as a 

complex, multifactorial process, and the observed aggregation of repetitive failure in 

certain individuals raise interesting questions related to host susceptibility to dental 

implant failure. There has been shown evidence for genetic contribution to implant 

failure. Genetic polymorphisms have been classically considered risk factors for 

several diseases and, more recently, for dental implant loss. Vitamin D is a mediator 

of bone metabolism, which acts bound to its receptor (VDR). The aims of this study 

were i) to provide a brief description of the current methodology for genetic analysis 

of complex traits, especially applied to dental implant failure, followed by a 

comprehensive review of the literature related to genetic susceptibility to dental 

implant failure; ii) investigate clinical factors related to the failure process, and iii) 

investigate the association between the rs731236 (TaqI) VDR polymorphism and 

implant loss. Two hundred and seventeen (217) unrelated patients, mean age 51.7 ± 

11.3 years, were divided into two groups: Control group (C), 137 individuals 

presenting at least one implant in function for six months and without any implant 

failure, and Study group (S), 80 individuals with at least one implant loss. Patients’ 

socioeconomic profile, general medical condition, smoking, hygiene parameters, and 

clinical measurements such as number of teeth, periodontal status, bone quantity 

and quality, graft presence, implant position, primary stability, length and diameter, 

type of platform, and time to load were evaluated. After DNA collection and 

purification, polymorphism analysis was performed by PCR-RFLP. Differences 

between control and study groups and between healthy and lost implants were 

accessed. Regarding clinical aspects, the following parameters were observed to 

influence implant failure: edentulism, probing pocket depth, implant position, primary 

stability, implant length, bone quantity, and surgical technique. No association 

between genotypes or alleles of TaqI polymorphism and implant loss was found 

between the groups. It was observed that clinical aspects, but not the study 

polymorphism, were associated with dental implant failure. 
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1. INTRODUÇÃO 
 

Implantes dentais osseointegráveis 

A reposição de dentes perdidos é de grande importância para a manutenção da 

saúde geral do paciente. O implante dental é, atualmente, o tratamento de eleição 

para a reposição de dentes perdidos (Att & Stappert 2003; Henry 2005). A taxa de 

sucesso dos implantes osseointegráveis varia entre 85 a 100% em estudos 

longitudinais de até 24 anos (Adell et al. 1990; Bain & Moy 1993; Bain 1996; 

Lekholm et al. 1999) e para todos os sistemas de implantes (Scolozzi & Jaques 

2004; Esposito et al. 2005). Apesar do alto índice de sucesso na colocação de 

implantes, falhas podem ocorrer, muitas vezes sem a identificação de causa clínica 

(Ellen 1998; Goodacre et al. 1999; Graziani et al. 2004; Fugazzotto 2005). 

A taxa de insucesso é pequena em porcentagem, mas torna-se relevante em 

número absoluto, devido à grande quantidade de implantes instalados e à demanda 

crescente de indicações. 

  As falhas na osseointegração dividem-se em precoces e tardias. As falhas 

precoces são aquelas ocorridas anteriormente à osseointegração, e as tardias, após 

o implante ter sido osseointegrado (Esposito et al. 2004). As falhas precoces podem 

estar relacionadas ao uso do cigarro (Ganeles & Wismeijer 2004), a doenças 

sistêmicas (Weyant & Burt 1993; Quirynen & Teughels 2003), à qualidade e 

quantidade óssea (Stanford 2003; Rosenberg et al. 2004; Degidi & Piattelli 2005), ao 

trauma cirúrgico (Lang et al. 2004) e à contaminação durante a cirurgia (van 

Steenberghe & Quirynen 1990; Kuttenberger et al. 2005). Já as falhas tardias 

relacionam-se principalmente à periimplantite (Rosenberg et al. 2004) e à 

sobrecarga oclusal (Misch et al. 2004). 
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 Estudos controlados são necessários para dar suporte científico ao 

entendimento dos processos de falhas de implantes osseointegráveis (Graziani et 

al. 2004; Fugazzotto 2005). Apesar dos diversos estudos realizados sobre falhas de 

implantes osseointegráveis, várias questões sobre fatores de risco à perda 

permanecem sem resposta e necessitam de mais investigações (Esposito et al. 

2004; Graziani et al. 2004).                                           

A ocorrência de insucesso na colocação de implantes dentais não parece 

estar distribuída de forma aleatória na população; ou seja, há um pequeno grupo de 

indivíduos no qual ocorrem inúmeras perdas (Tonetti 1999). Indivíduos com um 

implante falho são mais propensos a sofrer outras falhas (Weyant & Burt 1993; 

Hutton et al. 1995), indicando a existência de grupos de risco para a perda de 

implantes, sugerindo que fatores genéticos podem estar envolvidos nesses 

insucessos (Esposito et al. 1998). 

Os critérios para a avaliação do fracasso de um implante estão baseados em 

alterações clínicas e radiográficas, que normalmente refletem condições patológicas 

extensas, nas quais o dano já ocorreu. A identificação de fatores relacionados ou 

determinantes da perda de implantes pode permitir uma intervenção precoce, 

minimizando as injúrias ao tecido e aumentando o potencial de sucesso terapêutico 

(Kao et al. 1995). 

 

Ferramentas  de investigação de fatores genéticos associados à p erda de 

implantes dentais osseointegráveis 

Análises genéticas aplicadas a implantes dentais começaram a ser realizadas no 

final dos anos 90 (Wilson & Nunn 1999). Desde então, interesse crescente vem 

sendo demonstrado em vários estudos (Santos et al. 2004a; Santos et al. 2004b; 
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Jansson et al. 2005). No entanto, esses estudos são baseados na escolha de genes 

candidatos em análises de associação. Nesta linha, vem se tentando identificar 

genótipos/alelos específicos como marcadores de risco à perda de implantes 

dentais.  

As doenças complexas resultam da interação de um ou mais fatores 

genéticos e ambientais (Schutte & Murray 1999). Quando se estudam doenças 

complexas é esperada a existência de múltiplos loci afetando esta condição (Muhle 

et al. 2004). Classicamente o primeiro objetivo de estudos genéticos em doenças 

complexas é a detecção de um componente genético por dados observacionais; 

porém, a simples identificação do componente genético não revela quais e quantos 

genes estão envolvidos na determinação da suscetibilidade individual. Usualmente, 

duas são as principais estratégias utilizadas para a determinação desses genes: i) 

análise de ligação e ii) análise de associação.  

A análise de ligação é uma técnica de determinação de regiões genômicas 

relacionadas com a doença e seus padrões de segregação em famílias afetadas 

(Weeks & Lange 1992). As suas limitações mais importantes são: i) a necessidade 

de obtenção de múltiplos pedigrees com indivíduos afetados, o que se torna difícil 

em doenças de aparecimento tardio, ou muito raras; ii) baixa força em detectar 

genes de efeito leve a moderado; iii) dificuldades na replicação destes estudos, e iv) 

baixo poder de determinação exata dos loci que estão em ligação com a doença. 

A análise de associação é baseada na comparação de freqüências alélicas e 

genotípicas entre indivíduos afetados e não-afetados. O alelo/genótipo é dito 

associado se ocorrer em uma freqüência significativamente maior na população 

afetada em comparação à não-afetada (Lander & Schork 1994). Geralmente são 

escolhidos genes candidatos, que tenham algum envolvimento no processo 
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fisiopatológico do objeto de estudo. Esta análise é mais apropriada para a detecção 

de genes com baixo a médio efeito (Risch & Merikangas 1996). Por outro lado, em 

estudos caso-controle pode-se introduzir variáveis não relacionadas com a doença, 

desta forma obtendo-se associações espúrias (Devlin et al. 2001; Mayeux 2005). 

A análise de scan genômico caso-controle poderia representar um método 

alternativo e de maior abrangência na detecção de polimorfismos de base única 

(SNPs) para o estudo da influência genética na perda de implantes. Dessa forma, 

aumentariam-se as chances da determinação de marcadores ligados à perda de 

implantes. 

Avanços na elucidação da influência de fatores genéticos na perda de 

implantes dentais osseointegráveis podem, no futuro, contribuir tanto para a 

detecção de indivíduos de maior risco à perda de implantes, quanto para o 

tratamento individualizado e melhor prognóstico.  

 

Receptor da Vitamina D (VDR) 

A descoberta da vitamina D ocorreu entre 1919 e 1924 (DeLuca 1988). Ela é 

considerada um hormônio esteróide multifuncional que modula a homeostasia 

mineral e a arquitetura esquelética normal (Nagpal et al. 2005), através de ação 

predominantemente no intestino (Walters et al. 2004; Collins et al. 2005). Ela é 

produzida pelas células da pele, por ação dos raios ultravioletas, ou pode ser 

ingerida. Sua forma ativa, 1,25 dihidroxivitamina D3 [1,25-(OH)2D3], é obtida após 

sua metabolização no fígado e posteriormente nos rins (Prosser & Jones 2004; 

Shinkyo et al. 2004). A vitamina D está envolvida em uma ampla variedade de 

processos biológicos, como o metabolismo ósseo (Davideau et al. 2004), a 

modulação da resposta imune (Mathieu et al. 2004) e a regulação da proliferação e 
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diferenciação celular (Sooy et al. 2005). Análogos sintéticos da vitamina D vêm 

sendo desenvolvidos para o tratamento de doenças como psoríase, osteoporose, 

hiperparatireoidismo e câncer (Nagpal et al. 2005), o que denota sua relevância 

clínica. A maioria dos efeitos já sabidos da vitamina D são mediados via um receptor 

intracelular de alta afinidade, o receptor da vitamina D (VDR) (van Etten & Mathieu 

2005). 

O VDR é uma proteína classicamente nuclear, membro da superfamília de 

receptores de hormônios esteróides (Nezbedova & Brtko 2004). É um fator de 

transcrição modulado através de um ligante (a vitamina D), formando um complexo 

capaz de estimular transcrições gênicas, cujo produto pode promover a 

diferenciação osteoclástica (Kim et al. 2005). O VDR está presente em mais de 30 

tecidos-alvo em humanos (Reichel et al. 1989), três deles envolvidos com a 

homeostasia de cálcio (intestinos, ossos e os rins). Camundongos knockout para o 

gene do VDR mostraram hipocalcemia, hipofosfatemia, hipoparatireoidismo, 

raquitismo e osteomalácia (Sakai & Demay 2000), demonstrando sua importância 

na manutenção da homeostasia óssea (Goltzman et al. 2004).  

O gene do VDR está localizado no cromossomo 12, na região 12q13.1. 

Possui 9 éxons, e uma extensa região promotora (Poon et al. 2004), este gene 

contém 63.454 pb.  

 Polimorfismos são alterações na seqüência gênica, que geram formas 

variantes, denominadas alelos, cuja freqüência do mais raro é superior a 1 % 

(Nussbaum et al. 2002). A abundância e a grande freqüência de polimorfismos no 

genoma humano os transformam em alvo para explicar a variabilidade genética 

(Korstanje & Paigen 2002; Thomas & Kejariwal 2004) e sua influência no risco e 
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progressão de algumas doenças (Morange et al. 2005; Rao et al. 2005; Sun et al. 

2005) 

Vários alelos polimorficos têm sido descritos no gene do VDR (Faraco et al. 

1989; Morrison et al. 1992; Ye et al. 2000) e foram associados a diversas doenças, 

tais como a osteoporose (Duman et al. 2004), a asma (Poon et al. 2004), o diabetes 

tipo I (Marti et al. 2004), e diversos tipos de câncer, como o de mama (Guy et al. 

2004), o de cólon e reto (Slattery et al. 2004) e o de próstata (Cheteri et al. 2004),  

 A região não-traduzida 3’ (UTR) está envolvida com a regulação de 

expressão gênica, especialmente pela modificação de estabilidade do mRNA 

(Decker & Parker 1995; Durrin et al. 1999). Um polimorfismo (T/C) no éxon 9 

(rs731236) do gene do VDR, reconhecido pela enzima de restrição TaqI, parece 

estar em desequilíbrio de ligação (LD) com a 3’ UTR (Morrison et al. 1992; Morrison 

et al. 1994). Alelos desse polimorfismo podem estar associados a uma maior ou 

menor estabilidade do RNAm, modulando sua expressão intracelular. Por regular a 

disponibilização do VDR, esse polimorfismo é considerado funcional. 

 O polimorfismo TaqI no gene do VDR gene tem sido associado a parâmetros 

de densidade óssea (Yamagata et al. 1999; Sun et al. 2002) e a doenças 

complexas, como o câncer (Verbeek et al. 1997; Lundin et al. 1999), a osteoporose 

(Horst-Sikorska et al. 2005) e a doença periodontal (Sun et al. 2002; de Brito Junior 

et al. 2004; Park et al. 2006). Além disso, dois blocos de desequilíbrio de ligação 

(associação de alelos de polimorfismos diferentes que são herdados em bloco) 

foram estabelecidos para o gene do VDR (Poon et al. 2004), e o polimorfismo TaqI 

pode representar o segundo bloco.  
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2. PROPOSIÇÃO 
 
 
Objetivo geral 

 

O objetivo do presente trabalho é investigar a associação de aspectos 

clínicos e genéticos com a perda de implantes dentais osseointegráveis.  

 

Objetivos específicos 

 

 i) Identificar as possíveis metodologias de investigação de fatores genéticos 

associados à perda de implantes dentais osseointegráveis, seguida de uma revisão 

crítica da literatura a respeito da suscetibilidade genética à falha de implantes 

dentais osseointegráveis; 

 ii) Investigar aspectos clínicos envolvidos com a perda de implantes dentais 

osseointegráveis; 

 iii) Analisar a associação entre alelos e genótipos específicos de polimorfismo 

(rs731236, TaqI) no gene do VDR e a perda de implantes dentais osseointegráveis. 
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Abstract  The observation that clinical factors alone do not explain why some 

patients develop implant loss, the understanding of the osseointegrated implant 

failure as a complex, multifactorial process and the observed aggregation of 

repetitive failure in certain individuals raise interesting questions related to host 

susceptibility to dental implant failure. Genetic analysis applied to dental implants 

began in the late 90’s and since then, increased interest in genetic susceptibility to 

the phenotype has been demonstrated by several studies. These studies, however, 

have been based on and limited to candidate gene association analysis, intended to 

find association between specific alleles and/or genotypes of genetic markers and 

susceptibility to implant failure. The aim of this review is to provide a brief description 

of the current methodology for genetic analysis of complex traits, followed by a 

comprehensive review of the literature related to genetic susceptibility to dental 

implant failure and a discussion of different aspects of the applied methodology. 

Moreover, it brings up a novel approach of genome wide, case-control analysis, as 

an alternative method to access genetic influence to dental implant failure 

mechanisms. Advances towards the elucidation of the genetic basis of dental implant 

loss may contribute to the understanding of why some patients do not respond to 

currently available treatments while others do, providing potential targets for effective 

screening, prevention and treatment. For example, clinicians might be able to 

estimate, before the elective surgical procedure, the risk of a given patient to develop 

a negative individual host response. 

 

 

Key Words: dental implant - osseointegration - implant failure – polymorphisms - 

genetic approaches.  
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Osseointegrated dental implants are fixtures, commonly of titanium, which are 

surgically screwed into the jaw bone. After the surgery, a traditional, two-step 

technique requires a healing phase of 90-180 days without submitting the implant to 

mechanical, mastigatory forces. Only after the healing phase the prosthesis (crown) 

is attached to the implant and submitted to occlusal load. In an alternative, one-step, 

immediate load technique, the healing processes occurs in the presence of 

mastigatory forces. In both cases, the implant is expected to functionally and 

structurally connect to the bone in a process known as osseointegration 1. The 

mechanism of osseointegration of dental implant is very similar to the primary bone 

healing. First, the inflammatory process promoted by surgical trauma causes 

circulatory alterations and hematoma. Then, regeneration takes place, with the 

wound being substituted by bone tissue in a remodeling process that leads to wound 

maturation 2. Therefore, successful implant osseointegration is likely to depend on 

factors such as an appropriate tissue repair mechanism 3 and adequate 

immunological response 4. 

Dental implant is a very predictable procedure that often provides the best 

result for dental replacement of patients presenting missing teeth 5,6. In spite of a 

success rate above 90 %, the absolute number of dental implant failure is significant, 

given that approximately one million procedures are conducted annually, worldwide 

7. Dental implant osseointegration failure is a complex, multifactorial trait, 

investigated by several clinical follow-up and retrospective studies 6,8,9. The process 

is divided into early and late events: early failure occurs before implant load, and late 

failure takes place after the implant has received occlusal load 10. Early failures have 

been related to smoking 11, aging 12, systemic diseases 13,14, bone quantity and 
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quality 15-17, surgical trauma 18, and contamination during surgical procedure 19,20. 

Late failures have been related to peri-implantitis 17 and occlusal overload 21.  

Although these previous studies have provided an important contribution to 

the understanding of the implant failure process, in some situations, clinical factors 

alone do not explain why some patients develop implant loss 22. Moreover, the 

occurrence of implant failures is not randomly distributed in treated populations, 

multiple implant losses are likely to occur in specific high-risk individuals, a 

phenomenon termed clusterization 23, and re-occurrence of implant failure is 

frequently observed 14,24. Taken together, these observations strongly suggest the 

existence of genetic risk factors for dental implant loss 25. 

 

Genetic Analysis of Complex Traits  

Complex traits result from an interaction between one or more genetic variants and 

environmental or non-genetic risk factors 26. When studying complex traits, it is 

generally expected the existence of multiple loci affecting the disorder 27. Classically, 

the first goal of a genetic study involving a complex trait is to detect a genetic 

component from observational data. This can be achieved by applying several 

different strategies, such as the observation of familiar aggregation of cases or the 

clusterization phenomenon, in cases where access to pedigrees is limited. Another 

powerful tool is twin studies, in which the concordance rate of a trait is estimated and 

compared among homozygous and dizygous twins. Finally, complex segregation 

analysis can be used to describe the mode of inheritance that provides the best fit, 

given the observed pedigree data. Unfortunately, none of these approaches provide 

information about the exact nature of the genetic component, such as number, 

location and identity of the genes involved; therefore further studies are necessary, 
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typically involving two main strategies: linkage analysis and association analysis. 

Figure 1 shows the usual pathway one might follow, from detecting a genetic 

component to the identification of the gene variants responsible for the studied 

complex phenotype. 

Linkage analysis is a genomic region hunting technique that traces patterns of 

co-segregation of the trait and specific genomic segments in high-risk, multiple 

affected pedigrees 28. The goal is to physically locate a disease-causing gene within 

the narrowest possible genomic interval. Genes are located based solely on their 

position in the genome. Modern linkage analysis is a powerful approach for studying 

both mendelian and complex genetic disorders 29, suitable for large candidate region 

analysis or even genome wide searches 30,31. Results are usually expressed in LOD 

scores; it is generally accepted that statistical significance is reached when the LOD 

score is higher than 3.0 for candidate region analysis, and 3.3 for genome-wide 

studies 32,33. The most important limitations of linkage analysis are (i) the need to 

enroll multiple-affected pedigrees, difficult to obtain in cases of rare or late-onset 

diseases; (ii) low power to detect genes exerting moderate to low effect over the 

phenotype 34; (iii) replication of positive linkage has proven to be a difficult task; and 

(iv) low power to pinpoint the exact gene/variation causing the linkage effect 35. In 

fact, linkage analysis of complex traits often results in the identification of a genomic 

region several megabases long and containing a large number of genes. In these 

cases, narrowing down the candidate genomic region is usually attempted through 

association analysis. 

Association analysis is based on the comparison of the allele frequencies of a 

genetic marker across affected and unaffected individuals. This can be done in a 

family-based or population-based (case-control) sample. A given allele is considered 
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to be associated with the disease if that allele occurs at a significantly higher 

frequency among affected, as compared to unaffected individuals 36. The strategy is 

commonly used for candidate gene analysis, with the candidate genes usually 

defined based on their possible role on disease physiopathology (functional 

candidates), by previous linkage analysis (positional candidates) or both. Association 

analysis is more powerful than linkage analysis to detected genetic effects with low 

to moderate genotypic relative risk 31. However, since the association effect extends 

over very short genomic segments, the strategy is not as suitable as linkage analysis 

for large genomic region or genome-wide screening – several hundreds of 

thousands of markers would be required for a reliable genome-wide coverage. In 

addition, the need of large sample sizes, small P-values and replication in 

independent samples have been advocated as reliability parameters for true 

association 37. Moreover, in population-based, case-control studies, patients may 

differ from the control group in their genetic background, introducing variables 

unrelated to the disease and causing a type of spurious association or confounding 

named population stratification 38,39. 

Encouraged by the early success in the identification of genes responsible for 

monogenic diseases, many investigators have embraced different strategies for the 

dissection of the genetic component controlling complex diseases 40. For example, a 

two-step study using hypothesis-generating, genome-wide linkage analysis followed 

by association-based, fine mapping of the candidate regions identified has resulted 

in the first positional cloning of genetic variants associated with an infectious disease 

41. However, the knowledge about the genetic mechanisms controlling complex traits 

is still fragmented and incomplete, and little is known about genetic susceptibility to 

most physiopathological processes 4. 
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Genetic Analysis of Dental Implant Failures  

Inter-individual variability to different phenotypes is partially determined by the 

human genetic code. Specifically, variability is due to the existence of a large 

number of polymorphisms, gene sequence variations with minimum allele frequency 

higher than 1 % in the population, distributed evenly throughout the entire genome 

42. Polymorphisms have been shown to modulate host response and susceptibility to 

numerous diseases 43-46. A polymorphism is said to be “functional” if modulates gene 

expression or results in an amino acid change in the polypeptide chain 45. 

Alternatively, a polymorphism is defined as “silent” if no obvious, predictable 

biological impact can be inferred 47. Independently of their functional impact, 

polymorphisms can be used as gene markers for genetic analysis, and several 

cases of association between functional and silent polymorphisms have been 

observed. 

The focus of studies investigating genetic susceptibility to dental implant 

failure has been limited to candidate gene, association analysis 18,48-51. In this 

approach, selected genes are defined as candidates based on available information 

about the osseointegration process. Incomplete biological knowledge of the involved 

metabolic pathways, however, limits the search to a fraction of all the correlated 

genes. In these studies, functional polymorphisms, especially those which modulate 

the correspondent protein expression rate, are frequently chosen.  

A systematic review of the literature was carried out in the electronic database 

Medline/PubMed. All the studies concerning genetic analysis of human 

polymorphisms related to dental implants and indexed up to October 2006 were 

considered.  

The most commonly studied functional polymorphisms for dental implant 
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failure are variations of the interleukin-1 (IL-1) gene cluster, in particular in the IL-1α 

(IL1A) and IL-1β (IL1B) genes. Because of IL-1 proinflammatory and bone resorbing 

properties 52,53, a role has been suggested for this cytokine in controlling the risk of 

severe chronic periodontitis development 54. Also, a role for IL-1 on dental implant 

success was proposed 55. However, evidence for association has been found 

between IL1A and IL1B gene polymorphisms (allele T for both IL1A-889 and 

IL1B+3953 polymorphisms, called “positive genotype”) and periodontal disease 54, 

but not with implant failure 56. A non-statistically significant evidence of an increased 

risk to implant failure in patients with specific IL1A and IL1B genotypes was reported 

for different populations 57,58. Otherwise, in a partially edentulous group treated for 

periodontal disease prior to implant treatment, a synergistic effect between the IL1 

positive genotype and smoking was detected 59, characterizing individuals with these 

two conditions together as a high-risk population for implant failure. Moreover, 

studies comparing smoking and non-smoking groups detected an increased risk for 

peri-implant bone loss in a heavy smoking population with IL1A and IL1B 

polymorphisms during the after-loading phase 18,49,60. 

Interleukin-2 (IL-2) is a cytokine involved in the B-cell activation and stimulates 

macrophages, natural killer cells and T-cell proliferation, which mediate the cellular 

immune response, being regarded as a proinflammatory cytokine 61-63. Interleukin-2 

has been also implicated in the stimulation of osteoclast activity in bone resorption 64. 

Interleukin-6 (IL-6) plays a role in B-cell differentiation and T-cell proliferation 65. It 

also stimulates hematopoiesis 66 and accelerates bone resorption 67. In spite of the 

association between IL2 and IL6 promoter polymorphisms and periodontal disease 

68,69, no significant differences in the distribution of those polymorphisms were found 

between implant failure and control groups in a Brazilian population 70.  
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Tumor necrosis factor-α (TNF-α) is a potent mediator of immune-inflammatory 

response 71,72 and also has been reported to induce bone resorption in vitro and in 

vivo 73,74. The TNFA (G-308A) gene polymorphism was investigated and showed no 

association with early implant failure 48.  

No association was also found between early osseointegrated implant failure 

and polymorphisms in the transforming growth factor beta-1 (TGF-β1) gene 51. This 

cytokine is a multifunctional protein known to induce the expression of collagen 

genes, to provoke extracellular matrix fibrosis, and to regulate cell growth, 

differentiation and function 75. 

Matrix metalloproteinases (MMPs) are a family of metal-dependent proteolytic 

enzymes which mediate the degradation of extracellular matrix and basement 

membranes in several tissues 76. MMPs are likely to be involved in the dental implant 

osseointegration process 77,78. Polymorphisms that increase transcriptional activity of 

MMP-1 and MMP-9 were analyzed, and allele and genotype frequencies were 

compared between the failure and control groups. Results showed that MMP1 

polymorphisms were associated with implant failure, while no association with 

implant loss was found for the MMP9 promoter region polymorphism 50. 

Polymorphisms in genes involved in bone metabolism have also been 

investigated. A polymorphism in the bone morphogenetic protein-4 (BMP-4) gene 

was associated with marginal bone loss before the second stage surgery (implant 

load) 79. A positive correlation was also observed between a calcitonin receptor 

(CTR) gene polymorphism and marginal bone loss at the second stage surgery 80. A 

summary of studies investigating the association between genetic polymorphisms 

and osseointegrated dental implant failure in different populations is shown in table 

1. The functional impact of the polymorphisms investigated for susceptibility to 
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implant failure is shown in table 2. 

Despite these promising advances, the exact number, identity and role of 

regulatory factors that lead to a successful implant osseointegration and its 

maintenance are still largely unknown, which limits genetic analysis approaches 

based on functional candidate genes. The challenge then is to map all the involved 

genes 40, a considerably difficult task given that the human genome is composed of 

twenty-two pairs of autossomal chromosomes and one pair of sexual chromosomes 

carrying at least 30,000 genes 81.  

 

Future Perspectives 

Although candidate gene, association analysis has proved to be a promising tool for 

the dissection of the exact nature of the genetic component controlling dental implant 

failure, the design is limited by the fact that just a small segment of the genome is 

analyzed. Candidate gene approach is limited in providing a genome-wide 

perspective on interesting gene regions and gene to gene interactions. In addition, 

the sample sizes are often small; therefore, findings must be replicated in larger 

populations. Finally, larger scale studies, such as genome-wide linkage analysis, are 

made difficult by the need of large samples of multiple affected pedigrees. As a 

consequence, genetic susceptibility to osseointegrated implant failure remains widely 

unknown.  

All the studies mentioned above employ single-nucleotide polymorphisms 

(SNPs) as gene markers. SNPs are the most frequently observed type of genetic 

polymorphisms. Catalogued SNPs in public databases have been growing from 1.4 

million in 1999 82 to 2.1 million in 2001 83 up to approximately 4.1 million markers 

available in SNP public databases today  84. Though somewhat less informative than 
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other types of DNA markers, SNPs are technically easier and less expensive to 

genotype. As a recent development, DNA microarrays are a new, fully automated 

technology that allows genotyping hundreds of thousands of SNPs in a single 

experiment 85. This new, extremely high throughput SNP genotyping technology is 

making possible, for the first time, the development of association-based, genome-

wide scans using case-control samples, to investigate genes related to complex 

traits, such as Parkinson disease 86. These whole-genome association studies, using 

hundreds of thousands of SNPs covering the entire genome, combine the best 

features of linkage analysis with the strength of association analysis 87. In this new 

approach, classic, family-based linkage analysis would not be necessary, making it 

possible to study population samples of unrelated subjects. This feature is 

particularly interesting in the context of dental implant failure, where the difficulty of 

enrolling multiple-case families poses a major obstacle for the application of family-

based linkage tools.  

However, some limitations exist. Association-based genome-wide studies are 

still very expensive and limited to laboratories equipped with cutting-edge genotyping 

technology 88. Also, as mentioned before, population-based association analysis 

always involve the risk of cryptic, undetected population stratification leading to 

spurious results. Finally, the generation of such tremendous amount of raw data 

demands the development of new, adequate statistical methods of analysis 38. Still, 

due to the large number of tests performed, false-positive results are likely to 

increase 89. In this context, replication of the original findings in independent 

populations becomes mandatory 90. 

Despite the difficulties, the motivation to continue to apply traditional and new 

approaches of genetic analysis to the effort towards a better understanding of dental 
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implant failure mechanisms is clear. For example, genetic studies may shed new 

light not only upon the physiopathology of dental implant failure, but also upon 

broader, related processes, such as bone healing. In addition, a direct result of such 

studies may be the definition of potential targets for effective screening, prevention 

and maintenance of dental implants.  
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Table 1.  A summary of association studies between genetic polymorphisms and 

osseointegrated dental implant failure in different population. 
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Authors  Polymorphisms  
 

Case (n)/  
Control (n) 

Mean age 
(years) 

Smoking  
Yes/No 

Population  Results  

(Rogers et al. 2002) IL1A (-889) and  
IL1B (+3953) 
 

19/31 66  ? Australian Caucasian  Not associated with implant failure 

(Wilson & Nunn 1999) IL1A (-889) and  
IL1B (+3953) 
 

27/38 57  27/35 ? Not associated with implant failure 

(Campos et al. 2005b) IL1A (-889),  
IL1B (-511, +3953),   
and IL1RN (intron 2 - 
86 bp repeats) 

28/34 47.5  0/62 Brazilian Not associated with early implant 
failure 

(Feloutzis et al. 2003) IL1A (+4845) and  
IL1B (+3954) 
 

? 59.5  41/39  European Caucasian Smoking + IL1 positive genotype 
associated with marginal bone loss 

(Gruica et al. 2004) IL1A (+4845) and  
IL1B (+3954) 
 

34/146 25 to 90 53/127 European Caucasian 
 

Smoking + IL1 positive genotype 
associated with late infection 

(Jansson et al. 2005) IL1A (-889)  
IL1B (+3954) 
 

6/16 54 10/12 European Caucasian Smoking + IL1 positive genotype 
associated with implant loss 

(Shimpuku et al. 2003b) IL1A (-889) and  
IL1B (-511, +3954) 
 

17/22 55.1  14/25 Japanese Associated with marginal bone loss 

(Campos et al. 2005a) IL2 (-330) and  
IL6 (-174) 
 

34/40 46.3  0/74 Brazilian Not associated with early implant 
failure 

(Campos et al. 2004) 
 

TNFA (-308) 28/38 47.2 0/66 Brazilian Not associated with early implant 
failure 

(Santos et al. 2004a) TGFB1 
(-509, -800) 
 

28/40 46  0/68 Brazilian Not associated with early implant 
failure 

(Santos et al. 2004b) MMP1 (-1607) and 
MMP9 (-1562) 

20/26 45.9 0/46 Brazilian  MMP1 -  associated, and 
MMP9 - not associated with implant 
failure 

(Shimpuku et al. 2003a) BMP4 (+538) 
 

21/36 52.6  24/38 Japanese Associated with marginal bone loss 
 
 

(Nosaka et al. 2002) 
 

CTR (+1377) 15/20 54.8 15/20 Japanese Associated with marginal bone loss 
in mandible, but not in maxilla. 
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Table 2.  Functional impact of the polymorphisms investigated for susceptibility 

to implant failure. 
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Polymorphism  Funct ional  Type of Functionality     Study  

 

IL1A (C-889T) yes Regulation of gene expression (Dominici et al. 2002) 

IL1A (G+4845T) - 99% linkage disequilibrium with 

IL1A (-889) 

(Cox et al. 1998) 

IL1B (C+3953/4T) yes Regulation of gene expression (Pociot et al. 1992) 

IL1RN (intron 2 –  

86 bp repeats) 

yes Regulation of gene expression (Hu et al. 2005) 

IL2 (T-330G) yes Regulation of gene expression (Hoffmann et al. 2001) 

IL6 (G-174C)  yes Regulation of gene expression (Fishman et al. 1998) 

TNFA (G-308A)  yes Regulation of gene expression (Hajeer & Hutchinson 2001) 

TGFB1 (C-509T) yes Regulation of gene expression (Kim et al. 1989) 

TGFB1 (G-800A) yes Regulation of gene expression (Kim et al. 1989) 

MMP1 (G-1607GG) yes Regulation of gene expression (Rutter et al. 1998) 

MMP9 (C-1562T) yes Regulation of gene expression (Zhang et al. 1999) 

BMP4 (T+538C) yes Amino acid change Val147Ala (Mangino et al. 1999) 

CTR (C+1377T) yes Amino acid change Pro463Leu (Nakamura et al. 1997) 
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Figure 1.  Suggested flow chart, combining different strategies for genetic analysis of 

complex traits: from the detection of a genetic component to the identification of the  

functional gene variants.  
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Abstract 

Osseointegration failure is a complex, multifactorial trait shown to concentrate in 

some treated populations. There has been shown evidence for genetic 

contribution to dental implant failure. Genetic polymorphisms have been 

classically considered genetic risk factors for several diseases and, more 

recently, for dental implant loss. Objectives:  The purpose of this study was to 

access clinical factors related to failure process, and to investigate the 

relationship between a vitamin D receptor (VDR) polymorphism (rs731236, 

TaqI) and dental implant loss. Material and Methods:  Two hundred and 

seventeen unrelated patients, mean age 51.7 ± 11.3 years, were divided into 

two groups: i) Control group (C), 137 individuals presenting at least one 

osseointegrated implant in function for six months or more and without any 

implant failure, and ii) Study group (S), 80 individuals presenting at least one 

implant loss. After DNA collection and purification, VDR TaqI polymorphism 

analysis was performed by PCR-RFLP. Differences between control and study 

groups and between healthy (H; n=1232) and lost (L; n=135) implants were 

accessed. Results:  Positive evidence of association has been detected 

between implant failure and the following variables: edentulism, implant 

position, primary stability, and implant length. Cox Regression model showed 

that primary stability, surgical technique and bone quantity were related to 

implant survival over time. No association between genotypes or alleles of VDR 

TaqI polymorphism and implant loss was found between the groups. 

Conclusion:  It was observed that clinical variables, but not the study 

polymorphism, were associated with implant dental failure.  
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The term osseointegration was coined by Branemark (Branemark et al. 1969; 

Albrektsson et al. 1981) to define a structural and functional contact between 

titanium surface and bone. Representing the ideal modality of treatment for oral 

rehabilitation, osseointegrated dental implant has been considered a very 

predictable procedure that often provides the best results for dental 

replacement (Davarpanah et al. 2002; Fugazzotto 2005).  

Implant osseointegration research has mainly been focusing on the 

quantification of bone-to-implant contact (BIC) and, often comparing the effects 

of different implant surface coatings and topographies (Gottlander & 

Albrektsson 1991; Hallgren et al. 2003). Moreover, the architecture and 

microenvironment around the implant have been shown to be crucial and 

determining factors for the healing process (Ohtsu et al. 1997; Fujii et al. 1998; 

Shirakura et al. 2003; Rammelt et al. 2004). These mechanisms are likely to 

depend on factors such as an appropriate tissue repair mechanism (Danesh-

Meyer 1994) and adequate immunological response (Kronstrom et al. 2001).  

In spite of high success rates attributed to dental implants (85 to 100 %) 

in longitudinal studies up to 24 years  (Adell et al. 1990; Bain & Moy 1993; Bain 

1996; Lekholm et al. 1999), the absolute number of dental implant failure is 

significant, considering that around ten millions of people are dental implant 

rehabilitated annually all over the world (Hospitalar 2007).  

Osseointegration failure is a complex, multifactorial trait investigated by 

several clinical follow-up and retrospective studies (Esposito et al. 2004b; 

Graziani et al. 2004; Fugazzotto 2005), and has been shown not to occur 

uniformly distributed in treated populations. Multiple implant loss is often 

observed in specific high-risk individuals, a phenomenon termed 

clusterization(Tonetti 1999), and re-occurrence of failure is frequently observed 
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in this group (Weyant & Burt 1993; Hutton et al. 1995). Moreover, in some 

cases, even when the patient has appropriate bone quantity and quality, and 

adequate clinical indication and recommendations are followed, failures in the 

osseointegration process do still occur. Taken together, these observations 

suggest the existence of host risk factors for dental implant loss (Esposito et al. 

1998a). 

Implant failure often occurs at early periods of the healing process 

(Nevins & Langer 1993; Salonen et al. 1993), what drives us to investigate the 

regulatory mechanisms modulating bone metabolism, remodeling and turnover. 

Bone is one of the classical target tissues for vitamin D action. Vitamin D 

regulates calcium homeostasis by influencing intestinal calcium absorption, 

renal calcium reabsorption, and bone calcium resorption (Binkley 2006). Vitamin 

D is ingested or cutaneously produced upon exposure to ultraviolet B radiation 

in an inactive form. To be activated, vitamin D is transported in the blood bound 

to a vitamin D-binding protein, hydroxylated in the liver and the resulting 

metabolite is further hydroxylated mainly at the kidney, resulting in the active 

form called 1,25-dihydroxyvitamin D3 (Panda et al. 2004). In target tissues, 1,25-

(OH)2D3 is believed to exert most of its actions by binding to the vitamin D 

receptor (VDR), a member of the nuclear steroid hormone receptor superfamily, 

and by regulating the transcription of vitamin D target genes (Haussler et al. 

1998). The VDR also plays a complex role in the control of bone homeostasis 

and recruits co-regulators, which may have activating or repressing effects. In 

VDR knockout growing mice, the primary defect of calcium metabolism is at the 

intestine; loss of VDR causes calcium malabsorption and Rickets that can be 

prevented by a high calcium diet. Additionally, VDR knockout mice reveal that 

VDR plays a role in suppression of bone formation (Fleet 2006). Functionally, 

vitamin D analogs dramatically increase bone mass, size and strength in 
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rodents (Slatopolsky et al. 2003). 

 The human VDR is a product of a single gene, which locates on 

chromosome 12 at 12q13-14 (Labuda et al. 1992). The gene is comprised of 9 

exons that, together with intervening introns (Poon et al. 2004) and span 

approximately 63 kb. Patterns of linkage disequilibrium (LD) in the VDR gene 

were proposed for a Canadian population (Poon et al. 2004). Block one locates 

toward the 5’ end that spans rougthly 8.4 kb, and block two locates toward the 

3’ end of VDR that spans approximately 5.8 kb.  

It has been demonstrated that mutations in the VDR gene significantly 

alter its subcellular distribution (Barsony et al. 1997), and that subtle variations 

in expression and/or function of VDR may contribute to major differences in the 

regulation of other target genes (Eisman 1999). A genome-wide observation 

expects over one hundred polymorphisms present in the VDR region 

(Uitterlinden et al. 2002). Polymorphisms are gene sequence variations whose 

minimum allele frequency is higher than 1 % in the population, and are 

distributed throughout the entire genome (Chiba-Falek & Nussbaum 2001).  

A restriction fragment length polymorphism (RFLP) recognized by TaqI 

(T/C) in exon 9 (rs731236) of VDR gene may represent the second LD block by 

the fact it is in strong linkage disequilibrium with other close genetic variations. 

This way, alleles of different polymorphisms in the same block could be linked 

and inherited together. Moreover, VDR TaqI polymorphism has been shown to 

have an impact on several complex diseases including prostate (Verbeek et al. 

1997), breast cancer (Lundin et al. 1999), and diseases in which bone loss is a 

clinical sign, like osteoporosis (Horst-Sikorska et al. 2005) and periodontal 

disease (Sun et al. 2002; de Brito Junior et al. 2004; Brett et al. 2005).  

As desirable bone healing response is required to dental osseointegrated 

implant success, the aim of this study was investigate, together with clinical 
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parameters, the association between VDR TaqI polymorphism (rs731236) and 

osseointegrated dental implant loss. 

 

Materials and Methods 

Study population 

A total of 3578 patients were treated with dental implants1 in Instituto Latino 

Americano de Pesquisa e Ensino Odontológico (ILAPEO), Curitiba - PR, from 

1996 to 2006. From these, 126 patients (3.5 %) presented at least one implant 

loss. Out of these 126 patients, 80 subjects composed the Study Group (S), 

once the remained patients either were death or were not found. The Control 

Group (C) was composed of 137 individuals presenting at least one 

osseointegrated implant in function for more than six months and without any 

implant failure. The study sample was matched by gender, age, and smoking 

habits (Table 1). A total of 217 unrelated, both gender, mean age 51.7 ± 11.3 

(range 25 to 80) years were selected from the ILAPEO Dental Clinics. The 

patients were from the Southern region of Brazil. Patients signed a consent 

form within a protocol approved by an Institutional Review Board, after being 

advised of the nature of the study (approved by the Ethical Committee in 

Research at PUCPR, protocol 238/05 CEP-PUCPR). 

Although the study sample was mostly composed by Caucasian, the 

Brazilian white population is heterogeneous. Recent articles have not 

recommended grouping Brazilians into ethnic groups based on color, race and 

geographical origin because Brazilian individuals classified as white or black 

have significantly overlapping genotypes, probably due to miscegenation (Parra 

et al. 2003). According to the Brazilian Government Census 2005, in the 

Brazilian Southern region, the prevalence of white is 77.8%, black, 2.2%, 
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mullatto, 18.9%, and japanese, 1.1%. Reporting the white population, there is a 

predominance of Italian, Spanish, and Portuguese heritage (Campos et al. 

2004). 

Subjects answered a personal, medical and dental history anamnesis, as 

well as had their socioeconomic profile assessed according to Brazilian 

Socioeconomic Classification Criteria (ABEP 2003). Patients socioeconomic 

profile, general medical condition, current medication, hygiene habits, dental 

appointment frequency, and clinical measurements such as number of teeth, 

and implants placed are shown in table 2. Subjects in good general health could 

not have any of the following exclusion criteria: HIV infection, current pregnancy 

or lactation, orthodontic appliances; present necrotizing ulcerative gingivitis and 

periodontitis, signs of aggressive periodontitis. 

Periodontal status  

Measurements of probing pocket depth (PPD) and clinical attachment loss 

(CAL) were recorded at four points around each tooth. The following 

parameters were recorded: the gingival index (GI) (Loe 1967); the plaque index 

(PI) (Silness & Loe 1964), the calculus index (CI) (Greene & Vermillion 1964), 

and mobility (absent or present). The periodontal status of all subjects is shown 

in table 3. Periodontal index were recorded from each site using a conventional 

U.N.C periodontal probe2. All clinical data were collected by one examiner (F. A. 

P.). 

DNA collection and purification 

Cells were obtained through a mouthwash with 3 % glucose solution and 

scraping of the oral mucosa with a sterile spatula (Trevilatto & Line 2000). DNA 

was extracted from epithelial buccal cells with ammonium acetate 10 M and 

EDTA 1 mM (Aidar & Line 2007). 
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VDR TaqI polymorphism 

The following primer pair was used for polymerase chain reaction (PCR) 

amplification of genomic DNA samples: (F - 5' CAG AGC ATG GAC AGG GAG 

CAA G 3' and R - 5' GGA TGT ACG TCT GCA GTG TG 3'). Reaction conditions 

and cycling parameters were as follows: 1 µL of the genomic DNA were used 

for PCR amplification in a reaction mixture containing 22.5 µL PCR Supermix3 , 

and 0.5 µL of each primer (25 µM). The reactions were performed in a thermal 

cycler4 and consisted of an initial denaturation step of 95°C for 5 minutes, 

followed by 35 cycles at 95°C for 1 minute, 55°C fo r 1 minute, 72°C for 1 

minute, and a final extension of 72°C for 7 minutes . RFLP technique was 

performed in a final reaction volume of 20 µL, using 2 U Taql (T↓CGA)5, and 10 

µL aliquot of PCR products digested at 65°C overnig ht. The digested products 

were separated in 1.7 % agarose gel eletrophoresis, visualized by ethidium-

bromide-UVB illumination. The genotypes were determined by comparing the 

restriction length polymorphism band patterns with a 1 kb plus DNA ladder6. 

The RFLP is formed by a single base transition (T/C) at codon 352 in exon 9 of 

the VDR gene that creates a Taql restriction site. The alleles which result from 

the cleavage of Taql are designated "C" (Taql site present, with 2 fragments: 

293 and 47 bp) or "T" (Taql site absent, with a fragment: 340 bp).  

Analysis of implant clinical parameters  

A total of 1367 implants were installed in the study patients (control and study 

groups). Independently on the group, the placed implants were classified as 

healthy (H; n=1232) or lost (L; n=135).  

The following clinical characteristics were accessed and compared 
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between H and L: implant position, primary stability, implant dimensions, 

design, type of platform, surgical technique, loading aspects, presence of graft, 

bone quantity and quality. 

Statistical analysis 

Nominal variables were expressed as frequencies and percents. To assess 

association between nominal variables, Chi-square (χ2) test or Fisher’s exact 

test was performed. Continuous variables were expressed as mean and 

standard deviation and Student’s t-test was used to compare means between 

two groups. U-Mann Whitney was used when continuous variables presented 

non-normal distribution. Differences between two Kaplan-Meier curves were 

accessed by the Cox-Mantel test. Multivariate analysis was performed by Cox 

Regression model for survival time of implants and by Logistic Regression 

model for patients (control and study groups). A p-value < 0.05 was considered 

statistically significant. Statistical analysis was performed using statistical 

software7. 

 

Results 

Patient clinical findings 

No statistically significant differences (NS) were observed in social profile, 

general medical condition, current use of medication, hygiene habits, clinical 

appointment frequency, and number of present teeth. Most individuals belong to 

A1, A2 and B1 socioeconomic class, indicating a social status above the 

population average, according to government census 2005, for the two groups 

(Table 2).  

There were significantly more edentulous patients in the control (C) 

group 26/137 (19%) than in the study (S) group 5/80 (6%) (p=0.009). However, 
                                                 
77  SSPPSSSS  1100..00  ffoorr  WWiinnddoowwss  ((SSPPSSSS  IInncc,,  CChhiiccaaggoo,,  IILL))..  
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the average present teeth in the partially edentulous was higher in C (20.6 ± 

6.0) than in S (18.56 ± 7.04) (p=0.054) (Table 2). The mean number of placed 

implants was increased in S (5.55 ± 3.57) than in C (4.51 ± 3.23) (p=0.013) 

(Table 2). 

Evaluating the periodontal status, statistically significant differences 

(SSD) were only found in the probing pocket depth (PPD) [C (2.68 ± 0.41) vs. S 

(2.52 ± 0.47), p=0.011] (Table 3). 

 

VDR (rs731236, TaqI)  Genotyping  

No significant differences in VDR TaqI polymorphism were observed for 

genotypes (p=0.482) and alleles (p=0.834) between the groups (Table 4). 

Considering the study SNP, the genotype distributions were consistent with the 

assumption of Hardy-Weinberg equilibrium. The genotype frequencies and the 

allele distribution for the TaqI polymorphism is shown in figure 1. In the same 

figure, genotype and allele distributions of the study polymorphism among 

different populations can be compared.  

 Using the Logistic Regression model, there was still a lack of association 

between TaqI polymorphism and implant loss, in the presence of the variables 

such as age, sex, smoking, diabetes, rheumatoid diseases, AINES medication, 

number of present teeth, PPD and tooth mobility. 

 

Implant clinical findings   

Out of the total number of placed implants (n=1367), when comparing healthy 

(H; n=1232) and lost (L; n=135) implants, some clinical parameters were 

observed to contribute to implant failure. Significant differences were found in 

the position of implant placement between maxilla and jaw (p=0.003), and 

between posterior and anterior region (p=0.037). In jaw, there was higher 
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prevalence of lost (85/135, 63%) than healthy implants (605/1232, 49%). 

Posterior region showed more losses (88/135, 65%) than healthy (682/1232, 

55%) implants. Primary stability > 40 N was shown to be greater in H (652/947, 

69%) than in L (49/93, 53%) (p=0.001). The mean implant diameter did not 

show SSD, but the mean implant length was greater in H (13.16 ± 2.55) than in 

L (12.35 ± 2.75) (p=0.001). Taken into consideration implant design, platform 

types, and surgical technique, it was not found SSD between the groups. There 

was no evidence of SSD in time to load between the groups. Implants that 

received load were more frequent in H (1178/1232, 96%) than in L (25/134, 

19%) (p=0.001). In relation to graft presence and bone quantity/quality, NS was 

observed between H and L (Table 5).  

 Considering each implant independently (n=1367), a Kaplan-Meier 

survival curve was estimated. Fifty percent of the failures occurred before 20 

weeks (range 0 to 237 weeks) (Fig. 2). Differences between two curves were 

assessed by Cox-Mantel test, considering the following variables: 

maxilla/mandible, anterior/posterior region, primary stability (>40N/≤40N), 

immediate load (Y/N), surgical technique (one/two steps), implant design 

(cylindrical/conical), graft (Y/N), bone quantity (good/poor) and quality 

(good/poor). Cox Regression model was used to analyze the mentioned 

variables together in relation to the implant survival time. Implant diameter and 

length were also included in the model. Primary stability (p<0.001), surgical 

technique (p=0.016) and bone quantity (p=0.049) were related to implant 

survival over time. 

 

Discussion 

Several parameters may influence implant failure such as age (Piattelli et al. 

2003), gender (Mau 1993), medical condition (el Askary et al. 1999), smoking 
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(Jemt & Hager 2006), hygiene habits like brushing, dental floss use, and 

mouthwash (Botero et al. 2005), follow-up maintenance therapy (Silverstein & 

Kurtzman 2006), grafts (Sennerby & Roos 1998), bone quality and quantity 

(Kronstrom et al. 2001; Stanford 2003; Rosenberg et al. 2004), and implant 

design (Lee et al. 2005).  

Sex, age and smoking habits were matched between control and study 

groups to minimize their recognized influence in the results. 

 In the present study, social profile, general medical condition, current use 

of medication, hygiene habits, clinical appointment frequency, and number of 

present teeth did not seem to influence implant loss.  

Higher percentage of edentulism was found in pacients that did not 

present implant failure. The bacterial reservoir in the remaining teeth may be a 

risk factor for implant failure (Apse et al. 1989; Ellen 1998). In fact, a major 

percentage of edentulism was found in pacients that did not present implant 

failure. In addition, in dentate subjects it is difficult to achieve ideal mechanical 

position considering the aesthetic pattern of the remaining teeth. Considering 

only partially edentulous subjects, the number of present teeth was higher in the 

control group. A higher number of present teeth could lead to an improvement 

of anatomical conditions and partially preserves alveolar bone. This situation, 

together with a more favorable distribution of mastigatory forces, makes the 

implant procedure more predictable (Esposito et al. 1998b).  

More needs for oral rehabilitation were present in the study group; thus a 

higher mean number of implants were installed in those patients.  

Although higher plaque (PI), gingival (GI), and calculus index (CI), 

increased clinical attachment loss (CAL), and tooth mobility may indicate 

implant morbidity, they did not seem to contribute to implant loss in this study. In 

spite of the significance shown between the groups, the difference of 0.16 mm 
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in probing pocket depth (PPD) can not be considered clinically relevant.  

Recently, reports have provided evidence for genetic contribution to 

dental implant failure (Nosaka et al. 2002; Feloutzis et al. 2003; Shimpuku et al. 

2003b; a; Santos et al. 2004; Jansson et al. 2005). Single nucleotide 

polymorphisms (SNPs) have been shown to modulate host response and 

susceptibility to several diseases (Knight 2005; Lao et al. 2005; Min-Oo & Gros 

2005; Matheson et al. 2006). Some SNPs have been identified in the VDR 

gene, but their influence on VDR protein function is still largely unknown 

(Uitterlinden et al. 2004). The 3’ untranslated region (UTR) is known to be 

involved in regulation of gene expression, especially through modification of 

mRNA stability (Decker & Parker 1995; Durrin et al. 1999). Alleles of VDR TaqI 

polymorphism seem to be in linkage disequilibrium (LD) with 3’ regulatory 

region containing the UTR (Morrison et al. 1992; Morrison et al. 1994). 

 Polymorphisms in the VDR gene have been reported to account for much 

of the heritable component of bone density (Yamagata et al. 1999; Sun et al. 

2002). The homozygous genotype CC for TaqI polymorphism was associated 

with low bone mineral density (BMD) at both lumbar spine and femoral neck in 

different populations (Yamagata et al. 1999; Sun et al. 2002).  

A lack of association between TaqI polymorphism of VDR (that 

represents the second LD block) and implant failure was observed by univariate 

and multivariate analyses. To our knowledge, this is the first study investigating 

the association of polymorphisms in the VDR gene with implant failure. Other 

polymorphisms in the VDR gene and/or in other genes of the host bone 

metabolism response may also be involved in the determination of susceptibility 

to implant failure. Recently, an independent polymorphism (rs2228570, FokI) in 

the start codon of VDR was associated with periodontal disease (Park et al. 

2006). A physical mapping considering linkage disequilibrium blocks with a 
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number of polymorphisms representing the whole gene could help understand 

the real involvement of VDR and other genes of the host bone metabolism in 

the determination of susceptibility to implant failure.  

Concerning clinical aspects of individual implants, the jaw cortical layer 

generally is dense and thick and tends to become narrower and porous in the 

posterior region; the same occurs with the cancellous portion. Moreover, the 

presence of the mandibular canal limits the available bone volume in the 

posterior jaw region (Esposito et al. 1998b; das Neves et al. 2006). Maxilla bone 

topography tends to present major cancellous bone than cortical, enhancing 

bone healing and remodeling (Rubin & McLeod 1994; Huja et al. 2006). Primary 

stability has been considered adequate when higher than 40 N (Hui et al. 2001), 

and seems to be related to implant success prediction (Meredith 1998; 

Lioubavina-Hack et al. 2006), in agreement with what was observed in this 

study.  

 Increase in diameter seems to be more favorable to distribution load 

(Misch 1999), but could be a problem if promotes an excessive bone 

condensation (de Oliveira et al. 2007). Although in this study NS was found 

between the groups, some controversy exists in the literature (Lee et al. 2005). 

Mean implant length was greater in H. Even though a linear relationship 

between length and success rate has not been proven, studies have shown that 

shorter implants have statistically lower success rates (Winkler et al. 2000).  

 Implant design (cylindrical or conical) modifies compressing and stress 

levels to the bone. Implant design needs to fit in each particular situation to 

transmit adequate mechanical strength to the bone (Cehreli et al. 2004). In the 

study sample no interference of implant design was noted related to implant 

failure.  A lack of association was identified for platform types, maybe by the 

fact that the sample is almost totally composed of early failure. In a recent 
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study, implant platforms were similar clinically and radiographically, but might 

represent an influence in future bone loss surrounding implants (Machtei et al. 

2006). It was also observed no influence of one or two-step surgery on implant 

success, similar to what has been reported in the literature (Becker et al. 1997; 

Petersson et al. 2001).  

The ideal time between implant placement and submission to load forces 

(time to load) has not been yet well established (Esposito et al. 2004a). 

Immediate load was more frequent in H, which reinforces that bone stimuli 

forces are a predictive factor for implant success (Piattelli et al. 1997). In this 

study, SSD were not found in the mean time to load between the groups either 

in jaw or in maxilla. Implants that received load were more frequent in H (96%). 

These results reflect that most failures occurred before loading (82%). After 

osseointegration, 18% of the implant failures occurred post loading, and only 

4% in immediately loaded implants. This observation points to a host response 

role on the individual healing process (Kao et al. 1995; Scaglioni & Deliga 1996; 

Bianchi et al. 2003; Piattelli et al. 2003).  

 Adequate bone quantity and quality are necessary to obtain successful 

osseointegration (Santos et al. 2002). Insufficient bone does not permit a 

secure anchorage for endosteal implants. To solve this problem, various 

augmentation procedures are made for rehabilitation of deficient edentulous 

ridge (Esposito et al. 2006). Bone grafting seems to negatively influence implant 

success rates (Esposito et al. 1998a), but detailed outcome of this procedure is 

beyond the scope of this article. Graft presence and bone quantity/quality do not 

seem to be related to implant loss in this study. 

Using Cox Regression model, this study demonstrated a relationship 

among three variables: primary stability, surgical technique, and bone quantity. 

Primary stability is augmented when adequate bone characteristics are found, 
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permitting an adequate bone–implant contact amount (Misch et al. 2004). A use 

of a desirable surgical technique augments a BIC and is followed by an 

increasing in primary stability (Esposito et al. 2004a). All these factors are 

important in the choice of the surgical approach (one or two steps).  

  Although some studies do provide an important contribution to the 

understanding of the implant failure process, yet in some situations clinical 

factors alone do not explain why some patients develop implant loss (Deas et 

al. 2002). In this context, studies that consider together clinical parameters and 

factors related the host response are desirable to understand the whole piece of 

information regarding implant failure. 

   

Conclusions    

In summary, the association of clinical parameters and TaqI polymorphism in 

the VDR gene with implant loss was investigated. Regarding clinical aspects, 

the following parameters were observed to influence implant failure in the 

univariate analysis: edentulism, implant position, primary stability, and implant 

length. Primary stability, type of surgery and bone quantity showed interference 

with implant failure in Cox Regression model analysis. No association between 

genotypes or alleles of TaqI polymorphism and implant loss was found in the 

study population. More studies considering other polymorphic regions of VDR 

gene might be performed to clarify its importance in the physiopathology of 

implant loss. 
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BBaarrrrooss,,  SS..PP..  ((22000044))  PPoollyymmoorrpphhiissmmss  iinn  tthhee  vviittaammiinn  DD  rreecceeppttoorr  ggeennee  aarree  

aassssoocciiaatteedd  wwiitthh  ppeerriiooddoonnttaall  ddiisseeaassee..  JJoouurrnnaall  ooff  ppeerriiooddoonnttoollooggyy  7755::  11009900--11009955..  

ddee  OOlliivveeiirraa,,  RR..RR..,,  NNoovvaaeess,,  AA..BB..,,  JJrr..,,  TTaabbaa,,  MM..,,  JJrr..,,  ddee  SSoouuzzaa,,  SS..LL..  &&  PPaappaalleexxiioouu,,  

VV..  ((22000077))  TThhee  eeffffeecctt  ooff  bboonnee  ccoonnddeennssaattiioonn  aanndd  ccrreessttaall  pprreeppaarraattiioonn  oonn  tthhee  bboonnee  

rreessppoonnssee  ttoo  iimmppllaannttss  ddeessiiggnneedd  ffoorr  iimmmmeeddiiaattee  llooaaddiinngg::  aa  hhiissttoommoorrpphhoommeettrriicc  

ssttuuddyy  iinn  ddooggss..  TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaannttss    2222::  6633--

7711..  

DDeeaass,,  DD..EE..,,  MMiikkoottoowwiicczz,,  JJ..JJ..,,  MMaacckkeeyy,,  SS..AA..  &&  MMoorriittzz,,  AA..JJ..  ((22000022))  IImmppllaanntt  ffaaiilluurree  

wwiitthh  ssppoonnttaanneeoouuss  rraappiidd  eexxffoolliiaattiioonn::  ccaassee  rreeppoorrttss..  IImmppllaanntt  DDeennttiissttrryy1111::  223355--224422..  

DDeecckkeerr,,  CC..JJ..  &&  PPaarrkkeerr,,  RR..  ((11999955))  DDiivveerrssiittyy  ooff  ccyyttooppllaassmmiicc  ffuunnccttiioonnss  ffoorr  tthhee  33''  

uunnttrraannssllaatteedd  rreeggiioonn  ooff  eeuukkaarryyoottiicc  ttrraannssccrriippttss..  CCuurrrreenntt  ooppiinniioonn  iinn  cceellll  bbiioollooggyy  77::  

338866--339922..  

DDuurrrriinn,,  LL..KK..,,  HHaaiillee,,  RR..WW..,,  IInngglleess,,  SS..AA..  &&  CCooeettzzeeee,,  GG..AA..  ((11999999))  VViittaammiinn  DD  

rreecceeppttoorr  33''--uunnttrraannssllaatteedd  rreeggiioonn  ppoollyymmoorrpphhiissmmss::  llaacckk  ooff  eeffffeecctt  oonn  mmRRNNAA  ssttaabbiilliittyy..  

BBiioocchhiimmiiccaa  eett  bbiioopphhyyssiiccaa  aaccttaa  11445533::  331111--332200..  

EEiissmmaann,,  JJ..AA..  ((11999999))  GGeenneettiiccss  ooff  oosstteeooppoorroossiiss..  EEnnddooccrriinnee  rreevviieewwss  2200::  778888--880044..  
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eell  AAsskkaarryy,,  AA..SS..,,  MMeeffffeerrtt,,  RR..MM..  &&  GGrriiffffiinn,,  TT..  ((11999999))  WWhhyy  ddoo  ddeennttaall  iimmppllaannttss  ffaaiill??  

PPaarrtt  II..  IImmppllaanntt  DDeennttiissttrryy  88::  117733--118855..  

EElllleenn,,  RR..PP..  ((11999988))  MMiiccrroobbiiaall  ccoolloonniizzaattiioonn  ooff  tthhee  ppeerrii--iimmppllaanntt  eennvviirroonnmmeenntt  aanndd  iittss  

rreelleevvaannccee  ttoo  lloonngg--tteerrmm  ssuucccceessss  ooff  oosssseeooiinntteeggrraatteedd  iimmppllaannttss..  TThhee  IInntteerrnnaattiioonnaall  

jjoouurrnnaall  ooff  pprroosstthhooddoonnttiiccss  1111::  443333--444411..  

EEssppoossiittoo,,  MM..,,  GGrruussoovviinn,,  MM..GG..,,  WWoorrtthhiinnggttoonn,,  HH..VV..  &&  CCoouulltthhaarrdd,,  PP..  ((22000066))  

IInntteerrvveennttiioonnss  ffoorr  rreeppllaacciinngg  mmiissssiinngg  tteeeetthh::  bboonnee  aauuggmmeennttaattiioonn  tteecchhnniiqquueess  ffoorr  

ddeennttaall  iimmppllaanntt  ttrreeaattmmeenntt..  CCoocchhrraannee  ddaattaabbaassee  ooff  ssyysstteemmaattiicc  rreevviieewwss  ((OOnnlliinnee))::  

CCDD000033660077..  

EEssppoossiittoo,,  MM..,,  HHiirrsscchh,,  JJ..MM..,,  LLeekkhhoollmm,,  UU..  &&  TThhoommsseenn,,  PP..  ((11999988aa))  BBiioollooggiiccaall  

ffaaccttoorrss  ccoonnttrriibbuuttiinngg  ttoo  ffaaiilluurreess  ooff  oosssseeooiinntteeggrraatteedd  oorraall  iimmppllaannttss..  ((II))..  SSuucccceessss  

ccrriitteerriiaa  aanndd  eeppiiddeemmiioollooggyy..  EEuurrooppeeaann  jjoouurrnnaall  ooff  oorraall  sscciieenncceess  110066::  552277--555511..  

EEssppoossiittoo,,  MM..,,  HHiirrsscchh,,  JJ..MM..,,  LLeekkhhoollmm,,  UU..  &&  TThhoommsseenn,,  PP..  ((11999988bb))  BBiioollooggiiccaall  

ffaaccttoorrss  ccoonnttrriibbuuttiinngg  ttoo  ffaaiilluurreess  ooff  oosssseeooiinntteeggrraatteedd  oorraall  iimmppllaannttss..  ((IIII))..  

EEttiiooppaatthhooggeenneessiiss..  EEuurrooppeeaann  jjoouurrnnaall  ooff  oorraall  sscciieenncceess  110066::  772211--776644..  

EEssppoossiittoo,,  MM..,,  WWoorrtthhiinnggttoonn,,  HH..VV..,,  TThhoommsseenn,,  PP..  &&  CCoouulltthhaarrdd,,  PP..  ((22000044aa))  

IInntteerrvveennttiioonnss  ffoorr  rreeppllaacciinngg  mmiissssiinngg  tteeeetthh::  ddiiffffeerreenntt  ttiimmeess  ffoorr  llooaaddiinngg  ddeennttaall  

iimmppllaannttss..  CCoocchhrraannee  ddaattaabbaassee  ooff  ssyysstteemmaattiicc  rreevviieewwss  ((OOnnlliinnee))::  CCDD000033887788..  

EEssppoossiittoo,,  MM..,,  WWoorrtthhiinnggttoonn,,  HH..VV..,,  TThhoommsseenn,,  PP..  &&  CCoouulltthhaarrdd,,  PP..  ((22000044bb))  

IInntteerrvveennttiioonnss  ffoorr  rreeppllaacciinngg  mmiissssiinngg  tteeeetthh::  mmaaiinnttaaiinniinngg  hheeaalltthh  aarroouunndd  ddeennttaall  

iimmppllaannttss..  CCoocchhrraannee  ddaattaabbaassee  ooff  ssyysstteemmaattiicc  rreevviieewwss  ((OOnnlliinnee))::  CCDD000033006699..  

FFeelloouuttzziiss,,  AA..,,  LLaanngg,,  NN..PP..,,  TToonneettttii,,  MM..SS..,,  BBuurrggiinn,,  WW..,,  BBrraaggggeerr,,  UU..,,  BBuusseerr,,  DD..,,  DDuuffff,,  

GG..WW..  &&  KKoorrnnmmaann,,  KK..SS..  ((22000033))  IILL--11  ggeennee  ppoollyymmoorrpphhiissmm  aanndd  ssmmookkiinngg  aass  rriisskk  

ffaaccttoorrss  ffoorr  ppeerrii--iimmppllaanntt  bboonnee  lloossss  iinn  aa  wweellll--mmaaiinnttaaiinneedd  ppooppuullaattiioonn..  CClliinniiccaall  oorraall  

iimmppllaannttss  rreesseeaarrcchh  1144::  1100--1177..  
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FFlleeeett,,  JJ..CC..  ((22000066))  MMoolleeccuullaarr  rreegguullaattiioonn  ooff  ccaallcciiuumm  aanndd  bboonnee  mmeettaabboolliissmm  tthhrroouugghh  

tthhee  vviittaammiinn  DD  rreecceeppttoorr..  JJoouurrnnaall  ooff  mmuussccuulloosskkeelleettaall  &&  nneeuurroonnaall  iinntteerraaccttiioonnss  66::  

333366--333377..  

FFuuggaazzzzoottttoo,,  PP..AA..  ((22000055))  SSuucccceessss  aanndd  ffaaiilluurree  rraatteess  ooff  oosssseeooiinntteeggrraatteedd  iimmppllaannttss  

iinn  ffuunnccttiioonn  iinn  rreeggeenneerraatteedd  bboonnee  ffoorr  7722  ttoo  113333  mmoonntthhss..  TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  

ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaannttss  2200::  7777--8833..  

FFuujjiiii,,  NN..,,  KKuussaakkaarrii,,  HH..  &&  MMaaeeddaa,,  TT..  ((11999988))  AA  hhiissttoollooggiiccaall  ssttuuddyy  oonn  ttiissssuuee  

rreessppoonnsseess  ttoo  ttiittaanniiuumm  iimmppllaannttaattiioonn  iinn  rraatt  mmaaxxiillllaa::  tthhee  pprroocceessss  ooff  eeppiitthheelliiaall  

rreeggeenneerraattiioonn  aanndd  bboonnee  rreeaaccttiioonn..  JJoouurrnnaall  ooff  ppeerriiooddoonnttoollooggyy  6699::  448855--449955..  

GGoottttllaannddeerr,,  MM..  &&  AAllbbrreekkttssssoonn,,  TT..  ((11999911))  HHiissttoommoorrpphhoommeettrriicc  ssttuuddiieess  ooff  

hhyyddrrooxxyyllaappaattiittee--ccooaatteedd  aanndd  uunnccooaatteedd  CCPP  ttiittaanniiuumm  tthhrreeaaddeedd  iimmppllaannttss  iinn  bboonnee..  

TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaannttss    66::  339999--440044..  

GGrraazziiaannii,,  FF..,,  DDoonnooss,,  NN..,,  NNeeeeddlleemmaann,,  II..,,  GGaabbrriieellee,,  MM..  &&  TToonneettttii,,  MM..  ((22000044))  

CCoommppaarriissoonn  ooff  iimmppllaanntt  ssuurrvviivvaall  ffoolllloowwiinngg  ssiinnuuss  fflloooorr  aauuggmmeennttaattiioonn  pprroocceedduurreess  

wwiitthh  iimmppllaannttss  ppllaacceedd  iinn  pprriissttiinnee  ppoosstteerriioorr  mmaaxxiillllaarryy  bboonnee::  aa  ssyysstteemmaattiicc  rreevviieeww..  

CClliinniiccaall  oorraall  iimmppllaannttss  rreesseeaarrcchh  1155::  667777--668822..  

GGrreeeennee,,  JJ..CC..  &&  VVeerrmmiilllliioonn,,  JJ..RR..  ((11996644))  TThhee  SSiimmpplliiffiieedd  OOrraall  HHyyggiieennee  IInnddeexx..  

JJoouurrnnaall  ooff  tthhee  AAmmeerriiccaann  DDeennttaall  AAssssoocciiaattiioonn  6688::  77--1133..  

HHaallllggrreenn,,  CC..,,  RReeiimmeerrss,,  HH..,,  CChhaakkaarroovv,,  DD..,,  GGoolldd,,  JJ..  &&  WWeennnneerrbbeerrgg,,  AA..  ((22000033))  AAnn  

iinn  vviivvoo  ssttuuddyy  ooff  bboonnee  rreessppoonnssee  ttoo  iimmppllaannttss  ttooppooggrraapphhiiccaallllyy  mmooddiiffiieedd  bbyy  llaasseerr  

mmiiccrroommaacchhiinniinngg..  BBiioommaatteerriiaallss  2244::  770011--771100..  

HHaauusssslleerr,,  MM..RR..,,  WWhhiittffiieelldd,,  GG..KK..,,  HHaauusssslleerr,,  CC..AA..,,  HHssiieehh,,  JJ..CC..,,  TThhoommppssoonn,,  PP..DD..,,  

SSeellzznniicckk,,  SS..HH..,,  DDoommiinngguueezz,,  CC..EE..  &&  JJuurruuttkkaa,,  PP..WW..  ((11999988))  TThhee  nnuucclleeaarr  vviittaammiinn  DD  

rreecceeppttoorr::  bbiioollooggiiccaall  aanndd  mmoolleeccuullaarr  rreegguullaattoorryy  pprrooppeerrttiieess  rreevveeaalleedd..  JJoouurrnnaall  ooff  

bboonnee  aanndd  mmiinneerraall  rreesseeaarrcchh  1133::  332255--334499..  

HHoorrsstt--SSiikkoorrsskkaa,,  WW..,,  WWaawwrrzzyynniiaakk,,  AA..,,  CCeellcczzyynnsskkaa--BBaajjeeww,,  LL..,,  MMaarrcciinnkkoowwsskkaa,,  MM..,,  

DDaabbrroowwsskkii,,  SS..,,  KKaallaakk,,  RR..  &&  SSlloommsskkii,,  RR..  ((22000055))  PPoollyymmoorrpphhiissmm  ooff  VVDDRR  ggeennee----tthhee  
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mmoosstt  eeffffeeccttiivvee  mmoolleeccuullaarr  mmaarrkkeerr  ooff  oosstteeooppoorroottiicc  bboonnee  ffrraaccttuurreess  rriisskk  wwiitthhiinn  

ppoossttmmeennooppaauussaall  wwoommeenn  ffrroomm  WWiieellkkooppoollsskkaa  rreeggiioonn  ooff  PPoollaanndd..  EEnnddookkrryynnoollooggiiaa  

PPoollsskkaa  5566::  223333--223399..  

HHoossppiittaallaarr  22000077  ((hhttttpp::////wwwwww..hhoossppiittaallaarr..ccoomm//nnoottiicciiaass//nnoott22333311..hhttmmll))..  

HHuuii,,  EE..,,  CChhooww,,  JJ..,,  LLii,,  DD..,,  LLiiuu,,  JJ..,,  WWaatt,,  PP..  &&  LLaaww,,  HH..  ((22000011))  IImmmmeeddiiaattee  pprroovviissiioonnaall  

ffoorr  ssiinnggllee--ttooootthh  iimmppllaanntt  rreeppllaacceemmeenntt  wwiitthh  BBrraanneemmaarrkk  ssyysstteemm::  pprreelliimmiinnaarryy  rreeppoorrtt..  

CClliinniiccaall  iimmppllaanntt  ddeennttiissttrryy  aanndd  rreellaatteedd  rreesseeaarrcchh  33::  7799--8866..  

HHuujjaa,,  SS..SS..,,  FFeerrnnaannddeezz,,  SS..AA..,,  HHiillll,,  KK..JJ..  &&  LLii,,  YY..  ((22000066))  RReemmooddeelliinngg  ddyynnaammiiccss  iinn  

tthhee  aallvveeoollaarr  pprroocceessss  iinn  sskkeelleettaallllyy  mmaattuurree  ddooggss..  TThhee  aannaattoommiiccaall  rreeccoorrdd..  PPaarrtt  AA,,  

DDiissccoovveerriieess  iinn  mmoolleeccuullaarr,,  cceelllluullaarr,,  aanndd  eevvoolluuttiioonnaarryy  bbiioollooggyy  228888::  11224433--11224499..  

HHuuttttoonn,,  JJ..EE..,,  HHeeaatthh,,  MM..RR..,,  CChhaaii,,  JJ..YY..,,  HHaarrnneetttt,,  JJ..,,  JJeemmtt,,  TT..,,  JJoohhnnss,,  RR..BB..,,  

MMccKKeennnnaa,,  SS..,,  MMccNNaammaarraa,,  DD..CC..,,  vvaann  SStteeeennbbeerrgghhee,,  DD..,,  TTaayylloorr,,  RR..  &&  eett  aall..  ((11999955))  

FFaaccttoorrss  rreellaatteedd  ttoo  ssuucccceessss  aanndd  ffaaiilluurree  rraatteess  aatt  33--yyeeaarr  ffoollllooww--uupp  iinn  aa  mmuullttiicceenntteerr  

ssttuuddyy  ooff  oovveerrddeennttuurreess  ssuuppppoorrtteedd  bbyy  BBrraanneemmaarrkk  iimmppllaannttss..  TThhee  IInntteerrnnaattiioonnaall  

JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaannttss  1100::  3333--4422..  

JJaannssssoonn,,  HH..,,  HHaammbbeerrgg,,  KK..,,  DDee  BBrruuyynn,,  HH..  &&  BBrraatttthhaallll,,  GG..  ((22000055))  CClliinniiccaall  

ccoonnsseeqquueenncceess  ooff  IILL--11  ggeennoottyyppee  oonn  eeaarrllyy  iimmppllaanntt  ffaaiilluurreess  iinn  ppaattiieennttss  uunnddeerr  

ppeerriiooddoonnttaall  mmaaiinntteennaannccee..  CClliinniiccaall  iimmppllaanntt  ddeennttiissttrryy  aanndd  rreellaatteedd  rreesseeaarrcchh  77::  5511--

5599..  

JJeemmtt,,  TT..  &&  HHaaggeerr,,  PP..  ((22000066))  EEaarrllyy  ccoommpplleettee  ffaaiilluurreess  ooff  ffiixxeedd  iimmppllaanntt--ssuuppppoorrtteedd  

pprroosstthheesseess  iinn  tthhee  eeddeennttuulloouuss  mmaaxxiillllaa::  aa  33--yyeeaarr  aannaallyyssiiss  ooff  1177  ccoonnsseeccuuttiivvee  

cclluusstteerr  ffaaiilluurree  ppaattiieennttss..  CClliinniiccaall  iimmppllaanntt  ddeennttiissttrryy  aanndd  rreellaatteedd  rreesseeaarrcchh  88::  7777--8866..  

KKaaoo,,  RR..TT..,,  CCuurrttiiss,,  DD..AA..,,  RRiicchhaarrddss,,  DD..WW..  &&  PPrreebbllee,,  JJ..  ((11999955))  IInnccrreeaasseedd  

iinntteerrlleeuukkiinn--11  bbeettaa  iinn  tthhee  ccrreevviiccuullaarr  fflluuiidd  ooff  ddiisseeaasseedd  iimmppllaannttss..  TThhee  IInntteerrnnaattiioonnaall  

JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaannttss  1100::  669966--770011..  

KKnniigghhtt,,  JJ..CC..  ((22000055))  RReegguullaattoorryy  ppoollyymmoorrpphhiissmmss  uunnddeerrllyyiinngg  ccoommpplleexx  ddiisseeaassee  

ttrraaiittss..  JJoouurrnnaall  ooff  mmoolleeccuullaarr  mmeeddiicciinnee  8833::  9977--110099..  



 

67 

 
KKrroonnssttrroomm,,  MM..,,  SSvveennssoonn,,  BB..,,  HHeellllmmaann,,  MM..  &&  PPeerrssssoonn,,  GG..RR..  ((22000011))  EEaarrllyy  iimmppllaanntt  

ffaaiilluurreess  iinn  ppaattiieennttss  ttrreeaatteedd  wwiitthh  BBrraanneemmaarrkk  SSyysstteemm  ttiittaanniiuumm  ddeennttaall  iimmppllaannttss::  aa  

rreettrroossppeeccttiivvee  ssttuuddyy..  TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaannttss  

1166::  220011--220077..  

LLaabbuuddaa,,  MM..,,  FFuujjiiwwaarraa,,  TT..MM..,,  RRoossss,,  MM..VV..,,  MMoorrggaann,,  KK..,,  GGaarrcciiaa--HHeerraass,,  JJ..,,  

LLeeddbbeetttteerr,,  DD..HH..,,  HHuugghheess,,  MM..RR..  &&  GGlloorriieeuuxx,,  FF..HH..  ((11999922))  TTwwoo  hheerreeddiittaarryy  ddeeffeeccttss  

rreellaatteedd  ttoo  vviittaammiinn  DD  mmeettaabboolliissmm  mmaapp  ttoo  tthhee  ssaammee  rreeggiioonn  ooff  hhuummaann  cchhrroommoossoommee  

1122qq1133--1144..  JJoouurrnnaall  ooff  bboonnee  aanndd  mmiinneerraall  rreesseeaarrcchh  77::  11444477--11445533..  

LLaaoo,,  JJ..II..,,  MMoonnttoorriiooll,,  CC..,,  MMoorreerr,,  II..  &&  BBeeyyeerr,,  KK..  ((22000055))  GGeenneettiicc  ccoonnttrriibbuuttiioonn  ttoo  

aaggiinngg::  ddeelleetteerriioouuss  aanndd  hheellppffuull  ggeenneess  ddeeffiinnee  lliiffee  eexxppeeccttaannccyy..  AAnnnnaallss  ooff  tthhee  NNeeww  

YYoorrkk  AAccaaddeemmyy  ooff  SScciieenncceess  11005577::  5500--6633..  

LLeeee,,  JJ..HH..,,  FFrriiaass,,  VV..,,  LLeeee,,  KK..WW..  &&  WWrriigghhtt,,  RR..FF..  ((22000055))  EEffffeecctt  ooff  iimmppllaanntt  ssiizzee  aanndd  

sshhaappee  oonn  iimmppllaanntt  ssuucccceessss  rraatteess::  aa  lliitteerraattuurree  rreevviieeww..  TThhee  JJoouurrnnaall  ooff  pprroosstthheettiicc  

ddeennttiissttrryy  9944::  337777--338811..  

LLeekkhhoollmm,,  UU..,,  GGuunnnnee,,  JJ..,,  HHeennrryy,,  PP..,,  HHiigguucchhii,,  KK..,,  LLiinnddeenn,,  UU..,,  BBeerrggssttrroomm,,  CC..  &&  vvaann  

SStteeeennbbeerrgghhee,,  DD..  ((11999999))  SSuurrvviivvaall  ooff  tthhee  BBrraanneemmaarrkk  iimmppllaanntt  iinn  ppaarrttiiaallllyy  

eeddeennttuulloouuss  jjaawwss::  aa  1100--yyeeaarr  pprroossppeeccttiivvee  mmuullttiicceenntteerr  ssttuuddyy..  TThhee  IInntteerrnnaattiioonnaall  

JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaannttss  1144::  663399--664455..  

LLiioouubbaavviinnaa--HHaacckk,,  NN..,,  LLaanngg,,  NN..PP..  &&  KKaarrrriinngg,,  TT..  ((22000066))  SSiiggnniiffiiccaannccee  ooff  pprriimmaarryy  

ssttaabbiilliittyy  ffoorr  oosssseeooiinntteeggrraattiioonn  ooff  ddeennttaall  iimmppllaannttss..  CClliinniiccaall  oorraall  iimmppllaannttss  rreesseeaarrcchh  

1177::  224444--225500..  

LLooee,,  HH..  ((11996677))  TThhee  GGiinnggiivvaall  IInnddeexx,,  tthhee  PPllaaqquuee  IInnddeexx  aanndd  tthhee  RReetteennttiioonn  IInnddeexx  

SSyysstteemmss..  JJoouurrnnaall  ooff  ppeerriiooddoonnttoollooggyy  3388::  SSuuppppll::  661100--661166..  

LLuunnddiinn,,  AA..CC..,,  SSooddeerrkkvviisstt,,  PP..,,  EErriikkssssoonn,,  BB..,,  BBeerrggmmaann--JJuunnggeessttrroomm,,  MM..  &&  WWiinnggrreenn,,  

SS..  ((11999999))  AAssssoocciiaattiioonn  ooff  bbrreeaasstt  ccaanncceerr  pprrooggrreessssiioonn  wwiitthh  aa  vviittaammiinn  DD  rreecceeppttoorr  

ggeennee  ppoollyymmoorrpphhiissmm..  SSoouutthh--EEaasstt  SSwweeddeenn  BBrreeaasstt  CCaanncceerr  GGrroouupp..  CCaanncceerr  

rreesseeaarrcchh  5599::  22333322--22333344..  
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MMaacchhtteeii,,  EE..EE..,,  OOvveedd--PPeelleegg,,  EE..  &&  PPeelleedd,,  MM..  ((22000066))  CCoommppaarriissoonn  ooff  cclliinniiccaall,,  

rraaddiiooggrraapphhiicc  aanndd  iimmmmuunnoollooggiiccaall  ppaarraammeetteerrss  ooff  tteeeetthh  aanndd  ddiiffffeerreenntt  ddeennttaall  iimmppllaanntt  

ppllaattffoorrmmss..  CClliinniiccaall  oorraall  iimmppllaannttss  rreesseeaarrcchh  1177::  665588--666655..  

MMaatthheessoonn,,  MM..CC..,,  EElllliiss,,  JJ..AA..,,  RRaavveenn,,  JJ..,,  WWaalltteerrss,,  EE..HH..  &&  AAbbrraammssoonn,,  MM..JJ..  ((22000066))  

AAssssoocciiaattiioonn  ooff  IILL88,,  CCXXCCRR22  aanndd  TTNNFF--aallpphhaa  ppoollyymmoorrpphhiissmmss  aanndd  aaiirrwwaayy  ddiisseeaassee..  

JJoouurrnnaall  ooff  hhuummaann  ggeenneettiiccss  5511::  119966--220033..  

MMaauu,,  JJ..  ((11999933))  OOnn  ssttaattiissttiiccss  ooff  ssuucccceessss  aanndd  lloossss  ffoorr  ddeennttaall  iimmppllaannttss..  

IInntteerrnnaattiioonnaall  ddeennttaall  jjoouurrnnaall  4433::  225544--226611..  

MMeerreeddiitthh,,  NN..  ((11999988))  AAsssseessssmmeenntt  ooff  iimmppllaanntt  ssttaabbiilliittyy  aass  aa  pprrooggnnoossttiicc  

ddeetteerrmmiinnaanntt..  TThhee  IInntteerrnnaattiioonnaall  jjoouurrnnaall  ooff  pprroosstthhooddoonnttiiccss  1111::  449911--550011..  

MMiinn--OOoo,,  GG..  &&  GGrrooss,,  PP..  ((22000055))  EErryytthhrrooccyyttee  vvaarriiaannttss  aanndd  tthhee  nnaattuurree  ooff  tthheeiirr  

mmaallaarriiaa  pprrootteeccttiivvee  eeffffeecctt..  CCeelllluullaarr  mmiiccrroobbiioollooggyy  77::  775533--776633..  

MMiisscchh,,  CC..EE..  ((11999999))  IImmppllaanntt  ddeessiiggnn  ccoonnssiiddeerraattiioonnss  ffoorr  tthhee  ppoosstteerriioorr  rreeggiioonnss  ooff  tthhee  

mmoouutthh..  IImmppllaanntt  DDeennttiissttrryy  88::  337766--338866..  

MMiisscchh,,  CC..EE..,,  WWaanngg,,  HH..LL..,,  MMiisscchh,,  CC..MM..,,  SShhaarraawwyy,,  MM..,,  LLeemmoonnss,,  JJ..  &&  JJuuddyy,,  KK..WW..  

((22000044))  RRaattiioonnaallee  ffoorr  tthhee  aapppplliiccaattiioonn  ooff  iimmmmeeddiiaattee  llooaadd  iinn  iimmppllaanntt  ddeennttiissttrryy::  ppaarrtt  

IIII..  IImmppllaanntt  DDeennttiissttrryy  1133::  331100--332211..  

MMoorrrriissoonn,,  NN..AA..,,  QQii,,  JJ..CC..,,  TTookkiittaa,,  AA..,,  KKeellllyy,,  PP..JJ..,,  CCrrooffttss,,  LL..,,  NNgguuyyeenn,,  TT..VV..,,  

SSaammbbrrooookk,,  PP..NN..  &&  EEiissmmaann,,  JJ..AA..  ((11999944))  PPrreeddiiccttiioonn  ooff  bboonnee  ddeennssiittyy  ffrroomm  vviittaammiinn  

DD  rreecceeppttoorr  aalllleelleess..  NNaattuurree  336677::  228844--228877..  

MMoorrrriissoonn,,  NN..AA..,,  YYeeoommaann,,  RR..,,  KKeellllyy,,  PP..JJ..  &&  EEiissmmaann,,  JJ..AA..  ((11999922))  CCoonnttrriibbuuttiioonn  ooff  

ttrraannss--aaccttiinngg  ffaaccttoorr  aalllleelleess  ttoo  nnoorrmmaall  pphhyyssiioollooggiiccaall  vvaarriiaabbiilliittyy::  vviittaammiinn  DD  rreecceeppttoorr  

ggeennee  ppoollyymmoorrpphhiissmm  aanndd  cciirrccuullaattiinngg  oosstteeooccaallcciinn..  PPrroocceeeeddiinnggss  ooff  tthhee  NNaattiioonnaall  

AAccaaddeemmyy  ooff  SScciieenncceess  ooff  tthhee  UUnniitteedd  SSttaatteess  ooff  AAmmeerriiccaa  8899::  66666655--66666699..  

NNeevviinnss,,  MM..  &&  LLaannggeerr,,  BB..  ((11999933))  TThhee  ssuucccceessssffuull  aapppplliiccaattiioonn  ooff  oosssseeooiinntteeggrraatteedd  

iimmppllaannttss  ttoo  tthhee  ppoosstteerriioorr  jjaaww::  aa  lloonngg--tteerrmm  rreettrroossppeeccttiivvee  ssttuuddyy..  TThhee  IInntteerrnnaattiioonnaall  

JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaanntt    88::  442288--443322..  
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NNoossaakkaa,,  YY..,,  TTaacchhii,,  YY..,,  SShhiimmppuukkuu,,  HH..,,  KKaawwaammuurraa,,  TT..  &&  OOhhuurraa,,  KK..  ((22000022))  

AAssssoocciiaattiioonn  ooff  ccaallcciittoonniinn  rreecceeppttoorr  ggeennee  ppoollyymmoorrpphhiissmm  wwiitthh  eeaarrllyy  mmaarrggiinnaall  bboonnee  

lloossss  aarroouunndd  eennddoosssseeoouuss  iimmppllaannttss..  TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  OOrraall  &&  

MMaaxxiillllooffaacciiaall  IImmppllaannttss  1177::  3388--4433..  

OOhhttssuu,,  AA..,,  KKuussaakkaarrii,,  HH..,,  MMaaeeddaa,,  TT..  &&  TTaakkaannoo,,  YY..  ((11999977))  AA  hhiissttoollooggiiccaall  

iinnvveessttiiggaattiioonn  oonn  ttiissssuuee  rreessppoonnsseess  ttoo  ttiittaanniiuumm  iimmppllaannttss  iinn  ccoorrttiiccaall  bboonnee  ooff  tthhee  rraatt  

ffeemmuurr..  JJoouurrnnaall  ooff  ppeerriiooddoonnttoollooggyy  6688::  227700--228833..  

PPaannddaa,,  DD..KK..,,  MMiiaaoo,,  DD..,,  BBoolliivvaarr,,  II..,,  LLii,,  JJ..,,  HHuuoo,,  RR..,,  HHeennddyy,,  GG..NN..  &&  GGoollttzzmmaann,,  DD..  

((22000044))  IInnaaccttiivvaattiioonn  ooff  tthhee  2255--hhyyddrrooxxyyvviittaammiinn  DD  11aallpphhaa--hhyyddrrooxxyyllaassee  aanndd  vviittaammiinn  

DD  rreecceeppttoorr  ddeemmoonnssttrraatteess  iinnddeeppeennddeenntt  aanndd  iinntteerrddeeppeennddeenntt  eeffffeeccttss  ooff  ccaallcciiuumm  

aanndd  vviittaammiinn  DD  oonn  sskkeelleettaall  aanndd  mmiinneerraall  hhoommeeoossttaassiiss..  TThhee  JJoouurrnnaall  ooff  bbiioollooggiiccaall  

cchheemmiissttrryy  227799::  1166775544--1166776666..  

PPaarrkk,,  KK..SS..,,  NNaamm,,  JJ..HH..  &&  CChhooii,,  JJ..  ((22000066))  TThhee  sshhoorrtt  vviittaammiinn  DD  rreecceeppttoorr  iiss  

aassssoocciiaatteedd  wwiitthh  iinnccrreeaasseedd  rriisskk  ffoorr  ggeenneerraalliizzeedd  aaggggrreessssiivvee  ppeerriiooddoonnttiittiiss..  JJoouurrnnaall  

ooff  cclliinniiccaall  ppeerriiooddoonnttoollooggyy  3333::  552244--552288..  

PPaarrrraa,,  FF..CC..,,  AAmmaaddoo,,  RR..CC..,,  LLaammbbeerrttuuccccii,,  JJ..RR..,,  RRoocchhaa,,  JJ..,,  AAnnttuunneess,,  CC..MM..  &&  PPeennaa,,  

SS..DD..  ((22000033))  CCoolloorr  aanndd  ggeennoommiicc  aanncceessttrryy  iinn  BBrraazziilliiaannss..  PPrroocceeeeddiinnggss  ooff  tthhee  

NNaattiioonnaall  AAccaaddeemmyy  ooff  SScciieenncceess  ooff  tthhee  UUnniitteedd  SSttaatteess  ooff  AAmmeerriiccaa  110000::  117777--118822..  

PPeetteerrssssoonn,,  AA..,,  RRaannggeerrtt,,  BB..,,  RRaannddooww,,  KK..  &&  EErriiccssssoonn,,  II..  ((22000011))  MMaarrggiinnaall  bboonnee  

rreessoorrppttiioonn  aatt  ddiiffffeerreenntt  ttrreeaattmmeenntt  ccoonncceeppttss  uussiinngg  BBrraanneemmaarrkk  ddeennttaall  iimmppllaannttss  iinn  

aanntteerriioorr  mmaannddiibblleess..  CClliinniiccaall  iimmppllaanntt  ddeennttiissttrryy  aanndd  rreellaatteedd  rreesseeaarrcchh  33::  114422--114477..  

PPiiaatttteellllii,,  AA..,,  CCoorriigglliiaannoo,,  MM..,,  SSccaarraannoo,,  AA..  &&  QQuuaarraannttaa,,  MM..  ((11999977))  BBoonnee  rreeaaccttiioonnss  

ttoo  eeaarrllyy  oocccclluussaall  llooaaddiinngg  ooff  ttwwoo--ssttaaggee  ttiittaanniiuumm  ppllaassmmaa--sspprraayyeedd  iimmppllaannttss::  aa  ppiilloott  

ssttuuddyy  iinn  mmoonnkkeeyyss..  TThhee  IInntteerrnnaattiioonnaall  jjoouurrnnaall  ooff  ppeerriiooddoonnttiiccss  &&  rreessttoorraattiivvee  

ddeennttiissttrryy  1177::  116622--116699..  
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PPiiaatttteellllii,,  AA..,,  SSccaarraannoo,,  AA..,,  FFaavveerroo,,  LL..,,  IIeezzzzii,,  GG..,,  PPeettrroonnee,,  GG..  &&  FFaavveerroo,,  GG..AA..  

((22000033))  CClliinniiccaall  aanndd  hhiissttoollooggiicc  aassppeeccttss  ooff  ddeennttaall  iimmppllaannttss  rreemmoovveedd  dduuee  ttoo  

mmoobbiilliittyy..  JJoouurrnnaall  ooff  ppeerriiooddoonnttoollooggyy  7744::  338855--339900..  

PPoooonn,,  AA..HH..,,  LLaapprriissee,,  CC..,,  LLeemmiirree,,  MM..,,  MMoonnttppeettiitt,,  AA..,,  SSiinnnneetttt,,  DD..,,  SScchhuurrrr,,  EE..  &&  

HHuuddssoonn,,  TT..JJ..  ((22000044))  AAssssoocciiaattiioonn  ooff  vviittaammiinn  DD  rreecceeppttoorr  ggeenneettiicc  vvaarriiaannttss  wwiitthh  

ssuusscceeppttiibbiilliittyy  ttoo  aasstthhmmaa  aanndd  aattooppyy..  AAmmeerriiccaann  jjoouurrnnaall  ooff  rreessppiirraattoorryy  aanndd  ccrriittiiccaall  

ccaarree  mmeeddiicciinnee  117700::  996677--997733..  

RRaammmmeelltt,,  SS..,,  SScchhuullzzee,,  EE..,,  BBeerrnnhhaarrddtt,,  RR..,,  HHaanniisscchh,,  UU..,,  SScchhaarrnnwweebbeerr,,  DD..,,  WWoorrcchh,,  

HH..,,  ZZwwiipppp,,  HH..  &&  BBiieewweenneerr,,  AA..  ((22000044))  CCooaattiinngg  ooff  ttiittaanniiuumm  iimmppllaannttss  wwiitthh  ttyyppee--II  

ccoollllaaggeenn..  JJoouurrnnaall  ooff  oorrtthhooppaaeeddiicc  rreesseeaarrcchh  2222::  11002255--11003344..  

RRoosseennbbeerrgg,,  EE..SS..,,  CChhoo,,  SS..CC..,,  EElliiaann,,  NN..,,  JJaallbboouutt,,  ZZ..NN..,,  FFrroouumm,,  SS..  &&  EEvviiaann,,  CC..II..  

((22000044))  AA  ccoommppaarriissoonn  ooff  cchhaarraacctteerriissttiiccss  ooff  iimmppllaanntt  ffaaiilluurree  aanndd  ssuurrvviivvaall  iinn  

ppeerriiooddoonnttaallllyy  ccoommpprroommiisseedd  aanndd  ppeerriiooddoonnttaallllyy  hheeaalltthhyy  ppaattiieennttss::  aa  cclliinniiccaall  rreeppoorrtt..  

TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  IImmppllaannttss  1199::  887733--887799..  

RRuubbiinn,,  CC..TT..  &&  MMccLLeeoodd,,  KK..JJ..  ((11999944))  PPrroommoottiioonn  ooff  bboonnyy  iinnggrroowwtthh  bbyy  ffrreeqquueennccyy--

ssppeecciiffiicc,,  llooww--aammpplliittuuddee  mmeecchhaanniiccaall  ssttrraaiinn..  CClliinniiccaall  oorrtthhooppaaeeddiiccss  aanndd  rreellaatteedd  

rreesseeaarrcchh::  116655--117744..  

SSaalloonneenn,,  MM..AA..,,  OOiikkaarriinneenn,,  KK..,,  VViirrttaanneenn,,  KK..  &&  PPeerrnnuu,,  HH..  ((11999933))  FFaaiilluurreess  iinn  tthhee  

oosssseeooiinntteeggrraattiioonn  ooff  eennddoosssseeoouuss  iimmppllaannttss..  TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  OOrraall  &&  

MMaaxxiillllooffaacciiaall  IImmppllaannttss  88::  9922--9977..  

SSaannttooss,,  MM..CC..,,  CCaammppooss,,  MM..II..  &&  LLiinnee,,  SS..RR..  ((22000022))  EEaarrllyy  ddeennttaall  iimmppllaanntt  ffaaiilluurree::  AA  

rreevviieeww  ooff  tthhee  lliitteerraattuurree..  BBrraazziilliiaann  jjoouurrnnaall  ooff  oorraall  sscciieenncceess  11::  110033--111111..  

SSaannttooss,,  MM..CC..,,  CCaammppooss,,  MM..II..,,  SSoouuzzaa,,  AA..PP..,,  TTrreevviillaattttoo,,  PP..CC..  &&  LLiinnee,,  SS..RR..  ((22000044))  

AAnnaallyyssiiss  ooff  MMMMPP--11  aanndd  MMMMPP--99  pprroommootteerr  ppoollyymmoorrpphhiissmmss  iinn  eeaarrllyy  

oosssseeooiinntteeggrraatteedd  iimmppllaanntt  ffaaiilluurree..  TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  OOrraall  &&  MMaaxxiillllooffaacciiaall  

IImmppllaannttss  1199::  3388--4433..  
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SSccaagglliioonnii,,  MM..GG..  &&  DDeelliiggaa,,  AA..GG..  ((11999966))  LLeevvaannttaammeennttoo  eessttaattííssttiiccoo  ddoo  ssuucceessssoo  ee  

ccaauussaass  ddee  iinnssuucceessssoo  nnooss  ttrraabbaallhhooss  ccoomm  iimmppllaanntteess  oosssseeooiinntteeggrraaddooss  ddoo  ssiisstteemmaa  

TTFF  ppuubblliiccaaddooss  nnoo  BBrraassiill::  eessttuuddoo  mmuullttiiccêênnttrriiccoo..  BBCCII  33::  7711--7766..  

SSeennnneerrbbyy,,  LL..  &&  RRooooss,,  JJ..  ((11999988))  SSuurrggiiccaall  ddeetteerrmmiinnaannttss  ooff  cclliinniiccaall  ssuucccceessss  ooff  

oosssseeooiinntteeggrraatteedd  oorraall  iimmppllaannttss::  aa  rreevviieeww  ooff  tthhee  lliitteerraattuurree..  TThhee  IInntteerrnnaattiioonnaall  

jjoouurrnnaall  ooff  pprroosstthhooddoonnttiiccss  1111::  440088--442200..  

SShhiimmppuukkuu,,  HH..,,  NNoossaakkaa,,  YY..,,  KKaawwaammuurraa,,  TT..,,  TTaacchhii,,  YY..,,  SShhiinnoohhaarraa,,  MM..  &&  OOhhuurraa,,  KK..  

((22000033aa))  BBoonnee  mmoorrpphhooggeenneettiicc  pprrootteeiinn--44  ggeennee  ppoollyymmoorrpphhiissmm  aanndd  eeaarrllyy  mmaarrggiinnaall  

bboonnee  lloossss  aarroouunndd  eennddoosssseeoouuss  iimmppllaannttss..  TThhee  IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  OOrraall  &&  

MMaaxxiillllooffaacciiaall  IImmppllaannttss  1188::  550000--550044..  

SShhiimmppuukkuu,,  HH..,,  NNoossaakkaa,,  YY..,,  KKaawwaammuurraa,,  TT..,,  TTaacchhii,,  YY..,,  SShhiinnoohhaarraa,,  MM..  &&  OOhhuurraa,,  KK..  

((22000033bb))  GGeenneettiicc  ppoollyymmoorrpphhiissmmss  ooff  tthhee  iinntteerrlleeuukkiinn--11  ggeennee  aanndd  eeaarrllyy  mmaarrggiinnaall  

bboonnee  lloossss  aarroouunndd  eennddoosssseeoouuss  ddeennttaall  iimmppllaannttss..  CClliinniiccaall  oorraall  iimmppllaannttss  rreesseeaarrcchh  

1144::  442233--442299..  

SShhiirraakkuurraa,,  MM..,,  FFuujjiiii,,  NN..,,  OOhhnniisshhii,,  HH..,,  TTaagguucchhii,,  YY..,,  OOhhsshhiimmaa,,  HH..,,  NNoommuurraa,,  SS..  &&  

MMaaeeddaa,,  TT..  ((22000033))  TTiissssuuee  rreessppoonnssee  ttoo  ttiittaanniiuumm  iimmppllaannttaattiioonn  iinn  tthhee  rraatt  mmaaxxiillllaa,,  

wwiitthh  ssppeecciiaall  rreeffeerreennccee  ttoo  tthhee  eeffffeeccttss  ooff  ssuurrffaaccee  ccoonnddiittiioonnss  oonn  bboonnee  ffoorrmmaattiioonn..  

CClliinniiccaall  oorraall  iimmppllaannttss  rreesseeaarrcchh  1144::  668877--669966..  

SSiillnneessss,,  JJ..  &&  LLooee,,  HH..  ((11996644))  PPeerriiooddoonnttaall  ddiisseeaassee  iinn  pprreeggnnaannccyy..  22..  CCoorrrreellaattiioonn  

bbeettwweeeenn  oorraall  hhiiggiieennee  aanndd  ppeerriiooddoonnttaall  ccoonnddiittiioonn..  AAccttaa  ooddoonnttoollooggiiccaa  SSccaannddiinnaavviiccaa  

2222::  112211--113355..  

SSiillvveerrsstteeiinn,,  LL..HH..  &&  KKuurrttzzmmaann,,  GG..MM..  ((22000066))  OOrraall  hhyyggiieennee  aanndd  mmaaiinntteennaannccee  ooff  

ddeennttaall  iimmppllaannttss..  DDeennttiissttrryy  TTooddaayy  2255::  7700--7755;;  qquuiizz  7755..  

SSllaattooppoollsskkyy,,  EE..,,  FFiinncchh,,  JJ..  &&  BBrroowwnn,,  AA..  ((22000033))  NNeeww  vviittaammiinn  DD  aannaallooggss..  KKiiddnneeyy  

IInntteerrnnaattiioonnaall  SSuupppplleemmeenntt::  SS8833--8877..  
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SSttaannffoorrdd,,  CC..MM..  ((22000033))  BBoonnee  qquuaannttiittyy  aanndd  qquuaalliittyy::  aarree  tthheeyy  rreelleevvaanntt  pprreeddiiccttoorrss  ooff  

iimmppllaanntt  oouuttccoommeess??  TThhee  IInntteerrnnaattiioonnaall  jjoouurrnnaall  ooff  pprroosstthhooddoonnttiiccss  1166  SSuuppppll::  4433--4455;;  

ddiissccuussssiioonn  4477--5511..  

SSuunn,,  JJ..LL..,,  MMeenngg,,  HH..XX..,,  CCaaoo,,  CC..FF..,,  TTaacchhii,,  YY..,,  SShhiinnoohhaarraa,,  MM..,,  UUeeddaa,,  MM..,,  IImmaaii,,  HH..  &&  

OOhhuurraa,,  KK..  ((22000022))  RReellaattiioonnsshhiipp  bbeettwweeeenn  vviittaammiinn  DD  rreecceeppttoorr  ggeennee  ppoollyymmoorrpphhiissmm  

aanndd  ppeerriiooddoonnttiittiiss..  JJoouurrnnaall  ooff  ppeerriiooddoonnttaall  rreesseeaarrcchh  3377::  226633--226677..  

TToonneettttii,,  MM..SS..  ((11999999))  DDeetteerrmmiinnaattiioonn  ooff  tthhee  ssuucccceessss  aanndd  ffaaiilluurree  ooff  rroooott--ffoorrmm  

oosssseeooiinntteeggrraatteedd  ddeennttaall  iimmppllaannttss..  AAddvvaanncceess  iinn  ddeennttaall  rreesseeaarrcchh  1133::  117733--118800..  

TTrreevviillaattttoo,,  PP..CC..  &&  LLiinnee,,  SS..RR..  ((22000000))  UUssee  ooff  bbuuccccaall  eeppiitthheelliiaall  cceellllss  ffoorr  PPCCRR  

aammpplliiffiiccaattiioonn  ooff  llaarrggee  DDNNAA  ffrraaggmmeennttss..  TThhee  JJoouurrnnaall  ooff  ffoorreennssiicc  ooddoonnttoo--

ssttoommaattoollooggyy  1188::  66--99..  

UUiitttteerrlliinnddeenn,,  AA..GG..,,  FFaanngg,,  YY..,,  BBeerrggiinnkk,,  AA..PP..,,  vvaann  MMeeuurrss,,  JJ..BB..,,  vvaann  LLeeeeuuwweenn,,  HH..PP..  

&&  PPoollss,,  HH..AA..  ((22000022))  TThhee  rroollee  ooff  vviittaammiinn  DD  rreecceeppttoorr  ggeennee  ppoollyymmoorrpphhiissmmss  iinn  bboonnee  
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Table 1 . Baseline characteristics of all sampled subjects (n=217). 
 
  Control Group (n=137)  Study Group (n=80)    
  n % n % p value 
Ethnic Group 
Caucasoid 131 95.6 79 98.8 *0.261
Non-caucasian 6 4.4 1 1.3  

Age years † 51.64 ± 11.12 52.81 ± 11.03 **0.414 
Gender      
Female 87 63.5 48 60.0 

*0.664 
Male 50 36.5 32 40.0 
Smoking      
Yes 25 18.2 18 22.5 

*0.483 
No 112 81.8 62 77.5 
 

†Mean±Standart Deviation;     
*Chi-square test;  
**Student’s t-test.      
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Table 2 . Patients’ clinical findings (n=217). 
 
  Control Group (n=137)  Study Group (n=80)    
  n % n % p value 
Social profile       
A1/A2/B1 77 56.2 40 50.0 

*0.399 
B2/C/D 60 43.8 40 50.0 
General medical condition      
Systemic disease 41 29.9 23 28.8 *0.879 
Diabetis 9 6.6 1 1.3 *0.096 
Rheumatoid diseases  27 19.7 20 25.0 *0.395 
Osteoporosis 3 2.2 1 1.3 *1.000 

HASa 27 19.7 21 26.3 *0.310 

Cardiovascular diseases 9 6.6 8 10.0 *0.434 
Hipotireoidism 12 8.8 9 11.3 *0.636 
Under medical treatment      
Yes 55 40.1 37 46.3 

*0.396 
No    82 59.9 43 53.8 
Current medication      
No drugs use 79 57.7 44 55.0 *0.777 
Antihypertension 24 17.5 18 22.5 *0.379 
Antimicrobials 11 8.0 7 8.8 *0.999 

AINESb 5 3.6 6 7.5 *0.219 

AIESc 4 2.9 3 3.8 *0.710 

Hormony Reposition 29 21.2 17 21.3 *1.000 
Estatinas 6 4.4 4 5.0 *0.999 
Higine Habits      
Brushing daily       
1 to 3 times 102 74.5 62 77.5 

*0.744 
More than 3 times 35 25.5 18 22.5 
Dental floss daily      
Yes 110 80.3 61 76.3 

*0.495 
No 27 19.7 19 23.8 
Mouth washing daily      
Yes 71 51.8 38 47.5 

*0.575 
No 66 48.2 42 52.5 
Clinical appointments † 6.12 ± 4.38 6.25 ± 4.76 **0.868 
Clinical measurements       
Edentulous 26 19.0 5 6.3 *0.009 

Presents teeth† 20.59 ± 6.01†† 18.56 ± 7.04††† **0.054 
Placed implants† 4.51± 3.23 5.55 ± 3.57 **0.013 
 
*Fisher's exact test;       
**U-Mann-Whitney’s test;       
†Mean±Standart Deviation; ††n=111, †††n=75;     
aHigh blood pressure; bAnti-inflammatory nonsteroidal drug; cAnti-inflamatory steroidal drug. 
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Table 3 . Periodontal status of partially edentulous patients (n=186). 
 
  Control Group (n=111)  Study Group (n=75)    
Periodontal Status     p value 

Gingival Index † 0.64 ± 0.38 0.65 ± 0.55 *0.343 

Plaque Index †  0.14 ± 0.26 0.25 ± 0.42 *0.755 

Calculus Index † 0.08 ± 0.13 0.14 ± 0.25 *0.265 

PPD a (mm) † 2.68 ± 0.41 2.52 ± 0.47 **0.011 

CAL b (mm) † 3.61 ± 0.76 3.66 ± 1.10 **0.723 

Mobility (absence/presence) 98/13 60/15 
‡0.145 

 

aProbing pocket depth; bClinical attachment level;  
†Mean±Standart Deviation;  
*U-Mann-Whitney’s test;     
**Student's t-test;       
‡Fisher's exact test.    
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Table 4.  Genotype and allele frequencies of TaqI polymorphism (rs731236). 

 
  Control Group (n=137)  Study Group (n=80)    
  n % n  % p value 

Genotypes       
T T 63 46.0 33 41.3 

*0.482 T C 54 39.4 38 47.5 
C C 20 14.6 9 11.3 
Alleles †      
T 180 65.7 107 66.9 

**0.834 
C 94 34.3 53 33.1 
 
*Chi-square test;  
**Fisher's exact test;      
†Control Group n=274, Study Group n=160.    
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Table 5.  Clinical findings (n=1367) for all implants. 

 
  Healthy Implants (n=1232)  Lost Implants (n=135)    
  n % n % p value 

Position      
Maxilla 627 50.9 50 37.5 

*0.003 
Madible 605 49.1 85 62.5 
Anterior region 550 44.6 47 35.3 

*0.037 
Posterial region 682 55.4 88 64.7 
Primary stability       
Good (>40) 652 68.8 49 52.7 

*0.001 
Poor (≤40) 295 31.2 44 47.3 
Dimention      
Diameter† 3.99 ± 0.41 (1232) 4.03 ± 0.45 (135) ‡0.348 
Length† 13.16 ± 2.55 (1232) 12.35 ± 2.75 (135) ‡0.001 
Design      
Cylinder 231 18.8 24 17.8 

*0.783 
Conical 1001 81.3 111 82.2 
Plataform      
Internal Hex 353 28.7 37 27.4 

*0.536 
External Hex 832 67.7 95 70.4 
GT¥ 18 1.5 0 0.0 
CM¥ 27 2.2 3 2.2 
Surgical technique      
One-step surgery 456 46.2 44 40.4 

*0.250 
Two-step surgery 532 53.8 65 59.6 
Loading Time      
Immediate load      
Yes 150 12.2 9 6.7 

*0.056 
No 1075 87.8 126 93.3 
Time to load (weeks)      
Maxilla† 43.39 ± 37.08 (608) 43.93 ± 52.79 (10) ‡‡0.964 
Mandible† 40.50 ± 46.88 (570) 29.44 ± 56.07 (15) ‡‡0.370 
Load      
Load implants 1178 95.6 25 18.7 

*0.001 
Unload implants 54 4.4 109 81.3 
Graft Procedure      
Yes 235 19.1 22 16.3 

*0.433 
No 997 80.9 113 83.7 
Bone quantity      
Good (II/III) 1096 89.0 123 91.1 

*0.445 
Poor (I/IV) 136 11.0 12 8.9 
Bone quality      
Good (B/C) 1092 88.6 118 87.4 

*0.671 
Poor (A/D) 140 11.4 17 12.6 
 

†Mean±Standart Deviation (n);      
*Chi-square test;      
‡‡SSttuuddeenntt''ss  tt--tteesstt;;       
‡‡‡‡ U-Mann-Whitney’s test;       
¥CM and GT platforms were considering together for the test.   
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Figure 1.  Genotype/alelle frequencies of VDR TaqI polymorphism in different 
populations. 
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Figure 2 . Kaplan-Meier curve showing cumulative proportion of implant survival 

over time.  
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 5. CONCLUSÃO  

 

i) Até o momento, a abordagem genética utilizada em estudos 

considerando falhas de implantes dentais osseointegráveis foi a 

análise de polimorfismos em genes candidatos. Nesse âmbito, o 

scan genômico caso-controle pode ser uma ferramenta genética 

promissora, pela capacidade de análise de polimorfismos genéticos 

em larga escala. 

ii) Os seguintes parâmetros clínicos estiveram associados à perda de 

implantes dentais osseointegráveis: edentulismo, profundidade de 

bolsa, posição do implante, estabilidade primária, comprimento do 

implante, quantidade de osso e técnica cirúrgica. 

iii) Alelos e genótipos do polimorfismo TaqI no gene do VDR (rs731236) 

não estiveram associados à perda de implantes dentais 

osseointegráveis. 
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GGrraazziiaannii,,  FF..,,  DDoonnooss,,  NN..,,  NNeeeeddlleemmaann,,  II..,,  GGaabbrriieellee,,  MM..  &&  TToonneettttii,,  MM..  ((22000044))  

CCoommppaarriissoonn  ooff  iimmppllaanntt  ssuurrvviivvaall  ffoolllloowwiinngg  ssiinnuuss  fflloooorr  aauuggmmeennttaattiioonn  pprroocceedduurreess  

wwiitthh  iimmppllaannttss  ppllaacceedd  iinn  pprriissttiinnee  ppoosstteerriioorr  mmaaxxiillllaarryy  bboonnee::  aa  ssyysstteemmaattiicc  rreevviieeww..  

CClliinn  OOrraall  IImmppllaannttss  RReess  1155::  667777--668822..  

GGuuyy,,  MM..,,  LLoowwee,,  LL..CC..,,  BBrreetthheerrttoonn--WWaatttt,,  DD..,,  MMaannssii,,  JJ..LL..,,  PPeecckkiitttt,,  CC..,,  BBlliissss,,  JJ..,,  

WWiillssoonn,,  RR..GG..,,  TThhoommaass,,  VV..  &&  CCoollssttoonn,,  KK..WW..  ((22000044))  VViittaammiinn  DD  rreecceeppttoorr  ggeennee  

ppoollyymmoorrpphhiissmmss  aanndd  bbrreeaasstt  ccaanncceerr  rriisskk..  CClliinn  CCaanncceerr  RReess  1100::  55447722--55448811..  

HHeennrryy,,  PP..JJ..  ((22000055))  OOrraall  iimmppllaanntt  rreessttoorraattiioonn  ffoorr  eennhhaanncceedd  oorraall  ffuunnccttiioonn..  CClliinn  EExxpp  

PPhhaarrmmaaccooll  PPhhyyssiiooll  3322::  112233--112277..  

HHoorrsstt--SSiikkoorrsskkaa,,  WW..,,  WWaawwrrzzyynniiaakk,,  AA..,,  CCeellcczzyynnsskkaa--BBaajjeeww,,  LL..,,  MMaarrcciinnkkoowwsskkaa,,  MM..,,  

DDaabbrroowwsskkii,,  SS..,,  KKaallaakk,,  RR..  &&  SSlloommsskkii,,  RR..  ((22000055))  PPoollyymmoorrpphhiissmm  ooff  VVDDRR  ggeennee----tthhee  

mmoosstt  eeffffeeccttiivvee  mmoolleeccuullaarr  mmaarrkkeerr  ooff  oosstteeooppoorroottiicc  bboonnee  ffrraaccttuurreess  rriisskk  wwiitthhiinn  
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ppoossttmmeennooppaauussaall  wwoommeenn  ffrroomm  WWiieellkkooppoollsskkaa  rreeggiioonn  ooff  PPoollaanndd..  EEnnddookkrryynnooll  PPooll  

5566::  223333--223399..  

HHuuttttoonn,,  JJ..EE..,,  HHeeaatthh,,  MM..RR..,,  CChhaaii,,  JJ..YY..,,  HHaarrnneetttt,,  JJ..,,  JJeemmtt,,  TT..,,  JJoohhnnss,,  RR..BB..,,  

MMccKKeennnnaa,,  SS..,,  MMccNNaammaarraa,,  DD..CC..,,  vvaann  SStteeeennbbeerrgghhee,,  DD..,,  TTaayylloorr,,  RR..  &&  eett  aall..  ((11999955))  

FFaaccttoorrss  rreellaatteedd  ttoo  ssuucccceessss  aanndd  ffaaiilluurree  rraatteess  aatt  33--yyeeaarr  ffoollllooww--uupp  iinn  aa  mmuullttiicceenntteerr  

ssttuuddyy  ooff  oovveerrddeennttuurreess  ssuuppppoorrtteedd  bbyy  BBrraanneemmaarrkk  iimmppllaannttss..  IInntt  JJ  OOrraall  MMaaxxiillllooffaacc  

IImmppllaannttss  1100::  3333--4422..  

JJaannssssoonn,,  HH..,,  HHaammbbeerrgg,,  KK..,,  DDee  BBrruuyynn,,  HH..  &&  BBrraatttthhaallll,,  GG..  ((22000055))  CClliinniiccaall  

ccoonnsseeqquueenncceess  ooff  IILL--11  ggeennoottyyppee  oonn  eeaarrllyy  iimmppllaanntt  ffaaiilluurreess  iinn  ppaattiieennttss  uunnddeerr  

ppeerriiooddoonnttaall  mmaaiinntteennaannccee..  CClliinn  IImmppllaanntt  DDeenntt  RReellaatt  RReess  77::  5511--5599..  

KKaaoo,,  RR..TT..,,  CCuurrttiiss,,  DD..AA..,,  RRiicchhaarrddss,,  DD..WW..  &&  PPrreebbllee,,  JJ..  ((11999955))  IInnccrreeaasseedd  

iinntteerrlleeuukkiinn--11  bbeettaa  iinn  tthhee  ccrreevviiccuullaarr  fflluuiidd  ooff  ddiisseeaasseedd  iimmppllaannttss..  IInntt  JJ  OOrraall  

MMaaxxiillllooffaacc  IImmppllaannttss  1100::  669966--770011..  

KKiimm,,  SS..,,  SShheevvddee,,  NN..KK..  &&  PPiikkee,,  JJ..WW..  ((22000055))  11,,2255--DDiihhyyddrrooxxyyvviittaammiinn  DD33  ssttiimmuullaatteess  

ccyycclliicc  vviittaammiinn  DD  rreecceeppttoorr//rreettiinnooiidd  XX  rreecceeppttoorr  DDNNAA--bbiinnddiinngg,,  ccoo--aaccttiivvaattoorr  

rreeccrruuiittmmeenntt,,  aanndd  hhiissttoonnee  aacceettyyllaattiioonn  iinn  iinnttaacctt  oosstteeoobbllaassttss..  JJ  BBoonnee  MMiinneerr  RReess  2200::  

330055--331177..  

KKoorrssttaannjjee,,  RR..  &&  PPaaiiggeenn,,  BB..  ((22000022))  FFrroomm  QQTTLL  ttoo  ggeennee::  tthhee  hhaarrvveesstt  bbeeggiinnss..  NNaatt  

GGeenneett  3311::  223355--223366..  

KKuutttteennbbeerrggeerr,,  JJ..JJ..,,  HHaarrddtt,,  NN..,,  RRuuttzz,,  TT..  &&  PPffyyffffeerr,,  GG..EE..  ((22000055))  [[BBoonnee  ccoolllleecctteedd  

wwiitthh  aa  bboonnee  ccoolllleeccttoorr  dduurriinngg  ddeennttaall  iimmppllaanntt  ssuurrggeerryy  MMiikkrroobbiioollooggiisscchhee  AAnnaallyyssee..]]..  

MMuunndd  KKiieeffeerr  GGeessiicchhttsscchhiirr  99::  1188--2233..  

LLaannddeerr,,  EE..SS..  &&  SScchhoorrkk,,  NN..JJ..  ((11999944))  GGeenneettiicc  ddiisssseeccttiioonn  ooff  ccoommpplleexx  ttrraaiittss..  

SScciieennccee  226655::  22003377--22004488..  

LLaanngg,,  NN..PP..,,  BBeerrgglluunnddhh,,  TT..,,  HHeeiittzz--MMaayyffiieelldd,,  LL..JJ..,,  PPjjeettuurrssssoonn,,  BB..EE..,,  SSaallvvii,,  GG..EE..  &&  

SSaannzz,,  MM..  ((22000044))  CCoonnsseennssuuss  ssttaatteemmeennttss  aanndd  rreeccoommmmeennddeedd  cclliinniiccaall  pprroocceedduurreess  
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rreeggaarrddiinngg  iimmppllaanntt  ssuurrvviivvaall  aanndd  ccoommpplliiccaattiioonnss..  IInntt  JJ  OOrraall  MMaaxxiillllooffaacc  IImmppllaannttss  1199  

SSuuppppll::  115500--115544..  

LLeekkhhoollmm,,  UU..,,  GGuunnnnee,,  JJ..,,  HHeennrryy,,  PP..,,  HHiigguucchhii,,  KK..,,  LLiinnddeenn,,  UU..,,  BBeerrggssttrroomm,,  CC..  &&  vvaann  

SStteeeennbbeerrgghhee,,  DD..  ((11999999))  SSuurrvviivvaall  ooff  tthhee  BBrraanneemmaarrkk  iimmppllaanntt  iinn  ppaarrttiiaallllyy  

eeddeennttuulloouuss  jjaawwss::  aa  1100--yyeeaarr  pprroossppeeccttiivvee  mmuullttiicceenntteerr  ssttuuddyy..  IInntt  JJ  OOrraall  MMaaxxiillllooffaacc  

IImmppllaannttss  1144::  663399--664455..  

LLuunnddiinn,,  AA..CC..,,  SSooddeerrkkvviisstt,,  PP..,,  EErriikkssssoonn,,  BB..,,  BBeerrggmmaann--JJuunnggeessttrroomm,,  MM..  &&  WWiinnggrreenn,,  

SS..  ((11999999))  AAssssoocciiaattiioonn  ooff  bbrreeaasstt  ccaanncceerr  pprrooggrreessssiioonn  wwiitthh  aa  vviittaammiinn  DD  rreecceeppttoorr  

ggeennee  ppoollyymmoorrpphhiissmm..  SSoouutthh--EEaasstt  SSwweeddeenn  BBrreeaasstt  CCaanncceerr  GGrroouupp..  CCaanncceerr  RReess  5599::  

22333322--22333344..  

MMaarrttii,,  GG..,,  AAuuddii,,  LL..,,  EEsstteebbaann,,  CC..,,  OOyyaarrzzaabbaall,,  MM..,,  CChhuueeccaa,,  MM..,,  GGuussssiinnyyee,,  MM..,,  

YYeessttee,,  DD..,,  FFeerrnnaannddeezz--CCaanncciioo,,  MM..,,  AAnnddaalluuzz,,  PP..  &&  CCaarrrraassccoossaa,,  AA..  ((22000044))  

[[AAssssoocciiaattiioonn  ooff  vviittaammiinn  DD  rreecceeppttoorr  ggeennee  ppoollyymmoorrpphhiissmm  wwiitthh  ttyyppee  11  ddiiaabbeetteess  

mmeelllliittuuss  iinn  ttwwoo  SSppaanniisshh  ppooppuullaattiioonnss]]..  MMeedd  CClliinn  ((BBaarrcc))  112233::  228866--229900..  

MMaatthhiieeuu,,  CC..,,  vvaann  EEtttteenn,,  EE..,,  DDeeccaalllloonnnnee,,  BB..,,  GGuuiilliieettttii,,  AA..,,  GGyysseemmaannss,,  CC..,,  BBoouuiilllloonn,,  

RR..  &&  OOvveerrbbeerrgghh,,  LL..  ((22000044))  VViittaammiinn  DD  aanndd  11,,2255--ddiihhyyddrrooxxyyvviittaammiinn  DD33  aass  

mmoodduullaattoorrss  iinn  tthhee  iimmmmuunnee  ssyysstteemm..  JJ  SStteerrooiidd  BBiioocchheemm  MMooll  BBiiooll  8899--9900::  444499--445522..  

MMaayyeeuuxx,,  RR..  ((22000055))  MMaappppiinngg  tthhee  nneeww  ffrroonnttiieerr::  ccoommpplleexx  ggeenneettiicc  ddiissoorrddeerrss..  JJ  CClliinn  

IInnvveesstt  111155::  11440044--11440077..  

MMiisscchh,,  CC..EE..,,  WWaanngg,,  HH..LL..,,  MMiisscchh,,  CC..MM..,,  SShhaarraawwyy,,  MM..,,  LLeemmoonnss,,  JJ..  &&  JJuuddyy,,  KK..WW..  

((22000044))  RRaattiioonnaallee  ffoorr  tthhee  aapppplliiccaattiioonn  ooff  iimmmmeeddiiaattee  llooaadd  iinn  iimmppllaanntt  ddeennttiissttrryy::  ppaarrtt  

IIII..  IImmppllaanntt  DDeenntt  1133::  331100--332211..  

MMoorraannggee,,  PP..EE..,,  SSaauutt,,  NN..,,  AAlleessssii,,  MM..CC..,,  FFrreerree,,  CC..,,  HHaawwee,,  EE..,,  YYuuddkkiinn,,  JJ..SS..,,  

TTrreemmoollii,,  EE..,,  MMaarrggaagglliioonnee,,  MM..,,  DDii  MMiinnnnoo,,  GG..,,  HHaammsstteenn,,  AA..,,  HHuummpphhrriieess,,  SS..EE..  &&  

JJuuhhaann--VVaagguuee,,  II..  ((22000055))  IInntteerraaccttiioonn  bbeettwweeeenn  tthhee  CC--226600TT  ppoollyymmoorrpphhiissmm  ooff  tthhee  

CCDD1144  ggeennee  aanndd  tthhee  ppllaassmmaa  IILL--66  ccoonncceennttrraattiioonn  oonn  tthhee  rriisskk  ooff  mmyyooccaarrddiiaall  

iinnffaarrccttiioonn::  tthhee  HHIIFFMMEECCHH  ssttuuddyy..  AAtthheerroosscclleerroossiiss  117799::  331177--332233..  



 

89 

 
MMoorrrriissoonn,,  NN..AA..,,  QQii,,  JJ..CC..,,  TTookkiittaa,,  AA..,,  KKeellllyy,,  PP..JJ..,,  CCrrooffttss,,  LL..,,  NNgguuyyeenn,,  TT..VV..,,  

SSaammbbrrooookk,,  PP..NN..  &&  EEiissmmaann,,  JJ..AA..  ((11999944))  PPrreeddiiccttiioonn  ooff  bboonnee  ddeennssiittyy  ffrroomm  vviittaammiinn  

DD  rreecceeppttoorr  aalllleelleess..  NNaattuurree  336677::  228844--228877..  

MMoorrrriissoonn,,  NN..AA..,,  YYeeoommaann,,  RR..,,  KKeellllyy,,  PP..JJ..  &&  EEiissmmaann,,  JJ..AA..  ((11999922))  CCoonnttrriibbuuttiioonn  ooff  

ttrraannss--aaccttiinngg  ffaaccttoorr  aalllleelleess  ttoo  nnoorrmmaall  pphhyyssiioollooggiiccaall  vvaarriiaabbiilliittyy::  vviittaammiinn  DD  rreecceeppttoorr  

ggeennee  ppoollyymmoorrpphhiissmm  aanndd  cciirrccuullaattiinngg  oosstteeooccaallcciinn..  PPrroocc  NNaattll  AAccaadd  SSccii  UU  SS  AA  8899::  

66666655--66666699..  

MMuuhhllee,,  RR..,,  TTrreennttaaccoossttee,,  SS..VV..  &&  RRaappiinn,,  II..  ((22000044))  TThhee  ggeenneettiiccss  ooff  aauuttiissmm..  

PPeeddiiaattrriiccss  111133::  ee447722--448866..  

NNaaggppaall,,  SS..,,  NNaa,,  SS..  &&  RRaatthhnnaacchhaallaamm,,  RR..  ((22000055))  NNoonn--CCaallcceemmiicc  AAccttiioonnss  ooff  VViittaammiinn  

DD  RReecceeppttoorr  LLiiggaannddss..  EEnnddooccrr  RReevv..  

NNeezzbbeeddoovvaa,,  PP..  &&  BBrrttkkoo,,  JJ..  ((22000044))  11aallpphhaa,,2255--ddiihhyyddrrooxxyyvviittaammiinn  DD33  iinndduucciibbllee  

ttrraannssccrriippttiioonn  ffaaccttoorr  aanndd  iittss  rroollee  iinn  tthhee  vviittaammiinn  DD  aaccttiioonn..  EEnnddooccrr  RReegguull  3388::  2299--3388..  

NNuussssbbaauumm,,  RR..LL..,,  MMccIInnnneess,,  RR..RR..  &&  WWiillllaarrdd,,  HH..FF..  22000022,,  GGeenneettiiccss  iinn  mmeeddiicciinnee  ((RRiioo  

ddee  JJaanneeiirroo,,  RRJJ::  GGuuaannaabbaarraa  KKooooggaann)),,  pppp..  6699--8822..  

PPaarrkk,,  KK..SS..,,  NNaamm,,  JJ..HH..  &&  CChhooii,,  JJ..  ((22000066))  TThhee  sshhoorrtt  vviittaammiinn  DD  rreecceeppttoorr  iiss  

aassssoocciiaatteedd  wwiitthh  iinnccrreeaasseedd  rriisskk  ffoorr  ggeenneerraalliizzeedd  aaggggrreessssiivvee  ppeerriiooddoonnttiittiiss..  JJ  CClliinn  

PPeerriiooddoonnttooll  3333::  552244--552288..  

PPoooonn,,  AA..HH..,,  LLaapprriissee,,  CC..,,  LLeemmiirree,,  MM..,,  MMoonnttppeettiitt,,  AA..,,  SSiinnnneetttt,,  DD..,,  SScchhuurrrr,,  EE..  &&  

HHuuddssoonn,,  TT..JJ..  ((22000044))  AAssssoocciiaattiioonn  ooff  vviittaammiinn  DD  rreecceeppttoorr  ggeenneettiicc  vvaarriiaannttss  wwiitthh  

ssuusscceeppttiibbiilliittyy  ttoo  aasstthhmmaa  aanndd  aattooppyy..  AAmm  JJ  RReessppiirr  CCrriitt  CCaarree  MMeedd  117700::  996677--997733..  

PPrroosssseerr,,  DD..EE..  &&  JJoonneess,,  GG..  ((22000044))  EEnnzzyymmeess  iinnvvoollvveedd  iinn  tthhee  aaccttiivvaattiioonn  aanndd  

iinnaaccttiivvaattiioonn  ooff  vviittaammiinn  DD..  TTrreennddss  BBiioocchheemm  SSccii  2299::  666644--667733..  

QQuuiirryynneenn,,  MM..  &&  TTeeuugghheellss,,  WW..  ((22000033))  MMiiccrroobbiioollooggiiccaallllyy  ccoommpprroommiisseedd  ppaattiieennttss  

aanndd  iimmppaacctt  oonn  oorraall  iimmppllaannttss..  PPeerriiooddoonnttooll  22000000  3333::  111199--112288..  
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RRaaoo,,  SS..,,  AAuussttiinn,,  HH..,,  DDaavviiddooffff,,  MM..NN..  &&  ZZaaffaarrii,,  AA..MM..  ((22000055))  EEnnddootthheelliiaall  nniittrriicc  ooxxiiddee  

ssyynntthhaassee  iinnttrroonn  44  ppoollyymmoorrpphhiissmm  iiss  aa  mmaarrkkeerr  ffoorr  ccoorroonnaarryy  aarrtteerryy  ddiisseeaassee  iinn  

AAffrriiccaann--AAmmeerriiccaann  aanndd  CCaauuccaassiiaann  mmeenn..  EEtthhnn  DDiiss  1155::  119911--119977..  

RReeiicchheell,,  HH..,,  KKooeefffflleerr,,  HH..PP..  &&  NNoorrmmaann,,  AA..WW..  ((11998899))  TThhee  rroollee  ooff  tthhee  vviittaammiinn  DD  

eennddooccrriinnee  ssyysstteemm  iinn  hheeaalltthh  aanndd  ddiisseeaassee..  NN  EEnnggll  JJ  MMeedd  332200::  998800--999911..  

RRiisscchh,,  NN..  &&  MMeerriikkaannggaass,,  KK..  ((11999966))  TThhee  ffuuttuurree  ooff  ggeenneettiicc  ssttuuddiieess  ooff  ccoommpplleexx  

hhuummaann  ddiisseeaasseess..  SScciieennccee  227733::  11551166--11551177..  

RRoosseennbbeerrgg,,  EE..SS..,,  CChhoo,,  SS..CC..,,  EElliiaann,,  NN..,,  JJaallbboouutt,,  ZZ..NN..,,  FFrroouumm,,  SS..  &&  EEvviiaann,,  CC..II..  

((22000044))  AA  ccoommppaarriissoonn  ooff  cchhaarraacctteerriissttiiccss  ooff  iimmppllaanntt  ffaaiilluurree  aanndd  ssuurrvviivvaall  iinn  

ppeerriiooddoonnttaallllyy  ccoommpprroommiisseedd  aanndd  ppeerriiooddoonnttaallllyy  hheeaalltthhyy  ppaattiieennttss::  aa  cclliinniiccaall  rreeppoorrtt..  

IInntt  JJ  OOrraall  MMaaxxiillllooffaacc  IImmppllaannttss  1199::  887733--887799..  

SSaakkaaii,,  YY..  &&  DDeemmaayy,,  MM..BB..  ((22000000))  EEvvaalluuaattiioonn  ooff  kkeerraattiinnooccyyttee  pprroolliiffeerraattiioonn  aanndd  

ddiiffffeerreennttiiaattiioonn  iinn  vviittaammiinn  DD  rreecceeppttoorr  kknnoocckkoouutt  mmiiccee..  EEnnddooccrriinnoollooggyy  114411::  22004433--

22004499..  

SSaannttooss,,  MM..CC..,,  CCaammppooss,,  MM..II..,,  SSoouuzzaa,,  AA..PP..,,  SSccaarreell--CCaammiinnaaggaa,,  RR..MM..,,  MMaazzzzoonneettttoo,,  

RR..  &&  LLiinnee,,  SS..RR..  ((22000044aa))  AAnnaallyyssiiss  ooff  tthhee  ttrraannssffoorrmmiinngg  ggrroowwtthh  ffaaccttoorr--bbeettaa  11  ggeennee  

pprroommootteerr  ppoollyymmoorrpphhiissmmss  iinn  eeaarrllyy  oosssseeooiinntteeggrraatteedd  iimmppllaanntt  ffaaiilluurree..  IImmppllaanntt  DDeenntt  

1133::  226622--226699..  

SSaannttooss,,  MM..CC..,,  CCaammppooss,,  MM..II..,,  SSoouuzzaa,,  AA..PP..,,  TTrreevviillaattttoo,,  PP..CC..  &&  LLiinnee,,  SS..RR..  ((22000044bb))  

AAnnaallyyssiiss  ooff  MMMMPP--11  aanndd  MMMMPP--99  pprroommootteerr  ppoollyymmoorrpphhiissmmss  iinn  eeaarrllyy  

oosssseeooiinntteeggrraatteedd  iimmppllaanntt  ffaaiilluurree..  IInntt  JJ  OOrraall  MMaaxxiillllooffaacc  IImmppllaannttss  1199::  3388--4433..  

SScchhuuttttee,,  BB..CC..  &&  MMuurrrraayy,,  JJ..CC..  ((11999999))  TThhee  mmaannyy  ffaacceess  aanndd  ffaaccttoorrss  ooff  oorrooffaacciiaall  

cclleeffttss..  HHuumm  MMooll  GGeenneett  88::  11885533--11885599..  

SSccoolloozzzzii,,  PP..  &&  JJaaqquueess,,  BB..  ((22000044))  TTrreeaattmmeenntt  ooff  mmiiddffaacciiaall  ddeeffeeccttss  uussiinngg  

pprroosstthheesseess  ssuuppppoorrtteedd  bbyy  IITTII  ddeennttaall  iimmppllaannttss..  PPllaasstt  RReeccoonnssttrr  SSuurrgg  111144::  11339955--

11440044..  
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SShhiinnkkyyoo,,  RR..,,  SSaakkaakkii,,  TT..,,  KKaammaakkuurraa,,  MM..,,  OOhhttaa,,  MM..  &&  IInnoouuyyee,,  KK..  ((22000044))  

MMeettaabboolliissmm  ooff  vviittaammiinn  DD  bbyy  hhuummaann  mmiiccrroossoommaall  CCYYPP22RR11..  BBiioocchheemm  BBiioopphhyyss  RReess  

CCoommmmuunn  332244::  445511--445577..  

SSllaatttteerryy,,  MM..LL..,,  MMuurrttaauugghh,,  MM..,,  CCaaaann,,  BB..,,  MMaa,,  KK..NN..,,  WWoollffff,,  RR..  &&  SSaammoowwiittzz,,  WW..  

((22000044))  AAssssoocciiaattiioonnss  bbeettwweeeenn  BBMMII,,  eenneerrggyy  iinnttaakkee,,  eenneerrggyy  eexxppeennddiittuurree,,  VVDDRR  

ggeennoottyyppee  aanndd  ccoolloonn  aanndd  rreeccttaall  ccaanncceerrss  ((UUnniitteedd  SSttaatteess))..  CCaanncceerr  CCaauusseess  CCoonnttrrooll  

1155::  886633--887722..  

SSooooyy,,  KK..,,  SSaabbbbaagghh,,  YY..  &&  DDeemmaayy,,  MM..BB..  ((22000055))  OOsstteeoobbllaassttss  llaacckkiinngg  tthhee  vviittaammiinn  DD  
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ABSTRACT  

Dental implants are currently the esthetic and functional alternative of choice for 

tooth absence. Despite the high success rate shown by longitudinal studies, 

failures do occur, even in patients who present appropriate clinical conditions.  

The aim of the present study was to identify factors related to or determinant of 

dental implant loss in patients of the Latin-American Dental Research Institute 

(ILAPEO), Curitiba, PR. Retrospective analysis of 3,578 records of patients who 

had placed implants in this institute during the period of 1996 to 2006 was 

performed. Beyond records, panoramic and periapical radiographies were 

analyzed. Out of 3,578 individuals implant treated, failures occurred in 126 

(3.5%) patients (mean age 52.2 ± 10.6 years). Men lost more implants (4.5%) 

than women (3.1%) (p=0.05). Early failure represented the majority of failure 

cases (88.2%). The main detectable causes of implant loss were evaluated. 

Most implant losses (75%) did not present apparent clinical cause. Identified 

causes were: 17.5% iatrogenic conditions (surgical technique, contamination 

and/or occlusal trauma); poor bone quality and quantity (3%); peri-implantitis 

(1%), and 3.5% were misregistrations. Failure was more frequent when the 

implant was installed in the posterior jaw. The results obtained in this study 

suggest that host factors can be contributing for the implant failure. 
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Analysis of the Relationship between IL1B  (+3954) and IL1RN (intron 2) 

Polymorphism and Osseointegrated Implant Failure in  a Caucasian 

Brazilian Population  

Montes C.C., Alvim-Pereira F., Thomé G., Menezes-Alves E.D., Olandoski 

M.,Trevilatto P.C. 

 

ABSTRACT Dental implants have become an important therapeutical modality for 

tooth replacement. Although the high success rate showed in longitudinal studies, 

failures occur, even in patients who present appropriate clinical conditions. Together 

with the clusterization phenomenon, which is the presence of multiple implant losses in 

the same group of individuals, this fact suggests that host response aspects may 

influence the implant failure process. However, little is known about the influence of 

genetic susceptibility on implant loss. IL-1β and IL-1ra are believed to play a key role in 

immunological reactions and inflammation. Polymorphisms IL1B (C+3954T) and IL1RN 

(intron 2 – 86 bp variable number of tandem repeats) are evidenced to alter the 

expression of the coding proteins. Higher levels of IL-1β were found in diseased 

implant sites, which could be a molecular indicator of implant failure. The aim of this 

study was investigate the association between failure of dental implants and the 

functional polymorphisms IL1B (+3954) and IL1RN (intron 2). The study population 

(n=266) was obtained from the patient pool treated in the Latin American Dental 

Research Institute (ILAPEO), and divided into: Test group (T) - 90 subjects with implant 

loss, and Control group (C) - 176 subjects with at least one implant in function for at 

least six months. The patients were matched by sex, age and smoking status. Patients’ 

socioeconomic profile, general medical condition, hygiene parameters, and clinical 

measurements such as number of teeth and periodontal status were analyzed. 

Genomic DNA from oral mucosa was amplified by polymerase chain reaction (PCR). 

The fragments were submitted to agarose gel electrophoresis, followed by ethidium-

bromide staining method. Polymorphisms IL1B (+3954) and IL1RN (intron 2) were in 

Hardy-Weinberg equilibrium. Regarding clinical aspects, the following parameters were 

observed to influence implant failure: edentulism, probing pocket depth, and number of 

present teeth. No differences in genotype distribution and allele frequencies between C 

and T groups were found for IL1B (+3954) and IL1RN (intron 2) polymorphisms in the 

study population. It was concluded that clinical parameters, but not the study 

polymorphisms, were associated to implant loss. 


