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Resumo 
 
  
Pinheiro, ARP. AVALIAÇÃO DO TRATAMENTO COM IMPLANTES 

OSSEOINTEGRADOS EM PACIENTES IDOSOS: ESTUDO RETROSPECTIVO 

[Tese]. Niterói: Universidade Federal Fluminense, Faculdade de Odontologia; 2018 

 

  
O presente estudo teve como objetivo avaliar o tratamento com implantes 

osteointegráveis em pacientes idosos, de forma retrospectiva, descritiva, 

longitudinal, observacional, de secção transversal, tendo sido aprovado pelo Comitê 

de Ética em Pesquisa da Faculdade de Medicina da Universidade Federal 

Fluminense. Foram avaliados 173 prontuários de participantes da pesquisa que 

receberam próteses com carga tardia nos implantes osseointegráveis instalados no 

período de janeiro de 2005 a dezembro de 2015, na clínica do curso de 

Especialização em Implantodontia da Faculdade de Odontologia da Universidade 

Federal Fluminense. Foram avaliadas as especificações dos implantes instalados e 

as respectivas arcadas, descrição dos implantes que não obtiveram osseointegração 

desde o primeiro tempo cirúrgico até a fase de confecção e colocação da prótese, os 

tipos de próteses que foram colocadas sobre os implantes, uso de medicamentos e 

doenças sistêmicas apresentadas, bem como as intercorrências pós-operatórias 

relatadas pelos participantes da pesquisa no ato da remoção da sutura e as 

observações feitas pelos alunos. Informações como idade e gênero, as ausências 

dentárias apresentadas ao iniciar o tratamento e as expectativas dos participantes 

da pesquisa também foram avaliadas.  De um total de 1.000 prontuários analisados, 

173 participantes de pesquisa possuíam os critérios necessários e foram incluídos e 

avaliados neste estudo, sendo 104 (60%) mulheres e 69 (40%) homens, com idade 

média total de 63±4.52 anos.  Um total de 121 (70%) participantes da pesquisa 

apresentaram doença sistêmica, 11 (6.3%) participantes apresentaram bruxismo e 

106 (61.3%) utilizavam medicamentos. As principais expectativas dos pacientes 

foram estética e função, sendo que o item função foi o mais citado 134 (77,8%). 



 

Dentre as características intra-orais relativas aos dentes perdidos, foi observaddo 

um total de 2.939 ausências dentárias nos 173 participantes da pesquisa. 

Edentulismo total foi observado em 128 (37%) arcadas, com 2.048 perdas dentárias. 

A ausência parcial de dentes (891 perdas dentárias) estava presente em 218 (63%) 

arcadas. Observou-se maior perda dentária na maxila em relação à mandíbula 

(p<0.001), assim como maior número de ausência dentária parcial na mandíbula em 

relação à maxila (p<0.001). Do total de 805 implantes instalados, 537 (66.7%) foram 

instalados na mandíbula e 268 (33.3%) na maxila. Um total de 33 (4%) implantes 

tiveram perda primária, sendo que 20 (60.6%) foram em implantes instalados na 

maxila e 13 (39.4%) na mandíbula, apresentando um índice de sucesso de 96%. As 

principais intercorrências registradas após a cirurgia foram edema 31 (17,9%), 

hematoma 26 (15,0%), no entanto, 141 participantes (81,5%) não tiveram qualquer 

intercorrência registrada após a cirurgia. Conclui-se que a maxila apresentou 3 

vezes mais chances de perda do implante e maior número de edentulos totais em 

relação a mandíbula.  A taxa de perda primária de implantes em pacientes idosos foi 

baixa, levando a supor que o sucesso na instalação de implantes osseointegráveis 

em pacientes idosos é alto, na medida em que um protocolo criterioso de 

atendimento é estabelecido. 

 

Palavras chaves: Implante osseointegrado, paciente idoso, perda primaria do 

implante. 

 



 

ABSTRACT 

 

 

Pinheiro, ARP. EVALUATION OF TREATMENT WITH OSSEOINTEGRATED 
IMPLANTS IN ELDERLY PATIENTS: A RETROSPECTIVE STUDY [Thesis]. Niterói: 
Universidade Federal Fluminense, Faculdade de Odontologia; 2018. 
. 
 
The present study aimed to evaluate the treatment with osteointegratade implants in 

elderly patients, by a retrospective, descriptive, longitudinal, observational and cross-

sectional analysis. It was approved by the Research Ethics Committee of the Faculty 

of Medicine of Universidade Federal Fluminense. We evaluated 173 patients` records 

of research participants who received late loading implants from January 2005 to 

December 2015, at the Clinic of the Specialization in Implant Dentistry at the Faculty 

of Dentistry of the Federal Fluminense University. The specifications of the implants 

placed and the respective arches were evaluated., describing the implants that did 

not achieve osseointegration from the first surgical time until the preparation and 

placement of the prosthesis, the types of prostheses that were placed on the 

implants, the use of drugs and systemic diseases presented, as well as the 

postoperative intercurrences reported by the research participants during the removal 

of the suture and the observation made by students. Information such as age and 

gender, dental absences presented at the start of treatment, and the expectations of 

the research participants were also evaluated. From a total of 1,000 patients` records 

analyzed, 173 research participants had the criteria and were included and evaluated 

in this study, being 104 (60%) women and 69 (40%) men, with a mean age of 63 ± 

4.52 years. A total of 121 (70%) research participants had systemic disease, 11 

(6.3%) participants presented bruxism and 106 (61.3%) used drugs. The main 

expectations of the patients were aesthetics and function, being the function the most 

cited item 134 (77,8%). Among the intra-oral characteristics related to missing teeth, 

a total of 2,939 dental absences were observed in 173 research participants. Total 

edentulism was observed in 128 (37%) arches, with 2,048 dental losses. The partial 

absence of teeth (891 dental losses) was present in 218 (63%) arches. It was 

observed a greater tooth loss in the maxilla compared to the mandible (p <0.001), as 



 

well as a higher number of partial dental absence in the mandible in relation to the 

maxilla (p <0.001). From the total of 805 implants placed, 537 (66.7%) were installed 

in the mandible and 268 (33.3%) in the maxilla. A total of 33 (4%) implants were lost, 

20 (60.6%) were installed in the maxilla and 13 (39.4%) in the mandible, presenting a 

success rate of 96%. The main postoperative complications were the loss of 33 

implants (4%), with a higher incidence in the maxilla. The main surgical complications 

were edema 31 (17,9%), bruise 26 (15,0%); however, 141 participants (81.5%) did 

not present any complications after surgery. It was concluded that the maxilla 

presented 3 times more chances of implant loss and higher number of total 

edentulous in relation to the mandible. Based on the low early implant loss rates in 

elderly patients we can supposs that the high success rates of osseointegration in 

this population was achieved, since a rigorousus clinical criteria is stabelished.  

 

 

Keywords: osseointegrated implant, elderly patient, early implant loss 
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1- INTRODUÇÃO  

 

Na atualidade, é possível observar que a população de idosos acima de 60 

anos está crescendo de forma acelerada, quando comparada à qualquer outra faixa 

etária. O Censo realizado pelo Instituto Brasileiro de Geografia e Estatística (IBGE), 

em 2010, mostrou que os indivíduos acima de 60 anos já somam mais de 20,5 

milhões de pessoas, o que representava 11% da população brasileira. Em 2012, o 

grupo de pessoas com 60 anos ou mais de idade correspondia à 12,8% da 

população. Em 2016, esse percentual subiu para 14,4%, evidenciando o 

envelhecimento dos brasileiros.  

As projeções atuais traçadas pela Organização Mundial de Saúde (OMS), 

apontam que até a metade do século esse grupo equivalerá a 30% da população do 

País. Até o ano de 2025, espera-se um crescimento de 23%, ou algo em torno de 

694 milhões de pessoas mais velhas, com a perspectiva do Brasil ser o sexto pais 

do mundo em número de idosos, atingindo a cifra de 33,4 milhões de pessoas.  

O forte crescimento da taxa de expectativa de vida da população idosa, leva 

as pessoas dessa faixa etária à procurarem melhoria  de suas condições de 

sobrevida, momento em que  estes idosos passam a buscar também, um tratamento 

odontológico mais qualificado, com o objetivo de repor proteticamente os elementos 

dentários perdidos. Para colaborar com estas aspirações, a odontologia moderna 

oferece o tratamento reabilitador bucal com a instalação de implantes de titânio, para 

reter e suportar próteses (Grant et al. 2007).  

A partir dos anos 70, do século passado, professor Per Ingvar Branemark, 

pesquisador sueco, mostrou ao mundo um sistema de retenção da prótese total com 

implantes osseointegráveis, que revolucionou a odontologia mundial, o que ficou 

conhecido como protocolo Branemark (Branemark et al. l977). Nas décadas 

seguintes, diversas publicações científicas mostraram que os implantes 

osseointegráveis podem ser utilizados também para suportar próteses unitárias, 

parciais ou totais removíveis, com excelente aceitação por parte dos pacientes 

(Engfors et al. 2004, Tallarico et al. 2018). 
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Considerando que os idosos apresentam mais comprometimento da saúde oral 

do que os jovens, sendo em sua maioria edentados parciais ou totais, este grupo de 

pacientes é forte candidato ao tratamento com implante dentário (Miller et al. 2007). 

No entanto, a presença de doenças sistêmicas e o uso contínuo de medicações 

fazem desta população um grupo com características clínicas específicas, que 

devem ser consideradas durante a instalação de implantes (Lee 2017). 

A presença de comorbidades e o uso de medicamentos podem afetar 

diretamente a remodelação óssea, através da alteração química da composição 

óssea. Estudos experimentais tem mostrado que a deficiência de estrogênio afeta a 

mineralização e o remodelamento ósseo. Da mesma forma, ocorre baixa 

diferenciação celular periosteal e decréscimo da resposta osteoblástica aos 

estímulos mecânicos, além de insuficiente vascularização (Beil et al. 2012). O 

aumento da reação inflamatória nestes pacientes também promove efeitos adversos 

durante o reparo ósseo, através da estimulação da reabsorção óssea (Taranttino et 

al. 2013). 

No entanto, a exata influência das medicações e das doenças sistêmicas na 

osseointegração dos implantes dentários ainda é obscura. No passado, acreditava-

se que como a osseointegração é dependente da cicatrização óssea, esta poderia 

ser alterada conforme a idade, baseando-se na relação idade e osteoporose 

(Cummings et al. 1985, Heersche, 1989) e em relatos de comprometimento ósseo 

em pessoas idosas (Holm-Pedersen, Loe, 1991). Atualmente, sabe-se que o 

sucesso em implantodontia não está relacionado com a idade, confirmando os 

dados prévios do estudo de Toronto, em 1994 (Zarb et al. 1994), o primeiro estudo a 

discutir a osseointegração em pacientes idosos, afirmando que o fato de ser idoso 

não é uma contra-indicação ao sucesso da osseointegração a longo prazo. Há 

previsibilidade e segurança na reabilitação com implantes de pacientes geriátricos, 

aumentando a qualidade de vida desta população, com resultados semelhantes aos 

observados em pacientes jovens (De Baat, 2000, Engfors et al. 2004).  

O aumento do número de pesquisas, no entanto, vem demonstrando que o 

tratamento nem sempre é bem-sucedido, e tentam identificar os fatores associados 

com falhas em implantodontia (Esposito et al., 1998). De acordo com Esposito et al., 

1998, as falhas biológicas são definidas como uma incapacidade do tecido 
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estabelecer ou manter a osseointegração, sendo divididas em falha primária (falha 

durante o processo de osseointegração) e falhas secundárias (falha em manter a 

osseointegração estabelecida previamente). De forma a detalhar as classificações 

anteriores, Askary et al. (1999) classificaram as falhas em implante, considerando 

sete aspectos: etiologia da falha; tempo da falha; origem da infecção; estado clinico-

radiográfico; responsabilidade pessoal; tipo de falha; características do tecido de 

suporte. Até o momento, esta é a principal classificação que inclui falhas que 

ocorrem durante o segundo ato cirúrgico (entre o período de osseointegração e 

aplicação de carga do implante) (Galagali et al. 2014). 

Com base no envelhecimento populacional atual, sabe-se que o tratamento 

com implantes osseointegráveis pode melhorar significantemente a qualidade de 

vida dos pacientes idosos. A instalação dos implantes, substituindo próteses 

convencionais tem revolucionado as características funcionais, estéticas e 

psicológicas nesta população (Morais et al. 2003, Berretin-Felix et al. 2009, Geckilli 

et al. 2012). Além disso, a influência da saúde oral na saúde bucal de pacientes 

idosos tem sido demonstrada em alguns estudos que indicam uma maior 

mortalidade nos pacientes que perderam maior número de dentes (Morita et al. 

2006).  

No entanto, dados recentes sobre as características da população idosa que 

recebe implante dentário, são escassos e muitas vezes, não direcionam ou 

clarificam a previsibilidade quanto ao índice de sucesso, principalmente na 

população brasileira. 

Desta forma, considerando a perspectiva do aumento da população idosa em 

nosso país e a procura cada vez mais acentuada desta faixa etária pelo tratamento 

odontológico com implantes osseointegráveis, esse estudo retrospectivo buscou 

avaliar os resultados obtidos na osseointegração após a instalação de implantes nos 

pacientes idosos atendidos no curso de Especialização em Implantodontia da 

Universidade Federal Flumiense e sua possível correlação com a perda primária 

destes implantes, procurando evidenciar os diversos aspectos que envolvem este 

tipo de tratamento. Nossa hipótese foi a de que, apesar das particularidades locais e 

sistêmicas que acompanham o paciente idoso, o índice de sucesso pode ser alto, na 
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medida em que um protocolo criterioso de atendimento clínico e cirúrgico seja 

estabelecido.  
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2 – OBJETIVOS 

 
 
2.1 GERAL 
 
 
Avaliar o tratamento com implantes osteointegráveis em pacientes idosos 

 

 

2.2 ESPECIFICOS 
 
 
- Verificar as especificações dos implantes instalados, bem como as respectivas 

arcadas. 

- Conhecer o número e a porcentagem de implantes que não obtiveram 

osseointegração, desde o momento de sua instalação até a colocação da prótese, 

após o período para osseointegração (perda primária). 

- Mostrar os tipos de próteses que foram colocadas sobre os implantes instalados. 

- Conhecer as doenças crônicas relatadas e os medicamentos de uso contínuo 

utilizados pelos pacientes. 

- Verificar e quantificar as intercorrências cirúrgicas acontecidas durante o período 

pós-operatório até o momento de remoção da sutura. 

- Conhecer a idade e o gênero dos pacientes atendidos. 

- Descrever as perdas dentárias apresentadas pelos pacientes. 

- Saber as expectativas dos pacientes com o tratamento que seria realizado 
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3 – METODOLOGIA 

 
  
 Esta pesquisa é de natureza retrospectiva, descritiva, longitudinal, 

observacional, de secção transversal. O presente estudo foi aprovado pelo Comitê 

de Ética em Pesquisa da Faculdade de Medicina da Universidade Federal 

Fluminense com o parecer de número 2.631.531, cuja autorização se encontra no 

anexo IV.  

 
 
3.1. SELEÇÃO DA AMOSTRA 
 
 

No universo de hum mil prontuários existentes nos arquivos do curso de 

especialização em Implantodontia da Universidade Federal Fluminense, 173 foram 

avaliados para a realização deste estudo. Os critérios de inclusão da amostra foram 

de prontuários  dos  pacientes com  60 anos de idade ou mais,  que foram atendidos 

no Curso de Especialização em Implantodontia da Faculdade de Odontologia da 

Universidade Federal Fluminense,  que receberam tratamento com implantes 

osseointegráveis e que receberam próteses sobre os implantes após os períodos de 

osseointegração (carga tardia), no espaço de tempo compreendido entre  janeiro de 

2005 a dezembro de 2015. Foram excluídos do presente estudo os prontuários dos 

pacientes com menos de sessenta anos de idade, os prontuários dos pacientes com 

sessenta anos ou mais que estavam incompletos, os prontuários dos pacientes que 

não puderam ser submetidos ao tratamento com implante e foram excluídos ainda 

os prontuários dos pacientes submetidos a reabilitação com prótese com carga 

imediata. 

 

3.2 INSTRUMENTOS DA PESQUISA 

 

Foram utilizados como instrumentos desta pesquisa os prontuários dos 

pacientes, de acordo com os critérios de inclusão, bem como ficha de coleta de 

dados que contém os itens necessários que irão responder aos quesitos constantes 
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nos objetivos específicos. O estudo foi realizado pela análise e coleta de dados 

constantes dos prontuários dos pacientes que tiveram próteses instaladas após os 

períodos recomendados para a osseointegração dos implantes. Todos os 

prontuários avaliados foram devidamente preenchidos pelos alunos e sob a 

supervisão dos professores que compõem o corpo docente do curso. O roteiro com 

os dados analisados faz parte de uma ficha de coleta de dados anexa ao presente 

projeto (Anexo V). O Termo de Consentimento Livre e Esclarecido (TCLE) não foi 

necessário por se tratar de pesquisa em prontuários, sendo aprovada a sua 

dispensa na autorização concedida pelo comitê de Ética em Pesquisa da Faculdade 

de Medicina da Universidade Federal Fluminense, coforme relato acima. 

 

3.3 PROTOCOLO DE SELEÇÃO DE PACIENTES PARA O ATENDIMENTO NO 

CURSO DE ESPECIALIZAÇÃO EM IMPLANTODONTIA COM VISTA À 

INSTALAÇÃO DE IMPLANTES E COLOCAÇÃO DA PRÓTESE. 

 

As pessoas candidatas ao atendimento para a reabilitação bucal com a 

utilização de prótese sobre implantes no Curso de Especialização em Implantodontia 

da FOUFF se inscrevem pelo site do curso e são convocadas para uma palestra 

informativa sobre o tratamento. Após assistirem a palestra, entregam uma 

radiografia panorâmica e são chamadas para o atendimento clinico inicial. Na 

abordagem inicial, o aluno do curso, juntamente com o professor orientador, 

questionam sobre as expectativas do paciente e elaboram a anamnese e o exame 

clinico. Neste mesmo tempo são solicitados os exames laboratoriais de rotina, que 

são hemograma completo, coagulograma e taxa de glicemia. Pela anamnese, são 

excluídos os pacientes que se declaram adeptos do tabagismo, pacientes que fazem 

uso de medicação antirreabsortiva e antiangiogênica, pacientes diabéticos 

descontrolados. Os pacientes em condições locais e sistêmicas favoráveis iniciam o 

tratamento, que passa pela solicitação de tomografia e planejamento protético-

cirúrgico cirurgico adequado a cada situação, com preferência para os pacientes 

idosos. (Figura 1). 
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Figura 1. Organograma demonstrando o fluxo de atendimento no Curso de Especialização em 

Implantodontia – Faculdade de Odontologia - UFF. 
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3.4 PROTOCOLO PARA MEDICAÇÃO PRÉ E PÓS-CIRURGICA 

 

          Todos os pacientes constantes dos prontuários avaliados foram medicados 

antes e após a cirurgia. Para todas as cirurgias realizadas nos pacientes do curso de 

Especialização em Implantodontia da FOUFF é feita uma medicação antibiótica e 

anti-inflamatória uma hora antes da cirurgia e após a cirurgia é feita uma medicação 

também antibiótica, anti-inflamatória e analgésica, tudo via oral, variando a posologia 

e o tempo de administração de acordo com a extensão do procedimento cirúrgico e 

das condições sistêmicas do paciente.  

           A amoxicilina é o antibiótico de escolha, sendo administrado um grama uma 

hora antes do inicio da cirurgia, podendo ser substituído pela clindamicina com dose 

de 600 miligramas,  quando não é possível sua administração. A dexametasona é o 

anti-inflamatório esteróide preferencial, sendo administrado, quando possíel,  no 

mínimo 4 miligramas, juntamente com o antibiótico, uma hora antes da cirurgia ser 

iniciada e mantida a posologia por, no máximo, três dias seguintes, em função do 

aporte cirúrgico. O tempo de administração pós cirurgia bem como a frequência da 

medicação varia com a necessidade de cada caso. Como linhas gerais, o anti-

inflamatório não esteróide, quando necessária sua administração, não  ultrapassa 

três dias.  Como suporte analgésico, é prescrita a dipirona sódica, 500 miligramas de 

quatro em quatro horas, em caso de dores não controladas pelos anti-inflamatórios. 

A sedação via oral com benzodiazepínicos é feita seguindo os critérios de indicação 

e contra-indicação para pacientes idosos. O paciente também recebe uma folha 

impressa com as recomendações pós-operatórias, na qual consta orientações para o 

uso de colutório a base de digluconato de clorexidina 0,12%, para banhar o local 2 

vezes ao dia, por um minuto,  durante uma semana. 
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3.5 CRITÉRIOS DE SUCESSO 

 

O critério de sucesso aplicado na presente pesquisa foi a ausência dos sinais 

e sintomas clínicos indicativos da perda dos implantes, no período desde a 

instalação dos implantes até a ativação dos mesmos (perda precoce), de acordo 

com os critérios de Esposito et al. (1998).   Os implantes removidos antes ou no 

momento do segundo tempo cirúrgico, (no período de osteointegração de 4-6 

meses), no momento da moldagem ou no estágio final da colocação da prótese 

foram considerados como insucesso. 

 

 

3.6 ANÁLISE ESTATISTICA 

 

 

A análise estatística foi do tipo descritiva, considerando a mediana e o desvio 

padrão das variáveis numéricas avaliadas, assim como os números absolutos e 

porcentagens das variáveis nominais avaliadas. O programa Excel do Microsoft 

office 2013 foi utilizado para a padronização dos cálculos e confecção dos gráficos.  

Para a avaliação da correlação entre as perdas dentárias nas arcadas 

estudadas e o número de implantes instalados e perdidos, o software Prisma 

GraphPad 6.0 (GraphPad Software, La Jolla, CA-EUA) foi utilizado. O teste do qui-

quadrado correlacionou os dados clínicos dessas variáveis nominais, com nível de 

significância de 0,05%. O risco de perda do implante foi evidenciado através do odds 

ratio (OD), construindo um intervalo de confiança de 95%.  Os valores de p<0.05 

foram considerados significantes. 

 
 



20 
 

4 - ARTIGO DE DEFESA DE TESE 

 
 

Formatado nas normas do periódico “Implant Dentistry” (ISSN: 1056-6163).  
 

 

Evaluation of the early implant loss in Brazilian elderly patients: a retrospective 

study 

 

Aristides da Rosa Pinheiro*, Marina Pinheiro#, Valquiria Quinelato**, Raul Feres 

Monte Alto‡, José Jorge Schoichet*, Priscila Ladeira Casado¶. 

 

* Master of Science in Dentistry, Department of Clinical Dentistry, Fluminense 

Federal University – School of Dentistry - Niterói – RJ – Brazil. 

# Graduated in Dentistry, Salgado de Oliveira University – School of Dentistry - 

Niterói – RJ – Brazil. 

** PhD in Dentistry, Pos-graduation Program in Dentistry, Fluminense Federal 

University – School of Dentistry - Niterói – RJ – Brazil. 

‡ PhD in Dentistry, Department of Clinical Dentistry, Fluminense Federal University – 

School of Dentistry - Niterói – RJ – Brazil. 

¶ PhD in Morphology, Department of Clinical Dentistry, Fluminense Federal University 

– School of Dentistry - Niterói – RJ – Brazil. 

 

Corresponding author:  Priscila Ladeira Casado 

Address: Mario Santos Braga Street, 28 - Centro - Niterói – RJ - Brazil - 24020-140 

Tel: +55 (21) 98190 7470; Fax: +55 (21) 2629-9920 

E-mail: plcasado@hotmail.com 

 

Conflict of interest statement: 

All authors state that there are no interest statement. 

 

mailto:plcasado@hotmail.com


21 
 

ABSTRACT 

 

The present study aimed to evaluate the treatment with osteointegrated implants in 

elderly patients, by a retrospective and cross-sectional analysis. We evaluated 173 

patients` records of research participants who received late loading implants from 

January 2005 to December 2015. The specifications of the implants placed and the 

respective factors associated with success rates were described, including patients 

characteristics, the types of prostheses, the use of drugs and systemic diseases and 

region of implant placement. From a total of 1,000 patients` records analyzed, 173 

research participants were included and evaluated in this study, being 104 (60%) 

women and 69 (40%) men, with a mean age of 63 ± 4.52 years. A total of 121 (70%) 

research participants had systemic disease and 106 (61.3%) used drugs. It was 

observed a greater tooth loss in the maxilla compared to the mandible (p <0.001), as 

well as a higher number of partial dental absence in the mandible (p <0.001). From 

the total of 805 implants placed, 33 (4%) implants were lost, with a higher incidence 

in the maxilla. The success implant rate was 96%. It was concluded that the success 

rate after implant placement in elderly patients is high, even with medication use and 

systemic disease.  

 

Keywords: Osseointegrated implant, elderly patient, primary implant loss.  
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INTRODUCTION  

 

At present, it is possible to observe that the population of the elderly over 60 

years is growing at an accelerated rate, when compared to any other age group. The 

Census conducted by the Brazilian Institute of Geography and Statistics (IBGE) in 

20101 showed that individuals over 60 years-old already numbered more than 20.5 

million people, representing 11% of the Brazilian population. In 2012, the group of 

people aged 60 years and over corresponded to 12.8% of the population. In 2016, 

this percentage rose to 14.4%, evidencing the aging of Brazilians.  

Current projections by the World Health Organization, 2005,2 indicate that by 

the middle of the century this group will be equivalent to 30% of the country’s 

population. By the year 2025, it is expected to grow by 23%, or something around 

694 million older people, with the prospect of Brazil being the sixth country in the 

world in the number of the elderly, reaching a figure of 33.4 millions of people.  

The strong growth in the life expectancy rate of the elderly population leads 

people of this age group to seek improvement in their survival conditions, at which 

time these elderly people also seek a more qualified dental treatment, in order to 

replace them the missing dental elements. To support these aspirations, modern 

dentistry offers oral rehabilitation treatment with the installation of titanium implants to 

retain and support prostheses.3  

From the 1970s onwards, Professor Per Ingvar Branemark, a Swedish 

researcher, showed the world a system of retention of the total prosthesis with 

osseointegrated implants, which revolutionized dentistry worldwide, which became 

known as the Branemark protocol.4 In the following decades, several scientific 

publications have shown that osseointegrated implants can also be used to support 

single, partial or total removable prostheses with excellent patient acceptance.5,6 

Considering that the elderly present more oral health impairment than the 

young, being mostly partial or total edentulous, this group of patients is a strong 

candidate for treatment with dental implant.7 However, the presence of systemic 

diseases and the continuous use of medications make this population a group with 

specific clinical characteristics, which should be considered during implant 

installation.8 
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The presence of comorbidities and the use of medications may directly affect 

bone remodelling, through the chemical alteration of the bone composition. 

Experimental studies have shown that estrogen deficiency affects bone 

mineralization and remodelling. In the same way, there is low periosteal cell 

differentiation and decrease of the osteoblastic response to the mechanical stimuli, 

besides insufficient vascularization.9 The increased inflammatory reaction in these 

patients also promotes adverse effects during bone repair by stimulation of bone 

resorption.10 

However, the exact influence of medications and systemic diseases on 

osseointegration of dental implants is still unclear. In the past, it was believed that as 

osseointegration is dependent on bone healing, it could be altered according to age, 

based on the age and osteoporosis ratio11,12 and in reports of bone involvement in 

the elderly.13 Currently, success in implantology is known to b0e unrelated to age, 

confirming previous data from the Toronto study in 1994,14 the first study discussing 

osseointegration in elderly patients, stating that the fact of being elderly is not a 

contraindication to the success of long-term osseointegration. There is predictability 

and safety in the rehabilitation with implants of geriatric patients, increasing the 

quality of life of this population, with results similar to those observed in young 

patients.5,15   

The increase in the number of research, however, has been demonstrating 

that the treatment is not always successful, and try to identify the factors associated 

with implantodontic failures.16 According to Esposito et al., (1998),16 biological 

failures are defined as an inability of the tissue to establish or maintain 

osseointegration, being divided into primary failure (failure during the 

osseointegration process) and secondary failures (failure to maintain previously 

established osseointegration). In order to detail the previous classifications, Askary et 

al. (1999)17 classified the implant failures, considering seven aspects: etiology of 

failure; failure time; origin of the infection; clinical-radiographic state; Personal 

responsibility; type of fault; characteristics of the support fabric. To date, this is the 

main classification that includes failures that occur during the second surgical act 

(between the osseointegration period and implant loading).18 
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Based on the current aging population, it is known that treatment with 

osseointegrated implants can significantly improve the quality of life of the elderly 

patients. The installation of implants, replacing conventional prostheses has 

revolutionized the functional, aesthetic and psychological characteristics in this 

population.19-21 In addition, the influence of oral health on the oral health of elderly 

patients has been demonstrated in some studies that indicate a higher mortality in 

patients who lost more teeth.22 

However, recent data on the characteristics of the elderly population receiving 

dental implants are scarce and often do not direct or clarify predictability regarding 

success rate, especially in the Brazilian population. 

Therefore, considering the perspective of continuous ageing in the Brazilian 

and world population, and the increase of oral rehabilitation with the installation of 

osseointegrated implants, this all retrospective seeks to evaluate and describe the 

clinical and epidemiological results after implant placement and its possible 

correlation with early implant loss in order to become evident the different aspects 

associated with implant dentistry treatment. Our hypothesis is that, despite the local 

and systemic peculiarities that accompany the elderly patient, the success rate can 

be high, provided that specific care is considered in clinical and surgical procedures. 

 

 

METHODOLOGY  

        

      This is a retrospective, descriptive, longitudinal, observational, cross-sectional 

research in nature. The present study was approved by the Research Ethics 

Committee of the Faculty of Medicine of the Universidade Federal Fluminense, under 

the number 2.631.531.  

 

Sample selection 

One thousand medical records in the archives of the specialization course in 

Implant Dentistry of the Fluminense Federal University were evaluated for this study. 

The criteria for inclusion of the sample were from the medical records of 60 years-old 

patients or older, who received treatment with osseointegrated implants and who 
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were rehabilitated with prostheses on the implants after the periods of 

osseointegration (late load), in the period between January 2005 and December 

2015. We excluded from the present study the medical records of patients less than 

60 years-old, the incomplete medical records and that from the patients who could 

not be submitted to treatment with the implant, and patients submitted to 

rehabilitation with an implant with immediate loading. 

 

Research Tools 

The patients’ charts were used as instruments of this research, according to 

the inclusion criteria, as well as data collection sheet containing the necessary items 

that will respond to the requirements of the specific objectives. The study was 

performed by analyzing and collecting data from the patient records that were 

rehabilitated after the recommended periods for osseointegration of the implants. All 

the evaluated records were duly filled out by the students and teachers who make up 

the faculty of the course. The script with the analyzed data is part of a data collection 

form attached to this project. 

 

Success Criteria 

The success criterion applied in the present study was the absence of loss of 

implants installed, according to Esposito et al., 1998.16   Implants removed before or 

at the time of the second surgical time (in the osteointegration period of 4-6 months) 

at the time of casting or at the final stage of prosthesis placement were considered as 

failure. 

 

Statistical analysis 

The statistical analysis was of the descriptive type, considering the median 

and standard deviation of the numerical variables evaluated, as well as the absolute 

numbers and percentages of the nominal variables evaluated. The Microsoft Office 

2013 Excel program was used for the standardization of calculations and graphing.  
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To evaluate the correlation between dental losses in the arches studied and 

the number of implants installed and lost, Prisma GraphPad 6.0 software (GraphPad 

Software, La Jolla, CA-USA) was used. The chi-square test correlated the clinical 

data of these nominal variables, with significance level of 0.05%. The risk of implant 

loss was evidenced by the odds ratio (OD), constructing a 95% confidence interval.  

Values of p <0.05 were considered significant. 

 

RESULTS 

 

General Characteristics of the Studied Population 

From a total of 1,000 medical records, 173 research participants were included 

in this study, of which 104 (60%) were women and 69 (40%) were men, with a mean 

age of 63 ± 4.52 years.  A total of 121 (70%) participants had systemic disease, 11 

(6.3%) had bruxism, and 106 (61.3%) used medication, among them 

antihypertensive, antihyperglycemic, antimicrobial, non-steroidal anti-inflammatory, 

anti-inflammatory steroid, anxiolytic, diuretic, anticoagulant, antihistamine, 

antihyperlipemic, calcium supplementation, hormone replacement and anti-acid 

(Table 1). 
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Table 1. General characteristics of studied population.  

Parameters Participants (n=173) 

Gender 
     Female 
     Male 

 
104 (60%) 
69 (40%) 

Age 63±4.52 
     Female age 63±4.47 
     Male age 63±4.71 
Sistemic Diseases 121 (70%) 
     Hypertension 76 (44%) 
     Diabetes  11 (6.3%) 
     Gastritis 21 (12.1%) 
     Artritis 6 (3.5%) 
     Others* 25 (14.4%) 
Bruxism 11 (6.3%) 
Use of medication 106 (61.3%) 

*others diseases include heart diseases, depression, glaucoma, neurological disorders. 

 

 

Oral Characteristics of the Studied Population 

Considering the intra-oral characteristics related to missing teeth, a total of 

2,939 dental absences were observed in 173 research participants. The total 

absence of teeth was observed in 128 (37%) arches, with 2,048 dental losses. The 

partial absence of teeth (891 dental losses) was present in 218 (63%) arches. 

Graphic 1 shows the distribution of types of tooth loss in the maxilla and mandible of 

the research participants, with a higher number of total dental absence in the maxilla 

compared to the mandible (p <0.001), as well as a higher number of dental absence 

in the mandible relative to the maxilla (p <0.001) (Table 2).  
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Gráfico 1. Dental loss distribution between archs.  
 
 
 
 

Table 2. Correlation between partial or total dental loss inside the mandible and maxila.  
 

Dental loss type Maxilla Mandible p-valor 

Total 1152 896 0.0001 

Partial 319 572 

Total dental loss 1471 1468 2939 
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Implants Placed on Research Participants 

 

Table 3 shows the specifications of the osseointegrated implants installed in 

the research participants, considering the implant system, type of platform and 

number of implants installed. Of the total of 805 implants installed, 537 (66.7%) were 

installed in the mandible and 268 (33.3%) in the maxilla. 

 

 

 

 

Table 3. Characteristics of the implant placed in research participants.  

Implant  

System 

Platform Types  

Total External 

Hexagon 

Intern Hexagon Morse Cone 

Conexão 524 86 7 617 

SIN 151 1 9 161 

Neodent 6 6 1 13 

Ankylos - - 4 4 

Intralock 10 - - 10 

Total 691 93 21 805 

 
 

 

The chi-square test revealed a significant difference between the number of 

teeth lost in the arches (total or partial) and the number of implants installed in the 

maxilla and mandible, with a greater installation of implants in the mandible in relation 

to the maxilla (p <0.001) (Graphic 2). 
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Graphic 2. Correlation between dental loss and implant placement in maxila and mandible. Note the 
significant difference between implant placed (p<0.001). 

 

Expectations of Research Participants 

During the patient’s anamnesis, the main reason for the rehabilitation with 

osseointegrated implants was questioned. The 173 participants included had as 

main answers, obtaining aesthetics and the possibility of recovery of the 

masticatory function (Table 4). 

 

 
Table 4. Main reason for implant rehabilitation.  

Reason Participants (n=173) 

Aesthetics 39 (22,2%) 
Masticatory function 50 (28,9%) 
Masticatory function/ 
Aesthetic 

84 (48,9%) 

 

 

 

 

 

 

33.3% 

66.7% 

50% 

Dental Loss X Implant Placement Correlation 

Dental Loss                                                 Implant Placement  
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Failure Rates 

 

A total of 33 implants were lost, 20 implants during the period of osseointegration 

and at the end of this period, and 13 implants were not stable and were lost at the 

time of implant installation. Of the 33 (4%) implants lost, 20 (60.6%) were installed in 

the maxilla and 13 (39.4%) in the mandible. The success rate of the implants 

installed until the installation of the prosthesis was 96%. 

The chi-square test showed that, despite the higher jaw implant index, there was 

a highly significant difference in the percentage of implant loss, with a higher 

incidence of maxilla loss compared to the mandible (p = 0.002) (Graphic 3). The 

maxilla is 3 times more likely to lose an implant early compared to the mandible in the 

group of participants studied (OR3.08 CI: 1.51-6.29). 
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Graphic 3. Correlation among dental loss, implant placement and implant lost rates, in maxila and 
mandible. Note the inversion of maxila and mandible correlation considering implant placement and 
implant lost (p<0.001). 
 
 

Post-surgery Intercurrences 
 

We observed the reports of the patients, at the moment of removal of the 

suture (one week after) of the following intercurrences, in the 173 medical records:  

 

- Regarding the appearance of edema in the postoperative period, 31 

(17.9%) reports of patients who had postoperative edema were found, of 

which 4 (2.3%) were reports of signs of  infection in the operated region. 

Sixteen (9.2%) reports with residual (discrete) edema on removal of the 

suture. 

- Twenty-six (15%) cases of bruising were reported on the clinical 

record, at the time of removal of the suture.  

- Among all the analysed sample, a patient record with paresthesia 

complaint was found in the operated region, which normalized in 6 months.  

- In 141 (81.5%) medical records, no records of any postoperative 

complications were found. 

Dental Loss X Implant Placement Correlation X Implants 
Lost 

Dental Loss                     Implant Placement                    Implants 
Lost 
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Characteristics of Prosthetic Rehabilitation 

 

From a total of 805 implants installed, 33 (4%) implants were lost and 772 (96%) 

implants were submitted to rehabilitation with fixed total prostheses, muco-supported 

overdentures and metal-ceramic crowns, as described in Figure 2. 

 

 

Type of Prosthetic Rehabilitation 

 

TOTAL SUPERIOR FIXED PROSTHESIS= 17 

TOTAL INFERIOR FIXED PROSTHESIS = 40 

SUPERIOR OVERDENTURE = 8 

INFERIOR OVERDENTURE = 39 

CERAMIC CROWN= 312 

Figure 2. Types of prosthetic rehabilitation over successful implants.  

 
 

DISCUSSION 

 

 The present study aimed to evaluate and describe, retrospectively, the oral 

treatment performed in the elderly patients, through the use of osseointegrated 

implants. The results showed that (i) the main reasons for the demand for 

rehabilitation with dental implants by the elderly patients were reestablishment of 

function and aesthetics together; (ii) elderly patients submitted to treatment with 

implants commonly present with systemic diseases and drug therapy; (iii) there is a 

predominance of partial edentulous in this elderly population, mainly in the mandible; 

(iv) total edentulism is predominant in the maxilla; (v) however, most of the implants 

were installed in the mandible, mainly using platform of external hexagon type; (vi) 

the success rate was 96% in implant osseointegrated, with a 4% loss of total implants 

installed; (vii) the maxilla was 3 times more likely to lose an implant early; (viii) the 

majority of the patients did not present surgical complications; (ix) patients were able 

to be rehabilitated with fixed total prostheses, muco-supported overdentures implants 

and metal-ceramic crowns. Thus, this study supports the hypothesis that 
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rehabilitation with osseointegrate implants in elderly patients, despite its peculiarities, 

related to age and systemic care, has a high success rate. 

Epidemiological projections in Brazil, based on the Young-Adult Quotient (QIJ), 

indicate that for each set of 100 young people under the age of 15, there should be 

around 46 elderly people in 2025, compared to 10 in 1975. By 2050, the number of 

older people will exceed that of children.23 Of all the people living in Brazil in 2005, 

around 87% will be alive in 2025 (population, then 21 years-old), and 61% in 2050 

(population, then, 50 years-old or older).23 Together with this fact, in the Brazilian 

context, when discussing the oral health conditions of the elderly population, the total 

loss of teeth is still accepted by society as something normal and natural with the 

advancement of age.24,25  

The absence of one or more dental units generates significant changes in the 

stomatognathic system, negatively and significantly affecting patients’ quality of life.26 

Implantology, despite being one of the most recent dental specialties, has been 

shown to be of fundamental importance for the rehabilitation and reestablishment of 

the oral, social and psychological health condition of the edentulous patient.27 

Acording to World Health Organization, 1980,28 edentulism is a relevant type of 

functional incapacitation, and the most affected population is in a more advanced age 

group and its reflexes significantly impair the quality of life of the individuals affected - 

mainly due to its more advanced form, which is the total edentulism.29,30  

Our study identified total maxillary and mandibular edentulism, with a higher 

incidence in the maxilla. The majority of patients included, over 60 years-old, had 

partial mandibular edentulism. In this sense the implants present themselves as a 

great opportunity to replace the missing teeth. All patients included in the study were 

rehabilitated with osseointegrated implants. 

However, for treatment with dental implants, we must consider that the elderly 

patients are part of a heterogeneous group that requires an individualized treatment 

plan, based on their medical conditions and future expectations. Therefore, it is 

important to recognize the functional status and autonomy of the patient, as well as 

the cost-benefit of the treatment, considering the main complaint of the elderly 

patient.31 In our retrospective study, we considered the inclusion of the evaluation of 

the main complaints of the rehabilitated patients, thus verifying that they were 
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basically limited to the loss of aesthetics and masticatory function, representing 100% 

of the complaints that justified the search for the implant rehabilitation treatment. 

According to Schimmel et al. (2017)32 the priority in the oral rehabilitation of the 

elderly with dental implants is the reestablishment of the oral function. Masticatory 

dysfunction and food choice limitation is closely associated with social limitations, 

poor oral health and nutritional deficiencies. 33,34 

On the other hand, the partial or total loss of the teeth will not only affect the 

masticatory functions, but will also be affected by aesthetic deficiency.30 With the 

advancement of techniques in oral implantology, in recent years, it is possible to 

perform functional rehabilitations, with a high percentage of aesthetic success in 

patients of different ages.35-37 

In our clinical practice, we consider the treatment with elderly patients as an 

aesthetic and functional set, encompassing particularities pertinent to this age group. 

Therefore, we argue that a standardized protocol of treatment should not simply be a 

specific type of prosthesis to achieve function and aesthetics, but should rather have 

some criteria, such as: oral comfort, reestablishment of facial height, age-compatible 

dental characteristics, adequate retention of the prosthesis, increasing patient 

confidence in the treatment performed, speech / phonation, prosthetic design that 

facilitates oral hygiene, considering possible physical and cognitive limitations.  

From the surgical point of view, two important aspects should be 

considered in the implant placement planning of the elderly patient: the need to 

minimize surgical trauma and the evaluation of medical risk factors that may 

influence osseointegration.32 

 Old age and the presence of systemic diseases are often considered negative 

factors for implant placement. Kim, Yun, (2004)38 say that there is a reduction in the 

ability to maintain homeostasis with advancing age, increasing the risk of infections. 

However, it should be noted that diseases resulting from age should be distinguished 

from the fact of being old. The mere fact of being elderly is not a contraindication to 

implant procedures. Old healthy patients without systemic diseases can be treated 

with implants, as there is no evidence that bone metabolic changes, along the age, 

directly influence the osseointegration.39,40 Our study corroborates this fact to the 

high success rate. Of the total number of rehabilitated patients, 30% were healthy, as 
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opposed to 70%, who had one or more systemic diseases, including controlled 

diabetes and hypertension, gastritis, arthritis and osteoporosis. There was no 

difference in success rate between these patients, after similar treatment with 

osseointegrated implants. However, it should be noted that all rehabilitated patients 

who had systemic disease were controlled by medication and were under medical 

care. 

 Although advanced age is not the main cause of implant failure, the presence of 

some medical conditions, including xerostomia, osteoporosis and diabetes, can 

cause slow healing, culminating in the need for a longer time for bone healing after 

implant implantation compared to young patients.41 Therefore, in our clinical protocol, 

preoperative exams, anamnesis and medical opinions, when necessary, are always 

incorporated into the treatment of the elderly patient, considered a multidisciplinary 

patient. Patients with 3 or more diseases should be classified as potential for 

multimorbity, requiring simultaneous medical follow-up to implant treatment.42 

 According to a recent review of Schimmel et al. (2017),32 the main medical 

conditions that should be considered in the treatment plan for implant rehabilitation 

are: cardiovascular diseases, diabetes mellitus, osteoporosis, cancer, Parkinson's 

disease, dementia, xerostomia, rheumatism and nutritional deficiency. These 

diseases or the effect of medications used to treat them may influence implant 

placement, bone and soft tissue healing, and the long-term success of implant 

therapy. In our study, about 60% of patients evaluated in the 10-year period used 

medication for different medical conditions, with hypertension being the predominant 

disease. Similar results were found in a study by Lee et al. (2010),43 where the 

authors evidenced arterial hypertension in the majority of elderly patients, followed by 

diabetes, heart disease and kidney disease. Under these conditions, the authors do 

not contraindicate implant surgery, reaching high success rates, which corroborates 

with our clinical procedures in the implantology treatment of the elderly.  

According to Hwang & Wang, (2006 e 2007),44,45 the absolute contraindications 

for the installation of dental implants are myocardial infarction within 3-6 months, 

cerebral hemorrhage, heart valve replacement, treatment of malignant tumors and 

use of bisphosphonates for the treatment of osteoporosis. Relative contraindications 

include smoking, diabetes, cardiovascular disease, and thyroid disease. However, 
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when properly treated and controlled these systemic diseases do not affect the 

success rate in implantology. Based on these studies, our clinical protocol in elderly 

patients included controlled patients with specific diseases that relatively 

contraindicate the implantation of the implant, evidencing the success of the therapy. 

In this sense, it is important to note that, in geriatric patients, despite the systemic 

conditions and the possible decrease of bone regeneration, the success rate in 

implant therapy is similar to that observed in young patients,40 reaching around 

95%.46,47 

In clinical practice in prosthesis supported by implants, if we set up an absolute 

contraindication for the installation of implants, due to the high prevalence of 

systemic diseases, we may have an impossibility to restore the function and esthetics 

of the elderly patients. In our study, we achieved a 96% success rate in implant 

therapy in the elderly. Clinical osseointegration occurred adequately and the main 

complications were edema, with and without signs of infection, and one report of 

paresthesia, totaling 81.5% of elderly patients without postoperative complications. 

Similar finds were observed in a study by Lee et al. (2010),43 evaluating the success 

rate in 35 patients over 70 years old, who received a total of 118 implants, in which 

the presence of complications in 15% of the implants was found.  

The process of osseointegration may suffer intercurrences which result in the 

loss of the implant. Therefore, the existing reactions at the bone-implant interface are 

influenced by the surgical technique, the health status of the recipient bone bed, the 

biocompatibility of the metal, the design and type of implant surface, as well as the 

conditions of application of loads transmitted to the implant. The initial stability of the 

implant and a period of free repair of loads are fundamental in this process.48 

Esposito et al, in 1998, classified the implant failure in two basic periods: early 

failure (before osseointegration period) and later failure (after loading). In order to 

improve this classification of implant failure, Askary et al. (1999)17 considered in their 

failure classification the etiology, failure mode, failure type, failuring time, responsible 

personnel and reactions in different tissues type.  

The time of evaluation in our study was based on Askary et al. (1999)17 

classification, stage I (after implant placement) and stage II (with healing head or 

abutment insertion), excluding analysis during stage III of Askary et al. (after loading). 
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In our study, the implants were not loaded during the evaluation period. A total of 4% 

of the implants were lost early, before the period of osseointegration. Similar results 

were found in Zarb, Schmitt, (1990),49 in patients over 65 years-old, who received 

207 implants, with a success rate of 95.2%, and 10 implants lost (4.8%).  

Curiously, the maxilla was 3 times more likely to lose an implant early than the 

mandible, in the patients evaluated in our study.  Bryant et al. (1998)40 analyzed and 

reported the effects of implant site, bone condition and age on the results of implant 

therapy, concluding that the implant sites are related to the potential of 

osseointegration, and the mandibular sites are more favourable in relation to the 

jaws.24 These findings corroborate with the Sixth Workshop on Periodontics that 

postulated a higher index of peri-implant disease and loss of maxillary implant 

compared to the mandible.50 

 However, in our study, most of the implants were installed in the mandible, 

mainly using external hexagon type platform. This fact may reflect that the 

stabilization of mandibular total dentures with the use of osseointegrated implants is 

one of the great advances of modern dentistry. The stabilization of the mandibular 

total prosthesis with a minimum of 2 implants reduces peri-implant bone atrophy,51 

increases masticatory efficiency,52  reduces masseter muscle atrophy53 and 

significantly increases the patient’s quality of life.54  

Due to the high success rate, the patients were rehabilitated according to the 

initial planning, with fixed total prostheses, muco-supported overdentures implants 

and metal-ceramic crowns. The rehabilitation of the total edentulous arches was, for 

the most part, with fixed lower total prostheses and lower overdentures. This fact is 

common in clinical practice in elderly patients, in whom maxillary total implanted 

upper prosthesis is only planned if there is no need for extensive regenerative 

procedures and in patients with general health,55 which do not represent the majority 

of the elderly patients.. On the other hand, patients are generally satisfied with 

conventional maxillary prostheses, limiting the smaller number of implants installed in 

total edentulous maxilla. 

 The choice of fixed and removable total dentures in implantology has been 

discussed in several studies. However, maintaining adequate oral hygiene should be 

preserved, especially in geriatric patients, due to their systemic risks. Consequently, 
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prostheses should be designed to ensure the feasibility of peri-implant cleaning, as 

implants in elderly patients are expected to remain in the mouth for life. Another 

important aspect is the use of transitory implants to keep masticatory function during 

healing process of definitive implant. Rangel et al. (2012)56 showed that in a group of 

elderly patient from the same Institution of our study, 100% of patients declared 

satisfied with transitory implants, become comfortable the use of prothesis during 

implant osseointegration process until implant loading.   

It is important to emphasize that the choice of the type of rehabilitation of the 

edentulous patient is mainly related to the expectations of the patient and the oral 

characteristics such as bone availability, occlusal factors and facial aesthetics,37 

besides the general systemic aspects, already discussed, that will influence the 

number of surgery and quantity of implants installed.35,36,.57 

 Thus, this retrospective study, including 173 patients over 60 years-old, 

supports the hypothesis that rehabilitation with osseointegrated implants in elderly 

patients, despite its age-related and systemic care features, has a high success rate, 

enabling total and partial rehabilitation of missing teeth in Brazilian patients. Our 

results also confirm that elderly patients, even presenting systemic diseases, 

provided they are controlled and under drug therapy, have predictability in dental 

implant rehabilitation, allowing oral function recovery, comfort and quality of life. 

Definitely, old age is not a contraindication for rehabilitation with osseointegrated 

implants. 

However, future studies are necessary, evaluating the long-term follow-up of the 

elderly patients, the possible prosthetic and peri-implant complications from 

rehabilitation with implants, the level of satisfaction after the installation of the 

prosthesis and the influence of systemic changes in stability of osseointegration. 
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5 – CONCLUSÕES 

- A maioria dos implantes foi de hexágono externo, sendo a mandíbula, o local de 

maior número de instalações. 

- A osseointegração em pacientes idosos apresentou alto índice de sucesso (96%). 

- Os pacientes receberam próteses totais fixas e overdentures, na maxila e na 

mandíbula, no entanto, com maior número de instalação de coroas metalo-

cerâmicas. 

- A principal doença crônica foi hipertensão arterial, sendo o anti-hipertensivo o 

medicamento mais usado. 

- As principais intercorrências cirúrgicas pós-operatória foram edema e hematoma, 

sendo que a grande maioria não apresentou qualquer intercorrência após a cirurgia. 

- A média de idade dos pacientes foi de 63 anos, sendo mulheres em sua maioria. 

- A perda total dos dentes foi observada principalmente na maxila e a perda parcial 

dos dentes na mandíbula dos pacientes idosos. 

- As expectativas principais dos pacientes foram aquisição de estética e função, 

sendo esta última a mais citada, com 77.8%. 
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ABSTRACT 

Aim: To analyze FGF-2 levels in the peri-implant crevicular fluid along with the supportive mucositis 

therapy. Material and Methods: Twenty-six participants, with Branemark protocol prosthesis, were 

divided into two groups: control group, characterized by peri-implant health, and mucositis group, 

presenting peri-implant mucositis diagnosis. All participants underwent clinical examination, 
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radiographic analysis, prosthesis removal and non-invasive peri-implant therapy (mechanical 

debridement associated with chlorhexidine 0.12%), during a period of 36 days divided into three 

intervals. Peri-implant crevicular fluid samples were collected in each interval in order to analyze FGF-

2 levels by the immuno-enzymatic assay. Results: Control and mucositis group showed no difference 

for clinical parameters except for keratinized mucosa.  Along of the treatment intervals, participants 

were diagnosed in different groups, indicating that the non-invasive therapy was able to treat peri-

implant mucositis. There was a significant difference of FGF-2 levels, between groups, with the higher 

FGF-2 level in control group (p=0.01). After supportive therapy, the mucositis group showed a 

significant increase of FGF-2 levels (p<0.01), compared to initial levels. Conclusion: After 36 days of 

supportive therapy there was a reduction of peri-implant mucositis from 70% to 23%. Clinical and 

laboratory outcomes showed a clear correlation since FGF-2 levels increased after 36 days. The 

therapy protocol was effective and promoted a regenerative reaction. FGF-2 can be considered a 

future target for peri-implant mucositis treatment. 

Keywords: Biomarkers; Crevicular fluid; Dental Implants; Fibroblast Growth Factor-2; Mucositis 

 
 
INTRODUCTION 
 
The use of dental implants to restore compromised oral function and esthetics, as a result of tooth 

loss, is an established treatment modality and has proven to be a routine procedure in the oral 

rehabilitation of edentulous patients. Dental implants have been reported to achieve long-term 

success (Smeets, Henningsen, Jung, Heiland, Hammacher, Stein 2014). However, complications 

associated with improper treatment planning, surgical and prosthetic execution, material failure, 

maintenance and peri-implant diseases have increased a lot over the last few years (Chrcanovic, 

Albrektsson, Wennerberg 2014). 

 Peri-implant diseases present in two forms – peri-implant mucositis and peri-implantitis. Both 

diseases are characterized by an inflammatory reaction in the tissues surrounding an implant 

(Mombelli & Lang 1998; Lindhe & Meyle 2008). In the consensus report from the 6th European 

Workshop of Periodontology (EWP), peri-implant mucositis was defined as the presence of 

inflammation in the mucosa at an implant with no signs of loss of supporting bone (Lindhe & Meyle 

2008). At the 7th European Workshop of Periodontology (EWP) consensus meeting, peri-implant 
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mucositis was diagnosed, as bleeding on gentle probing (< 0.25 N) (Lang & Berglundh 2011). The 

American Academy of Periodontology (AAP, 2013) stated that from a clinical standpoint, signs that 

determine the presence of peri-implant mucositis include bleeding on probing and/or suppuration, 

which are usually associated with probing depths ≥ 4mm and no evidence of radiographic bone loss 

beyond bone remodeling.  

Despite differences regarding the differential diagnosis of peri-implant diseases, studies have 

estimated that peri-implant mucositis has a prevalence ranging from 50% to 80%, while peri-implantitis 

affects approximately 12%-40% of implants and 28%-56% of patients, respectively (Lindhe & Meyle 

2008). 

 In addition, it was evident that the lack of annual supportive therapy in patients diagnosed with peri-

implant mucositis is associated with increased risk for conversion of mucositis to peri-implantitis 

(Costa, Takenaka-Martinez, Cota, Ferreira, Silva, Costa 2012). Therefore, early detection of peri-

implant breakdown, as well as monitoring progression of bone loss is extremely important (Jepsen, 

Berglundh, Genco, Aass, Demirel, Derks, Figuero, Giovannoli, Goldstein, Lambert, Ortiz‐Vigon, 

Polyzois, Salvi, Schwarz, Serino, Tomasi, Zitzmann 2015). Different from peri-implantitis, mucositis is 

characterized by a reversible lesion, which has the potential of peri-implant tissue recovering, after 

treatment, in a short-term (Lindhe & Meyle 2008). 

 Despite the variety of clinical procedures described in order to treat mucositis, there is no consensus 

about the best treatment option and clinical results. Most of the researches and case reports point as 

main protocol non-invasive techniques, including debridement using titanium curettes (Al Ghazal, O' 

Sullivan, Claffey, Polyzois 2017), plastic curettes (Armitage & Xenoudis 2016), abrasive air-polishing 

(Al Ghazal et al. 2017; Riben-Grundstrom, Norderyd, André, Renvert 2015), device ultrasonic (Riben-

Grundstrom et al. 2015) and adjunctive use of antimicrobial products (Ata Ali, Ata Ali, Galindo-Moreno 

2015; Zangh, Malik, McGrath, Lam 2018). 

Recently published research has been focused on the correlation between biochemical markers of 

inflammation and regeneration, and clinical parameters around healthy and diseased implants 

(Casado, Canullo, Filardy, Granjeiro, Barboza, Duarte 2013; Li, Wang 2014).  The peri-implant 

crevicular fluid (PICF) was shown as a promising medium for the detection of peri-implant activity 
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(Javed, Al-Hezaimi, Salameh, Romanos 2011). Levels of biochemical mediators secreted into the 

PICF were considered diagnostic markers to monitor peri-implant health (Jepsen et al 2015), reflecting 

the degree of inflammatory and regenerative reaction, affecting the surrounding tissues, bone, and 

mucosa (Buchmann, Hasilik, Van Dyke, Lange 2002).  

Growth factors are a potential agent to target specific tissue reactions because of their regulatory roles 

in cellular functions, including adhesion, proliferation, migration, and differentiation. They are biological 

mediators that play critical roles in the stimulation and regulation of wound healing. In mammals, the 

FGF family is comprised of 22 structurally related proteins that have a wide variety of functions 

contributing to organogenesis, tissue remodeling, nervous system control, angiogenesis and 

regulation of metabolism. These proteins are structurally related, but with different actions and 

biological consequences. The fibroblast growth factor-2 (FGF-2) is the most extensively studied in 

regenerative medicine and periodontal tissue regeneration. This protein has been studied in medicine 

for the treatment of ulcers and bone fractures due to its potential to facilitate revascularization. Animal 

studies have confirmed that local application of FGF-2 significantly enhances periodontal regeneration 

compared to control sites (Takayama, Murakami, Shimabukuro, Kitamura, Okada 2001; Murakami, 

Takayama, Kitamura, 2003; Murakami, 2011). Among its effects, FGF2 has been shown to promote 

endothelial cell proliferation (Cao, Brakenhielm, Pawliuk, 2003) and to possess a potent angiogenic 

and mitogenic activity on mesenchymal cells within periodontal ligament (Kao, Murakami, Beirne 

2009).  

Until this moment, few studies have explored PICF modifications after mucositis treatment, conducting 

to a scarce knowledge about the biological peri-implant response for the treatment applied (Duarte, 

Mendonça, Máximo, Santos, Bastos, Nociti 2009; Severino, Beghini, Araújo, Melo, Miguel, Rodrigues, 

Pereira 2016). In addition, no previous investigation has been conducted to evaluate FGF-2 role in a 

peri-implant treatment protocol. Regenerative biomarkers identification in the PICF can elucidate the 

local response to peri-implant therapies, leading to early diagnosis and clinical strategies in implant 

dentistry. Therefore, the aim of the present study was to analyze the fibroblast growth factor-2 (FGF-2) 

expression in PICF of patients undergoing supportive mucositis therapy. 

MATERIAL AND METHODS 
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This is a non-randomized controlled clinical trial approved by the Research Ethics Committee of the 

Antônio Pedro University Hospital / Fluminense Federal University, under number 2.455.991. The 

clinical data was collected in the Implant Dentistry Department of Fluminense Federal University and 

the laboratory assays were carried out in the Clinical Research Unit of the Antonio Pedro University 

Hospital. 

 

PATIENT SELECTION  

INCLUSION CRITERIA 

As far as known, it was included healthy patients; with and without previous history of periodontitis; 

partial edentulous patients with previous radiography showing bone periodontal level; with external 

hexagon implant installed for at least 1 year and who signed the free and informed consent form. 

 

EXCLUSION CRITERIA 

The excluded participants were those with systemic diseases (diabetes, blood dyscrasias), and those 

taken resorptive drugs and hormones. Patients underwent mouthwash, antibiotics and/or anti-

inflammatory therapy 3 months prior research and those diagnosed with peri-implantitis or underwent 

supportive peri-implant therapy 6 months prior research diagnosis. 

 

PARTICIPANTS 

The participants consisted of all patients who attended the Implant Dentistry Department of the 

Fluminense Federal University, from 2003 to 2016 and had external hexagon dental implants installed 

and finished with fixed total prostheses in the mandible. From a total of 42 patients, 4 were excluded 

due to systemic diseases, 6 because of smoking habit, 3 due to a change of address and 3 diagnosed 

with peri-implantitis, who were referred for specific treatment in the Implant Dentistry Department. 

Therefore, in total 26 participants were selected for this study. 

 

CLINICAL EXAMINATION AND TREATMENT 

 A single investigator, calibrated through the kappa-test, performed the clinical examination, sample 

collection, and treatment. The implant-supported prostheses were removed and all implants and peri-
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implant tissues were examined at three different times (Figure 1). The peri-implant clinical examination 

was performed on the mesial, distal, buccal and lingual surfaces of each implant using North Carolina 

periodontal probe (PCP-UNC 15, Hu-Friedy Manufacturing Inc., Chicago, IL, USA). In addition, the 

distance between prostheses ridge and peri-implant mucosa was evaluated by using a straight tip 

specimeter (Golgran- Millennium, São Paulo, SP, Brazil). 

 

Peri-implant health and mucositis were diagnosed based on the parameters established on the 6th 

European Workshop of Periodontology (Lindhe & Meyle 2008). According to the initial diagnosis, the 

participants were separated into two groups: control group, characterized by peri-implant health in all 

implants and mucositis group, characterized by peri-implant mucositis in at least one implant. Pre-

determined intervals were established for patient re-evaluation (Figure 1). Based on the new diagnosis 

the participants could be included in the control or mucositis group along the study. 

 
 
RADIOGRAPHIC EVALUATION 

 Periodontitis history diagnosis was performed based on Armitage (2004), considering radiographic 

aspects and clinical examination around teeth, before implant placement.  

A single operator performed the radiographic examination, which consisted of periapical digital 

radiographs (Indicator Digital Shick Elite, KODAK RVG5100 Digital Radiography System - São José 

dos Campos, SP-Brazil), using a positioner (Indusbello Londrina, PR-Brazil) performed in the same 

RX device (DABI ATLANTE Spectro 70x RX, Ribeirão Preto, SP-Brazil). For diagnostic reasons, the 

radiographic examination was performed on all participants in Time 1. When participants were 

diagnosed with peri-implantitis (Lindhe & Meyle 2008; Lang & Berglundh 2011) they were excluded 

from this study and referred to a Supportive Program in the Implant Dentistry Department. The 

physiological bone loss was characterized considering the normal bone loss of one millimeter during 

the first year after implant placement and of 0.2 mm per subsequent year, according to the period of 

osseointegration (Roos, Sennerby, Lekholm, Jemt, Albrektsson 1997). The crestal bone loss 

calculation was based on the difference between the radiographic examination at baseline 

(considering implant placement at the bone level for all included implants; external hexagon) and the 

radiographic aspect during supportive therapy. From these parameters, when the total bone loss was 
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higher than expected (1 mm in the first year and 0.2 mm in subsequent years under loading 

conditions) (Albrektsson, Zarb, Worthington, Eriksson), the diagnosis was peri-implantitis. 

  

TREATMENT PROTOCOL 

 All the participants included in this study received the same treatment, regardless of their diagnosis. 

Ultrasonic scalers were used for calculus removal (Cavflex 6000 Dentflex®, Ribeirão Preto, SP, 

Brazil). Sodium air-abrasive polishing (JetlaxisUNO Schuster, Santa Maria, RS, Brazil) was used to 

remove the soft debris from the implant, prosthetic components and fixed implant-supported 

prostheses (Figure 2). 

Self-performed plaque control instructions were provided, by oral and written directions. The prosthetic 

adjustment was performed to allow hygiene access around implants (Zeza & Pilloni 2012). 

All implant-supported fixed protocols were removed, cleaned and polished with tungsten carbide drills 

(Série Ultra 079KFF – Dhpro – Paranaguá, Paraná – Brasil) and finishing and polishing points (Kit 

PA10203Dhpro – Paranaguá, PR – Brasil). Prior to treatment, PICF has collected as previously 

described intervals. The debris around the implants were removed with cotton pellets and a paper tip 

filter (Maillefer - Dentsply, Petrópolis, RJ-Brazil) was inserted in the peri-implant crevicular region, for 

60 seconds, and then immediately submerged in 400μl PBS/ 1% BSA (fetal serum bovine / bovine 

serum albumin) and stored at - 80°C.  

The site with the highest degree of disease of each participant was chosen for sample collection. In 

cases in which all peri-implant regions were healthy, the implant site nearest the midline was 

undergone for collection. Twenty-six samples were collected at each time point; in total 78 samples 

collected along of this research. 

 

FIBROBLAST GROWTH FACTOR-2 LEVELS IN THE PERI-IMPLANT CREVICULAR FLUID  

 

FGF-2 levels in the samples were determined by enzyme-linked immunosorbent assay (ELISA) using 

the Human FGF-basic ELISA kit (900-K08 - Peprotech, Rocky Hill, NJ, USA). Analyzes of the diluted 

samples were performed by following the manufacturer's recommendations. The readings were made 

in 110μL of the sample, with filters of 405nm wavelength, generated from a standard curve of 
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concentrations. After mathematical conversion, considering the dilution, the standard curve, and the 

dispersion graphic, the FGF-2 concentrations were defined in pg/µl. 

 

 

STATISTICAL ANALYSIS  

Data processing and statistical analysis were performed, by using Prisma GraphPad software 6.0 

(GraphPad Software, La Jolla, CA, USA). The distribution of the numerical variables was analyzed by 

the Shapiro-Wilk test. Student's or Mann-Whitney's t-test was applied in cases of normal or non-

normal distribution, respectively. The chi-square test correlated the development of peri-implant 

mucositis with the clinical data of the nominal variables, with a significance level of 0.05% (p < 0.05). 

The risk of developing peri-implant mucositis was correlated with the nominal variables, using the odds 

ratio (OD), constructing a 95% confidence interval. 

 

 

RESULTS 

CLINICAL RESULTS 

From the total of 42 volunteers evaluated over 1 year, 26 were included in this study. There were 16 

(61.5%) men and 10 (38.5%) women with mean age 65.5 ±7.99 years. At baseline, no significant 

difference was found between the control group and mucositis group, regarding gender, age and 

periodontitis history (Table 1). 

During the primary diagnosis (Time 1) participants were divided into 2 groups: Control (n=8) and 

Mucositis (n=18), showing no difference in clinically evaluated parameters in peri-implant sites, 

prostheses, and implant (Table 2). 

 After initial treatment (15 days, interval 2) and final treatment (36 days from baseline, Interval 3), 

control group and mucositis group kept with no difference among clinical evaluated parameters 

(supplementary tables 1 and 2). The only difference observed was the width of keratinized mucosa in 

the control group (p=0.03) in Interval 3.  

However, it was evident the transition of participants from mucositis group to control group, after initial 

supportive therapy, during Time 2 (control= 18; mucositis=8) and Time 3 (control=20; mucositis=6). 
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Clinically, after 36 days, the mucositis incidence decreased from 70% to 23%, showing significant 

improvement after primary treatment (Time 1) (p=0.003) (Figure 3). 

 

 

LABORATORY RESULTS (FGF-2 LEVELS) 

 Taking into account the comparison between the 2 groups along of the 36 days (all treatment 

interval), it was evident the statistically significant difference in FGF-2 levels, showing the higher FGF-

2 level in control group (p=0.01) (Graphic 2). 

 

The analysis of the comparison among each interval (T1, T2, and T3) inside each group in separate, 

showed that: 

 

Control Group: there was no difference between each Interval in Control Group, (p=0.12) (Graphic 3). 

However, it was evident the increased level of FGF-2 along with the treatment. 

 

Mucositis Group: there was a difference between each Interval in Mucositis Group, (p=0.007) (Graphic 

4), with higher FGF-2 levels in T3. 

 

The comparison between the control and mucositis group in each interval showed no statistically 

significant difference in FGF-2 levels (p>0.05). However, there was an evident elevation of FGF-2 

levels in both groups along of the treatment (Graphic 5).  

 

DISCUSSION 

Peri-implant mucositis represents the obvious precursor of peri-implantitis and the treatment of 

mucositis must be a prerequisite for the prevention of peri-implantitis (Lang, Bosshardt, Lulic 2011). 

Despite the number of therapies that have been used clinically to treat peri-implant mucositis, very few 

studies (Duarte et al. 2009; Zeza & Pilloni 2012) have addressed the correlation of biological basis 

and clinical results after mucositis treatment. Therefore, taking into account the regenerative potential 

of FGF-2 in soft and hard tissues, the aim of the present study was to analyze FGF-2 expression in the 
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peri-implant crevicular fluid of patients undergoing supportive mucositis therapy. Our main results 

showed that (1) history of periodontitis had no relationship with peri-implant mucositis development; 

(2) the smaller range of keratinized mucosa the higher susceptibility of peri-implant mucositis; (3) peri-

implant mucositis was not, clinically, plaque-dependent; (4) the supportive peri-implant therapy was 

effective for peri-implant health maintenance and peri-implant mucositis treatment; (5) there was 

clinical-laboratory relationship between supportive peri-implant therapy and FGF-2 levels; (6) healthy 

peri-implant sites were associated with elevated FGF-2 levels in PICF; (7) FGF-2 levels increased 

along of the mucositis treatment. 

A total of 26 participants were included in this study. Our exclusion criteria were extremely restrictive 

for systemic diseases and smoking habits in order to exclude possible risk factors, previously 

described for peri-implant disease development (Lindhe & Meyle 2008), that could influence on 

treatment results. In addition, only protocol Branemark prostheses were evaluated supported by 

external hexagon implants, in order to focus on a specific implant type and implant-abutment 

connection. These criteria were applied to clarify all results associated with clinical and laboratory 

findings. 

Several authors have confirmed that periodontitis is a risk factor for peri-implant disease (Karoussis, 

Kotsovilis, Fourmousis 2007; Costa et al. 2012; Zorzano, Fresco, Telletxea, Bravo 2014, Casado et al. 

2013). Since the first observations of Malmstrom et al. (Malmstrom, Fritz, Timmis, Van Dyke 1990), 

which described greater implant loss in a patient, who presented rapidly progressive periodontitis, 

numerous clinical trials have studied the possible association between periodontitis and implant 

failure. Some of these studies showed that periodontal disease may cause a higher implant loss rate 

(Al-Zahrani 2008; Fardal & Linden 2008; Matarasso, Rasperini, Iorio Siciliano, Salvi, Lang, Aglietta 

2010), whereas others find no association between implant failure and a history of periodontitis 

(Leonhardt, Grondahl, Berstrom, Lekholm 2002; Karoussis et al. 2007). Therefore, it has been 

questioned whether the good results obtained in periodontally healthy patients can be reproduced in 

periodontally compromised patients (Zorzano et al. 2014). In our study, there was no relationship 

between periodontitis history and the presence of peri-implant mucositis in all period of treatment, 

emphasizing that periodontitis history is not determinant for peri-implant disease development and 

implant failure, but a set of factors trigger this multifactorial disease. 
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The presence of a greater width of the keratinized mucosa was significantly associated with healthy 

peri-implant sites. Our results showed that the smaller keratinized mucosa width the increase peri-

implant mucositis development. This result is in accordance with Roos-Jansaker, Renvert, Lindahl, 

Renvert 2006 research, demonstrating an association between the absence of keratinized gingiva and 

peri-implant mucositis. In 2016, Praskunas, Poskevicius, Juodzbalys, Kubilius, Jimbo, in a systematic 

review, pointed to an adequate range of keratinized gingiva with at least 2mm. However, it was found 

that keratinized mucosa width has a low influence on peri-implant tissue reaction if oral hygiene is 

absent (Chiu, Lee, Lin, Lai 2015). 

In addition, despite the concept of experimental peri-implant mucositis in humans is based on oral 

hygiene suspension for 21 days in our research this procedure was not applied. However, it was 

evident during the clinical examination of the presence of visible plaque under implant-supported 

prostheses and surrounding the dental implants, along of the period of analysis (36 days). Oral 

hygiene instruction, patient motivation, and prostheses redesign, during supportive therapy treatment, 

were not enough to prevent plaque accumulation. Even though, it was observed reduction of clinical 

signs of inflammation after supportive therapy in peri-implant mucositis group. This fact can suggest 

that the peri-implant inflammatory reaction is not only strictly associated with biofilm infection but also 

with the individual capacity of keeping peri-implant health in front of the imminent damage.  

The effect of plaque on the peri-implant mucosa has been described in many reports, indicating that 

accumulation of bacterial deposits on implants inducing inflammation in the peri-implant mucosa, in a 

similar way as dental plaque produces gingivitis (Zitzmann, Berglundh, Marinello, Lindhe 2001). 

Experimental studies in humans have shown that the accumulation of bacterial plaque during a period 

of 3 weeks exhibits a similar effect in teeth (gingivitis) and dental implants (peri-implant mucositis) 

(Pontoriero, Tonetti, Carnevale, Mombelli, Nyman, Lang 1994). Heterogeneity in the development of 

clinical signs of gingivitis had already been noted by Loe, Theilade, Jensen (1965) and was initially 

thought to be due to differences in either the plaque volume or the microbial composition (Theilade, 

Wright, Jensen, Löe 1966). However, the inflammatory response seemed to be even stronger in the 

peri-implant mucosa than in the gingiva (Salvi, Aglietta, Eick, Sculean, Lang, Ramseier 2012). Today, 

it is recognized that the mucosae inflammation may also depend on host factors modulating the 

inflammatory response to the bacteria presence (Meyer, Giannopoulou, Courvoisier, Schimmel, 
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Muller, Mombelli 2017), which is in accordance with our results that clearly demonstrated different 

clinical inflammatory reactions under the presence of plaque accumulation.  Until this moment, there is 

no evidence in the literature that a specific peri-implant disease exists as a unique entity with a specific 

etiology and pathogenesis. Therefore, immunological problems associated with peri-implant 

metabolism are part of the reasons why dental implants may be threatened and lost (Albrektsson, 

Canullo, Cochran 2016). 

Despite the multifactorial etiology of peri-implant mucositis, very few studies have addressed its 

treatment (Li & Wang 2014; Hall, Pehrson, Ekestubbe, Jemt, Friberg 2015). A number of therapies 

have been used in application to peri-implant mucositis, most of them by using non-invasive methods, 

including antiseptic agents (James, Parnell, Harding, Whelton, Worthington, Beirne 2010; Menezes, 

Fernandes-Costa, Neto, Calderon, Gurgel 2016; Zangh, Malik, McGrath, Lam 2018) the administration 

of antibiotics (Ata Ali, Ata Ali, Galindo-Moreno 2015), the use of glycine powder air-polishing (Schwarz, 

Becker, Renvert 2015) or sodium carbonate abrasive air-polishing (Ata-Ali et al. 2015). In general, 

non-surgical treatment (closed debridement) of the peri-implant disease involves the mechanical 

removal of plaque and calculus from the implant surfaces, which has demonstrated to be effective to 

treat peri-implant mucositis (Smeets et al. 2014; Romanos, Javed, Delgado-Ruiz, Calvo-Guirado 

2015). The adjunct use of antiseptic oral rinses in combination with non-surgical mechanical 

debridement improved the treatment outcome of peri-implant mucositis, as compared with the use of 

non-surgical mechanical debridement alone (Mombelli, Oosten, Schurch, Land 1987). In addition, 

histologic results by Trejo, Bonaventura, Weng, Caffesse, Bragger, Lang 2006) showed minimal 

inflammation in groups treated by mechanical debridement, as compared with the control group (no 

treatment group). On the other hand, sodium carbonate abrasive air-powder was demonstrated to be 

an effective treatment (Duarte et al. 2009). Therefore, in our study, we adopted as supportive therapy 

a non-invasive method, by using mechanical debridement, associated with sodium abrasive air-

polishing, gluconate chlorhexidine spray and oral hygiene instruction.  

Non-invasive treatment is considered the primary option to treat peri-implant mucositis due to the 

absence of peri-implant bone loss, which restricts the tissue damage to the peri-implant mucosa. This 

treatment is based on the inflammatory response stabilization through debridement and chemistry 

agent (Romanos et al., 2015). Our results clearly demonstrated significant improvement of the peri-
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implant condition under non-invasive therapy. Clinical evaluation (in both groups) after treatment 

demonstrated a significant transition of participants from mucositis group to control group, after initial 

treatment. In 36 days under treatment, the incidence of peri-implant mucositis decreased from 70% to 

23%. 

The literature suggests that oral sprays are an acceptable delivery method for antiseptic agents and it 

may be an alternative method of administering chemical plaque control agents. A limited number of 

studies have shown that oral sprays are well accepted by patients and their side effects are fewer than 

those of mouthwashes (Zangh et al. 2018). Considering the easy way for the patient handling the 

spray under the implant-supported restorations, the reduced side effects of this antimicrobial agent 

and the smaller prosthesis staining, in our study, the use of chlorhexidine digluconate 0.12% in spray 

was chosen as an antimicrobial method included between intervals 1 and 2 of the treatment protocol, 

in both mucositis and control group. Besides no participant reported complications in the use of the 

spray along with the study. 

Clinically, the supportive therapy established peri-implant health in most of the participants and it was 

efficient in keeping health conditions in the control group. However, it is unclear how biological 

modification is conducted around implants during the treatment period. In fact, many kinds of research 

trying to understand peri-implant disease development through the response in the implant-bone 

interface. The peri-implant sulcular fluid (PISF) was shown as a promising medium for the detection of 

peri-implant activity (Casado et al. 2013). The analysis of the PISF composition is a non-invasive 

method to assess the inflammatory conditions of the peri-implant tissues. Therefore, in the present 

study samples of PISF were collected during each interval of clinical examination and treatment, in 

order to verify the peri-implant tissue regenerative response after supportive therapy. 

Many recent reports, in the field of regenerative medicine, have described the use of cytokines as 

‘‘signaling molecules'', stimulating adequate proliferation and differentiation of tissue stem cells. 

Among those cytokines, FGF-2 is winning attention from researchers due to activity in promoting 

proliferation of mesenchymal stem cells while maintaining multilineage potential (Cao et al. 2003; Ruck 

& Sylven 2008). The protein has already been applied successfully in a human intractable ulcer-curing 

drug (Fiblast Spray; Kaken Pharmaceutical Co., Ltd.) for more than 4 years (Kitamura, Nakashima, 

Kowashi, Fujii, Shimauchi, Sasano, Furuuchi, Fukuda, Noguchi, Shibutani, Iwayama, Takashiba, 
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Kurihara, Ninomiya, Kido, Nagata, Hamachi, Maeda, Hara, Izumi, Hirofuji, Imai, Omae, Watanuki, 

Murakami 2008). 

Until this moment, FGF-2 was not studied in peri-implant mucositis development or treatment 

response in order to clarify the influence of regenerative potential over peri-implant tissues.  We 

explored FGF-2 function by measuring this level after 3 different treatment intervals, in healthy and 

mucositis peri-implant tissues, in order to understand if the regenerative capacity in peri-implant tissue 

has a relationship with mucositis development. Our results become evident the relationship between 

clinical peri-implant health and higher levels of FGF-2 in PISF. In addition, FGF-2 levels increased 

along of the treatment in mucositis group. However, we believe that despite FGF-2 levels elevated 

along of the treatment in mucositis group, it was not enough to promote a regenerative response in 

order to avoid peri-implant collapse. This fact suggests that the regenerative capacity in mucositis 

group is lower than in the control group.  

The literature speculates that even within peri-implant mucositis different stages could be 

distinguished. When the inflammation reaches a specific stage, it does not respond equally positively if 

compared to a more incipient stage. In an inflammatory process, biochemical changes appear earlier 

than the clinical ones. Recent reports demonstrated that peri-implant mucositis reversibility after 3 

weeks of treatment is only biochemical indicating that clinical recovery takes a longer time to be 

established (Salvi et al. 2012). Taking into account the period of evaluation in this research, our FGF-2 

findings suggest that peri-implant mucositis sites are still in the healing process and, possibly, could 

achieve higher FGF-2 levels in order to modify clinical signs of inflammation in a postponed treatment 

interval.  

The effectiveness of supportive therapy was demonstrated clinically and biologically in our research, 

based on FGF-2 regenerative potential. However, future studies are necessary in order to explore the 

FGF-2 hole in peri-implant health and disease. It is important to determine the ideal interval to achieve 

and to sustain peri-implant health in all patients undergoing supportive therapy. The short interval of 

treatment proposed in our study has limitations for the long-term clinical application. In addition, the 

detailed analysis of PICF could reveal other biomarkers for future treatment protocols.  

 
Figure Legends 
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Figure 1. Time intervals for clinical and radiographic analysis. 

Figure 2. Summary of treatment protocol performed in each interval. 

Table 1. General characteristics of the included participants. 

Table 2. Clinical aspects of all participants: Time 1. 

Graphic 1. Clinical Evaluation from Time 1 to Time 3, after 36 days of mucositis treatment and 

supportive therapy (p=0.03). 

Figure 3. Clinical Evaluation from Time 1 to Time 3. T1: mucositis; T2: mucositis; T3: health.  

Figure 4. Clinical Evaluation from Time 1 to Time 3. T1: mucositis; T2: health; T3: health.  

Graphic 2.  FGF-2 showed the higher level in Control Group compared to Mucositis Groups, 

considering all analyzed interval (p=0.01) (Graphic in Log 2 scale). FGF-2 levels: pg/μL 

Graphic 3.  FGF-2 levels in Control Group, considering each interval (p=0.12) (Graphic in Log 2 scale). 

FGF-2 levels: pg/μL 

Graphic 4.  FGF-2 levels in Mucositis Group, considering each interval (p=0.007). Note the higher 

FGF-2 level in T3. FGF-2 levels: pg/μL. 

Graphic 5. Comparison of FGF-2 levels among treatment intervals in both Groups. FGF-2 levels: 

pg/μl. 
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Graphic 1 
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Graphic 2 
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Table 1. Clinical aspects in all participants: Time 2 

Parameters Control (N=18) Mucositis(N=8) p-value 

Gender 

     Male 

     Female 

 

6 (33.3%) 

12 (66.6%) 

 

2 (25%) 

6 (75%) 

 

0.52 

OR=1.5 (0.22-9.79) 

History of Periodontal 

Disease 

10 3 0.33 

OR=2.08 (0.37-11.48) 

Implant function period 

(years) 

3.86 ±2.87 3.12±1.45 0.47 

Implants number 4.5 ± 0,61 4,37 ±0,74 0.95 

Prostheses Plaque 

Accumulation 

18 (100%) 7 (87.5%) 0.30 

Antagonist 

     Teeth 

     Total Protheses 

     Supported Implant 

 Protheses 

 

2 (11.11%) 

12 (66.6%) 

4 (22.22%) 

 

1 (12.5%) 

6 (75%) 

1 (12.5%) 

0.33 

Prostheses – Mucosae 

Distance (mm) 

1.58±3.4 0.93±0.9 0.93 

Peri-implant Biotype 

Thin 

Thick 

 

10 (55.55%) 

8 (44.44%) 

 

3 (37.7%) 

5 (62.5%) 

 

 

 

0.33 OR=2.08  

(0.37-11.48) 

Peri-implant Plaque 

Accumulation 

16 (88.88%) 7 (87.5%) 0.68 OR= 1.14  

(0.08-14.7) 

Depth on Probing 2.22±0.54 2.62±0.91 0.17 

Width of keratinized 

mucosa 

2.22±1.3 1.25±0.45 0.10 
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Table 2. Clinical aspects in all participants: Time 3 

Parameters Control (N=20) Mucositis(N=6) p-value  

Gender 

     Male 

     Female 

 

6 (30%) 

14 (70%) 

 

2 (33.3%) 

4 (66.6%) 

 

0.62 

OR=0.85 (0.12-6.01) 

History of Periodontal 

Disease 

9 (45%) 4 (66.6%) 0.30 

OR=4.5 (0.31-65.23) 

Implant function period 

(years) 

3.67± 2.78 3.5±1.51 0,83 

Implants number 4.55±0.60 4.16±0.75 0,28 

Prostheses Plaque 

Accumulation 

17 (85%) 5 (83.3%) 0.67 

OR=1.13(0.09-13.44)  

Antagonist 

     Teeth 

     Total Protheses 

     Supported Implant 

Protheses 

 

3 (15%) 

12 (60%) 

5 (25%) 

 

0 

6 (100%) 

0 

0.17 

 

Prostheses – Mucosae 

Distance (mm) 

1.67±3.22 1.16±0.68 0,59 

Peri-implant Biotype 

Thin 

Thick 

 

10 (50%) 

10 (50%) 

 

 

3 (50%) 

3 (50%) 

 

 

 

0.67 

OR= 1 (0.16-6.20) 

Peri-implant Plaque 

Accumulation 

 17 (85%) 6 (100%) 

 

0.43 

Depth on Probing 2.15±0.58 2.66±0.81 0.16 

Width of keratinized 

mucosa 

2.25±1.25 0.83±1.16 0.03 
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ABSTRACT 

Objective: To evaluate active tactile sensitivity in patients rehabilitated with Brånemark-type prostheses that 

occlude on total mucosa-supported prosthesis.  

Material and Methods: This is a case-control double blind study. Thirty-five volunteers participated in this 

study. The experimental group (n=18) inclusion criteria were: Brånemark-type mandibular prosthesis and total 

mucosa-supported-maxillary prosthesis. The exclusion criteria were: temporomandibular disorder, inadequate 

implant anchorage, peri-implant disease, occlusal instability, inadequate vertical dimension. The control group 

(n=17) was composed of participants with healthy complete dentition. To assess threshold of active oral tactile 

sensitivity, carbon foils with different thicknesses (12μm, 24μm, 40μm, 80μm and 200μm) were placed in the 

premolar region. A total of 120 tests were performed per participant.  

Results: When comparing the two groups, a statistically significant difference (p<0.05) was found between the 

degree of sensitivity for all thicknesses, except for 12 μm, on both sides. There was a greater increase in 

perception in the Control Group, as the carbon thickness increased. Tactile sensitivity threshold was 2.5 times 

greater for participants with prostheses.  

Conclusions: Tactile sensitivity for patients with maxillary mucosa-supported prosthesis and mandibular 

implant-supported prosthesis is significantly lower than dentate patients, which was detected above the thickness 

of 80 μm; in patients with natural dentition different thicknesses were detected from 24 μm. 

mailto:plcasado@hotmail.com
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Relevance: It is important to consider that although implants are the first choice for the rehabilitation of 

edentulous regions, from a sensory point of view they will never behave as perfectly integrated as teeth that have 

a periodontal ligament and feedback receptors. 

 

Keywords: active function, active tactile sensibility, occlusion, prosthodontics,  

 

INTRODUCTION 

 

Several studies show that implant-supported fixed prostheses are an excellent 

substitute for replacing lost teeth (Adell et al. 1981; Zarb, Schmitt, 1990). Despite the fact that 

patients who are rehabilitated with osseointegrated implants do not present significant 

impairment in their oral functions, the mechanism of compensation for lost periodontal 

ligament around the implants is not completely understood (Batista et al. 2008). 

The tactile function of a tooth is determined, first, by the presence of machanoreceptors in the 

periodontal ligament. Tooth extraction eliminates these sensitive periodontal mechanoreceptors directly 

impacting sensory feedback and, consequently, oral tactile function (Batista et al. 2008). Even after prosthetic 

rehabilitation, whether with conventional or implant-supported prosthesis, tactile function remains impaired 

(Mohan Bhatnagar et al. 2015). This fact may represent a subsequent risk of implant overloading (Abarca et al. 

2006). 

The absence of periodontal ligament around the implants can lead to a biomechanical and 

neurophysiological deficit when compared to natural dentition (Mishra et al. 2016). Osseoperception is the name 

of the phenomenon that refers to the awareness of stimuli applied in patients with implant-supported prosthesis 

and it has been described both for oral and skeletal implants (Abarca et al. 2006). Osseoperception was first 

identified by Torgny Haraldson, a pioneer researcher in dentistry, whose careful work with patients established 

the oral function of osseointegrated prostheses when investigating osseointegration. In particular, his study of 

bite force and oral function established the importance of sensory feedback control provided by osseointegrated 

prostheses (Haraldson et al. 1979). 

However, even today, little is known about how much osseoperception can affect the psychophysical 

relationship of implants (Enkling et al. 2012). 

Osseointegration of implants in maxillary bones or other skeletal bones has been widely studied from a 

histological, biomechanical and microbiological point of view, but the physiological integration of implants and 

implant-supported prostheses has received little attention (Abarca et al. 2006). 

The assessment of osseoperception can be studied non-invasively through psychophysical assessments. 

There is a distinction between passive tactile sensitivity threshold and active tactile sensitivity threshold. Passive 

tactile sensitivity consists of detecting the pressure threshold, that is, a passive stimulus applied not requiring the 

individual to perform any (Enkling et al. 2012). Active tactile sensitivity consists of the discriminatory ability to 
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detect the thickness of objects placed between the teeth. In this test, the individual performs a physical action, 

such as occluding. Therefore, in partially and completely edentulous patients, with consequent loss of 

periodontal ligament in the area, active and passive tactile sensitivities are altered even when they have been 

rehabilitated with implant-supported prostheses (Meyer et al. 2012). 

The proprioceptive feedback plays an important role in the adjustment of fine motor control and 

modulation of complex mandibular movements, sensory discriminative capacities and masticatory reflex 

(Jacobs, Van Steenberghe, 2006). In dentate individuals, sensory input can be provided by two groups of 

mechanoreceptors: (1) remote fibers (which originate in the temporomandibular joint, buccal mucosa, 

masticatory muscles, periosteum and dental pulp) are responsible for the discrimination of large particles and (2) 

proprioceptors in the periodontal ligament are able to detect finer stimuli, contributing to the specification of the 

direction, magnitude and overload occlusal force (Williams et al. 1974, Abarca etal. 2006, Jacobs, Van 

Steenberghe, 2006). 

Removal of proprioceptor fibers from the periodontal ligament after tooth extraction may impair this 

precise control. However, although they do not have a periodontal ligament, implants have shown much better 

tactile sensitivity compared to soft tissue prostheses, which implies a partial substitution of sensitivity (Jang, 

Kim, 2001; Henry, 2005). The phenomenon of osseoperception represents an important step for functional and 

physiological integration of implants with the body and it is of great interest to the scientific community. 

Although such mechanism is not fully understood, it is suggested that osseoperception may result from 

mechanoreceptors in the remote nerve endings, periradicular tissues of the opposing teeth, cortical synaptic 

remodeling in the brain, or probable innervation around implants (Mohan Bhatnagar et al. 2015; Jacobs, Van 

Steenberghe, 2006). 

Such implant-mediated sensory-motor interactions can help achieve a more natural oral function with 

important clinical implications (Jacobs, Van Steenberghe, 2006). A highly sensitive implant can recover proper 

motor sensory control and thus improve chewing efficiency, inhibitory reflex response in masticatory muscles, 

prevent traumatic occlusion, and decrease the risk of overloading of remaining teeth and implants (Abarca et al. 

2006). Therefore, assessing the efficacy of implants to discern tactile fine stimuli is of significant relevance 

(Kazemi et al. 2014). 

However, to date, very few studies have assessed active tactile sensitivity in patients rehabilitated with 

implants (Abarca et al. 2006). Improved knowledge about active tactile sensitivity will contribute to numerous 

clinical applications, including protocols for immediate loading, occlusal adjustment in implantology, prosthesis 

design, implant survival, and physiological integration of implant-supported prostheses with the stomatognathic 

system. Therefore, the aim of the study was to assess the active tactile sensitivity in patients rehabilitated with 

Brånemark-protocol prosthesis occluding on total mucosa supported prosthesis. Our hypotheses is that active 

tactile sensitivity is lower in supporting Branemark-protocol prosthesis. 

 

MATERIALS AND METHODS 
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The study was conducted in accordance with the Helsinki Declaration of 2013 for human research and 

Resolution nº 466 of December 12, 2012 of the National Health Council, and approved by the Research Ethics 

Committee involving humans of the School of Medicine of the Fluminense Federal University, Niterói, RJ, 

Brazil, under report number 1.616.110. This is an observational case-control study based on STROBE statement. 

 

Selection of Research Participants 

A total of 35 participants from the Specialization Course in Implant Dentistry of the Dental School of 

the Fluminense Federal University, spontaneously, agreed to participate in the study and signed a free and 

informed consent form. 

To be included in the Experimental Group (n = 18), the participants should have a mandibular 

Brånemark-protocol prosthesis and total maxillary removable mucosa-supported prosthesis. The mandibular 

prostheses of all volunteers assessed in the study were made of acrylic resin and the teeth were placed on a metal 

structure. The prostheses were made on conical mini-pillars, which minimize situations such as lack of passivity 

that could modify the results. Exclusion criteria were a history of temporomandibular disorder and/or bruxism, 

inadequate bone for implant anchorage revealed by a radiographic examination, signs of inflammation around 

implants and inadequate vertical dimension. Participants who reported carbon or latex allergy, materials used in 

this experiment, were also excluded. 

The Control Group (n = 17) was composed of volunteers who had complete dentition (at least 28 teeth, 

considering absence of third molars) and who were not undergoing dental treatment. Exclusion criteria for the 

control group were as follows: participants with unsatisfactory dentoalveolar insertion, those with signs and 

symptoms of temporomandibular disorder and bruxism (pain under pressure on TMJ/ previous history of 

bruxism), those who presented signs of periodontal disease (diagnosis performed by clinical examination), those 

who had some type of restorative material in the premolar region, those undergoing orthodontic treatment, 

patients with acute infections in the head/neck region or acute pain in the dentition and participants who reported 

allergy to carbon or latex gloves used in the experiment. 

There was no limitation regarding the age group. Any volunteer who met the inclusion and exclusion 

criteria could participate in the study. It is important to point out that participants who were on medication and 

had systemic diseases were not excluded from the research. 

Assessment of active tactile sensitivity 

In order to evaluate the oral active tactile sensitivity threshold, sheets of carbon (BAUSCH, KG, 

Cologne, Germany) with different thicknesses (12μm, 24μm, 40μm, 80μm and 200 μm) were used, which were 

placed in the premolar region of the participants assessed. The premolar region was chosen due to its high 

masticatory strength and easy access for the interposition of the sheet of carbon during the tests. A placebo test 

was performed by placing a Miller caliper without carbon, representing 0 μm. A total of 120 tests per participant 

were performed totaling 10 tests on each side for each thickness and 10 placebo tests (Figure 1). The total 

duration of the assessment was about 40 minutes. The selection of thickness was performed randomly and the 

study was double blinded, that is, one examiner interposed the sheets of carbon between the participant’s arches 
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while another examiner noted the results on the form for data collection. During the experiment, participants 

were blindfolded and sat upright in a quiet environment.  

A lip retractor (Morelli, Sorocaba, São Paulo, Brazil) was used to facilitate the interposition of the sheet 

of carbon in the region to be assessed and prevent contact of the carbon with other regions such as cheeks and 

lips. The sheets of carbon were inserted by the examiner 1 with the help of the Miller tweezers (Golgran, São 

Caetano do Sul, São Paulo, Brazil) and, once the carbon was inserted in the premolar region, the participant was 

asked to occlude. Using gestures with the left hand, the participant informed examiner 2 whether the presence of 

the sheet of carbon was felt or not. Examiner 2 noted the results on a proper form for data collection. The tests 

were first performed on the right hemiarch and subsequently on the left side and each sheet of carbon was tested 

10 times. The placebo test using no sheet of carbon was also performed ten times, totaling 60 tests for each 

hemiarch (Figures 2, 3). 

The present research was carried out at the Clinic of the Specialization Course in Implant Dentistry, 

Dental School, Fluminense Federal University. 

 

Statistical analysis 

The threshold was based on the study of Enkling et al. (2010a) who established that the most accepted 

method for determining the active tactile sensitivity threshold is the response level of 50% of correct (positive) 

responses, a test with the highest reproducibility for this threshold. Therefore, all absolute values, in 

micrometers, for each response were considered when assessing the results of both groups. 

Based on the specific literature [Mericske-stern, Dent, 1997; Batista et al, 2008; Enkling et al. 2010a), 

the variances for the comparison between the groups were estimated, obtaining the estimation of about 17 

participants per group at confidence level of 5% and power of 80%, according to the sample calculation for the 

one-way Analysis of Variance.  

The Shapiro-Wilk test was applied to evaluate the normal distribution of data and the Mann-Whitney 

test to compare the percentage of sensitivity between the groups. Values of p<0.05 were considered significant. 

The Friedman test, at a 5% significance level, was applied to find the statistically significant differences (p 

<0.05) of sensitivity to the six thicknesses assessed, considering analysis within each group for each side. 

 

 

 

RESULTS 

A total of 35 participants were included in the study, 17 in the Control Group and 18 in the 

Experimental Group, with a mean age of 46 ± 20.9 years, of which 24 were men and 11 were women. There was 

no statistically significant difference between the groups, considering age and sex (p> 0.05). Brånemark-protocol 

prostheses were supported by a mean of 4 ± 2.1 implants. Data for the experimental group are shown in Table 1. 

The results included the analysis of the right and left sides between the groups studied and the thickness 

variables (0μm, 12μm, 24μm, 40μm, 80μm and 200μm), considering the percentage of active tactile sensitivity 

detected by each research participant in each group and the threshold of 50% of positive responses. 
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Comparison of active tactile sensitivity between the two groups: CONTROL and EXPERIMENTAL 

When comparing the two groups, it was found that, except for the 12-μm thickness, there was a 

statistically significant difference (p <0.05) for all other thicknesses between the proportionality of sensitivity in 

the Control Group and Group Experimental, both on the right and left sides. In the Experimental Group, 27% of 

participants reported feeling the sheet of carbon during the placebo tests. Sensitivity in the Control Group was 

above 50% (positive sensitivity) for the thicknesses 24 μm, 40 μm, 80 μm and 200 μm, different from the 

Experimental Group in which the values of active tactile sensitivity was above 50%, after thickness 80 μm. 

Table 2 summarizes the findings and Graph 1 illustrates the differences. 

It was also found that there was a greater increase in perception on both sides in the Control Group as 

the carbon thickness increased in comparison with to the Experimental Group, in which this perception does not 

increase (Graphic 2). 

The Friedman test, at a 5% significance level was applied to show the statistically significant 

differences (p <0.05) between sensitivity to the six thicknesses, considering the analysis within each group for 

each side. The difference was considered statistically significant after the application of the Bonferroni 

correction for the significance of multiple thickness comparisons, p0.003 indicates a difference. 

In the Control Group, there was active tactile sensitivity on the right side with perception of most of the 

different thicknesses (p<0.03). On the other hand, on the left side, the thickness sensitivity was lower for 

thicknesses 12μm and 24μm (p>0.03) (5% significance level ). 

For the Experimental Group, perception of the carbon was detected on the right side, considering the 

threshold of 50% of correct responses after thickness above 80μm. On the left side, this perception was evident 

for all thicknesses when compared to placebo (0 μm). However, in the Experimental Group the difference 

between the right and left sides was not detected. 

Considering the sensitivity threshold, based on the percentages of thickness detection on the right and 

left sides, it was found that the active tactile sensitivity threshold was 2.5 times higher for prosthetic wearers 

than for dentate participants. 

 

 

 

DISCUSSION 

Osseointegrated implants are widely used for the rehabilitation of edentulous patients. The 

osseointegration of implants in maxillary bones or other skeletal bones has been widely studied from a 

histological, biomechanical and microbiological point of view, but the physiological integration of implant-

supported or -retained prostheses has received little attention (Jacobs, van Steenberghe, 1994; Abarca et al. 

2006). Studies assessing active tactile sensitivity in patients with implant-supported fixed complete prostheses 

are rare (Mericske-Stern, 1994; Mericske-stern, Dent, 1997; Batista et al. 2008, Luraschi et al. 2012). Only one 

study of patients with implant-supported fixed complete acrylic resin restorations was found in the literature 
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(Batsita et al. 2008). In the present study, it was found that patients rehabilitated with implant-supported fixed 

complete prosthesis showed a higher active tactile sensitivity threshold than patients with natural dentition.  

The loss of innate teeth can trigger an unrecovered damage to the masticatory sensory system: loss of 

periodontal mechanoreceptors, which consequently affects oral tactile function and sensory feedback (van 

Steenberghe, 1979; Jacobs, van Steenberghe, 1991; Trulsson, 2006; Batista et al. 2008). Currently, the closest 

that came to the restoration of this “system” was the rehabilitation with osseointegrated implants. Some studies 

show that implant-supported fixed prostheses are an excellent substitute for replacing lost teeth (Adell et al. 

1981, Zarb, Schmitt, 1990).  Therefore, patients rehabilitated with osseointegrated implant present recovery of 

their oral functions. However, the mechanism of compensation for lost periodontal ligament is not completely 

understood (Batista et al. 2008).  

 

Mechanoreceptors located in the periodontal ligament contribute to the acute sensitivity of teeth to 

mechanical stimuli (Jacobs, van Steenberghe, 1994).  The three most common types of sensitivities assessed are: 

passive tactile sensitivity, where a stimulus is applied passively on a tooth or implant; active tactile sensitivity, 

where the patient perceives objects interposed between the antagonistic arches; and vibro-tactile sensitivity 

(dynamic sensitivity threshold), which is poorly researched (Klineberg, Murray, 1999, Jacobs et al. 2001).  

Active tactile sensitivity is a non-invasive procedure with clinical applicability that assesses the 

presence or absence of periodontal ligament receptors when teeth are present and, detect muscle or bone 

receptors in patients with implants (Abarca et al. 2006). It happen since purely passive stimuli are practically 

inexistent during mandibular movements of chewing, swallowing and speaking (Luraschi et al. 2012). 

To assess active tactile sensitivity, also called occlusal-discrimination capacity, most studies use sheets 

of aluminum (Tryde et al. 1964; Mericske-Stern, 1994; Batista et al. 2008), copper (Enkling et al 2007; Enkling 

et al. 2010a; Enkling et al. 2010b; Luraschi et al. 2012) and even gold (Kazemi et al. 2014). Only one study used 

plastic tapes during the assessment of active oral tactile sensitivity in patients with indirect restorations (Karlsson 

, Molin, 1995). 

The use of metallic materials during the assessment may mask the results as metals present thermal 

conductivity (Jacobs, van Steenberghe, 1994). Therefore, in our study, we chose to use sheets of carbon as it is a 

clinical material used for occlusal adjustments. In addition, we used different thicknesses produced by the same 

manufacturer to minimize biases related to the composition of the material. 

During the tests, we decided that participants would not use headphones as we believe that it could be a 

distracting factor for the volunteers, corroborating the studies of (Mericske-stern, Dent, 1997; Batista et al. 

2008, Kazemi et al. 2014). Furthermore, we used the same number of replicates and thicknesses in the placebo 

test, which differs from most other studies as fewer assessments are reproduced when the placebo is applied 

(Luraschi et al. 2012;  Kazemi et al. 2014). Thus, we were able to establish the real absence of detection of 

interdental thickness in dentate patients, a difference that is almost imperceptible to patients with implant-

supported prostheses. 
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The test was performed on the two hemiarches (right and left) of the patients to reduce the possibility of 

variations in the same individual. The thickness of the sheets of carbon was chosen randomly to avoid a patient 

learning curve, which could lead to false positive results when detecting thinner sheets. 

Enkling et al. (2010a)  stated that in the studies published to date, the tactile sensitivity threshold can be 

determined in different ways: detection of the thinnest thickness identified, 50% limit of positive or correct 

responses (Tryde et al. 1964; Jacobs, van Steenberghe, 1994; Mericske-stern, Dent, 1997; Enkling et al. 2007) 

and 80% limit of positive or correct responses (Karlsson , Molin, 1995). In our study, we chose to use the 50% 

limit of positive responses due to the possibility of facilitating the correlation and comparison of results with 

other studies. 

In our study, when comparing the two groups, a statistically significant difference was found between 

the active tactile sensitivity of the Control Group and the Experimental Group, both on the right and left side, for 

thicknesses of 24 μm or higher and the perception of the different thicknesses in the Control Group. This finding 

is in agreement with the findings of Luraschi  et al. (2012) and the meta-analysis of Higaki et al. (2014), one of 

the few studies comparing volunteers with complete natural dentition and volunteers rehabilitated with 

mandibular fixed prosthesis. 

 Esposito et al. (1998), Enkling et al. (2007) affirmed that the perception of interocclusal sensitivity 

allows the establishment of a parameter of the level of occlusal balance in which the patient does not feel a 

restoration with premature contact, and also reported that this balance requires an accuracy of less than 100 μm, 

which is in agreement with the present study since the active tactile sensitivity threshold of patients in the 

experimental group was 80 μm.  

Higaki et al. (2014) states that the active tactile sensitivity threshold of patients with implants is 1.2-2.3 

times greater than in patients with natural dentition. Jacobs, van Steenberghe, 1994, concluded that the active 

tactile sensitivity threshold is on average 6 times higher in patients with implants than in patients with natural 

teeth. In our study, considering both sides, the of active tactile sensitivity threshold was about 2.5 times higher 

for the prosthetic patients in comparison with the total dentulous ones. 

A greater increase in perception in the control group on both sides as the carbon thickness increased 

was observed in comparison with to the Experimental Group in which this perception does not increase. This 

finding was based on bilateral analysis and it is in agreement with recent studies stating that volunteers who have 

been rehabilitated with implant-supported prostheses present a higher active tactile sensitivity threshold than 

volunteers with natural dentition (Batista et al. 2008; Luraschi et al. 2012; Kazemi et al. 2014). However, to date, 

no other study has performed intraindividual assessments and reported differences regarding the laterality for the 

same group (Tryde et al. 1962; Enkling et al. 2010a; Kazemi et al. 2014). Moreover, some studies have also 

shown that there is a difference in perception regarding the different types of materials used to fabricate the 

prosthesis. Henry (2006) states that patients rehabilitated with ceramic-coated prostheses have lower thresholds, 

around 20µm, than patients rehabilitated with prostheses with acrylic resin coating, whose thresholds are around 

400µm. 

The oral perception of patients rehabilitated with implants requires time to improve active tactile 

sensitivity. Abarca et al. 2006 , suggest that, whenever possible, complete rehabilitation should be done by 
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keeping some teeth temporarily until sensitivity improves. In this sense, studies assessing the active tactile 

sensitivity of the same patient over time and a greater number of volunteers are also required. 

One of the limitations of our study was the use of sheets of carbon since no other studies have used this 

material, which make the comparison of findings difficult (Batista et al. 2008, Enkling et al. 2010a; Kazemi et 

al. 2014). Another limitation inherent to this type of assessment is that it was not possible to match muscular 

strength of all volunteers during the bite (Jacobs, van Steenberghe, 1994; Enkling et al. 2010a) 

However, few studies of this kind use a control group of volunteers with complete natural dentition for 

comparison (Batista et al. 2008; Luraschi et al. 2012) and few studies in the literature (Tryde et al. 1962; 

Williams et al. 1974, Enkling et al. 2010a] assess the active tactile sensitivity in patients with complete natural 

dentition. There is no precise report on the active tactile sensitivity threshold in individuals with complete natural 

dentition and few studies with patients with complete implant-supported rehabilitations, which justifies the need 

for further studies on the subject. 

 

SUMMARY 

Our findings confirm that there is a difference between the active tactile sensibility of patients who have 

been rehabilitated with fixed complete implants and those with complete natural dentition. We found an increase 

in perception of the control group on both sides as the carbon thickness increased. In addition, active tactile 

sensitivity for patients with maxillary mucosa-supported and mandibular implant-supported prostheses in 

comparison with dentate patients is significantly lower, detected above the thickness of 80 μm, without any 

differentiation of the different thicknesses. 

 

CLINICAL RELEVANCE  

Considering that patients with osseointegrated implants present a higher active tactile sensitivity 

threshold than patients with natural dentition, some clinical implications must be considered. The present study 

compared patients with complete natural dentition with patients rehabilitated with Branemark-type prostheses - 

conical mini-pillars attached to a metal bar and acrylic resin. The knowledge about oral perception of patients 

with this type of prosthesis is extremely important for clinical practice, since it offers information for occlusal 

adjustment to be as accurate as possible and establishes parameters of occlusal adjustment for patients with this 

type of complete rehabilitation and immediate or early loading. Studies have reported that the tactile sensitivity 

of patients with implants improves over time (Jacobs, van Steenberghe, 1994), therefore, patients with 

immediate loading should be instructed to limit masticatory forces, in addition to precise occlusal adjustment, to 

avoid occlusal overload. It is known that premature contact and consequently overload in the implant system is 

one of the main causes of implant failure. Therefore, during occlusal adjustment dentists should not fully rely on 

the oral perception of patients with implant-supported prostheses as they have increased active tactile sensitivity 

threshold. 

The findings in the present study on active tactile sensitivity corroborate the hypotheses of an 

alternative neural network located in the bone that allows patients rehabilitated with implants to have higher 
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thresholds than those reported for patients with conventional mucosa supported prostheses (Batista et al. 2008, 

Enkling et al. 2010b; Luraschi et al. 2012). However, it is important to consider that although implants are the 

first choice for the rehabilitation of edentulous regions, from a sensory point of view they will never behave as 

perfectly integrated as teeth that have a periodontal ligament and feedback receptors. 
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FIGURE LEGENDS 

Figure1. Flowchart demonstrating the sequence to perform the tests. 

Figure 2. Evaluation of the active tactile sensitivity with carbon sheets in the pre-molar area. The 

lip retractor facilitated access.   

Figure 3. Six different thickness of carbon sheets were used in each participant (0 µm, 12 µm, 

24µm, 40µm, 80µm e 200 µm). 

Table 1. Variables related to the Experimental Group. 

Table 2. Analysis of the differences in active tactile sensitivity between the groups. 

Graphic 1. Differences between the groups studied, considering the thicknesses and p-values. Values of p <0.05 

were considered significant. 

Graphic 2. Line graph showing the linearity of perception in both groups. 
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ABSTRACT 

 Hereditary ectodermal dysplasia is a disease linked to the X recessive chromosome 

that affects the development of tissues derived from the ectoderm. The main clinical 

manifestations include hypohidrosis (inability to sweat), hypotrichosis (sparse hair) 

and hypodontia (lack teeth). This work presents a clinical case of a 6-year old male 

child who had been diagnosed with hereditary ectodermal dysplasia. The treatment 

consisted of the fabrication of a mandibular and maxillary complete denture to 

improve his esthetic, functional and psychological conditions. 

Key-Words: complete denture, hereditary ectodermal dysplasia, hypodontia, 

hypotrichosis, hypohidrosis.  

INTRODUCTION 

Hereditary ectodermal dysplasia (HED) was first described by Wedderburn in 1838. 

In 1913, Crist defined it as a congenital ectodermal defect and Weech described it as 

anhidrotic ectodermal dysplasia in 1929. It is also known as the Christ-Siemens-

Touraine syndrome. This disease follows the X-linked recessive inheritance pattern 

and affects 1 in 100,000 individuals. Male individuals are affected by the disease 

mailto:plcasado@hotmail.com
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while women are carriers, but they may present some characteristics of the 

disease.1,2 

The prevalence of the disease for the children of female carriers is 50% for male 

children and 50% for female carriers. The sons of the affected individuals will be 

normal and the daughters will be carriers. As the name suggests, the disease is 

characterized by the occurrence of a defect during embryogenesis of one or more 

tissues originating from the ectoderm.3,4 During embryonic development, the 

ectoderm differentiates in order to form the epidermis and attachments (such as hair 

and nails), the nervous system (central and peripheral), the sensory epithelia of the 

sense organs (including the retina), tooth enamel and various glands, including the 

glands attached to the epidermis, such as the sebaceous and sweat glands.3,4 

Thus, classic clinical manifestations of ectodermal dysplasia include total or partial 

absence of hair, sweat and sebaceous glands and abnormal teeth or lack of teeth. In 

the most severe variety, the patient presents prominent frontal bossa, saddle-nose 

deformity, protruding lips, reduction of vertical dimension and periorbital thickening. 

The skin is dry and thin due to the deficiency of the sweat glands. The nails may be 

dystrophic and brittle. The patient may have low-set oblique ears and short stature. 

Hyperthermia due to sweating is a common condition.2 

Dental anomalies may include complete absence of deciduous and permanent teeth 

or, more commonly, fewer teeth. The teeth may also present morphological defects 

and be cone-shaped.2,5  The absence of teeth results in less development of the 

alveolar bone and the facial appearance of the child might resemble a toothless 

elderly patient.5,6 The oral mucosa is dry and salivary secretion is decreased.7 The 

most common oral manifestations found in the literature are hypodontia or anodontia, 
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both in permanent and deciduous dentition, abnormally shaped teeth (cone-shaped 

or sharply pointed incisors and molars with reduced crown diameter).2,5,6 

These patients have a higher susceptibility to respiratory infections (nasal disorders, 

atrophic rhinitis, pharyngitis and chronic laryngitis) and ear infections due to reduced 

mucus. Mental and sexual development is usually normal. The association with other 

anomalies such as heart disease, cleft palate, syndactyly, polydactyly or ectrodactyly 

syndrome has been reported in the literature.8 

Therefore, the treatment of children with HED requires a multidisciplinary team, since 

besides dental involvement (absence of teeth), there is impairment in appearance, 

speech, chewing, and the psychological state.2,9,10  

The present study aims to describe a clinical case of a child with hereditary 

ectodermal dysplasia, whose treatment consisted of the fabrication of mandibular and 

maxillary complete denture with functional orthodontic adaptation. 

CLINICAL CASE REPORT 

The 6-year old male patient, N.S.P, mulatto, with hereditary ectodermal dysplasia 

(Fig. 1) presented at the Dental Clinic at the Salgado de Oliveira University, 

complaining of bullying at school due to his physical appearance, such as lack of 

teeth and hair. The guardians also reported that the patient had great difficulty to eat, 

his diet mainly consisting of liquid or pasty foods. 

According to the anamnesis, the patient was the firstborn of non-consanguineous 

parents, the father being healthy and the mother presenting some characteristics of 

the syndrome, such as hypodontia and a few cone-shaped teeth. The patient has a 

younger brother who has the syndrome and presents the same physical 

characteristics. 
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At the clinical and radiographic examinations, the patient presented complete 

mandibular anodontia, and only one tooth (maxillary right cone-shaped deciduous 

canine) in the maxillary arch, which was extracted (Fig. 2). 

Treatment planning consisted of the fabrication of maxillary and mandibular complete 

dentures. The treatment required a multidisciplinary approach involving a nutritionist, 

psychologist, and oral hygiene instruction. 

The first step for the preparation of the prostheses consisted of a panoramic 

radiography as well as an impression study (children's stock trays) of the maxillary 

and mandibular arches with alginate - JeltrateR (Dentisplay, Petropolis, RJ, Brazil) 

and common plaster type II (Asfer, S. C. do Sul, SP, Brazil). After analyzing the 

impressions, individual trays were prepared with  self-curing acrylic resin (A. O. 

Clássicos LTDA, C. L. Paulista, SP, Brazil) over the same impressions and they were 

tested and adjusted to the mouth for later accomplishment of peripheral sealing with 

Bosworth SapphireTM  (Bosworth Companhy, Gibbstown, New Jersey, USA) and 

functional impression with fluid condensation silicone- Speedex (Coltene, Rio de 

Janeiro, RJ, Brazil) and plaster  type IV (Rutenium, Queimados, RJ, Brazil) (Fig. 3). 

After obtaining the functional impression, the test for denture bases (orientation 

plane) were made over the same impressions with utility wax (Asfer, S. C. do Sul, 

SP, Brazil), which were placed in the mouth of the patient to record the 

maxillomandibular relationships (OVD and CR) and reference lines (midline, high 

smile line and canine line) (Fig. 4). 

Due to the patient’s age, there were no commercially available denture teeth on the 

market compatible with the dental anatomy of the patient. Therefore, a pediatric cast 
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model was used for impression to reproduce the exact size of teeth in self-curing 

acrylic resin (A. O. Clássicos LTDA, C. L. Paulista, SP, Brazil). The teeth were 

mounted on a semi adjustable articulator Bio-art 4000-S (Bio-art, São Carlos, SP, 

Brazil) (Fig. 4) and placed in the mouth for esthetic-functional evaluation (Fig. 5). 

Once this stage of treatment had been approved, the denture was sent to a 

technician for acrylization with thermoactivated acrylic resin (A. O. Clássicos LTDA, 

C. L. Paulista, SP, Brazil). As the patient is 6 years old and growing, frequent 

changes of the dentures would be required to prevent bone growth impediment. 

Thus, the placement of a mini opening expander 6.5mm (Morelli, Sorocaba, SP, 

Brazil) was suggested, on each of the prostheses, in order not to meddle with normal 

growth (Fig. 6) and the maxillary and mandibular complete dentures were installed 

(Fig. 7). All previous described procedures were performed at the Prosthesis 

Technical Laboratoy from the Salgado de Oliveira University. 

DISCUSSION 

In clinical practice, the dilemma is conflicting when we treat a child with hereditary 

ectodermal dysplasia.11,12 The maxilla of children with this disease presents atrophy 

and bone resorption associated with significant hypodontia-anodontia.2,11,12 What is 

the most appropriate rehabilitation treatment for such a case? Should one choose 

removable total Prosthesis or implant prosthesis? Thus, the aim of this case report is 

to describe the esthetic-functional rehabilitation of the patient with the purpose of 

improving appearance, self-esteem, and social inclusion. The treatment described 

and performed with conventional complete dentures is an adequate and successful 

treatment option for children with hereditary ectodermal dysplasia. 
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Some treatment options have been suggested in the literature, such as conventional 

prostheses and rehabilitation with osseointegrated implants.5,9,11-18 However, the use 

dental implants in young patients are not indicated because maxillomandibular 

growth is not yet complete.19,20 In addition, short- and medium-term implant failure 

and repetitive surgeries and general anesthesia are the main risks associated with 

this type of rehabilitation,5 which is still considered temporary.20 However, the 

treatment benefits, as suggested by studies, include maxillofacial growth and greater 

prosthetic stability.18 Deciding which treatment to adopt is not easy due to the scarce 

availability of publications on the subject in the scientific literature. 

The use of complete removable dentures in these cases often incurs the challenge of 

achieving good stability and adaptation, without preventing or hindering the orofacial 

growth of the child, who is already affected by the manifestations of the disease.2 

In this case report (clinical report), we described the oral rehabilitation of a young 

male patient (6 years) with hereditary ectodermal dysplasia, and the fabrication of 

complete removable prostheses using orthodontic expanders with the purpose of 

achieving better adaptation of the denture as the maxilla grows, thus reducing the 

need to fabricate various prostheses. The radiographic examinations of the patient 

contraindicated implant-supported rehabilitation because of the low bone height 

caused by total anodontia. In addition, implants installed before the end of growth 

show unpredictable behavior and should be used with caution.20,21  It is important to 

highlight the constant need for new implant prosthesis that the orofacial growth of this 

young patient would require, and the monitoring by images of implants and peri-

implant tissues would lead to higher costs.  

CONCLUSION 
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Regardless of the treatment selected: removable prosthesis or dental implant 

rehabilitation, patients with Hereditary Ectodermal Dysplasia require continuous 

monitoring due to the treatment clinical diversity associated with the disease 

characteristics. 

CLINICAL SIGNIFICANCE 

Considering the clinical-radiographic aspects of patients with hereditary ectodermal 

dysplasia, the present case report described a practical technique that is directly 

applicable in the clinic and consistent with the pathological profile of the patient. We 

believe that the described rehabilitation may have high clinical applicability due to its 

low cost, reduced need for rework or replacement of dentures, and absence of 

interference with facial bone growth. We suggest further studies involving a greater 

number of patients with HED and long-term follow-ups. 
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FIGURE LEGENDS 

Figure 1: Clinical aspects of a child with Hereditary Ectodermal Dysplasia. 

Figure 2: Clinical aspect intra-oral, after maxillary canine exodontia (53), absence of 

other upper teeth and total mandibular anodontia.  

Figure 3: Models and their respective upper and lower individual drawers and 

Individual molds used for upper and lower functional molding, with peripheral sealing. 

Figure 4: Wax planes for marking reference lines (smile line, midline, canine lines 

and vertical dimension and Assembling of artificial teeth in a semi-adjustable 

articulator to analyze the arches relationship. 

Figure 5: Clinical-aesthetic-functional evaluation of prostheses.  Front view. 
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Figure 6: Front view of acrylated prostheses, expansion screws and their respective 

prosthesis made and occlusal view showing adapted expanders. 

Figure 7: Aesthetic-functional final result. 
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Abstract  

The aim of this case report was to describe an alternative treatment for the healing 

and maintenance of  peri-implant mucosa in  esthetical region. Managing the peri-

implant soft tissue is one of the most challenging tasks in anterior implant esthetics, 

especially when replacing a failing tooth. However, not all patients underwent 

extraction and immediate implant placement can receive loading, conducting to an 

uncertain predictability. This is a case report that describes an alternative treatment 

for the healing and maintenance of the peri-implant mucosa in an esthetically 

significant region, through the use of a customized abutment to obtain an emergency 

profile when there is insufficient torque for immediate implant loading. The present 

technique was able to ensure not only healthy peri-implant soft and hard tissues, but 

also esthetic maintenance of the anterior region for immediate implant placement. 

This clinical case demonstrates a different manipulation technique from the peri-

implant soft tissues in immediate implants of the aesthetic region favoring the peri-

implant health and clinical results, promoting treatment success and patient 

satisfaction. 

key words: Implant esthetic, immediate implant, peri-implant mucosa. 
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Introduction 

The longevity and functionality of dental implants depends on both, 

osseointegration around the implant and the establishment of a soft tissue barrier 

which protects the underlying hard tissue structures and the implant itself.1  

The healing of soft tissues around the trans-mucosal portion of an implant 

after surgery starts with the formation of a blood clot and the induction of an 

inflammatory process which leads to tissue formation and remodeling.2  

Taking into account that mucosae healing, in an oral environment, is 

challenging due to the consistent exposure to microorganisms, the rapid formation of 

an efficient soft-tissue seal is therefore crucial for the establishment and maintenance 

of peri-implant tissue health status.3 

In the case of implants in the anterior region, the esthetics of the implant 

prosthesis becomes critical to the acceptance of the implant treatment, therefore, soft 

tissue control is absolutely fundamental.1 In this context, in cases of indication of 

extraction of anterior teeth, the insertion of immediate implants has become a clinical 

routine for the implant dentist. When the parameters for implant placement into fresh 

alveoli are respected, the esthetic results are extremely satisfactory, reducing 

consultation time, promoting a positive psychological impact on the patient and the 

maintenance of peri-implant mucosa.4 

Furthermore, immediate loading can achieve primary stability by using the 

implant insertion torque of at least 40 Ncm.5 This technique has a failure rate similar 

to conventional implants6 with less alveolar bone crest loss.7 To achieve these 

results, the alveolar bone must be intact in a site with thick gingival biotype and 

adequate three-dimensional positioning of the implant in the alveolus.7 
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Immediate loading directly influences the soft tissue framework around the 

implant. The maintenance of the peri-implant tissue through the manipulation of the 

temporary implant is quite important for gingival health and esthetics of the region 

where the implant was inserted.8 

However, the needs of patients are diverse and esthetics is an increasingly 

important demand. In clinical practice, not all patients can be submitted to extraction 

with immediate implant placement and loading. In cases of uncertain predictability, 

when the placement of a temporary implant jeopardizes the success of the immediate 

implant, how should one proceed to maintain the gingival structure? 

This is a case report that describes an alternative treatment for the healing 

and maintenance of the peri-implant mucosa in an esthetically significant region, 

through the use of a customized abutment to obtain an emergency profile when there 

is insufficient torque for immediate implant loading. 

Case Description 

A 40-year-old female patient sought the Implant Dentistry Teaching Program 

at the Fluminense Federal University seeking to improve the esthetics of her smile. 

Her main complaint was the different color shades of her anterior teeth. After clinical 

evaluation, the following examinations were required: extraoral panoramic 

radiography, complete periapical radiography and computed tomography of the 

anterior maxillary region. The tomographic evaluation revealed an intraradicular 

nucleus and a fracture in the right upper lateral incisor, which had been previously 

endodontically treated [Fig. 1]. 

After analyzing the risks and benefits of the treatment options, the patient 

consented to the extraction of the fractured tooth, insertion of an osseointegrated 
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implant immediately after dental extraction and placement of an immediately loaded 

temporary composite resin implant. 

Before implant surgery, a temporary light-curing resin was fabricated for 

esthetic reasons and adaptation of marginal peri-implant mucosa. After local 

anesthesia, exodontia was performed atraumatically using periotomes (Quinelato®, 

Rio Claro, SP, Brazil) to remove dentogingival fibers, with minimal damage to the 

alveolar bone and without mucosal flap [Fig. 2].  

The site was then debrided and irrigated with 0.9% saline solution. The 

integrity of the vestibular face of the alveolus was verified using a millimeter 

periodontal probe [Fig. 3]. Sequential osteotomies for implant placement were 

performed with the adapted surgical guide, followed by the placement of a morse 

conne implant measuring 3.5 mm in diameter and 13.0 mm in height (SIN®, São 

Paulo, SP, Brazil) [Fig. 4].  

In the apical-coronal direction, the implant was placed 3 mm apical to the 

vestibular gingival margin. In the mesio-distal direction, the implant was placed in the 

center of the interdental space, leaving at least 2 mm between the adjacente tooth 

and implant. In the vestibular-palatine direction, the implant was placed in the 

alveolar palatine bone to achieve primary stability. However, torque for primary 

stability was 20 Ncm. 

Considering that torque of 20 Ncm is not enough to withstand immediate 

loading of the temporary implant, requiring a minimum torque of 40 Ncm insertion for 

immediate loading, an alternative treatment was chosen in order to preserve the 

alveolar bone and the stability of the peri-implant mucosal structure. 
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A temporary connection (S.I.N.®, São Paulo, SP, Brazil) was cut at the level of 

the gingival margin and fixed to the implant platform. A fluid composite resin (Nova 

DFL®, Rio de Janeiro, RJ, Brazil) was adapted around the healing screw, 

considering a concave profile, to support the nature of the healing mucosa [Fig. 5]. 

The micro-filled composites were highly polished to improve contour and 

emergence profile and to keep plaque accumulation to a minimum. An adhesive 

prosthesis was made to esthetically fill the region of the extracted tooth without any 

contact with the healing screw. The immediate postoperative result was favorable, 

with no sign of local inflammation, adequate conditioning of gingival tissues around 

the customized healing screw and immediate esthetics. 

Adequate antibiotic and analgesic therapy was prescribed. The patient was 

instructed to use 0.12% chlorhexidine gluconate oral rinse twice a day for 14 days. 

Fifteen days after surgery, tissue healing did not present an exacerbated 

inflammatory reaction, with optimal healing of the interproximal tissues [Fig. 6]. 

Impression was performed to fabricate the temporary implant-supported resin 

prosthesis after 4 months of maintenance of the peri-implant structure. The 

customized abutment was only definitively removed when the temporary prosthesis 

was adapted to the implant platform, thus exerting its function of keeping the gingival 

tissues in perfect conditions, including the interproximal papillae [Fig. 7]. 

After 6 months, an implant-supported all-ceramic crown was fabricated. 

Twelve months following implant surgery, the papilla and the emergence profile 

presented healthy peri-implant and esthetic appearance [Fig. 8]. 

Discussion 



104 
 

It is clear in the current literature that the balance of pink and white esthetics 

results in a treatment with a higher success rate. Immediate implants in the anterior 

area require more careful planning due to the need to maintain the papilla and the 

peri-implant structure. However, it is not always possible to insert a temporary 

implant-supported prosthesis immediately after implant placement to improve the 

esthetic result. Therefore, this case report aimed to describe an alternative treatment 

for the maintenance of the peri-implant mucosa within an esthetic area without 

immediate loading. Immediate and long-term results have shown excellent patient 

acceptance, formation of mucosal seals and maintenance of the peri-implant soft 

tissue structure, including absence of retraction of the interdental papilla and 

satisfactory esthetics. 

In anterior teeth, esthetics is a higher priority; therefore, natural gingival 

anatomy and a healthy color are prerequisite properties for a satisfactory treatment 

result.1 It is desirable to be able to predict the amount of mucosal recession, 

therefore, it is important that the mid-buccal margin be located more than 2 mm 

above the implant superstructure1 to prevent predictable annual recession of 0.6 

mm.9  

It is imperative to consider that during implant placement in the anterior region, 

the interproximal papilla is related to the bone levels and insertion of the adjacent 

tooth. This is because the level of the implant platform is positioned according to the 

buccal bone level, being apical to the interproximal bone.10 To achieve satisfactory 

results, the tooth to be extracted must be healthy, without evidence of pathologies, 

infection or any inflammatory reactions that could damage the protective 

periodontium, culminating in instability of the marginal gingiva. In addition, other 
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factors such as the location of the palatine implant, abutment shape and gingival 

biotype are important for mucosa maintenance.1 

In the present case report, these prerequisites were respected throughout 

planning and implant placement, and the risks for possible gingival retraction were 

assessed, which contributed to the maintenance of the immediate gingival structure 

after the insertion of the prosthesis. 

Another important factor to consider was the concave profile of the customized 

abutment, adapted immediately after implant placement. This profile was able to 

maintain the structure of the soft tissue framework, making it difficult to retract due to 

the convexity located in the region in contact with the implant platform, which possibly 

limited apical tissue migration. Considering that contraction of the circular fibers 

present in the peri-implant mucosa occurs predominantly in the horizontal direction 

during the healing period, adaptation of the mucosal seal becomes much more 

predictable on the concavity of the personalized abutment.11 Perhaps, that is why, in 

this report, retraction of the peri-implant mucosa has not been observed.  

 Numerous prospective studies have shown significant alterations in the 

level of peri-implant soft tissue during early healing stages after single implant 

placement.12 We believe that a strict protocol, with maximal hard and soft tissue 

preservation and immediate soft tissue support will certainly guide the uneventful 

early healing, preventing disruption of the pink anatomy. 

Papilla reduction, midfacial recession, and alveolar resorption were prevented 

by the described technique. One of the benefits of this technique was that there was 

no gingival inflammation, which may be related, among other factors, to the use of 

fluid resin. No signs of inflammation, such as redness, bleeding or itching, have been 
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observed in any postoperative follow-ups when using this technique. At 12 months, 

pink esthetics was comparable with the preoperative status and as such, esthetics 

could be preserved. However, future randomized clinical trials using the same 

technique, with a greater number of cases, should be performed to confirm our 

findings.  

To our knowledge, no previous studies have discussed the exact technique 

described in this case report. Gowda et al.13 described, in a clinical case, the use of 

customized abutments to achieve contour around immediate implants, presenting 

satisfactory results that include better esthetics and emergency profile in anterior 

restorations. However, the authors used customized abutments during a second 

surgical procedure, not immediately after implant placement, followed by the 

immediate impression for the preparation of temporary resin prosthesis. 

Conclusion 

The present findings highlight a technique able to ensure not only healthy peri-

implant soft and hard tissues, but also esthetic maintenance of the anterior region for 

immediate implant placement.  

Clinical Significance 

This clinical case demonstrates a different manipulation technique from the peri-

implant soft tissues in immediate implants of the aesthetic region favoring the peri-

implant health and clinical results, promoting treatment success and patient 

satisfaction. 
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Figure Legends 

Fig. 01: Cone Beam Computed Tomography. 

Fig. 02: Periotome for atraumatic extraction. 

Fig. 03: Periodontal probe for evaluation of bone integrity. 

Fig. 04: Surgical guide - Guia cirúrgico – onset of bone perfuration. 

Fig. 05: healing personalized trough customized abutment  

Fig. 06: peri-implant mucosae aspect 15 days after healing 

Fig. 07: Provisional implant supported prosthesis. 
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Fig. 08: Twelve months after final prosthesis adaptation.  
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Smoking as a risk factor for the development of peri-implant diseases 

AUTHOR: Priscila Ladeira Casado, _____*, Telma Aguiar, ______, **, Marina Prado 

Fernandes Pinheiro, _____**, Aldir Machado, _____***, Aristides da Rosa Pinheiro, _____# 

ABSTRACT (216 words) 

Risk factors associated with peri-implant disease have been exhaustively explored in many 

studies. However, despite the high incidence of smokers in the general population, it is still 

unclear whether smoking is a risk factor for the development of peri-implant diseases.  The aim 

of this review was to analyze all pertinent literature, including systematic reviews, clinical trials 

and long-term follow-up, in order to evaluate smoking as a real risk factor for peri-implant 

diseases. A comprehensive search was conducted on MEDLINE via PubMed database of the 

United States National Library of Medicine, for articles published until March 2018. All 

searches were performed using medical subject headings or free text words. After screening, data 

extraction and duplicate removal from 972 found articles, 19 were included in this review. The 

influence of smoking on the healing process around implants has been explored for potential 

disruption of the healing process and peri-implant disease development. Despite the discussed 

results in many studies, most of the analyzed literature shows a scientific basis to determine 

smoking as a risk factor for peri-implant disease development, considering that smoking 

increases the susceptibility to peri-implant disease. However, future studies excluding 

confounding factors need to be performed. In conclusion, this review showed that smoking is a 

real risk factor that increases the likelihood of development of peri-implant disease. 
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The use of tobacco and its effects on general health status have gained wide-spread attention. 

The tobacco epidemic is one of the biggest public health threats the world has ever faced, killing 

more than seven million people a year, according to World Health Organization, 2018.1 A 

cigarette has more than 4,000 bioactive chemical components with potential toxic effects on 

human tissues, including bone.2 Nicotine is the main component of the cigarette and it is 

frequently associated with bone healing failures. Therefore, heavy smokers are nearly seven 

times more prone to tooth loss, increasing numbers of people are expected to require 

replacement of missing teeth.3 

 

Dental implants are widely used for rehabilitation of fully or partially edentulous ridges with 

high survival and success rates.4 Inflammatory reactions around dental implants vary from peri-

implant mucositis to peri-implantitis. Peri-implantitis may disturb function of the implants and 

progressive bone loss may eventually lead to implant loss. Smoking is an important risk factor 
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not only for periodontitis-associated tooth loss but it also has been related to peri-implant bone 

loss and implant failure.5  

 

On the other hand, since life expectancy is increasing with the advent of better therapies and 

individualized medicine, an increasing number of patients who smoke or previously smoked may 

require dental implant treatment.6 In this context, these individuals represent a high-need group 

for implant therapy, mainly due to cigarette consumption.3 

 

Information related directly to dental implants points to smoking as a risk factor for peri-implant 

diseases.5,7 However, until 2022 the number of implants placed will increase about 500,000/per 

year, in the USA (data from American Academy of Implant Dentistry)8. Information about the 

direct effects of smoking on endosseous dental implants and peri-implant disease development is 

still limited and under discussion. Therefore, the aim of this study was to review all pertinent 

literature, including systematic reviews, clinical trials and long-term follow-up studies to 

evaluate smoking as a real risk factor for peri-implant diseases.  

 

MATERIAL AND METHODS 

 

A comprehensive search on MEDLINE via PubMed database of the United States National 

Library of Medicine for articles published until March 2018, was conducted to identify potential 

studies. All searches were performed using Medical Subject Headings (MeSH) or free text 

words. It combined search terms, such as outcomes (peri-implantitis, mucositis, oral mucositis, 

peri-implant disease), risk factors (smoking, cigarette smoking, tobacco smoking) and key 

subjects (dental implant). 
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To be included in the study, studies had to (i) be written in the English language, (ii) be 

published in an international peer-reviewed journal, (iii) have a clear definition for peri-implant 

disease or the presence of clinical data parameters, (iv) human studies. Letters or unpublished 

data were excluded, resulting in 19 selected articles for data extraction (Figure 1). 

 

REVIEW OF LITERATURE 

Peri-implant tissue healing in smoking 

The mechanism in which the tobacco affects the osseointegration and the survival of implants 

remains partially unknown. However, implant failures generally occur due to the deposition of 

fibrous tissue at the bone-implant interface.2 Immediately after implant placement, the coagulum 

is formed between the implant and bone tissue. Depending on the local conditions and the 

presence of primary stability of the implant, pluripotent mesenchymal cells differentiate into 

osteoblasts and bone tissues are formed. The recruitment of pre-osteoblasts, their anchorage, 

adhesion, spreading, proliferation and differentiation into osteoblasts, which secrete extracellular 

matrix for calcification on the implant surface during osseointegration, are sensitive to the local 

and systemic effects of nicotine and other associated cigarette components.8 

 

Nitrosamines, aldehydes, carbon monoxide, carbon dioxide, ammonia and benzene are 

components of the cigarette that may affect the bone healing process. In addition, previous 

studies showed that the reactive oxygen associated with cigarette consumption, correlates with 

bone resorption processes, which explains the negative effect of smoking in osseointegration.2  

Carbon monoxide is an inhibitor of the oxygen and decreases the oxygen carrying capacity of 
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red blood cells; the hydrogen cyanide promotes hypoxia by inhibiting the enzyme systems 

necessary for metabolism oxidation.2,9  

The main component of cigarettes is nicotine, which can be detected in plasma (4 to 73 ng/mL), 

saliva (1.6 to 96 mg/mL) and in the gingival crevicular fluid (concentration nearly 300 times that 

which is found in plasma).2,10 Nicotine reduces osteoblastic activity, affecting the amount of 

collagen available to form the extracellular matrix. The activation of voltage-dependent calcium 

channels by nicotine can modulate bone metabolism by changes in intracellular levels of calcium 

ions.2 Nicotine may also induce microvascular obstruction which results in ischemia. It also 

decreases the blood cell proliferation with direct reduction of blood flow and nutrients to the 

healing area after implant insertion. It was speculated that despite the fact that nicotine is only 

minimally expressed in the setting of dental implant surgery, its effect on early implant failure is 

possibly associated with this vasoconstrictive effect.11  

 

Depression of the immune system and the role in osteoclastogenesis by nicotine action,12 directly 

affect the immune response and cause increased susceptibility to infections in the peri-implant 

area. This consequence is probably due to inhibition of the proliferation and function of B and T 

cells.10 Some evidence also suggests a modified pattern of important modulators of inflammation 

and of bone tissue metabolism in smoking individuals when peri-implant diseases are present10 

(Figure 2). 

 

Based on bioactive tissue effects in smoking, it has been related that patients with heavy 

smoking habits are under significantly increased risk for dental implant failure,6 not only by 

interfering with the tissue healing process but also by increasing the susceptibility of the patient 

to other diseases.6 
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Peri-implant Core Microbiome in Smoking 

The term “core microbiome” was introduced by the Human Microbiome Project to identify 

bacterial consortia that were present in most of the study population, implying that these species 

are best adapted to that particular microenvironment. The core peri-implant microbiome was 

defined as that which is found in 75% or more of individuals.3 Based on these characteristics, 

studies3,13 have demonstrated that while smokers and nonsmokers shared 34 species, they 

differed by 31 bacterial species. These data indicate that smoking can modify the core 

microbiome of the peri-implant habitat. It was demonstrated that smoking negatively affects the 

subgingival microbiome, supporting the formation of pathogen-rich communities.3  

 

In smokers, two important microbiological events are evident in the transition from health to 

disease. Not only did the process of pathogen enrichment observed in health continue into 

disease, but also the species that were being replaced were similar between individuals. Very 

few species were acquired between mucositis and peri-implantitis, suggesting that the pathogen-

rich state established in mucositis persists in peri-implantitis in smoking individuals.3  

 

In nonsmokers (but not smokers), the transition from health to mucositis and progression to peri-

implantitis resembles primary ecological succession, with acquisition of several species without 

replacement of pioneer organisms. Smoking shapes the peri-implant microbiome even in states 

of clinical health, depleting commensals from this niche and enriching for pathogens. This effect 

appears to be a non-random event.3 
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Previous investigations support these findings on the impact of smoking on the peri-implant 

microbiome in states of health and disease. They show that peri-implantitis did not differ 

significantly from mucositis in species richness or evenness in smokers. Quaranta et al.13 

evaluated the impact of smoking and previous periodontal disease on the peri-implant microbiota 

on health in medium to long-term maintained patients, showing that smokers harbor significantly 

higher counts of pathogenic bacteria with clinical signs of inflammation, including deep pockets 

and slight bone compared with non-smokers.  

 

Clinical effects of smoking:  Main findings associated with Peri-implant Disease 

Peri-implant mucositis has been defined as “a reversible inflammatory change in the peri-

implant soft tissue without bone loss,” It usually presents as inflammation with erythema, 

swelling and bleeding on probing around the head of the dental implant.14 Dental implants with 

peri-implantitis must have evidence of ≥2-mm bone loss from the expected marginal bone at 

implant installation and with concurrent bleeding on probing (BOP) and/or suppuration. 

Implants with a distance <2.0 mm between bone level and implant platform level or other 

reference point and with no bleeding on probing or suppuration represent healthy conditions.14 

 

Clinically, research has found that, compared to non-smokers, smokers present greater probing 

depths, increased plaque scores, suppuration and bleeding on probing values around dental 

implants, increasing clinical signs of inflammation, probably associated with the negative effects 

in healing process.5,15 

 

Other important aspects are the association between smoking habits and delayed bone healing, 

reduced bone height, increased rate of bone loss, formation of poor quality bone as well as 
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increased incidence of peri-implantitis and implant loss (bone loss greater than 50% compared 

with non-smokers).10 Clementini et al.16 in a systematic review confirmed previous studies 

showing that bone loss in smokers was 1.98 mm versus 0.20 mm in non-smokers, with smokers 

presenting a higher amount of peri-implant bone loss (0.164 mm/year) than non-smokers. A 

recent meta-analysis evaluating seven studies indicated that the marginal bone loss in smokers 

ranged between 0.07 mm and 2.7 mm; while it varied between 0.04 mm to 3.13 mm in non-

smokers, in a period from 12-24 months followup.4   

 

The peri-implant tissue responses to smoking can also be responsible for the adverse effects on 

implant survival before prosthesis insertion in smokers. In general, smokers present a 1.69 times 

higher chance of implant failures than non-smokers during the first implant surgical stage 

(before prosthesis insertion).4 Follow-up data for the implants, over an observational period of 

36 months, showed that smokers experience more overall implant failures than non-smokers 

(8.9% versus 6.0%).11  

 

It has also been reported that the duration and number of cigarettes smoked can affect the peri-

implant bone tissue. The survival rate of dental implants in 464 patients over 10 years was 

92.28%. Patients who were smokers at the time of implant surgery had a significantly higher 

implant failure rate (23.08%) than non-smokers (13.33%).2 A different meta-analysis by 

Sgolastra et al.17 showed that smokers have a significantly higher risk of peri-implantitis 

compared to nonsmokers. It has also been demonstrated that between the time of surgical 

uncovering (Stage 2) and insertion of the prosthesis (Stage 3), smokers have more failures than 

non-smokers. 
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However, most of the studies do not associate smoking habits with peri-implant disease. Instead 

there is an association with implant failure, which has many descriptions according to the 

research from peri-implant mucosal inflammation to implant loss. Table 1 describes the 

incidence of peri-implant disease in smokers compared with non-smokers, considering clinical 

studies. The relationship between smoking and peri-implant disease is described in Table 2. 

 

Discussion 

 

Actual literature shows many contradictory reports about the relationship between smoking and 

peri-implant disease. Therefore, the aim of this review was to evaluate whether smoking is a risk 

factor for peri-implant disease development.  

 

Bain and Moy27, in 1993, were the first to find a statistical association between tobacco and 

implant failure. Subsequent studies11,18 also reported an increased risk of implant failure in 

smokers. In this review, based on all articles inclusion criteria, it was evident that smoking 

induces modifications in peri-implant sites as well as in the microbiota community, which can 

increase the risk of implant loss by peri-implantitis development and decrease survival rates.  

 

The etiology of peri-implant disease is multifactorial, and some individuals seem to be more 

prone to its development than others.10 Taking into account the definition of risk factors as “an 

environmental, behavioral, or biological factor that, if present, directly increases the probability 

of a disease occurring and, if absent or removed, reduces that probability.” Therefore, it can be 

speculated that smoking is a risk factor for peri-implant disease development.  
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Data also suggest that detrimental effects from smoking may be reduced by cessation of 

smoking. Therefore, studies have established a cessation protocol for prospective implant 

patients to follow. It was demonstrated that inpatients who stopped smoking one week prior to 

and eight weeks following implant placement the incidence of failures decreased.11 

 

Other important points to be considered is that, despite the fact that smoking is considered to be 

a risk factor for peri-implant disease, not all smoking patients develop peri-implantitis, nor are  

all patients with peri-implant disease smokers. This fact is clearly justified based on the 

multifactorial etiology of peri-implantitis. Therefore, it is important determining that smoking is 

a risk factor not a determinant factor for disease development around implants.  

 

Other important aspects have influence on the incidence of peri-implant disease: implant surface, 

surgical technique, bone availability, number of implants, presence of overload, history of 

periodontitis, systemic diseases, genetic factors, among others local and systemic factors. 

However, most of the studies fail to include most of these confounding variables which are 

evaluated together with smoking habits, interfering with the interpretation of the results. 

 

There are many limitations associated with articles trying to explain smoking as a risk factor for 

peri-implant disease: (1) smoker classification and/or the number of cigarette smoked per day is 

unclear in most of the studies; (2) other variables are often analyzed together with smoking 

habits; (3) peri-implant disease diagnosis are not defined in many studies; (4) there is a lack of 

studies trying to specifically associate mucositis with smoking; (5) there is a scarcity of studies 

considering biological analysis in peri-implant tissues in order to characterize the exact influence 

of smoking on peri-implant sites.  
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Nevertheless, the smoking habit should not be an absolute contraindication for implant 

treatment, but patients should be advised that they are at a greater susceptibility risk of implant 

failure. More clinical and laboratorial studies are needed to confirm this assumption. 

 

CONCLUSION 

 

Smoking is a risk factor for peri-implant disease but not a determinant factor for disease 

development.  
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Figure 1. Study screening process. 

Figure 2. Smoking affecting peri-implant healing process. 

Table 1. Incidence of peri-implant disease in smokers and non-smokers considering clinical 

studies included in this review.  

Table 2. Relationship between smoking and peri-implant diseases in previous review. 
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Figure 1. Study screening process 

 

 

Figure 2. Smoking affecting peri-implant healing process. 
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Table 1. Incidence of peri-implant disease in smokers and non-smokers, considering 
clinical studies. 
 
Peri-
implant 
Disease 

Authors N patients 
(NS/S) 

Type of study Follow-
up 

PID percentage 
(NS/S) 

PID 
association 
with 
smoking* 
(Y/N) 

Mucositis Rodriguez et al. 
201116 

295 (182/113) Retrospective --- 9,2%/11,8% YES 

  
Gurlek et al. 
20174 

142 (74/68) Prospective 1 year 25,7%/32,4% YES 

 
Peri-
implantitis 

      

 Lambert et al. 
20009 

2887 implants 
(1928/959) 

Prospective 3 years 6%/ 8,9% YES 

  
Karoussis et al. 
200317 

 
53 (41/12) 

 
Prospective 

 
10 years 

 
9,5%/17,9% 

 
YES 

  
Roos-Jansaker 
et al. 20066 

 
218 (161/57) 

 
Prospective 

 
9-14 
years 

 

2,8%/ 15,5% 

 
YES 

  
Rodriguez et al. 
201116 

 
295 (182/113) 

 
Retrospective 

 
--- 

 

5,3%/ 9,3% 

 
YES 

  
Alissa & Oliver 
201218 

 
83 

 
Prospective 

 
6 years 

 

----- 

 
YES 

  
Swierkot et al. 
201219 

 
53 (39/14)  

 
Prospective 

 
8,2 years 

 

S > NS 

 
YES 

  
Stoker et al. 
201220 

 
94 (59/34) 

 
Prospective 

 
8,3 years 

 

1,7%/ 11,4% 

 
YES 

  
Casado et al. 
201321 

 
215 (194/ 21) 

 
Prospective 

 
1-8 years 

 

40,2%/ 38,1% 

 
NO 

  
Marrone et al. 
201322 

 
103 (83/20) 

 
Prospective 

 
8,5 years 

 

30,3% / 38,5% 

 
YES 

  
Ata-Ali et al. 
201513 

 
29 (22/7) 

 
Prospective 

 
>2 years 

 

--- 

 
NO 

  
Gurlek et al. 
20174 

 
142 implants; 
43 participants 
(74/68) 

 
Prospective 

 
1 year 

 
17,6%/41,2% 

 
YES 

NS: non-smoker; S:smoker;*It was considered association with smoking when the incidence of PID in smoking 
was higher than in non-smoker. 



127 
 

Table 2. Relationship between peri-implant disease and smokers, considering 
included systematic reviews and meta-analysis. 
 

Authors Included  
Studies (n) 

Peri-implant Disease PID association  
with smoking* 
(Y/N) 

Chen et al. 
20135 
 

33 Bone loss (Peri-
implantitis) 

YES 

Clementini 
et al. 
201414 
 

13 (478 smokers/ 
1207 non-smokers) 

Peri-implantitis YES 

Sgolastra 
et al. 
201415 
 

7 Peri-implantitis YES 

Renvert & 
Quirynem 
20158 
 

28  Peri-implantitis NO 

Chrcanovic 
et al. 201523 

107 Peri-implantitis/ 
Mucositis 

YES 

 
Turri et al. 
201610 

6 Peri-implantitis YES 

 
Ting et al. 
201724 

33  Peri-implantitis YES 
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ANEXO III – ARTIGOS PUBLICADOS 
 

Artigo publicado no International Journal of Growth Factors and Stem Cells in 
Dentistry, 2018. Volume 1, Pages 17–22. (DOI: 10.4103/GFSC.GFSC_7_18). 
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Artigo publicado no Brazilian Dental Journal (2018) 29(1): 1-9. DOI: 
http://dx.doi.org/10.1590/0103-6440201701241 
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Artigo publicado no Journal of Oral and Maxillofacial Surgery, 2016. Volume 45, 
Issue 3, Pages 323–331. (DOI: http://dx.doi.org/10.1016/j.ijom.2015.10.007). 
 
Int. J. Oral Maxillofac. Surg. 2016; 6(3): 323-

31.http://dx.doi.org/10.1016/j.ijom.2015.10.007, available online at 

http://www.sciencedirect.com  
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Lobo, D. P. Aguiar, L. M. M. Augusto, A. R. Vieira, J. I. Salles, V. R. A. Cossich, J. A.  

L. Guimara˜es, C. V. D.  de Gouveˆa, J. M.  Granjeiro, P. L.  Casado: ESRRB 
polymorphisms are associated with comorbidity of temporomandibular disorders and  

rotator cuff disease. Int. J. Oral Maxillofac. Surg. 2015; xxx: xxx–xxx. # 2015 
International Association of Oral and Maxillofacial Surgeons. Published by Elsevier 
Ltd. All rights reserved. 
 

 
Abstract. Temporomandibular disorders (TMD) are associated with comorbidity. 
Shoulder pain is among the symptoms associated with TMD. The purpose of this study 
was to investigate the association between TMD and rotator cuff disease (RCD) and 
related genetic aspects. All subjects underwent orofacial and shoulder examinations. 
The control group comprised 30 subjects with no pain. Affected subjects were divided 
into three groups: RCD (TMD-free, n = 16), TMD (RCD-free, n = 13), and TMD/ 
RCD (patients with both RCD and TMD, n = 49). A total of eight single nucleotide 
polymorphisms in the ESRRB gene were investigated. A chemiluminescent 
immunoassay was used to measure estradiol levels. Surface electromyography 

recorded head and cervical muscle activity. The x
2
 test and Student t-test/Mann– 

Whitney test were used to assess the significance of nominal and continuous variables. 

A P-value of <0.05 was considered significant. TMD subjects were seven times more 
susceptible to RCD than controls. The rs1676303 TT (P = 0.02) and rs6574293 GG (P 
= 0.04) genotypes were associated with RCD and TMD, respectively. TMD/RCD 
subjects showed associations with rs4903399 (P = 0.02), rs10132091 (P = 0.02), and 
CTTCTTAG/CCTCTCAG (P = 0.01) haplotypes and lower muscle activity. Estradiol 
levels were similar among groups. This study supports TMD as a risk factor for RCD. 
ESRRB haplotypes and low muscle activity are common biomechanical characteristics 
in subjects with both diseases.  
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Temporomandibular disorders  (TMDs) temporomandibular  joint  (TMJ)  and hypothesized that persistent TMD pain 

are the most common source of non- masticatory muscles.
1
 TMDs are hetero- conditions result from a ‘central sensiti- 

odontogenic  pain of  musculoskeletal geneous in presentation and multifacto- zation  syndrome’,
3
  disregarding  other 

origin.  These  disorders  affect  the rial in aetiology.
2
 However, it has been important  etiological  factors,  such  as 
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trauma, pro-inflammatory states, and a 

genetic basis.
2 

 
The overlap of physical symptoms of 

TMD with those of other comorbid disor-
ders involving pain in the muscles and joints 

has recently been reported.
4,5

 The facial pain 

may radiate to surrounding areas triggering 
jaw pain, earache, tinnitus, head-ache, 
cervical/shoulder pain, neuralgia, and 

toothache.
4
 Among these, shoulder pain is 

one of the main symptoms in TMD patients.
5
 

However, the most common cause of chronic 
shoulder pain in adults is rotator cuff disease 
(RCD), which is a spectrum of disorders 
varying from revers-ible tendinopathy to 

frank tear,
6
 affecting 30–50% of the 

population.
4
 The specific aetiology of RCD 

has not been fully eluci-dated, but it is 
considered to be the result of articular 

degeneration,
7
 hypovascularity, collagen 

abnormalities, tensile overload,
8 

 
and genetic factors

9
 – all common to the 

development of TMD.
2,10 

 
The mechanical aetiology of chronic 

facial and shoulder pain has been related 
to poor posture of the head–neck–shoulder 

complex.
4
 However, the masticatory and 

cervical muscle activities in patients with 
TMD associated with RCD have not been 
studied previously in order to elucidate the 
mechanical basis of these comorbid pain 
conditions.  

Epidemiological data have shown that 
women are predominantly affected by 

RCD
9
 and TMD.

11
 This gender difference 

could be explained on the basis of sex 

hormones and their receptors.
12

 In 
humans, 17b-estradiol decreases sensitiv-
ity to noxious subcutaneous stimuli over 

the TMJ region.
2
 Low oestrogen or rapid 

changes in oestrogen concentration result 

in an increase in articular pain,
13

 explain-
ing the greater pain intensity observed in 

women with TMD and RCD.
14 

 
Endogenous oestrogen can act directly 

on monocytes, increasing the production 
of pro-inflammatory cytokines, which pro-
motes cartilage resorption, inhibits the 
synthesis of proteoglycans, and causes 

inflammation.
15

 This hormone can also 
increase type III collagen content and lead 
to a decrease in the type I/III collagen 

ratio, affecting the healing process.
11 

 
Traditionally, it has been thought that 

oestrogen acts only through oestrogen 

receptors a and b.
16

 However, another 
subfamily within the nuclear receptor sub-
family – the oestrogen-related receptors 
(ERRs) – shares sequence similarity, co-
regulatory proteins, and action sites with 
oestrogen receptors. This subfamily con-

tains three members: ERR a, b, and g.
16

 
The oestrogen-related receptor b (ESRRB) 
is involved in oestrogen-regulated 

 
 
 
 
 
pathways because it can bind the oestrogen 

response element, activate transcription in-

dependent of exogenous ligands, and share  
co-activators with oestrogen receptors a 

and b.
17 

 
There is evidence that genetic factors 

act as intrinsic risk factors for RCD.
18

 In a 

recent report, different mutations, single 
nucleotide polymorphism (SNP) func-
tions, and haplotypes of the ESRRB gene 

were associated with RCD.
9
 However, 

genetic effects on TMJ derangement have 
not been fully clarified. Since oestrogen 
alterations are associated with TMD, an 
investigation of the ESRRB gene may help 
to gain insights into the pathogenesis of 
TMD and explore its correlation with 
RCD.  

Taking into account that TMD and RCD 

are common multifactorial diseases mod-

ulated by numerous biological processes, 

it was hypothesized that the aetiology of 

TMD/RCD comorbidity is influenced by 

mechanical muscle activity, oestrogen 

levels, and the ESRRB gene. Therefore, 

the purpose of this study was to 

investigate the association between TMD 

and RCD comorbidity symptoms and the 

bio-mechanical basis. Once a combined 

diag-nosis of TMD and RCD is made, 

treatment options must be considered. 

Greater knowledge of these comorbid 

diseases may help in the identification of 

therapeu-tic targets and procedures, 

providing bet-ter strategies to optimize the 

outcomes of RCD and TMD therapies. 
 
Materials and methods 
 
Subject selection 
 
This cross-sectional study was conducted 

in accordance with the recommendations 

of the Ethics Committee of the National 

Institute of Traumatology and Orthopedic 

Research; informed consent was obtained 

from each subject. One hundred eight 

Brazilian volunteers, of both sexes, were 

selected from an outpatient pool during the 

course of 1 year. Subjects reported their 

personal and medical histories. They 

underwent routine consultations in a spe-

cialized care center for shoulder and el-

bow disorders in order to evaluate their 

shoulder and TMJ conditions. Inclusion 

criteria for subjects were the following: 

Brazilian citizen, age >45 years, and no 

previous surgery or neoplasm in the TMJ 

or shoulder.  
Subjects with a history of trauma, bursi-tis, 

rheumatoid arthritis, or autoimmune diseases, 

chronic use of systemic cortico-steroids, 

hyperlaxity, or who were pregnant were 

excluded. The control group com-prised 30 

subjects without pain and with  

 
 
 
 
 
no signs or symptoms of TMD or RCD. 
Subjects diagnosed as having RCD and/or 
a TMD were divided into three groups: 

RCD subjects (TMD-free, n = 16), TMD 
sub-jects (RCD-free, n = 13), and 
TMD/RCD affected subjects (patients with 
both RCD and TMD, n = 49). The baseline 
clinical parameters for the subject 
population are shown in Table 1. 

 
Diagnosis of temporomandibular 
disorders 
 
All participants were examined clinically 
by the same dentist (L.L.B.) according to 
the Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/ 

TMD) Axis I
19

 in order to investigate the 

three groups of TMD: group I, muscle 
disorder; group II, disc displacement; and 
group III, arthralgia, arthritis, and arthro-
sis. The RDC/TMD were used to assess 
these three groups of TMD using well-
validated techniques, including palpation 

at 20 specified muscle sites.
19

 Self-

reported symptoms pertaining to jaw im-
pairment and associated pain were also 
recorded during the evaluation.  

Clinical characteristics were noted, 
which included the following clinical 
symptoms: ear pain, toothache, burning 
sensation in the mouth, limited mouth 

opening, and noises (clicking, crepitation) 
in the TMJ, as well as diagnosed bruxism. 
Of the 108 patients examined, 62 showed a 
TMD. 

 
Diagnosis of rotator cuff disease 
 
Sixty-five subjects were diagnosed with 
RCD. The diagnosis of RCD was based on 

the protocol of Motta et al.,
9
 by clinical 

examination and imaging of the involved 
shoulder (radiography and magnetic reso-
nance imaging). Subjects considered to be 
RCD-free had a negative history for shoul-
der pain, a negative specific test result for 
impingement syndrome in a complete 

physical examination of the shoulders,
20

 

and an absence of tendinopathy. All clini-
cal evaluations were performed by one of 
the authors from the specialized care 
center (M.V.A.).  

The records of the orthopedist who 
carried out the RCD diagnosis and the 
dentist performing the orofacial examina-
tion were independent of one another. 

 
Oestrogen-related receptor b genotyping 
 
DNA from all participants was extracted 
from buccal cells after vigorously rinsing 
with 5 ml of saline solution for 60 s, as 

described previously.
21

 A NanoDrop 
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Table 1. Baseline clinical parameters of the population studied.   
       TMD/RCD Healthy TMJ with TMD without   
 Control  RCD  TMD affected  RCD P-value RCD P-value TMD/RCD affected 

Variables (n = 30) (n = 16) (n = 13) (n = 49)  (OR; CI)
a  (OR; CI)

a 
P-value (OR; CI)

a 

Ethnic group, n (%)               
White 11 (36.7) 13 (81.2) 11 (84.6) 38 (77.5) 0.03 (7.4; 1.4–42.7) 0.003 0.0002 

           (9.5; 1.5–46.3) (5.9; 1.9–18.5) 
Non-white 19 (63.3) 3 (18.7) 2 (15.4) 11 (22.4)       

Age, years, 55   7.8 57.2   8.2 56.3   8.1 57.3   8.0 0.06 0.4  0.57 

mean   SD               
Sex, n (%)               

Female 22 (73.3) 11 (68.7) 9 (69.2) 38 (77.5) 0.74 (0.8; 0.1–3.6) 0.7 (0.8; 0.1–4.3) 0.67 (1.26; 0.3–4.0) 
Male 8 (26.7) 5 (31.2) 4 (30.8) 11 (22.4)       

Smoking, n (%)               

Non-smoking 26 (86.7) 13 (81.2) 13 (100) 44 (89.8) 0.6 (0.6; 0.1–4.5) 0.1 (–) 0.67 (1.3; 0.2–6.5) 
Smoking 4 (13.3) 3 (18.7) 0 (0) 5 (10.2)       

Alcohol consumption, n (%)              
Non-drinking 21 (70) 13 (81.2) 11 (84.6) 36 (73.5) 0.4 (1.8; 0.3–10.6) 0.3 (2.3; 0.3–19.0) 0.7 (1.1; 0.3–3.6) 
Drinking 9 (30) 3 (18.7) 2 (15.4) 13 (26.5)       

General medical condition, n (%)             

Systemic disease 30 (100) 16 (100) 13 (100) 46 (93.9) 0.3  1.0  0.1 (0.0; 0.0–3.7) 
Diabetes 5 (16.7) 2 (12.5) 5 (38.5) 10 (20.4) 0.7 (0.7; 0.0–5.1) 0.1 (3.1; 0.5–17.5) 0.6 (1.2; 0.3–4.9) 
High blood pressure 20 (66.7) 5 (31.2) 5 (38.5) 32 (65.3) 0.02 (0.2; 0.0–0.9) 0.08 (0.3; 0.0–1.4) 0.9 (0.9; 0.3–2.7) 
Hypothyroidism 1 (3.3) 2 (12.5) 1 (7.7) 1 (2.0) 0.2 (4.1; 0.2–127.0) 0.5 (2.4; 0.0–98.2) 0.7 (0.6; 0.0–23.1) 

                
RCD, rotator cuff disease; TMD, temporomandibular disorder; OR, odds ratio; CI, confidence interval; SD, standard deviation. 

37. P-value compared to control group (without either disease).
 

 
spectrophotometer (Thermo Scientific, 
Wilmington, DE, USA) was used to de-
termine the amount and purity of the 
DNA. Only DNA samples showing  
A260 nm/A280 nm ratios greater than 1.9 
were used.  

All procedures included in SNP selec-
tion and analysis followed the STREGA 

reporting recommendations.
22

 Linkage 

disequilibrium relationships and gene 
structure were considered in order to se-
lect the eight SNPs in the ESRRB gene 
included in this study. The minor allele 
frequencies reported in the database of the 
National Center for Biotechnology Infor-
mation (http://www.ncbi.nlm.nih.gov/ 
SNP/) was >0.12 (Table 2).  

Real-time polymerase chain reactions 
with TaqMan chemistry (Applied Biosys-
tems, Foster City, CA, USA) were used 
for genotyping of the eight selected SNPs 
in a thermocycler (PTC-225 Tetrad, Peltier 
Thermal Cycler; Bio-Rad Life Science, 

 
Table 2. Genetic variants in the ESRRB gene.  

 

Corston, UK), yielding 1.5 ml/reaction in 
total. The haplotype analyses were also 
considered in order to explore SNP asso-
ciations. 

 

Estradiol level 
 
Endogenous estrogens are a group of ste-
roidal compounds including 17b-estradi-
ol, estrone, and estriol. Because the 
bioactivity of 17b-estradiol is the greatest 

of the three in vivo,
23

 it was chosen to 
evaluate the estradiol concentration in se-
rum.  

One 5-ml blood sample was taken from 

41 subjects in the total sample group after 
8 h of overnight fasting (eight controls, 

nine RCD, four TMD, and 20 TMD/RCD 
affected subjects). The blood was centri-
fuged and the serum samples stored at 20 
8C. In order to exclude the influence of 

hormone variables on estradiol levels in 
the women, the use of contraceptives, 

 

hormone replacement therapy, menopause 
status, and menstrual cycle status (normal 
length menstrual cycles (26–35 days du-
ration) or luteal phase of the menstrual 
cycle (22–25 days based purely on self-

report of the first day of menses)) were 
recorded. For pre-menopausal women, 
blood was taken only within the first 7 
days from the first day of menstrual flow, 
since during this period the oestrogen level 
is not under the influence of the physiolo-

gy of menstruation.  
Assays were performed concurrently on 

serum specimens from cases and controls. 
All laboratory personnel were blinded to 
the subjects’ status. A competitive chemi-
luminescent immunoassay performed 

using the ACS-180 automated immunoas-

say system (Bayer Diagnostics Corp., Tar-
rytown, NY, USA) was used to measure 
total estradiol in the serum samples.  

The normal values for estradiol were 
determined according to the manufac-
turer’s instructions: menopause, <40 pg/ 
ml; non-pregnancy, 27–433 pg/ml; and 
men, <47 pg/ml. Taking into account 

  Base pair Base   Nearest gene 

SNP Chromosome position change
a 

MAF
b 

SNP type locus 

rs4903399 Ch14 76775202 C>T 0.1 Intergenic Intergenic 
rs1077430 Ch14 76897677 C>T 0.3 Intron ESRRB 
rs2860216 Ch14 77006008 C>T 0.3 Intergenic Intergenic 
rs10132091 Ch14 76870818 C>T 0.4 Intron ESRRB 
rs1676303 Ch14 76992164 C>T 0.2 Intergenic Intergenic 
rs745011 Ch14 76917275 C>T 0.4 Intron ESRRB 
rs4903419 Ch14 76984655 A>G 0.1 Intergenic Intergenic 
rs6574293 Ch14 76870600 A>G 0.1 Intron ESRRB 
        
SNP, single nucleotide polymorphism. 

39. Base change according to Applied Biosystems.
  

40. MAF: minor allele frequency according to GenBank.  

 
the hormonal influence and the natural 
difference between men and women for 
serum estradiol levels, subjects were clas-
sified as having a normal level, below 
normal level, or above normal level. 

 

Surface electromyography 
 
The activity of the muscles was recorded 
by surface electromyography (EMG) on 
the right and left side masseter, anterior 
temporal, sternocleidomastoid, trapezius, 
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and deltoid muscles in a representative 
sample, including 12 subjects from the 
control and TMD/RCD affected groups. 
EMG signals were obtained using a four-
channel module (EMG System do Brasil 
Ltda, Sa˜o Jose´ dos Campos, SP, 

Brazil).
24

 Surface active bipolar 

electrodes with 10 mm of inter-electrode 
distance and Ag 99.9% (3 M Brazil, 
Sumare´, Sa˜o Paulo, Brazil) were used, 
along with a disposable monopolar 
electrode, used as a reference (Ag/AgCl; 3 
M Brazil) and placed on the forearm.  

Patients were instructed to remain 
seated in a chair, feet apart, shoulders 
relaxed, and hands resting on their thighs, 
with their heads in the Frankfort plane 
parallel to the ground. The electrode at-
tachment sites were cleaned with a cotton 
ball soaked in 70% alcohol to reduce the 
impedance between the skin and electro-
des, as per the SENIAM (Surface Elec-
troMyoGraphy for the Non-Invasive 
Assessment of Muscles project) recom-

mendations.
25

 EMG signals were sam-

pled at 1000 Hz, band-pass from 20 to 500 
Hz. The signals were recorded for 10 s 
each. In all tests, a 5-s period was selected 
(the two initial and three final seconds of 
the EMG signal were dis-carded). The 
signal processing was per-formed using 
specific routines carried out in WinDaq 
software (WinDaq/HS; DATAQ 
Instruments Inc., Akron, Ohio, USA) and 
was based on the protocol of Lauriti et 

al.,
24

 calculating the average value and 

standard deviation from the root mean 
square (RMS). 

 
Masseter and anterior temporal muscles 
 
Evaluations of the masseter and anterior 
temporal muscles were carried out at rest 
and at maximum clenching effort (MCE). 
To avoid direct occlusal contact, a strip of 
Parafilm M (Bemis Company, Inc., Osh-
kosh, WI, USA) was folded five times and 
arranged bilaterally in the molar region, 

based on the protocol of Lauriti et al.
24 

 
Sternocleidomastoid muscle 
 
EMG of the sternocleidomastoid muscle 
was recorded by placing an electrode 
along a line drawn from the sternal notch 
to the mastoid process, at one-third the 
distance from the mastoid process. Sub-
jects were asked to turn their head and 

neck to maximum rotation. 

 
Trapezius muscle 
 
EMG of the upper trapezius muscle was 
recorded by placing an electrode along a 

 
 
 
 
 
line joining the acromion and C7, at one-
third the distance from the acromion pro-
cess. These steps were based on a protocol 

by Chowdhury et al.
26

 Subjects had to 
raise their shoulders to their maximum 
position in order to analyze trapezius ac-
tivity. 

 
Deltoid muscle 
 
EMG activity in the deltoid muscle was 
measured under complete arm abduction 
with electrodes positioned on the greatest 
tonus. 

 
Statistical analysis 
 
Data entry and the statistical analysis were 

implemented with Stata 11.1 (StataCorp, 

College Station, TX, USA). The sample 

included all subjects attending for routine 

consultation at the Center of Shoulder and 

Elbow Surgery of the National Institute of 

Traumatology and Orthopedics who ful-

filled the inclusion criteria. The x2
 test was 

used to assess the significance of differ-ences 

in nominal variables (expressed as 

frequencies and percentages), including the 

frequencies of genotypes and alleles, 

between cases and controls. After the 

Shapiro–Wilk test for continuous vari-ables 

was applied (variables expressed as the mean 

and standard deviation), anal-ysis of variance 

was performed with the Student t-test or 

Mann–Whitney test, depending on whether 

the distribution was normal or non-normal, 

respectively. All genetic analyses were 

performed just after fitting for Hardy–

Weinberg equilib-rium. The odds ratio (OR) 

and 95% confi-dence interval (95% CI) were 

used to calculate the risk associated with 

alleles and genotyping. Multivariate logistic 

re-gression explored variables with statistical 

significance in the univariate analysis. 

Multiple comparisons were corrected by 

Bonferroni correction (http://www. 

quantitativeskills.com/sisa/calculations/ 

bonfer.htm). The program ARLEQUIN 

 

(v.20; http://anthro.unige.ch/arlequin) was 

used to calculate linkage disequilibri-um 

and haplotypes. Values of P < 0.05 were 

considered to have statistical signifi-cance. 
 

 

Results 
 
Clinical findings: TMD and RCD 
incidence 
 
Of the total 410 subjects evaluated during 
1 year at the specialized care center for 
shoulder and elbow disorders, 108 were 
included in this study. There were 80  

 

 

 

 

 

(74%) women and 28 (26%) men, with a 

mean age of 57.2 8.3 years. The con-trol 

group consisted of 30 subjects, 22 (73%) 

women and eight (27%) men, with a mean 

age of 55 7.8 years. No difference was found 

among test groups (RCD, TMD, and 

TMD/RCD affected) when compared to the 

control group for age, sex, smoking habit, 

alcohol consumption, systemic dis-ease, 

diabetes, hypothyroidism, and the use of 

calcium supplementation, analgesics, non-

steroidal anti-inflammatory drugs (NSAIDs), 

steroidal anti-inflammatory drugs (SAIDs), 

bisphosphonates, and mus-cle relaxant drugs. 

 

The x
2
 test revealed a higher prevalence 

of white ethnicity in the TMD (P = 0.003), 
RCD (P = 0.03), and TMD/RCD affected 
(P < 0.001) groups. On the basis of OR 
calculation, the risk associated with those 
of white ethnicity having both diseases 
(OR 5.9; 95% CI 1.9–18.5) was six times 
higher than in control subjects. Additional 
details regarding the demographics of the 
subjects are shown in Table 1.  

During the clinical TMJ and shoulder 
evaluations on the subjects, the incidence 
of TMD was 57.4% and RCD was 60.2%. 
From the total patients with TMD (n = 62), 
79.0% (n = 49) were diagnosed with RCD. 

The x
2
 Fisher’s test showed a marked 

difference in RCD incidence in patients 
with and without TMD  
(P < 0.001). Subjects with TMD were 
seven times more susceptible to RCD (OR 
7.0; 95% CI 2.7–18.4) than subjects with a 
healthy TMJ.  

No difference was detected among the 
groups with TMD according to the RDC/ 
TMD Axis I diagnosis. From the total of 
62 subjects diagnosed with TMD, 24 
showed a muscle disorder (group I), three 

had disc displacement (group II), and five 
were classified with a degenerative local 
disease (group III); more than one diagno-
sis was identified in 30 of the subjects 
(Table 3). 

 

Genetic association study 
 
The results for the eight SNPs in the 
ESRRB gene are provided in Table 4. As 

indicated by the x
2
 test, statistically 

significant associations were observed. 
Allele and genotype frequencies for SNPs 
were within Hardy–Weinberg equilibrium 
in all groups. All evaluations considered 
the control group as the reference for 
statistical calculation. 

 

Genetic differences in TMD and RCD 
 
A significant difference was found in the 
frequency of the rs1676303 TT genotype 

http://www.quantitativeskills.com/sisa/calculations/bonfer.htm
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Table 3. Characteristics of all subjects with TMD according to the Research Diagnostic Criteria for Temporomandibular Disorders 
(RDC/TMD) Axis I evaluation.   
 With TMD (n = 62) 

P-value OR 95% CI     

 

Without RCD With RCD     

 (n = 13) (n = 49)    
       

Muscle disorders (group I) 7 17  0.2 0.4 0.1–1.8 
Disc displacement (group II) 1 2  0.5 0.5 0.0–15.5 
Arthralgia, arthritis, and arthrosis (group III) 0 5  0.2 – – 
Multiple diagnoses 5 25  0.4 1.6 0.4–6.9 
        
TMD, temporomandibular disorder; RCD, rotator cuff disease; OR, odds ratio; CI, confidence interval. 

 

 
(P = 0.02) between controls and RCD sub-
jects. TMD subjects showed a higher fre-
quency of GG genotype (P = 0.04) in 
rs6574293. 

 
Genetic basis of TMD/RCD  

Subjects with both diseases 

(TMD + RCD)  showed  a significantly  
lower frequency of polymorphic geno-
types (CT + TT) (P = 0.02) and higher 
frequency of C allele (P = 0.02) in 
rs4903399 when compared to controls. 

 

 
In RCD subjects, the presence of polymor-

phic genotypes (P < 0.001) and C allele (P 
= 0.01) markedly differentiated this SNP 
frequency from controls. In addition, 
rs10132091 polymorphisms (CT + TT) (P 
= 0.02) also exhibited an association with 
both diseases (TMD + RCD).  

To assess factors concurrently, a multi-
variate logistic regression of individual 
parameters was performed considering the 
two main groups: controls and TMD/ RCD 
affected. The initial univariate analy-sis 

demonstrated ethnic group (P < 0.001), 

 

 
rs4903399 genotypes (P = 0.02), and 

rs10132091 genotypes (P = 0.02) to be po-

tential predictive factors for TMD in asso-

ciation with RCD. EMG showed lower 

activity in masseter, temporal, sternoclei-

domastoid, and trapezius muscles for 

TMD/RCD affected subjects. A regression 

analysis comparing parameters that consid-

ered all patients included in these groups 

(genotypes and white ethnicity) was con-

ducted. The results affirmed white ethnicity 

(P = 0.001) as a high risk factor associated 

with TMD/RCD affected subjects. 

 

 
Table 4. ESRRB genotype and allele distribution in all subjects.   
     TMD/RCD Healthy TMJ with     
  Control RCD TMD affected  RCD P-value TMD without RCD TMD/RCD affected 

SNP Genotypes (n = 30) (n = 16) (n = 13) (n = 49)  (OR; CI)
a 

P-value (OR; CI)
a 

P-value (OR; CI)
a 

rs4903399 CC–CT–TT 14–13–2 14–2–0 6–6–1 36–12–1 0.031 0.9  0.07 
 CT+TT 15 2 7 13 0.009 (0.1; 0.0–0.8) 0.8 (1.0; 0.24–4.91) 0.02 (0.3; 0.1–0.9) 

 C 41 30 18 84 0.01 (6.2; 1.2–42.2) 0.2 (2.3; 0.5–11.6) 0.02 (2.4; 1.0–5.9) 

 T 17 2 3 14       

rs1077430 CC–CT–TT 6–14–9 4–9–3 2–5–6 11–21–17 0.6  0.6  0.8  
 CT+TT 23 12 11 38 0.5 (0.7; 0.1–4.1) 0.6 (1.4; 0.2–12.3) 0.8 (0.9; 0.2–3.1) 

 C 26 17 9 43 0.4 (1.3; 0.5–3.6) 0.3 (0.6; 0.2–1.8) 0.9 (0.9; 0.4–1.9) 

 T 32 15 17 55       

rs2860216 CC–CT–TT 3–14–12 3–4–9 2–8–3 4–16–29 0.2  0.5  0.3  
 CT+TT 26 13 11 45 0.4 (0.5; 0.0–3.7) 0.6 (0.6; 0.0–6.4) 0.7 (1.3; 0.2–7.6) 

 C 20 10 12 24 0.7 (0.8; 0.3–2.3) 0.3 (1.6; 0.5–4.6) 0.1 (0.6; 0.2–1.3) 

 T 38 22 14 74       

rs10132091 CC–CT–TT 8–16–5 4–7–5 2–5–6 4–25–20 0.5  0.1  0.02 
 CT+TT 21 12 11 45 0.8 (1.1; 0.2–5.7) 0.3 (2.1; 0.3–17.2) 0.02 (4.2; 1.0–19.4) 

 C 32 15 9 33 0.4 (0.7; 0.2–1.8) 0.08 (0.4; 0.1–1.2) 0.008 (0.4; 0.2–0.8) 

 T 26 17 17 65       

rs1676303 CC–CT–TT 1–7–21 2–9–5 1–1–11 4–17–28 0.02 0.4  0.3  
 CT+TT 28 14 12 45 0.2 (0.2; 0.0–4.0) 0.5 (0.4; 0.0–17.3) 0.4 (0.4; 0.0–4.1) 

 C 9 13 3 25 0.007 (3.7; 1.2–11.4) 0.6 (0.7; 0.1–3.2) 0.1 (1.8; 0.7–4.7) 

 T 49 19 23 73       

rs745011 CC–CT–TT 9–13–7 7–9–0 3–2–8 12–26–11 0.09 0.05 0.7  
 CT+TT 20 9 10 37 0.3 (0.5; 0.1–2.4) 0.5 (1.5; 0.2–8.9) 0.5 (1.3; 0.4–4.3) 

 C 31 23 8 50 0.0 (2.2; 0.8–6.2) 0.5 (0.3; 0.1–1.1) 0.7 (0.9; 0.4–1.8) 

 T 27 9 18 48       

rs4903419 AA–AG–GG 20–8–1 13–3–0 9–4–0 32–17–0 0.5  0.7  0.3  
 AG+GG 9 3 4 17 0.3 (0.5; 0.0–2.6) 0.9 (0.9; 0.1–4.9) 0.7 (1.1; 0.4–3.5) 

 A 48 29 22 81 0.3 (2.0; 0.4–10.1) 0.8 (1.1; 0.2–4.9) 0.9 (0.9; 0.3–2.5) 

 G 10 3 4 17       

rs6574293 AA–AG–GG 0–11–18 0–5–11 0–1–12 0–10–39 0.6  0.04 0.09 
 AG+GG 29 16 13 49 –  –    

 A 11 5 1 10 0.6 (0.7; 0.2–2.8) 0.06 (0.1; 0.0–1.4) 0.1 (0.4; 0.1–1.3) 

 G 47 27 25 88       
             
RCD, rotator cuff disease; TMD, temporomandibular disorder; OR, odds ratio; CI, confidence interval. 

13. P-value compared to control group (without either disease).
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Table 5. Haplotype analysis of the ESRRB gene.   
   Frequency  Bonferroni correction 

Gene Haplotypes 

 

P-value P-value 

   

Control (n = 30) TMD/RCD affected (n = 49)     
       

ESRRB–Ch14 CTTTTTAG 0.12 0.1  0.90 0.5 
(rs4903399; rs1077430; CTTCTTAG 0.07 0.1  0.01 0.07 
rs2860216; rs10132091; CCTCTCAG 0.10 0.04  0.01 0.07 
rs1676303; rs745011; CTTTTTGG 0 0.08  1 1.0 
rs4903419; rs6574293) TTCTTTAG 0 0.05  0.1 0.6 
        
TMD, temporomandibular disorder; RCD, rotator cuff disease. 

 
 
ESRRB haplotype association with TMD/ 
RCD affected subjects 
 
Based on the ESRRB gene as a possible 

candidate for comorbidity of both dis-

eases, haplotype analysis was performed 

comparing the control group with TMD/ 

RCD affected subjects. The summary of 

the haplotype analysis is shown in Table 5. 

There was a significant association of the 

haplotype CTTCTTAG (P = 0.01) and 

CCTCTCAG (P = 0.01) with the occur-

rence of TMD/RCD. After strict Bonfer-

roni correction, these haplotypes kept a 

tendency of association with TMD/RCD 

affected subjects. 

 
Analysis of serum estradiol levels 

 
 
of one subject. RCD was diagnosed in two 
right and four left sides. 

 
Masseter and temporal muscles 
 
There was a statistically significant differ-
ence between groups for the right masseter 
and temporal muscles, with lower activity 

in patients with both diseases in the rest 
position (P = 0.03 and P = 0.02, respec-
tively) and with MCE (P = 0.01 and P = 
0.03, respectively). The left masseter 
muscle also showed lower activity during 
rest in the TMD/RCD affected group (P = 

0.01). Figure 1 displays the RMS (root 
mean square) of the temporal and masseter 
muscles in all groups. 

 
 
tion, evaluating a total of 108 volunteers, 
divided into four groups according to the 
absence or presence of TMD/RCD. The 
clinical and epidemiological features, co-
morbid prevalence of the diseases, surface 
EMG activity in facial and cervical mus-

cles, and ESRRB genetic basis were ana-
lyzed based on the biomechanical aspects 
of each disease aetiology.  

This study showed that TMD and RCD 
have a common genetic and mechanical 
basis. These diseases affect a similar group 
of subjects, with radiated pain from TMJ 
to the shoulder, which could be a 
consequence of head–neck–shoulder mus-
cle tension and postural changes. It was 
speculated that estradiol levels could af-
fect joint degeneration acting through 
ESRRB, which was demonstrated to be  

The analysis of the estradiol serum level 
considered individual sex and hormone 

variations. Forty-one subjects distributed 
in all groups were stratified as having 
normal, below normal, or above normal 
levels. No statistical difference was found 
among groups. The frequency of TMD 
and/or RCD in subjects with normal 

values of estradiol was similar to that in 
those with values below or above normal 
(Table 6). 

 
Muscle activity (EMG) 
 
Of the 108 subjects enrolled in this study, 
12 (11%; six controls and six TMD/RCD 
affected) were submitted to EMG evalua-
tion, since 90% of patients underwent 
arthroplasty surgery to treat RCD. The 

affected side of TMD + RCD was 
recorded in all patients before EMG ex-
amination. The TMD affected the joints 
bilaterally in five subjects and the left side 

Cervical muscles 
 
Taking into account head–neck rotation, 

there was no difference in the activities of 

the right or left sternocleidomastoid mus-

cle between groups, with the exception of 

the left sternocleidomastoid, which 

showed lower activity in TMD/RCD af-

fected subjects (P = 0.03). No statistically 

significant difference in deltoid muscle 

activity was found between groups, while 

lower left trapezius activity under shoul-

der elevation was detected during trapezi-

us (P = 0.03) activation in TMD/RCD 

affected subjects. 

 
Discussion 
 
Evidence that shoulder pain is a common 
symptom in TMD subjects may indicate 
that there is a relationship between TMD 
and RCD. The present study was con-
ducted in order to elucidate this associa- 

 
associated with comorbid TMD/RCD de-
velopment.  

Subjects with TMD were seven times 

more susceptible to RCD than subjects 

with a healthy TMJ. White ethnicity, 

ESRRB haplotypes, and low muscle sur-

face EMG activity were identified as 

common biological and mechanical char-

acteristics in subjects with both diseases. It 

should be noted that white and non-white 

ethnicity was defined on the basis of self-

report during anamnesis. It is possible that 

TMD plays both a direct and indirect role 

in the development of RCD through phys-

iological mechanisms and by its ability to 

exacerbate the condition and hinder pain 

rehabilitation and management.  
The complex etiopathogenesis and the 

variability in symptoms associated with 
TMD and RCD make it difficult to adopt 

standardized diagnostic protocols.
9
 

Therefore, despite the many proposed 

 
Table 6. Estradiol levels.   
     Healthy TMJ   
 Control group RCD TMD TMD/RCD affected with RCD TMD without TMD with 

Estradiol level (n = 8) (n = 9) (n = 4) (n = 20) P-value
a 

RCD P-value
a 

RCD P-value
a 

Below 0 0 0 2 0.2 0.4 0.6 
Normal 7 9 4 16    

Above 1 0 0 2    
         
RCD, rotator cuff disease; TMD, temporomandibular disorder. 

a Compared to controls.
 

 
 
 

 

../../../../../../../AppData/Projeto%20doutorado/Projeto%20DTM/14-01-2016/artigo%20de%20método/Tese%20Valquiria%20FINAL%20imprimir1%20.doc#page6
../../../../../../../AppData/Projeto%20doutorado/Projeto%20DTM/14-01-2016/artigo%20de%20método/Tese%20Valquiria%20FINAL%20imprimir1%20.doc#page7
../../../../../../../AppData/Projeto%20doutorado/Projeto%20DTM/14-01-2016/artigo%20de%20método/Tese%20Valquiria%20FINAL%20imprimir1%20.doc#page6


149 
 

 

 
ESRRB polymorphisms and TMD/RCD comorbidity 7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Surface EMG activity of the head and 
cervical muscles; * significant difference. 
(A) Masseter and temporal EMG in the rest 
posi-tion: note the lower activity of the right 
mus-cle in TMD/RCD affected subjects. (B) 
Masseter and temporal EMG in maximum 
clenching effort (MCE): most of the muscles 
evaluated showed lower EMG activity in 
TMD/RCD affected subjects. (C) EMG of 
the cervical muscles: lower EMG activity 
was detected in the sternocleidomastoid 
(SCM) and trapezius in TMD/RCD affected 
subjects.  
 

 
classification systems for musculoskeletal 

pain,
19

 the clinical diagnosis of TMD in 
the present study was based on the Re-
search Diagnostic Criteria for Temporo-

mandibular Disorders (RDC/TMD),
19

 
which is considered to be a system with a 
detailed description and standardization of 
the clinical examination needed for 

 
TMD classification. In 2014, the RDC/ 
TMD criteria were revised and the Diag-
nostic Criteria for Temporomandibular 
Disorders (DC/TMD), designed for appli-
cation in clinical practice and research, 

were published.
27

 However, the data col-

lection and clinical examinations for this 
study were performed before this revision, 
which explains the use of the RDC/TMD 
as diagnostic criteria. In addition, all RCD 
diagnoses were based on clinical and im-
aging examination of the shoulder in-
volved. It is believed that the data 
presented, based on a detailed diagnosis, 
were comprehensive enough to estimate 
associations between TMD and RCD.  

Shoulder joint stability is dependent on 
the interactions and balance among multi-

ple joints.
28

 Imbalance between the crani-

um, mandible, and cervical spine as a 
consequence of TMD can affect functional 
postural and orthostatic stability, resulting 

in shoulder overload.
5
 Forward head pos-

ture increases the strain on the posterior 
cervical muscles and on masticatory mus-
cle activity, which in turn causes muscle 
contraction and changes in scapula posi-

tioning with consequent shoulder pain
29

 

and RCD development. However, no pre-
vious study has analyzed the electrophys-
iological behavior of masticatory and 
cervical muscles under the influence of 
comorbid symptoms of TMD and RCD in 
order to elucidate the muscle activity 
interaction.  

In the present study, analysis of the TMJ 

and shoulder muscles showed low EMG 

activity in TMD/RCD affected subjects. 

Several studies have shown that in clench-

ing tasks, greater masticatory muscle ac-

tivity involves greater bite-force generated 

by the elevator muscles and greater TMJ 

loads.
30

 In agreement with another study,
10

 

the present findings showed low functional 

characteristics in masseter and temporal 

muscles of TMD/RCD affected subjects 

under rest and MCE conditions, which would 

suggest a protective mecha-nism for the 

damaged TMJ. It is speculat-ed that the 

specific recruitment of the masseter muscle 

is the result of descend-ing central 

modulation, subsequent to no-ciceptive 

stimuli of the affected TMJ and/ or 

myofascial and/or periodontal nocicep-

tors.
10

 Thus, lower muscle activity could 

also be related to a functional inability to 

activate the muscle ‘motor drive’ due to pain. 

 
Indeed, the cervical muscle EMG showed 

minimal activity of sternocleido-mastoid and 

deltoid muscles in the TMD/ RCD affected 

group. Muscles under ten-sion increase the 

retention of fluids, reduce blood flow, and 

accumulate metabolic  

 
products,

31
 which could explain the lower 

muscle function associated with radiated 
TMJ pain. On the other hand, low activity 
detected by surface EMG could mean that 
muscles are not only less active, but also 
experience incomplete activation.  

Central sensitization has been the focus 
of recent work trying to understand pain 

conditions in comorbid TMD.
32

 Chronic 
nociception and persistent stress can in-
duce central sensitization, sympathetic up-

regulation, and endocrine abnormalities,
33

 

resulting in hyperalgesia.
34

 The depletion 
of hormones and neurotransmitters within 
the hypothalamic–pituitary–adrenal axis 

can lead to depression and fibromyalgia,
34

 
common symptoms of TMD.  

Oestrogen hormone action in the tri-
geminal ganglia, spinal cord, and medulla 
activates nuclear receptors, increasing 
protein transcription and stimulating af-

ferent sensitivity to pain.
35

 Therefore, it 
has been proposed that there is a relation-
ship between circulating oestrogen and 

joint pain,
32

 which is in accordance with 

the related high prevalence of TMD
8
 and 

RCD
9
 in women.  

Endogenous oestrogen may affect the 
bone, cartilage, and related structures of 

the TMJ
36

 and may stimulate the inflam-

matory response, resulting in internal de-

rangement of the joint.
11

 In the present 

study, the prevalence of comorbid TMD 
was analyzed in both sexes, showing no 
statistical sex-related difference between 
subjects. In addition, estradiol levels were 
similar in all groups analyzed, indepen-
dent of gender. However, a limitation of 
this result is that it is derived from a cross-
sectional study and the sex hormones in 
women fluctuate throughout the menstrual 

cycle and over months.
37

 In addition, it is 

important to consider that oestrogen exerts 
its biological effects, in large part, through 
intracellular activation of its receptors and 

through ESRRB binding.
38 

 
ESRRB comprises a group of orphan 

nuclear receptors that act on the establish-
ment and maintenance of steroid produc-

ing tissues.
38

 Its central DNA-binding 
domain is closely related to that of the 

oestrogen receptor.
39

 ESRRB is expressed 
in tissues in which estradiol has important 
physiological functions and shares com-
mon target genes with oestrogen recep-
tors, such as those for osteopontin, 

lactoferrin, and pS2.
17

 It has also been 
identified as an essential cofactor of hyp-
oxia-inducible factor (HIF) in mediating 

adaptation to the hypoxic environment
39

 

and oxygen homeostasis.
40 

 
Recent studies have found evidence that 

classical hypoxia response pathways in 

tendons
41

 and rotator cuffs express high 
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levels of HIF.

40
 These data suggest that 

hypoxia is a relevant damage factor in 
tendon injury, affected by ESRRB, and 
that an appropriate vascular response may 

be essential for normal repair.
40 

 
RCD was recently associated with 

ESRRB CCTTCCAG haplotype in chro-
mosome 14 and suggested as being related 

to tendon degeneration.
9
 However, no pre-

vious study has analyzed ESRRB genetic 
alterations in TMD subjects. In addition, 
despite previous studies showing an asso-
ciation between genetic polymorphism and 
TMD in many marked genes, there have 
been no conclusive results until now.  

Taking into account the possible influ-

ence of ESRRB genetic polymorphism on 

joint degeneration, the present study eval-

uated eight SNPs in the ESRRB gene in 

subjects with and without TMD/RCD. The 

findings clearly showed a significant asso-

ciation between ESRRB polymorphisms and 

TMD and/or RCD. From the total analyzed 

ESRRB SNPs, four regions showed disease 

association. ESRRB rs1676303 

polymorphism was related to RCD, while 

rs6574293 showed a relation-ship with 

TMD. ESRRB rs4903399 poly-morphisms 

were highly incident in subjects showing 

both diseases. In fact, these results show a 

common genetic basis associated with the 

ESRRB gene for TMD and RCD. 

Considering that nuclear receptors are out-

standing for drug discovery, the present 

findings offer insights into the HIF–ESRRB 

pathway for TMD/RCD therapy.  
Investigating the influence of bio-

mechanical factors with respect to these 

disorders is an effort to develop more ef-

fective treatment programs. Particularly, 

for these subjects, the treatment of TMD 

should be part of a multidisciplinary thera-

py, which often requires cooperation be-

tween different medical and dentistry 

specialties. A better knowledge of the bio-

mechanical basis involved in TMD/RCD 

comorbidity may provide new therapeutic 

approaches and timely interventions for 

joint healing. Further studies are necessary 

to elucidate the real physical and 

biological relationships between RCD and 

TMD, in-cluding a similar study involving 

patients attending a dental center. 
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Despite the success of osseointegrated implants, failures have increased significantly, associated 

with development of peri-implantitis. Multiple factors influence the peri-implant bone loss, including 

environmental and genetic causes. BMPs (Bone morphogenetic proteins) are growth factors that 

induce bone formation. FGF (fibroblast growth factors) and their receptors (FGFRs) play important 

roles by controlling the levels of cell proliferation, differentiation and migration. BMP/FGF relationship 

is responsible for promoting bone regeneration and bone loss. The aim of this study was to analyze 

the correlation between BMP4, FGF3, FGF10 and FGFR1 genes and peri-implant bone loss. Two 

hundred and fifteen volunteers, with 754 dental implants, were submitted to oral examination and 

divided in healthy group (n=129) and peri-implantitis group (n=86). Thirteen polymorphisms in 

BMP4, FGF3, FGF10 and FGFR1 genes were analyzed individually and in haplotype. The chi-

square test correlated genotypes, allelic and haplotype frequencies. Values of p<0.05 were 

considered significant. Volunteers with peri-implantitis demonstrated high incidence of total 

edentulism (p<0.0001) and thin peri-implant phenotype (p<0.04). Higher incidence of spontaneous 

bleeding, plaque and implant mobility was observed in peri-implantitis group (p<0.0001 for all). The 

TT polymorphic genotype for BMP4 rs2761884 was associated with healthy peri-implant (p=0.01). 

FGF3 rs4631909 (TT+CT genotype) also showed association with the control group (p=0.04). The 

frequency of C allele for FGF3 rs4631909 showed a tendency for association with peri-implantitis 

(p=0.08). FGF10 CCTG (p=0.03), BMP4 GAAA (p=0.05) and GGGA (p=0.02) haplotypes were 

associated with peri-implantitis (p=0.03). Therefore, it may be concluded that BMP4 and FGF10 

haplotypes are associated with peri-implantitis. 
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Introduction  
Osseointegrated oral implants have been widely used 

as first-line therapy in cases of total or partial dental arch 

rehabilitation (1). However, despite the reported high 

success rate, failures in implant dentistry have a significant 

increase because of peri-implantitis development, 

characterized by the pathological resorption of adjacent 

bone to the endosseous implant and may result in implant 

loss (2). This process of bone loss is influenced by a 

multitude of factors, some of which are understood while 

others are still unknown and share several environmental 

and genetic causes (3). Recent studies have associated 

peri-implantitis with the host’s destructive inflammatory 

response characterized by the high expression of 

proinflammatory cytokines and osteoclast activation (4). 
 

In bone repair, the biological response to bacterial or 

traumatic tissue damage can result in wound healing or 

culminate in advanced bone loss. Hematoma formation 

during bone regeneration is the basis for bone repair. The 

release of growth factors, including platelet-derived growth 

factors (PDGF), tumor growth factor type-β (TGF-β), 

interleukins (IL) 1 and 6, during inflammatory response 

increase osteoprogenitor cells and fibroblasts proliferation 

 
 
and are associated with bone morphogenetic proteins 

(BMP) and fibroblast growth factors (FGF) expressions. As 

the hematoma matures, a collagen matrix develops with 

neovascularization, providing a scaffold for these cells (5). 

When this regenerative ability fails to maintain 

osseointegration by a cascade of bone remodeling 

processes, the stimulation of bacterial presence associated 

with intrinsic factors triggers pathological bone loss (6).  
BMPs (bone morphogenetic proteins) are growth 

factors and belong to the TGF-β superfamily located in 

chromosome 14q22-23, originally discovered due to their 

ability of inducing bone formation and cartilage. BMPs 

are pivotal in building a group of morphogenetic signals 

orchestrating tissue architecture throughout the body (7). 

Recent research shows that the highest concentration of 

BMPs is in articular cartilage, osteoblasts, osteoclasts 

and osteoprogenitor cells (8,9). BMP-4 is essential for 

the skeletal development during embryogenesis and its 

expression increases in adulthood during fracture 

healing. At the molecular level, specific genetic variants 

of BMP4 are associated with the risk of decreased bone 

density of the hip in postmenopausal women (10).  
FGF and their receptors (FGFRs) play important roles in 

http://dx.doi.org/10.1590/0103-6440201600899
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morphogenesis and organogenesis by controlling the levels of 

cell proliferation, differentiation, migration, adhesion and death 

(11).  
The combination of angiogenic and osteogenic growth 

factors such as BMP/TGF- β and BMP/FGF is able to 

promote bone regeneration by enhancing osseointegration 

in vivo. The antagonism between BMP and FGF contributes 

to healing in bone lesions. FGFR-1 is a positive regulator of 

bone formation and interacts with FGF3 and FGF10 

promoting angiogenesis and fracture healing (12,13).  
 The variation in severity during peri-implantitis 

 development, observed among volunteers that underwent 

 similar environmental factors, suggests that the genetic 

 aspects of peri-implantitis need to be investigated to 

 understand the regulation in the pathogenesis associated 

 with this disease (3). Therefore, considering the interaction 

 and modulation of the BMP/FGF axis during bone 

 remodeling, the study hypothesis was that the process of 

 peri-implantitis may be related to genetic alterations in the 

 BMP and FGF families. Thus, the aim of this study was to 

 analyze the correlation between genetic polymorphisms in 

 BMP4, FGF3, FGF10 and FGFR1 and the bone loss process 

et
 a

l.
 

around dental implant. 

Material and Methods 

B
. 
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o

el
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Volunteers 

This is an observational, cross-sectional and double- 

R
. 

blinded study. Two hundred and fifteen volunteers, with  

 754 dental implants, were enrolled for the study from the 

 pool of the patients attended at the Dental Implantology 

 Clinic of the School of Dentistry at UFF, Brazil, over a course 

 of one year. The clinical procedures were conducted in 

 accordance with the recommendations of the local Research 

 Ethics Committee (Registration number 238/10). The term 

 of informed consent was obtained from all participants. 

 The initial clinical parameters of the volunteers are in 

 Table 1. All participants provided their medical and dental 

 history (Table 2) and reported smoking habits. The exclusion 

 criterion was implant failure (pathologic bone loss, implant 

 mobility or implant loss) before the osseointegration period 

 (3 months for mandible and six months for maxillary), 

 bisphosphonate use, pregnancy and/or lactation in female 

 volunteers, no preoperative radiography, one stage or 

 immediate implant placement, concurrent bone grafting 

 required, early implant exposure during osseointegration 

 period, non-treated periodontitis and non-compliance with 

 study protocol. The inclusion criteria were as follows: at 

 least one osseointegrated endosseous implant, immediate 

 postoperative radiography showing the vertical bone 

 level around implant to compare bone level after the 

 osseointegration period, periapical radiography showing 

 periodontal status before implant placement, and annual 

 
 
 
follow-up clinical and radiographic examinations. All 

implants were placed in a submerged healing modality 

(two-stage concept) in sites that had previously showed 

favorable bone quality and quantity (14). 

 
Diagnosis of Peri-implantitis  

Peri-implant sites were submitted to clinical examination 

based on Junior et al. (14), which consisted of visual 

inspection and palpation, analysis of mucosa inflammation, 

probing pocket depth, bleeding on probing and spontaneous 

bleeding in four aspects (mesial, buccal, distal and lingual/ 

palatine), presence of plaque, peri-implant phenotype, 

implant mobility (any mobility during percussion test), 

osseointegration period and implant platform type. 

Conventional periapical radiography, using the paralleling 

technique, was used to assess the presence of vertical 

bone loss around the implants by measuring the height of 

peri-implant bone and comparing it with the initial 

radiography taken immediately after implant placement. 

According to the clinical and radiographic characteristics of 

the peri-implant sites, volunteers were characterized as 

having healthy sites - no clinical signs of inflammation in the 

peri-implant mucosa and no signs of bone loss – or peri-

implantitis with radiographic signs of pathologic bone loss in 

at least one region. Physiological bone loss was 

characterized considering a normal bone loss of 1 mm 

during the first year following implant placement and 0.2 
 
M. for subsequent years. The diagnosis of peri-

implantitis was based on radiographic bone level. If the 

total bone loss was higher than 1 mm and 0.2 mm per 

year, the volunteer was diagnosed with peri-implantitis. 

 
Selection of Single Nucleotide Polymorphism 

(SNP) and Genotyping  
DNA from all participants was extracted from buccal 

cells after vigorously rinsing with 5 mL of saline solution for 

60 s, as described previously (15). A NanoDrop 

spectrophotometer (Thermo Scientific, Wilmington, DE, 

USA) was used to determine the amount and purity of the 

DNA. Only DNA samples showing A260 nm/A280 nm ratios 

greater than 1.9 were used. All procedures included in SNP 

selection and analysis followed the STREGA reporting 

recommendations (16). Linkage disequilibrium relationships 

and gene structure were considered to select the thirteen 

SNPs in the candidate’s genes included in this study. The 

least allele frequencies reported in the database of the 

National Center for Biotechnology Information (http:// 

www.ncbi.nlm.nih.gov/ SNP/) was >0.2 (Table 4). 
 

Real-time polymerase chain reaction using the 

TaqMan method (Applied Biosystems, Foster City, CA, 

USA), maintaining a total of 1,5-μL reaction, was used to 

genotype the regions selected in the thermal cycler PTC- 
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225 (Peltier Thermal Cycler, Bio Rad Life Science, Corston, (Table 3) showed a high prevalence for bleeding on probing, 

UK). As BMP4, FGF3 and FGF10 genes are found in the same spontaneous bleeding, high probing pocket depth, presence 

chromosome, it is believed that they may act as a unit. of plaque and implant mobility in peri-implantitis volunteers 

Therefore, polymorphisms in these genes were not analyzed (p<0.001 for all).     

individually but in combination, termed as haplotype. The polymorphic genotype TT of BMP4 rs2761884 was 

     associated with the healthy group (p=0.01). FGF3 rs4631909 

Statistical Analysis   TT+CT genotypes also showed association with the control 

 The nominal variables were expressed as frequencies group (p=0.04) (Table 5). In addition, the frequency of C 

and percentages. The chi-square was used to access the allele for FGF3 rs4631909 showed a tendency for association 

significance of the nominal variables among the groups. with the peri-implantitis group (p=0.08) (Table 6). Genotype 

Continuous variables were expressed as mean and standard distributions were within Hardy-Weinberg equilibrium. 

deviation. After the Shapiro-Wilk test showed normal Haplotypes distribution in both groups (Table 7). 

distribution, analysis of variance and the Student’s t-test The distribution of haplotypes arranged as alleles was 

were applied. Differences in the frequency of genotypes constructed for BMP4, FGF3 and FGF10 genes and assessed 

and alleles between peri-implantitis and the control groups for association. A significant association between FGF10 

were analyzed using Fisher’s exact test and chi-square test, CCTG haplotype and peri-implantitis was evident (p=0.03). 

after fitting in Hardy-Weinberg equilibrium. The p values There also was a significant association between the GAAA 

of <0.05 were considered statistically significant, and the (p=0.05) and GGGA (p=0.02) haplotypes of the BMP4 gene 

risk of individual alleles and genotypes associated with the and occurrence of peri-implantitis. FGF3 TGCG haplotype 

development of the disease was calculated by odds ratio showed a tendency for association with peri-implantitis. 

(OR) in a 95% confidence interval. Multivariate regression In order to assess risk factors concurrently, a multivariate 

analysis was used to explore many covariates simultaneously. logistic regression of individual parameters in the test groups 

Statistical analysis was applied using STATA 11.1 (Stata Corp, was performed (Table 8). This yielded adjusted odds ratios 

College Station, TX, USA). To calculate the haplotypes was (OR) for individual parameters, including age, gender, BMP4 

used the computer program ARLEQUIN (v.20-ttp://anthro. rs2761884 and FGF3 rs4631909, previously associated with 

unige.ch/arlequin).   protection against peri-implantitis. This analysis confirmed 

Results 

   previous univariate results.     

   

Discussion 

    

 Among all 215 volunteers evaluated over the course of     

one year, 148 (69%) were women and 67 (31%) men, with Evidence shows that peri-implant diseases are related 

mean age 55.12±12.63 years. No difference was found to genetic factors (17). Considering the interaction and 

between the test group (peri-implantitis) when compared modulation of the BMP/FGF axis during bone remodeling, 

with the control group (healthy) regarding the ethnicity, the study aimed to analyze the correlation between BMP4, 

gender, age and smoking habit (Table 1).  FGF3, FGF10 and FGFR1 genes in the pathological process of 

 Total edentulism (p<0.0001) and thin peri-implant peri-implant bone loss. To elucidate such association, this 

phenotype (p=0.04) were highly incident in volunteers study was conducted to evaluate a total of 215 volunteers 

with peri-implantitis (Table 2). The peri-implant status divided into two groups, according to the presence or 

        absence of peri-implantitis. 

        This  study confirmed the 

Table 1. Baseline characteristics of the complete sample 

   association of BMP4, FGF3 
   

and FGF10 haplotypes with 

        

Characteristic 

Total Control Peri-implantitis 

p-value Odds ratio (CI) peri-implantitis, irrespective 

[N=215; n (%)] [N=129; n (%)] [N=86; n (%)]      

of the presence of previously Ethnic group       

  Whites 189 (88.0) 112 (86.82) 77 (89.53) 
0.55 1.30 (0.51-3.34) 

 described Risk factors, 

  Non-Whites 26 (12.0) 17 (13.17) 9 (10.46) 

 

suggesting That different    

Age (years) 55.12 ± 12.63 53.27 ±13.18 57.89 ±11.29 0.99 ----  pathways can trigger this 

Sex       disease.    

  Female 148 (68.8) 86 (66.67) 62 (72.09) 

0.40 1.29 (0.68-2.45) 

 Peri-implantitis  affects 

  Male 67 (31.2) 43 (33.33) 24 (27.90) 

 

a group of subjects and it is    

Smoking       correlated to risk factors that 

  Non-smoker 194 (90.2) 116 (89.92) 78 (90.70) 

0.85 0.92 (0.33-2.50) 

 have been pre-established in 

  Smoker 21 (9.8) 13 (10.07) 8 (9.30) 

 

the literature, such as smoking,    
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Table 2. Clinical findings and anamnesis data of the discovery sample  
 

Parameters 

Healthy Peri-implantitis 

p value Odds ratio (CI) 
[N=129; n (%)] [N=86; n (%)]     

     

General medical condition     

  Diabetes 2 (1.56) 5 (5.81) 0.08 3.92 (0.65-29.94) 

  Rheumatoid diseases 4 (3.12) 3 (3.48) 0.87 1.13 (0.19-6.17) 

  Osteoporosis 2 (1.56) 0 (0) 0.24 0.00 (0.00-6.14) 

  Hypotireoidism 6 (4.65) 2 (2.32) 0.37 0.49 (0.07-2.76) 

  Antimicrobials 0 0 (0) --- --- 

  NSAIDs† 1 (0.78) 0 (0) 0.41 --- 

  SAIDs‡ 0 2 (2.32) 0.08 RR 2.54 (2.15-2.99) 

  Hormone reposition 4 (3.12) 3 (3.48) 0.87 1.13 (0.19-6.17) 

  Antidepressant 4 (3.12) 3 (3.48) 0.87 1.13 (0.19-6.17) 
 

III) Clini

cal measurements 

Edentulism 
 
   Total 24 (18.60) 69 (80.23) 

<0.0001 18.69 (8.79-40.34)  

  Partial 104 (80.62) 16 (18.60)    

 Periodontal phenotype      

   Thin# 48 (37.20) 44 (51,16) 
0.04 1.77 (0.98-3.20)  

  Thick 79 (61.24) 41 (47.67)    
   

NSAIDs: Nonsteroidal anti-inflammatory drugs. SAIDs: Steroidal anti-inflammatory drugs.   

Table 3. Peri-implant status of the volunteers     
       

 
Peri-implant status 

Healthy Peri-implantitis 
p value Odds ratio (CI)  

[N=129; n (%)] [N=86; n (%)]      
        

   Bleeding on probing 19 (14.73) 52 (60.46) <0.001 8.55 (4.41-17.96) 

   Spontaneous bleeding 0 (0.0) 11 (12.79) <0.001 RR 2.72 (2.27-3.26) 

   Probing pocket depth (mm) 1.86±0.99 2.46±1.26 <0.001 ------ 

   Plaque index 11 (8.52) 22 (25.58) <0.001 3.69 (1.58-8.72) 

 Peri-implant phenotype      

   Thin 50 (38.75) 43 (50,00) 
0.07 

1.65 (0.91-2.99) 
 

  Thick 79 (61.25) 43 (50.00) 
 

   

   Mobility (absence/ presence) 0 8 (9.30) <0.001 RR 2.65 (2.23-3.16) 

 Implant-platform type      

   External Hexagon 66 (51.16) 50 (58.13)   

   Internal Hexagon 10 (7.75) 8 (9.30) 
0.43 

 
 

  Morse Cone 50 (38.76) 27 (31.39) 
 

   

   Others 5 (3.87) 1 (1.16)   

 Implant region      

   Superior 63 (48.83) 43 (50.00) 
0.78 0.93 (0.52-1.66)  

  Inferior 68 (52.71) 43 (50.00)    

   Osseointegration 
33.95±31.07 35.85±37.42 0.70 

--- 
 

period (months) 
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poor oral hygiene, diabetes and history of periodontal 

diseases (18). Therefore, with the purpose of better 

understanding the correlation between risk factors and 

the development of peri-implantitis, this study included 

smokers and subjects with systemic disease, showing 

that there is a correlation between diabetes with the 

development of peri-implantitis. However, it was not 

evident that smoking is a possible risk indicator for peri-

implantitis, which may indicate that other non-described 

factors may trigger peri-implant bone loss.  
Although no studies in the literature discuss the 

importance of the correlation between BMP and FGF in 

implant dentistry, the whole process of bone formation, 

bone repair and homeostasis is widely mediated by these 

soluble factors associated with their receptors (19).  
In an endeavor to elucidate the relationship between the 

genetic factor and peri-implantitis, genotypes and allele 

frequencies in specific regions in BMP4, FGF3, FGF10 and 

FGFR1 genes were evaluated using the data from the 

International HapMap Project (20). The results of the single 

marker showed that BMP4 rs2761884 (G>T) and FGF3 

rs4631909 (C>T) substitutions were associated with 

absence of peri-implantitis and there seems to be no major 

influence of the other gene encoding mediator in bone 

remodeling. However, when different regions in the same 

gene were analyzed together, in an endeavor to understand 

the effect of the different regions responsible for the 

expression of the gene, an association among GGGA and 

GAAA BMP4, TGCG FGF3 and CCTG FGF10 haplotypes 

with pathologic peri-implant bone loss was clearly observed. 
 

The study of Ren et al. (21) found that BMP4 TGGGCTT 
 
Table 4. Characteristics of genetic markers 

 
haplotype was associated with the overexpression of 

BMP4 mRNA in subjects with ossification of the 

posterior longitudinal ligament. Guimaraes et al. (8) 

analyzed multiple variants in the BMP4 gene and 

believe that the BMP4 haplotype may trigger the 

exacerbated expression of BMP4, interfering in bone 

homeostasis and causing the non-union of fractures.  
The antagonism between BMP and FGF contributes to 

the repair of bone lesions. FGF/FGFR signaling is present in 

endochondral and intramembranous bones and plays 

important roles in regulating their development and growth 

(22). In the present study, it is clear that individuals carrying  
(1) genotype for FGF3 rs4631909 have increased risk of 

peri-implantitis, in contrast to the TT genotype, which 

acts as a protective factor even when analyzed together 

with other areas of the same chromosome. Furthermore, 

it is important to consider that FGFR1 is a positive 

regulator for bone formation: it has a synergistic effect 

with FGFR2 and stimulates osteoblastic differentiation 

(23). FGFR1 and FGFR2 are important in regulating the 

morphology and patent of craniofacial sutures (24). 

However, in this study, FGFR1 rs13317 was not 

associated with peri-implantitis. It is possible that the 

variant of FGFR1 favors adequate bone repair. 
 

In summary, evidence was obtained for the association 

among the BMP4, FGF3 and FGF10 haplotypes with peri-

implantitis. However, further studies are required (larger 

samples with different populations, greater knowledge of the 

genes involved in bone destruction around implants) to 

confirm these findings and to identify other genes 

responsible for the susceptibility to the development 
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Gene SNP ID Chromosome SNP Type Base change* MAF** 

 rs2761884 Ch14 intron G>T 0.366 

BMP4 

rs17563 Ch14 exon C>T 0.371 

rs2071047 Ch14 intron A>G 0.401  

 rs762642 Ch14 intron A>C 0.352 

 rs7932320 Ch11 intron C>T 0.486 

FGF3 

rs1893047 Ch11 intron A>G 0.428 

rs4631909 Ch11 intergenic C>T 0.478  

 rs4980700 Ch11 intergenic A>G 0.439 

 rs1448037 Ch5 intron C>T 0.361 

FGF10 

rs900379 Ch5 intron C>T 0.483 

rs1011814 Ch5 intron C>T 0.485  

 rs593307 Ch5 intron A>G 0.364 

FGFR1 rs13317 Ch8 3`UTR C>T 0.275 
 
*Base change according to Applied Biosystem; **MAF: minor allele frequency according to GenBank; Base change in BMP4 rs 17563 had as 

reference the Esembl. 
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Table 5. Genotype frequencies of the SNPs in all volunteers 
 

Gene SNP Genotypes 

Healthy Peri-implantitis 

p value* 
[N=129; n (%)] [N=86; n (%)]     

  GG 48 (37.20) 36 (41.86)  

 
rs2761884 

GT 55 (42.64) 41 (47.67) 0.01 
 

TT 23 (17.83) 4 (4.65) 
 

   

  GT+TT 78 (60.46) 45 (52.32) 0.36 

  AA 27 (20.93) 22 (25.58)  

 
rs17563 

AG 64 (49.61) 40 (46.51) 0.63 
 

GG 34 (26.36) 19 (22.09) 
 

   

BMP4 
 AG+GG 59 (45.73) 98 (113.95) 0.55 
 

AA 19 (14.73) 9 (10.46) 
 

   

 
rs2071047 

AG 48 (37.21) 44 (51.16) 0.15 
 

GG 50 (38.76) 27 (31.39) 
 

   

  AG+GG 69 (53.49) 36 (41.86) 0.32 

  AA 105 (81.39) 72 (83.72)  

 
rs762642 

AC 18 (13.95) 9 (10.46) 0.46 
 

CC 
 

0 
 

0 
 

     

  AC+CC 18 (13.95) 9 (10.46) --- 

  CC 24 (18.60) 18 (20.93)  

 
rs7932320 

CT 51 (39.53) 38 (44.18) 0.47 
 

TT 52 (40.31) 27 (31.39) 
 

   

  CT+TT 103 (79.84) 65 (75.58) 0.62 

  AA 39 (30.23) 18 (20.93)  

 
rs1893047 

AG 56 (43.41) 40 (46.51) 0.27 
 

GG 31 (24.03) 26 (30.23) 
 

   

FGF-3 
 AG+GG 87 (67.44) 66 (76.74) 0.12 
 

CC 20 (15.50) 23 (26.74) 
 

   

 
rs4631909 

CT 56 (43.41) 38 (44.18) 0.05 
 

TT 53 (41.08) 24 (27.90) 
 

   

  CT+TT 109 (84.49) 62 (72.09) 0.04 

  AA 43 (33.33) 19 (22.09)  

 
rs4980700 

AG 56 (43.41) 37 (43.02) 0.25 
 

GG 29 (22.48) 24 (27.90) 
 

   

  AG+GG 85 (65.89) 61 (70.93) 0.13 

  CC 46 (35.65) 37 (43.02)  

 
rs1448037 

CT 61 (47.28) 36 (41.86) 0.32 
 

TT 21 (16.28) 9 (10.46) 
 

   

  CT+TT 67 (51.93) 46 (53.48) 0.59 

  CC 30 (23.25) 24 (27.90)  

 
rs900379 

CT 63 (48.84) 33 (38.37) 0.36 
 

TT 35 (21.13) 27 (31.39) 
 

   

FGF-10 

 CT+TT 98 (75.97) 60 (69.76) 0.4 

 
CC 36 (27.90) 26 (30.23) 

 
   

 
rs1011814 

CT 61 (47.28) 34 (39.53) 0.73 
 

TT 29 (22.48) 19 (22.09) 
 

   

  CT+TT 90 (67.77) 53 (61.62) 0.51 

  AA 24 (18.60) 12 (13.95)  

 
rs593307 

AG 59 (45.73) 32 (37.20) 0.29 
 

GG 39 (30.23) 33 (38.37) 
 

   

  AG+GG 63 (48.83) 45 (52.32) 0.35 

  CC 5 (3.87) 5 (5.81)  

FGFR1 rs13317 
CT 39 (30.23) 35 (40.70) 0.13 

TT 83 (64.34) 42 (48.83) 
 

   

  CT+TT 122 (94.57) 77 (89.53) 0.48 
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Table 6. Allele distribution between groups  
 
Gene SNP ID A1 MAF Control MAF Test p value Odds ratio 95% CI 

        

 rs2761884 T 0.40 0.30 0.13 1.56 0.83-2.92 

BMP4 

rs17563 A 0.47 0.52 0.47 0.82 0.45-1.48 

rs2071047 A 0.37 0.39 0.77 1.09 0.59-2.01  

 rs762642 C 0.07 0.06 0.77 0.85 0.24-2.94 

 rs7932320 C 0.39 0.45 0.39 1.28 0.70-2.34 

FGF3 

rs1893047 A 0.53 0.45 0.25 0.73 0.40-1.31 

rs4631909 C 0.37 0.49 0.08 1.64 0.90-2.99  

 rs4980700 G 0.45 0.53 0.25 1.38 0.76-2.50 

 rs1448037 T 0.40 0.33 0.63 0.87 0.46-1.63 

FGF10 

rs900379 T 0.47 0.46 0.89 0.96 0.54-1.70 

rs1011814 C 0.47 0.51 0.57 1.17 0.65-2.12  

 rs593307 A 0.44 0.36 0.24 0.72 0.39-1.31 

FGFR1 rs13317 C 0.19 0.27 0.17 1.58 0.77-3.24 
         
A1: Minor allele (based on whole sample)/ MAF_C: minor allele frequency in control/ MAF_T: minor allele frequency in test. *p calculated by chi-

square test. p-values <0.05 are considered significant 

 
 
Table 7. Haplotypes distributions in all groups  
 
  Frequency estimation    

Gene Haplotype 

  

p value Odds Ratio 95% CI Healthy Peri-implantitis 
     

  [N=129; n (%)] [N=86; n (%)]    
       

 TGGA 0.36 0.25 --- 1.00 --- 

 GAAA 0.29 0.32 0.05 0.57 0.32-1.01 

BMP4 GGGA 0.15 0.22 0.02 0.48 0.25-0.91 

(rs2761884; rs17563; 

GAGA 0.07 0.09 0.11 0.52 0.23-1.15 rs2071047; rs762642) 

 GAAC 0.05 0.04 0.81 1.14 0.41-3.11 

 TAGA 0.03 0.03 0.58 0.72 0.22-2.36 

 TATA 0.52 0.43 --- 1.00 --- 

FGF3 
CGCG 0.30 0.36 0.11 0.71 0.46-1.08 

      

(rs7932320; rs1893047; TGCG 0.05 0.10 0.05 0.48 0.23-1.01 

rs4631909; rs4980700) 
CGTG 0.07 0.04 0.58 1.28 0.54-3.04  

 TGTA 0.01 0.01 0.93 1.09 0.15-8.02 

 CTCG 
0.50 

0.49 --- 1.00 --- 
      

FGF10 TCTA 0.39 0.31 0.33 1.24 0.81-1.89 

(rs1448037; rs900379; 

CCTG 0.05 0.13 0.03 0.46 0.23-0.94 
rs1011814; rs593307)       

 CTCA 0.01 0.01 0.73 1.43 0.19-10.91 

 CCTA 0.01 0.01 0.98 0.96 0.08-11.09 
        
*p-values <0.05 are considered significant. 
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Table 8. Multinominal logistic regression results for the diseased 

groups (reference = peri-implantitis group)   
Parameters Z p-value Odds Ratio 95% CI 

Age -2.58 0.01 0.96 0.94-0.99 

BMP4 rs2761884     

  GG --- 1.0 --- --- 

  GT 0.36 0.71 1.11 0.60-2.06 

  TT 2.61 0.009 4.40 1.44-13.43 

FGF3     

  CG --- 1.0 --- --- 

  CT 1.45 0.14 1.75 0.82-3.75 

  TT 2.67 0.008 3.02 1.34-6.83 

 

 
of peri-implantitis, and thus provide new approaches to 

molecular-level investigations when treating these volunteers, 

increasing the rate of success in implant rehabilitation. 

 

Resumo  
 Apesar do alto índice de sucesso em implantodontia, falhas tem aumentado 

 drasticamente, estando associadas ao desenvolvimento de peri-implantite. 

 A perda óssea peri-implantar é influenciada por múltiplos fatores, incluindo 

 causas genéticas e ambientais. As BMPs (proteínas ósseas morfogenéticas) 

 são fatores de crescimento indutores da formação óssea. Os FGFs (fatores 

 de crescimento dos fibroblastos) e seus receptores (FGFRs) desenvolvem 

a
l.

 

importante função na proliferação, diferenciação e migração celular. A 

relação BMP/FGF é responsável pela regeneração e perda óssea. O objetivo 

E
t 

deste estudo foi estudar a possível correlação entre os genes BMP4, 

C
oe

lh
o 

FGF3, FGF10 e FGFR1 e a perda óssea peri-implantar. Duzentos e quinze 
 

B
. 

voluntários, com 754 implantes, foram submetidos ao exame oral e divididos 

em grupo saúde (n=129) e peri-implantite (n=86). Treze polimorfismos 

R
. 

nos genes BMP4, FGF3, FGF10 e FGFR1 foram analisados individualmente  

 e como haplótipos. O teste do qui-quadrado correlacionou as frequências 

 dos genótipos, alelos e haplótipos. Valores de p<0,05 foram considerados 

 estatisticamente significantes. Voluntários com peri-implantite mostraram 

 alta incidência de edentulismo total (p<0,0001) e biotipo periodontal 

 fino (p<0,04). Sangramento espontâneo, placa e mobilidade do implante 

 foram altamente incidentes no grupo peri-implantite (p<0,0001). O 

 genótipo polimórfico TT para BMP4 rs2761884 foi associado com saúde 

 peri-implantar (p=0,01). FGF3 rs4631909 (genótipos TT+CT) mostraram 

 associação com o grupo controle (p=0,04). A frequência do alelo C para 

 FGF3 rs4631909 mostrou uma tendência de associação com peri-implantite 

 (p=0,08). Os haplótipos FGF10 CCTG (p=0,03), BMP4 GAAA (p=0,05) e 

 GGGA (p=0,02) foram associados com peri-implantite (p=0,03). Sendo 

 assim, conclui-se que os haplótipos BMP4 e FGF10 estão associados com 

 peri-implantite. 
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ABSTRACT 

Subjects susceptible to chronic periodontitis (CP) show a high risk for the development of 

peiimplantitis (PI). Both diseases are multifactorial, presenting similarities in their 

pathophysiology and polygenic profile. MMP-13 (matrix metalloproteinases 13/ collagenase 3) 

is a collagenolytic enzyme, which expression is induced by TGF beta 3 (transforming growth 

factor type 3) in human gingival fibroblasts and inhibited by TIMP-2 (tissue inhibitor of 

metalloproteinase type 2). The aim of this study was to investigate the occurrence of 

peiimplantitis (PI) in subjects with history of chronic periodontitis (CP) and polymorphisms 

frequency in MMP13, TIMP2 and TGFB3 genes. One hundred and sixty-three volunteers 

received dental implant placement were submitted to oral and radiographic examination in 

order to identify past history of CP or presence of PI. Volunteers were divided into 4 groups: 

Control (without PI and CP, n=72), CP (with CP and without PI, n=28), PI (with PI and 

without CP, n=28) and diseased (with CP and PI, n=35). The chi-square test correlated 

genotypes in specific regions of MMP13 (rs2252070), TIMP2 (rs7501477) and TGFB3 

(rs2268626) genes, considering the interaction between CP and PI. The results showed that 

volunteers with CP had 3.2 times more susceptibility to develop PI (p=0.0004) compared to 

those without CP. No significant association was observed in MMP13, TIMP2 and TGFB3 genes 

with CP or PI. CP is a risk factor to develop PI, however, there is no association of both 

diseases with polymorphisms in the MMP13, TIMP2 and TGFB3 genes. 
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RESUMO 

Indivíduos susceptíveis à periodontite crônica (CP) apresentam alto risco para o 

desenvolvimento de periimplantite (PI). Ambas doenças são multifatoriais e apresentam 

similaridades na patofisiologia e perfil poligênico. A MMP-13 (metaloproteinase da matriz tipo 

13) é uma enzima colagenolítica cuja expressão é induzida por TGF beta 3 (fator 

transformador do crescimento tipo 3) nos fibroblastos gengivais humanos e inibida por TIMP-2 

(inibidor tecidual de metaloproteinase tipo 2). O objetivo deste estudo foi investigar a 

ocorrência de periimplantite em sujeitos com periodontite crônica e a frequência dos 

polimorfismos nos genes MMP13, TIMP2 e TGFB3. Cento e sessenta e três voluntários 

submetidos à instalação de implantes endósseos foram analisados clínica e radiograficamente 

quanto à presença de histórico de CP e PI, sendo divididos em 4 grupos: Controle (sem 

história de CP e PI, n=72), CP (com CP e sem PI, n=28), PI (com PI e sem CP, n=28) e 

Doentes (com CP e PI, n=35). O teste do qui-quadrado correlacionou os genótipos nas 

regiões dos genes MMP13 (rs2252070), TIMP2 (rs7501477) e TGFB3 (rs2268626), 

considerando a interação entre CP e PI. Os resultados mostraram que voluntários com CP 

possuem 3.2 vezes mais chances de desenvolver PI (p=0.0004) comparados aos sem CP. 

Nenhuma associação significativa foi observada entre os genes MMP13, TIMP2 e TGFB3 e CP 

ou PI. A CP é um fator de risco ao desenvolvimento de PI, no entanto, não há associação 

entre ambas as doenças com polimorfismos nos genes MMP13, TIMP2 e TGFB3. 

INTRODUCTION 

The increased failure rate in implant dentistry is associated with the development of 

periimplant disease (PID)1. The main causes of PID have been attributed to 

biomechanical failure resulting from bacterial infection and occlusal overload, in which 

the main risk factors are poor oral hygiene, smoking, diabetes mellitus, as well as 

periodontitis. The implant success rate in patients without a history of periodontitis is 

96.5%, whereas in patients with a history of periodontitis it is 90.5% 1,2. 

Microbial etiology of PID is closely related to the microbiota associated with chronic 

periodontitis (CP). However, the individual's immune response to bacterial insult is 

responsible for the development or cessation of the disease, including a profile of the 

immune response regulated by different cytokines 3. Increased levels of 

immunoregulatory molecules, such as IL-1-b (interleukin-1 beta), IL-6 (interleukin-6), 

TNF (tumor necrosis factor) and PGE2 (prostaglandin E2), have been observed in 

periodontitis and periimplantitis sites compared with healthy sites 4,5,6. 

Overexpression of these cytokines may result in the destruction of mineralized and/or 

non-mineralized tissues through autocrine or paracrine induction. This stimulates other 

biological mediators such as matrix metalloproteinases (MMPs) 7 family, which is 

composed of 23 enzymes able of degrading most extracellular matrix (ECM) proteins, 

including native and denatured collagen 7,8. 

MMP-13 (collagenase-3) is the third member of collagenase subfamily of MMPs and it is a 

potent gelatinolytic and collagenolytic enzyme 8 expressed by different cell types, like 

fibroblasts in different anatomical sites, chondrocytes, osteoblasts, dental pulp cells and 

endothelial cells 9,10. 

The activity of these MMPs is primarily controlled by tissue inhibitors, known as TIMPs, 

which have an N-terminal domain able to inhibit MMPs. The balance between MMPs and 

TIMPs determines the degree of ECM degradation, together with hormones, oncogenic 

products, pro- and anti-inflammatory cytokines and growth factors 10,11. 
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TGF-beta is among the main growth factors involved in the regulation of ECM in the 

periodontal tissue and it has shown to block or initiate cell differentiation and migration, 

becoming overexpressed after placement of endosseous implants. TGF-beta 3 has a 

central role in fibroblastic proliferation and differentiation, stimulating collagen 

deposition 12. 

TGF-beta is able to induce the expression of MMP-13 in human gingival fibroblasts in 

wound healing, by a cascade of mitogen-activated protein kinases (MAPK), p38 and 

complex AP-1 (activating protein-1). This suggests that MMP-13 plays an important role 

in the rapid remodeling of the extracellular matrix collagen during repair of periodontal 

lesions 9. In addition, the inflammatory process is controlled by genetic factors. Recent 

studies have focused on the individual genetic pattern to explain the common etiology of 

periodontitis and periimplantitis, but have yielded conflicting results and limited analyses 

of specific regions in a single gene 5. 

Taking into account that homeostasis is regulated by MMP-13 and considering its 

regulators in the mineralized and non-mineralized tissues, the aim of this study was to 

evaluate the occurrence of periimplantitis (PI) in subjects with history of chronic 

periodontitis (CP) and its interaction with polymorphisms in MMP13, TIMP2 and TGFB3 

genes. 

MATERIAL AND METHODS 

Volunteer Selection 

One hundred and sixty-three individuals, presenting 587 osseointegrated endosseous 

implants, were selected for this cross-sectional study over the course of one year at the 

Dental Implantology Clinic of the Dental School at the Universidade Federal Fluminense, 

Niterói, RJ, Brazil. The clinical procedures were conducted in accordance with the 

recommendations from the University Research Ethics Board (Registration number 

286.354). Informed consent was obtained from all participants. Volunteers answered a 

personal, medical and dental history anamnesis. The exclusion criteria were: implant 

failure (pathologic bone loss, implant mobility or implant loss) before the 

osseointegration period (3 months for mandible and six months for maxilla), 

bisphosphonate use, pregnancy and/or lactation in female volunteers, lack of 

preoperative radiography, one stage or immediate implant placement, concurrent bone 

grafting required, early implant exposure during osseointegration period, non-treated 

periodontitis and non-compliance with study protocol. The inclusion criteria were as 

follows: at least one osseointegrated endosseous implant, immediate postoperative 

radiography showing the vertical bone level around implant to compare bone level after 

the osseointegration period, periapical radiography showing periodontal status before 

implant placement, and annual follow-up clinical and radiographic examinations. All 

implants were placed in a submerged healing modality (two-stage concept) in sites that 

had previously shown favorable bone quality and quantity. 

Diagnosis of Periimplantitis 

All periimplant regions were clinically and radiographically evaluated. Clinical examination 

of the periimplant sites consisted of visual inspection and palpation, analysis of mucosa 

inflammation, probing pocket depth, bleeding on probing and spontaneous bleeding on 

four surfaces (mesial, buccal, distal and lingual/palatine), presence of plaque, periimplant 

phenotype, implant mobility (any mobility during percussion test), osseointegration 

period and implant platform configuration. Conventional periapical radiography, using the 

paralleling technique, was used to assess the vertical bone loss around the implants 

measuring the height of periimplant bone and comparing it with the initial radiography 

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B12
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B9
http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B5


160 
 

taken immediately after implant placement. According to the clinical and radiographic 

characteristics of the periimplant sites, volunteers were characterized as having healthy 

sites - no clinical signs of inflammation in the periimplant mucosa and no signs of bone 

loss - or periimplantitis with radiographic signs of pathologic bone loss in at least one 

region. Physiological bone loss was characterized considering as normal bone loss of 1 

mm during the first year following implant placement and 0.2 mm for subsequent years. 

According to the implant osseointegration period, the total amount of bone loss was 

calculated based on the difference between immediate postoperative radiography and 

diagnosis radiography (at the moment of periimplant examination). If total bone loss was 

more than 1 mm and 0.2 mm per year, the volunteer was diagnosed with periimplantitis. 

Diagnosis of Chronic Periodontitis 

Volunteers were characterized as healthy (without history of chronic periodontitis) or 

having chronic periodontitis (with a history of chronic periodontitis). 

The diagnosis of chronic periodontitis was established on radiographic parameters, 

including periapical radiographic analysis showing horizontal bone resorption before 

implant placement and assessment of clinical examination and past dental history, to 

differentiate chronic from aggressive periodontitis. 

Diagnosis and classification of generalized chronic periodontitis was based on 

Armitage 13. All volunteers diagnosed with chronic periodontitis have been treated and 

were under regular follow-up care. 

Based on periimplant and periodontal status, volunteers were divided into the following 

groups: healthy - control group (no history of chronic periodontitis and periimplantitis, 

n=72); and test-case groups: disease (with a history of chronic periodontitis and 

periimplantitis, n=35); chronic periodontitis (chronic periodontitis history without 

periimplantitis, n=28) and periimplantitis (with periimplantitis without chronic 

periodontitis, n=28). 

Single Nucleotide Polymorphism Genotyping 

Genomic DNA was obtained from saliva samples, as previously described 14. The amount 

and purity of the DNA was determined by the spectrophotometer (Nanodrop(r) 1000; 

Thermo Scientific, Wilmington, DE, USA). Only DNA samples presenting 

A260nm/A280nm ratio greater than 1.8 were used. All examiners at the laboratories 

were blinded to the group assignment. Analyses for the presence of polymorphism in the 

MMP13 (rs2252070), TIMP2 (rs7501477) and TGFb3 (rs2268626) (Table 1) 

Table 1 Characteristics from polymorphic regions  

 

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B13
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genes were performed from the reactions of real-time polymerase chain reactions using 

the Taqman assay (Stratagene Mx3005P; Agilent Technologies, Santa Clara, CA, USA). 

Primers, probes and the universal master mix were provided by Applied Biosystems 

(Foster City, CA, USA). 

Statistical Analyses 

Nominal variables were expressed as frequencies and percentages. To access the 

significance of nominal variables among the groups, the chi-square (χ2) test was applied. 

Continuous variables were expressed as means and standard deviations. After the 

Shapiro-Wilk test evaluated the distribution among variables, analysis of variance 

(ANOVA), t-test or Mann-Whitney tests were used to compare means among the groups, 

when the variables presented normal or non-normal distribution. Differences in the 

prevalence of genotypes and alleles among the groups were analyzed using the Pearson 

chi-square (χ2) test after fitting for Hardy-Weinberg equilibrium. Values of p<0.05 were 

considered statistically significant. Statistical analyses were performed using Stata 11.1 

(StataCorp, College Station, TX, USA). 

RESULTS 

One hundred sixty-three volunteers were evaluated over the course of one year. The 

sample consisted of 110 (67.5%) females and 53 (32.5%) males, with a mean age of 

55.4 ±13.2 years. No difference was found among the test groups (diseased; chronic 

periodontitis only; periimplantitis only) compared with the control group regarding the 

ethnic group, age, gender and smoking habits. In contrast, comparing with the control 

volunteers, the prevalence of diabetes showed a higher incidence (8.6%) in the diseased 

group (p=0.06) (Table 2). 

Table 2 Baseline characteristics from volunteers included in the study  

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#t2
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CI: confidence interval. 

Taking into account the periimplant status (Table 3), 

Table 3 Periimplant status of the studied population  
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Plaque accumulation around implant was highly prevalent in all test groups compared 

with control (p<0.01). In addition, spontaneous bleeding was significantly higher in the 

diseased (p=0.01) and the periimplantitis (p=0.004) groups, as well as bleeding on 

probing (p<0.0001). A tendency for higher probing pocket depth was also observed in 

the diseased group (p=0.05). Considering the platform type of implant, there was no 

difference among groups. However, volunteers with history of CP showed 3.2 times more 

chance of developing PI than volunteers without CP history (Table 4). 

Table 4 Correlation between history of chronic periodontitis and periimplantitis  

http://www.scielo.br/img/revistas/bdj/v27n2/1806-4760-bdj-27-02-00128-gt3.jpg
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CI: confidence interval. 

Genotype distributions were within Hardy-Weinberg equilibrium analyses (data not 

shown). All genotypes and allele frequencies were compared between control group and 

each test group to further clarify the results. Genotypes and allele frequencies for MMP13 

(rs2252070), TIMP2 (rs7501477) and TGFB3 (rs2268626) showed no association with 

test groups (Table 5). When adjusted by age (data not shown), the results were similar 

for all genotype associations. 

Table 5 Allele and genotype frequencies of SNP markers  

http://www.scielo.br/img/revistas/bdj/v27n2/1806-4760-bdj-27-02-00128-gt4.jpg
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DISCUSSION 

Based on the previously established relationship between periimplantitis and chronic 

periodontitis 2, the aim of this study was to investigate the association between genetic 

information contained in the DNA, considering the MMP13, TIMP2 and TGFB3 genes, 

involved in the homeostasis of ECM, with the development of periimplantitis in volunteers 

with a history of chronic periodontitis. The results showed that, despite the clinical 

differences observed among groups, polymorphisms in the MMP13, TIMP2 and TGFB3 

genes have no association with both diseases. 

These results also showed the association among several risk factors for periodontitis, 

already established in the literature, like diabetes 15) and plaque accumulation 1 in 

volunteers with periimplantitis. This association may indicate that, as in periodontitis, 

external factors have direct influence in the spread of periimplantitis, irrespective the 

history of chronic periodontitis. 

http://www.scielo.br/img/revistas/bdj/v27n2/1806-4760-bdj-27-02-00128-gt5.jpg
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There is a predominance of anaerobic bacteria in periimplant plaque accumulation, as 

well as CP, such asPorphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, 

Prevotella intermedia, Treponema denticolaand Tannerella forsythenses16,17, which cause 

apical spread of infection and culminate in the loss of surrounding bone through 

mechanisms similar to the ones that destroy ECM. This exaggerated immune response, 

mediated by T helper cells 1 (Th1) or Th2 cells, will determine the stability or progression 

of the lesion. However, considering that the periimplant tissue has anatomical differences 

and particularities that anatomically distinguish it from the periodontium, the presence of 

pathogens in the periimplant tissue results in the disruption of the mucosal seal, 

considered as the only physical barrier against bacterial penetration, leading to the rapid 

extension of the pathological pocket to the bone tissue 18. 

The periimplant mucosa is less capable of recovering from lesions associated with plaque 

than the gingiva 18,19. However, most of the volunteers who received implants have a 

history of periodontitis and, therefore, a destructive inflammatory tissue response as 

consequence of microbiota changes. This immune response may lead to a higher 

incidence of periimplant bone loss (periimplantitis) observed in subjects with CP, as 

demonstrated in the present research. 

This excessive destruction of connective tissue components plays a role in the loss of 

functional tissue architecture 7. Within this context, the equilibrium in the activity of 

MMPs, controlled primarily by protein tissue inhibitors (TIMPs), represent a crucial aspect 

for the maintenance of the ECM homeostasis 20 in the periimplant soft tissue, as response 

to the presence of pathogens. MMP-13 has a high ability to digest type II collagen and its 

gelatinase activity is 40-fold greater than MMP-1 and MMP-8 20. The presence of protein 

derived from P. gingivalis is able to decrease the amount of TIMP-2, a potential regulator 

of MMP-13, suggesting that this may be a pathological mechanism that promotes tissue 

destruction. Furthermore, TIMP-2 has erythroid- and mitogenic-potentiating activity, but 

its overexpression reduces the growth of tumor cells 21, which justifies its reduction to be 

associated with ECM tissue destruction by MMPs. 

On the other hand, TGF beta may induce the expression of MMP-13 in human gingival 

fibroblasts reducing the expression of TIMP-2 22. Therefore, changes in the levels of these 

molecules may offer greater protection or susceptibility to periimplantitis. Genetic 

modifications may be associated to a greater or lesser degree with the production of 

these molecules, or interfere in their physiology 5. 

Polymorphism in the MMP13 gene was previously associated with the development of 

colorectal cancer, aneurysm of the abdominal aorta, tooth agenesis and caries 11,23. In 

addition, polymorphisms in the TGFB3 gene were associated with non-syndromic cleft lip 

and development of tooth agenesis 24. Some studies have shown a clear association 

between various genetic polymorphisms, including IL-6 gene with PID 5 and 

periodontitis 25, but so far no studies have correlated the presence of comorbid history of 

CP with PID and polymorphisms in genes associated with ECM homeostasis 

This study evaluated for the first time the biological relationship between CP and PI 

considering polygenic profile in MMP3, TIMP2 and TGFB3. Despite having found no 

genetic predisposition associated with both diseases, the authors state that CP is a risk 

factor for PI development. In order to investigate the central role of this pathway in 

periodontitis and periimplantitis pathogenesis, further studies analyzing gene expression 

and protein levels from gingival and bone tissues in a bigger sample size should be 

encouraged. The findings of this study leads to the belief that novel methods, such as 

gene therapy (with local or systemic applications) and tissue engineering, may be 

developed for implant dentistry based on genetic response. 

http://www.scielo.br/scielo.php?pid=S0103-64402016000200128&script=sci_arttext#B16
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It is possible to conclude that chronic periodontitis is a risk factor for periimplantitis. 

However, polymorphisms in MMP13, TIMP2 and TGFB3 are not associated with the 

development of periimplantitis. 
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ANEXO IV: APROVAÇÃO DO COMITÊ DE ÉTICA EM PESQUISA 
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ANEXO V - FICHA PARA COLETA DE DADOS 

               ID_____                               
 
Idade do paciente ao iniciar o tratamento:__________Gênero: _________________ 
Ausências dentárias apresentadas pelo 
paciente:____________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Doenças crônicas  pré-existentes apresentadas: 
___________________________________________________________________
___________________________________________________________________ 
 
Medicamentos de uso contínuo utilizados: 
___________________________________________________________________
___________________________________________________________________ 
 
Expectativas do paciente com  o tratamento a ser 
realizado:____________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Especificação  dos implantes instalados e respectivos locais nas 
arcadas_____________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Especificação dos Implantes que não obtiveram osseointegração por ocasião do 
segundo tempo cirúrgico ou na colocação da prótese e respectivos locais nas 
arcadas 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Tipos de reabilitações protéticas realizadas sobre os implantes instalados: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
 
Intercorrências cirúrgicas  acontecidas por ocasião no período imediatamente pós-
operatório até a remoção da sutura. 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 


