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Prevalência das doenças peri-implantares em implantes hexágono externo e cone morse: 
Estudo transversal 
 

RESUMO 
 

Objetivo: Comparar a prevalência de mucosite e peri-implantite em implantes dentários com 
conexão implante/pilar tipo hexágono externo (HE) e cone morse (CM). 
Metodologia: Indivíduos com implantes dentários com no mínimo 1 ano em função foram 
examinados clínica e radiograficamente e classificados de acordo com as recomendações do 
consenso mais recente para definição de casos. As frequências de indivíduos e implantes 
foram comparadas por meio do Teste Exato de Fisher. Variáveis clínicas foram comparadas 
por meio do teste Mann-Whitney e as diferenças nas frequências das doenças entre os dois 
tipos de conexão foi avaliada pelo teste do Qui-Quadrado a um nível de significância de 5%. 
Resultados: Um total de 27 indivíduos (16 com implantes tipo HE, 8 com implantes tipo CM 
e 3 com os dois tipos de implantes) e 90 implantes foram incluídos no estudo. Entre todos os 
implantes avaliados, 45 eram HE e 45 CM. Distribuição de frequência dos pacientes de 
acordo com gênero, diagnóstico periodontal, rotina de visitas ao dentista, índice de placa 
(boca toda), hábitos de fumo e diabetes não tiveram diferença estatística entre os grupos 
(p>0,05). Com exceção do tipo de prótese, todos os outros parâmetros relacionados aos 
implantes apresentaram diferença estatística significante entre o grupo HE e o grupo CM 
(p<0,05). Além disso, o nível ósseo, o índice de placa e o sangramento à sondagem também 
foram estatisticamente diferentes (p <0,05). Quanto aos indivíduos, as prevalências de 
mucosite foram 53,3% (HE), 87,5% (CM) e 33,3% (HE + CM) e as de peri-implantite foram 
37,5% (HE), 12,5% (CM)  e 66,7% (HE + CM). Com relação aos implantes, as prevalências 
de mucosite foram 80% (HE) e 84.4% (CM). Não houve diferença estatisticamente 
significante nas prevalências das doenças peri-implantares entre os 2 grupos avaliados. 
Conclusão: A prevalência das doenças peri-implantares foi alta nos dois grupos estudados 
mas sem diferença estatística entre eles. O tipo de conexão implante/pilar parece não ser um 
fator que pode influenciar na prevalência da doença peri-implantar quando comparados 
implantes com tempo em função similares. 
 
Palavras-Chave: Conexão implante-pilar. Cone morse. Mucosite. Peri-implantite. Saúde 
peri-implantar. Prevalência. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

	

Prevalence of peri-implant diseases in implants with external hexagon and cone morse 
connections: a cross-sectional study 
 

ABSTRACT 
 

Objective: To compare the prevalence of mucositis and peri-implantitis in dental implants 
with external hexagon (EH) and cone morse (CM) connections. 
Methods: Individuals with dental implants (1 to 3 years in function) were clinically and 
radiographically examined and classified according to the most recent case definition 
consensus for peri-implant diseases. Frequency of different patient and implant variables were 
compared with Fisher’s exact test. Clinical variables were compared with Mann-Whitney test, 
and differences in prevalences with Chi-square test at a significance level of 5%. 
Results: A total of 27 subjects (16 with EH implants, 8 with CM implants, and 3 with both 
EH and CM), and 90 implants were included in the study. Among the implants evaluated, 45 
were EH and 45 CM. Frequency distribution of the patients according to gender, periodontal 
status, routine visits to the dentist, full mouth plaque index, smoking habit, and diabetes 
showed no statistical differences between groups (p>0.05). Except for prosthesis type, all the 
other implant parameters showed statistically significant differences between EH and CM 
implants (p<0.05). Moreover bone level, plaque index and bleeding on probing were also 
statistically different (p<0.05). At patient level, the prevalences of mucositis were 56.3% 
(EH), 87.5% (CM) and 33.3% (EH+CM), and peri-implantitis were 37.5% (EH), 12.5% (CM) 
and 66.7% (EH+CM). At implant level the prevalences of mucosites were  80% (EH) and 
84.4% (CM), and peri-implantitis 17.8% (EH)  and 15.6% (CM). No statistical differences in 
the prevalences of peri-implant diseases were observed between the two groups.  
Conclusion: The prevalence of peri-implant diseases was high in both studied groups with no 
statistical differences between EH and CM implants. The type of implant/abutment 
connection does not seem to impact on the prevalence of peri-implant diseases when implants 
with similar time in function are compared. 
 
Keywords: Implant-abutment connections. Cone Morse. Mucositis. Peri-implantitis. Peri-
implant health. Prevalence. 
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REVISÃO DE LITERATURA 

 

Nos últimos 50 anos a terapia com implantes osseointegrados evoluiu de tratamentos 

experimentais para uma opção altamente previsível ao se reabilitar elementos perdidos 

(BUSER; SENNERBY; DE BRUYN, 2017). Desde a sua aparição no mercado, entre os anos 

1960 e 1970, os implantes são utilizados para reabilitar pacientes com edentulismo parcial ou 

total (de MEDEIROS et al., 2016), oferecendo vantagens funcionais e biológicas frente aos 

outros tipos de tratamentos reabilitadores, sejam eles fixos ou móveis (BUSER; SENNERBY; 

DE BRUYN, 2017). Implantes dentários apresentam altas taxas de sobrevida em longos 

períodos (> 10 anos) mas, ao analisar as taxas de sucesso, os  números não se apresentam tão 

bons a longo prazo já que tanto implante quanto prótese estão sujeitos a complicações 

mecânicas e biológicas (RENVERT et al., 2018). Estas taxas são geralmente menores e mais 

controversas que as de sobrevida graças a falta de homogeneidade no critério de definição dos 

casos (DUQUE et al., 2016). A avaliação da estabilidade óssea é essencial para assegurar o 

sucesso a longo prazo do tratamento uma vez que a perda óssea excessiva resultante de 

doença pode levar a uma eventual perda do implante (de MEDEIROS et al., 2016). Assim, 

estudos epidemiológicos são necessários para que se possa entender o desenvolvimento do 

processo saúde-doença em relação aos implantes dentários. Sendo que o tratamento das 

doenças peri-implantares ainda é imprevisível (LINDHE; MEYLE, 2008) e afim de 

desenvolver estratégias de prevenção, o entendimento da epidemiologia (prevalência, 

extensão e severidade) é necessário (DERKS; TOMASI, 2015). Além disso, doenças crônicas 

como periodontite e peri-implantite têm implicações nas políticas de cuidados da saúde 

(TOMASI; DERKS, 2012). 

 

Definição das Doenças Peri-Implantares 

 

 Durante muito tempo houve uma falta de consenso sobre quais tipos de parâmetros 

clínicos e radiográficos deveriam ser usados para definir a peri-implantite  (DERKS; 

TOMASI, 2015 / BUSER; SENNERBY; DE BRUYN, 2017). Em uma tentativa de 

padronizar o dia-a-dia clínico e os estudos sobre a área, houve em 2017 o Workshop mundial 

para determinar uma nova classificação das doenças periodontais e peri-implantares (CATON 

et al., 2018 / BERGLUNDH et al., 2018). Estes trabalhos apresentaram novas definições das 

doenças bem como parâmetros clínicos e radiográficos a serem avaliados durante o 
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diagnóstico além de apresentar outros parâmetros para investigação de correlação com a 

patologia peri-implantar. Esta necessidade surgiu com o avançar das pesquisas, seus 

resultados e desdobramentos, evidenciando a falta de homogeneização, o que poderia não só 

levar a um descrédito da implantodontia devido a resultados tão dispares mas, principalmente, 

submeter o paciente a um sobretratamento (BUSER; SENNERBY; DE BRUYN, 2017). 

Ainda sobre a nova classificação, o grau de remodelação óssea apresentada pós instalação 

protética pode variar e é este nível ósseo resultante que irá determinar tanto os padrões de 

saúde quanto de doença ao redor do implante. Portanto, tecidos peri-implantares saudáveis 

poderão existir em diferentes níveis ósseos (BERGLUNDH et al., 2018). 

Mucosite foi caracterizada pela presença de sinais de inflamação na mucosa sem sinais 

de perda de osso de suporte (LINDHE; MEYLE, 2008 / ZITZMANN; BERGLUNDH, 2008) 

Na revisão de literatura realizada durante a nova classificação das doenças peri-implantares 

(RENVERT et al., 2018), a mucosite apresentou parâmetros que variavam desde sangramento 

à sondagem sem nenhum outro tipo de informação adicional, até profundidade de sondagem 

somada a um limite máximo de perda óssea para seu diagnóstico. Foi definido então que 

mucosite é uma enfermidade inflamatória (clinicamente – sangramento e/ou supurução) 

reversível na mucosa peri-implantar, sem apresentar perda óssea após o processo de 

remodelação – saucerização (até 2 mm) (RENVERT et al., 2018). A definição de peri-

implantite variou entre sangramento à sondagem e perda óssea detectável após um ano em 

função (LINDHE; MEYLE, 2008) até a definição de um limite de medida de 2 mm além do 

esperado após a remodelação óssea (SANZ; CHAPPLE, 2012). Uma revisão sistemática 

apontou 7 definições para peri-implantite baseadas na quantidade de perda óssea ao longo do 

tempo (DERKS et al., 2016). Em outro estudo, os parâmetros variavam na avaliação da perda 

óssea, indo desde o uso de radiografias pós cirúrgicas até o uso de dados coletados somente 

após um ano em função (DERKS; TOMASI, 2015). Profundidade de sondagem > 4 mm, 

sangramento à sondagem e/ou supuração e perda de ósso marginal ≥ 2mm também foram 

usados como caracterização da peri-implantite sendo que dor não seria um sintoma comum 

(DALAGO et al., 2017). Por se tratar de uma doença heterogênea, a nova classificação de 

peri-implantite foi caracterizada por sinais clínicos de inflamação da mucosa idênticos à da 

mucosite porém com perda de osso detectável por radiografias (≥ 3 mm) (RENVERT et al., 

2018), sendo esta a mais atual proposta para estudos epidemiológicos. 

 

Estudos de Prevalência das Doenças Peri-Implantares 
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A literatura é limitada quanto a incidência, prevalência e fatores de risco das doenças 

peri-implantares (ZITZMANN; BERGLUNDH, 2008). Resultados mais conclusivos quanto a 

prevalência são difíceis de se atingir dado a complicação na realização de estudos 

epidemiológicos em implantodontia. Variados desenhos de implantes, diversidade 

metodológica e diferentes definições para as doenças peri-implantares levam a essa conclusão 

(COSTA et al., 2012), com variações nos parâmetros que eram utilizados para definição 

destas mesmas doenças (RENVERT et al., 2018). O grande número de definições acabava 

dificultando a estimativa total das doenças, refletindo assim a falta de consenso das pesquisa 

epidemiológicas sobre o assunto (SALVI; COSGAREA; SCULEAN, 2017). O Sexto 

Workshop Europeu em Periodontia (LINDHE; MEYLE, 2008) estimou a prevalência da 

mucosite em 80% dos pacientes (50% dos implantes) e a variação de 28 a 56% dos pacientes 

(12 a 40% dos implantes) da prevalência de peri-implantite. Outro estudo demonstrou que a 

prevalência de mucosite é de 80% / 50% e de peri-implantite é de 12%/43%, em indivíduos e 

implantes, respectivamente (ZITZMANN; BERGLUNDH, 2008). Em uma revisão 

sistemática (DERKS; TOMASI, 2015), a prevalência de mucosite variou entre 19% e 65%. 

Neste mesmo trabalho, a prevalência de peri-implantite apresentou o valor mínimo de 1% 

(limite de perda óssea considerada paradiagnóstico – 0,4 mm) e máximo de 47%, sendo que 

este considerou para diagnóstico medições acima de 5 mm de perda óssea. A meta-análise 

destes dados levou a uma média ponderada para prevalência de 42,9% para mucosite e 21,7% 

para peri-implantite. Enquanto isso, Peñarrocha e colaboradores (2013) não observaram 

nenhum implante diagnosticado com peri-implantite após 12 meses de acompanhamento do 

estudo. Em um trabalho mais recente (DERKS et al., 2016) sobre a prevalência das doenças 

peri-implantares em uma população sueca, 32% dos pacientes apresentaram mucosite 

enquanto 45% apresentaram peri-implantite após 9 anos dos implantes em função. Para 

Dalago e colaboradores (2017) a prevalência de peri-implantite foi de 16,4% para indivíduos 

e 7,3% para implantes. Um estudo realizado realizado em ambiente de consultório particular 

mostrou que a prevalência de mucosite é de 21,6% em implantes e 38,8% em pacientes 

enquanto os dados referentes a peri-implantite são de 9,1% dos implantes e 16,3% dos 

pacientes (MIR-MARI et al., 2012). Todos esses estudos apresentaram diferentes parâmetros 

para diagnóstico das doenças peri-implantares, o que resultou em números tão discrepantes. 

Na tentativa de padronizar os estudos epidemiológicos referentes as doenças peri-

implantares, alguns autores apresentaram sugestões com diretrizes afim de nortear as condutas 

em pesquisa. Começando pela seleção de amostra, onde os indíviduos deveriam ser 

selecionados de forma aleatória, e de preferência, tratados em diferentes centros. (TOMASI; 
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DERKS, 2012 / SALVI; COSGAREA; SCULEAN, 2017). Estudos de prevalência, incidência 

e fatores de risco devem apresentar uma definição clara da doença, pontos de corte para 

presença/ausência da patologia, definições sobre severidade e metodologia apropriada 

(TOMASI; DERKS, 2012). Outra sugestão deste mesmo trabalho é o uso da ferramenta 

STROBE, um check list que assegura ao leitor uma apresentação clara do que foi planejado, 

feito e quais achados foram levantados no estudo observacional, seja ele transversal, caso 

controle ou cohort. Um trabalho de 2012 (SANZ; CHAPPLE, 2012) afirmou que os estudos 

epidemiológicos devem ser embasados por procedimentos básicos de garantia de qualidade 

onde pode-se destacar a validação interna de reprodutibilidade dos examinadores e o uso de 

instrumentos calibrados afim de reduzir qualquer tipo de variabilidade. Os mesmos autores 

também fizeram análise referente a amostra, considerando que amostras convenientes 

(selecionadas) e de tamanho reduzido podem não representar a população alvo, levando a 

considerações equivocadas. Assim, a seleção de amostras deve ser feita de modo a diminuir 

eventuais vieses e possuir um tamanho adequado e representativo. Outro fator importante 

levantado por este mesmo trabalho é de que os estudos epidemiológicos devem servir para 

tomada de decisões clínicas e fins terapêuticos, portanto, o diagnóstico deve ser focado mais 

em especificidade do que em sensibilidade, aceitando a possibilidade de falso negativo. Para 

isso, definições de casos mais pragmáticas deveriam ser consideradas. Uma última 

consideração acerca deste estudo é a de que as pesquisas epidemiológicas sobre doenças peri-

implantares devem focar seus resultados nos indivíduos mais do que em implantes, tendo em 

vista que os indivíduos são os interessados no desenvolvimento da doença. Zitzmann e 

Berglundh (2008) também sugeriram que o resultado deve ser focado nos indivíduos. 

Reforçaram também a importância de um claro diagnóstico da doença, sendo que o critério 

deve ser simples o suficiente para que possa ser usado na prática clínica. Ressaltaram ainda a 

importância da descrição da extensão da doença peri-implantar, quantos implantes foram 

afetados em cada indivíduo assim como a severidade (quantidade de perda óssea). Outro fator 

de extrema importância citado pelo mesmo trabalho é que, para determinar a quantidade óssea 

perdida, deveria-se diferenciar a quantidade de osso afetada pelo processo de remodelação 

óssea pós instalação da perda óssea patológica, pós saucerização, fator este também citado por 

Dalago e colaboradores (2017).  

 

Conexões Hexágono Externo x Cone Morse 

 



	

	

18	

O que há de mais claro na literatura sobre as diferenças de conexão implante/pilar tipo 

hexágono externo e cone morse é a influência que elas trazem no processo de remodelação 

óssea pós instalação – saucerização. As conexões estão relacionadas a formação de 

microgaps, contaminação bacteriana, micromovimentações do intermediário e alterações na 

formação do espaço biológico (de MEDEIROS et al., 2016). Tal revisão sistemática afirma 

que estudos demonstraram que a conexão interna (CM) apresenta taxas menores de 

reabsorção óssea do que implantes com conexão externa (HE). Apesar de dois estudos 

afirmarem que não há comprovação do impacto da conexão implante/abutment em mudanças 

da crista óssea (SCHWARZ; HEGEWALD; BECKER, 2014 / BATELI et al., 2011), uma 

revisão sistemática (SCHMITT et al., 2014) mostrou que implantes com conexão cônica 

apresentaram melhores resultados nos seguintes parâmetros: selamento bacteriano; maior 

resistência a movimentação e formação do microgap; maior resistência a perda de torque e 

proteção do parafuso de uma sobrecarga e maior resistência a fadiga, mesmo tendo níveis de 

sucesso e sobrevida semelhantes aos dos implantes com conexão coincidente (HE). Um 

estudo clínico controlado boca dividida (PESSOA et al., 2017), onde a única variável era o 

tipo de conexão (HE / CM), comparou parâmetros clínicos, radiográficos, microbiológicos e 

biomecânicos. Os resultados mostraram que a conexão CM apresentou uma diferença 

estatisticamente relevante quando comparados as perdas ósseas após um ano na conexão HE 

(1,17±0,44 mm HE / 0,17±0,54 mm CM), sugerindo que este tipo de implante é melhor na 

manutenção da estrutura óssea após o processo de remodelação. Outros estudos também 

afirmam que implantes com conexão do tipo CM mostram uma menor taxa de remodelação 

óssea quando comparados a implantes com conexão do tipo HE (PEÑARROCHA et al., 2013 

/ POZZI et al., 2014) / KOO et al.,2012). Quando comparada dissipação de forças 

mastigatórias (forças oblíquas e axiais) e o stress no osso peri-implantar, implantes CM 

também apresentam melhores resultados quando comparados a implantes HE (SCHMITT et 

al., 2014 / MACEDO et al., 2017). 

 

Prevalência das Doenças Peri-Implantares em Implantes  Tipo HE e CM 

 

Poucos estudos focaram na relação entre doença peri-implantar e conexão 

implante/pilar (DUQUE et al., 2016) apesar desta interface ser o ponto fraco dos implantes 

osseointegrados (SCHMITT et al., 2014). Os diferentes tipos de conexões são objetos de 

agressivo marketing das empresas fabricantes de implantes e componentes, tentando 

apresentar vantagens de um sistema sobre outro (ESPOSITO et al., 2016). No entanto, poucos 



	

	

19	

estudos mostram a vantagem que estes diferentes tipos de conexão podem apresentar sobre a 

perda óssea patológica (doença). Ensaios clínicos randomizados bem controlados, em que a 

única variável seja a conexão do implante, a fim de esclarecer o papel deste parâmetro no 

desenvolvimento da doença peri-implantar são raros (ESPOSITO et al., 2016). De Medeiros e 

colaboradores (2016), complementaram a informação ao afirmar que nenhuma revisão 

sistemática havia avaliado a influência da conexão implante/pilar na perda óssea até então.  

 Duque e colaboradores (2016) afirmam que não há estudos comparando a prevalência 

das doenças peri-implantares (mucosite e peri-implantite) entre o que chamou de implantes 

convencionais (HE) e implantes com plataforma switching (CM). Resultados de um estudo 

experimental em humanos e de uma revisão sistemática indicaram que mucosite não está 

relacionada com a conexão do abutment (SALVI; COSGAREA; SCULEAN, 2017). Em um 

estudo piloto (DUQUE et al., 2016) foi comparada a prevalência das doenças peri-implantares 

nos implantes com conexão HE e CM após um ano destes em função. Os números 

apresentados foram: mucosite – 81,2% HE / 90% CM – peri-implantite – 15,6% HE / 6,6%. 

Não houve diferença estatística na comparação dos dois grupos. Em outro estudo onde os dois 

tipos de conexão foram avaliados por um período em função de 5 anos, foi somente citado o 

número de casos que apresentaram peri-implantite (HE – 2 implantes / 2 pacientes – CM – 5 

implantes / 3 pacientes). Além disso, foi relatado que dois pacientes (2 implantes) 

apresentaram mucosite, mas não foi apresentado no corpo do trabalho ao menos a definição 

utilizada para diagnosticar tais casos. 
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Prevalence of peri-implant diseases in implants with external hexagon and cone 

morse connections: a cross-sectional study 

 

 

ABSTRACT 

Objective: To compare the prevalence of mucositis and peri-implantitis in dental implants 

with external hexagon (EH) and cone morse (CM) connections. 

Methods: Individuals with dental implants (1 to 3 years in function) were clinically and 

radiographically examined and classified according to the most recent case definition 

consensus for peri-implant diseases. Frequency of different patient and implant variables 

were compared with Fisher’s exact test. Clinical variables were compared with Mann-

Whitney test, and differences in prevalences with Chi-square test at a significance level of 

5%. 

Results: A total of 27 subjects (16 with EH implants, 8 with CM implants, and 3 with both EH 

and CM), and 90 implants were included in the study. Among the implants evaluated, 45 

were EH and 45 CM. Frequency distribution of the patients according to gender, periodontal 

status, routine visits to the dentist, full mouth plaque index, smoking habit, and diabetes 

showed no statistical differences between groups (p>0.05). Except for prosthesis type, all the 

other implant parameters showed statistically significant differences between EH and CM 

implants (p<0.05). Moreover bone level, plaque index and bleeding on probing were also 

statistically different (p<0.05). At patient level, the prevalences of mucositis were 56.3% 

(EH), 87.5% (CM) and 33.3% (EH+CM), and peri-implantitis were 37.5% (EH), 12.5% (CM) 

and 66.7% (EH+CM). At implant level the prevalences of mucosites were  80% (EH) and 

84.4% (CM), and peri-implantitis 17.8% (EH)  and 15.6% (CM). No statistical differences in 

the prevalences of peri-implant diseases were observed between the two groups.  

Conclusion: The prevalence of peri-implant diseases was high in both studied groups with 

no statistical differences between EH and CM implants. The type of implant/abutment 

connection does not seem to impact on the prevalence of peri-implant diseases when 

implants with similar time in function are compared. 

 

Keywords: Implant-abutment connections. Cone Morse. Mucositis. Peri-implantitis. Peri-

implant health. Prevalence. 

 

 

 

 

 



	

	

25	

INTRODUCTION 

In the last 50 years osseointegrated implant therapy has evolved from an experimental to a 

highly predictable treatment option to rehabilitate lost dental elements5. Dental implants have 

demonstrated high survival rates over long periods of time (>10 years). However, when 

success rates are taken into consideration, the long-term outcomes have not been as good, 

since both implants and prostheses are subject to mechanical and biological complications26. 

As a result, success rates are generally lower and more controversial than survival rates, 

particularly due to the lack of homogeneity in the criteria used for defining cases10.  

Bone crest stability is essential to ensure the long-term success of the treatment, 

since excessive bone loss resulting from disease can eventually lead to implant loss18. Bone 

remodeling after implant installation may vary, and the resulting bone level should be used to 

determine both health and disease patterns around implants. Therefore, healthy peri-implant 

tissues may exist at different bone levels4. The most recent criteria for peri-implant diseases 

defines mucositis as an inflammatory disease in the peri-implant mucosa, without the 

presence of bone loss after bone remodeling, while peri-implantitis is defined as a condition 

with the same clinical signs of mucositis but with the presence of progressive radiographic 

bone loss17,29. A systematic review demonstrated that peri-implant diseases are very 

common events, with the prevalence of mucositis ranging between 19% and 65%, and the 

prevalence of peri-implantitis ranging between 1% and 47%, depending on the criteria used8.  

The literature shows that differences in design of external-hexagon (EH) and cone-

morse (CM) implants can have an impact on bone remodeling after implant installation, a 

process also known as saucerization. Some studies have demonstrated that CM implants 

show a lower bone-remodeling rate when compared to EH implants14,21,24. The different 

implant/abutment connections have been related to the formation of microgaps, bacterial 

contamination, micromovements of the abutment, and alterations in the formation of the 

biological space18, all of which can have an impact of the development of peri-implant 

diseases.  

Few studies on the prevalence of peri-implant diseases have been performed to verify 

if implants with CM connections may offer some benefit to peri-implant health10,11. In a pilot 

study comparing EH and CM implants after one year in function, the prevalence of mucositis 

was 81.2% (EH) and 90% (CM), and peri-implantitis was 15.6% (HE) and 6.6% (CM). 

Although the study showed more mucositis and less peri-implantitis with CM implants, no 

statistical differences were observed between the two types of implants10. In another study 

conducted over a period of 5 years, the authors only reported the number of cases with peri-

implantitis (HE: 2 implants/2 patients; CM: 5 implants/3 patients), while mucositis was 

reported in only two individuals (2 implants). However, the authors presented no clear case 

definition11. 
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Further studies following the most recent criteria for case definitions are still required 

to better ascertain if the type of connection (EH or CM) may contribute to peri-implant health 

and disease. Therefore, the objective of this study was compare the prevalence of peri-

implant diseases (mucositis and peri-implantitis) around dental implants with external-

hexagon (EH) and cone-morse (CM) connections. The null hypothesis was that no 

differences in the prevalence of peri-implant diseases would be found between the two 

tested implants. 

 

 

MATERIALS AND METHODS 

This cross-sectional observational study was conducted with patients rehabilitated with 

implants in a university setting in Brazil, in accordance with the Code of Ethics of the World 

Medical Association (Declaration of Helsinki), after approval by the Permanent Ethics 

Committee for Experiments Involving Humans at the State University of Maringá, Brazil 

(CAAE 79246317.0.0000.0104).  

This study was designed taking into consideration the most recent recommendations 

for peri-implant diseases prevalence studies26, and the STROBE statement guidelines for 

reporting cross-sectional studies34. Clinical and radiographic evaluations were performed 

between July and August of 2018. All patients signed a free informed consent form before 

participating in the study. 

. 

Target population 

Individuals rehabilitated with dental implants between January 2015 and August 2017, in 

masticatory function for at least 1 year and a maximum of 3 years, and treated with bone 

level implants of different brands (Neodent, Curitiba, PR, Brazil; Signo Vinces, Campo Largo, 

PR, Brazil; and Straumann AB, Mölndal, Sweden), either with external-hexagon (EH) or 

cone-morse (CM) connections were invited to perform clinical and radiographic evaluation. 

Implant placement was conducted in accordance with the recommendations set by the 

implant manufacturers. In other words, implant shoulders were positioned at bone crest level 

in fully healed ridges. After delivery of the prostheses, the individuals were referred to their 

dentists for maintenance. 

Exclusion criteria  

Individuals with diseases preventing the assessment such as uncontrolled diabetes, 

pregnant or lactating women, alcoholics and drug users, and those who were receiving 

irradiation treatment in the head/neck area were excluded from the study. Moreover, implants 

with suprastructures with inadequate shape, contour and too close to the mucosa, which 

prevented reliable probing, as well as radiographs that did not show all the threads clearly 
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projected in the mesial and distal aspects of the implant were also excluded from the 

analysis. 

 

Clinical Evaluation 

Before clinical evaluation, information on age, smoking, diabetes, and frequency of dental 

visits was collected from each patient. Clinical assessments were conducted at 6 aspects of 

each tooth and implant sites (mesiobuccal, buccal, distobuccal, mesiolingual, lingual, disto-

lingual) with the aid of a North Carolina periodontal probe (PCPUNC-BR 15 ; HuFriedy, Rio 

de Janeiro, Brazil). Data was collected from the following clinical parameters: 

• Plaque index (PI): Presence (score 1) or absence (score 0) of visible supragingival 

plaque1; 

• Pocket Depth (PD, mm): Distance between the margin of the peri-implant mucosa 

and bottom of the pocket; 

• Clinical Attachment Level (CAL, mm): Distance between the implant/abutment or 

implant/prosthesis interface and the bottom of the pocket; 

• Bleeding on Probing (BoP): Presence (score 1) or absence (score 0) of bleeding 

detected after probing for 20 seconds19; 

• Suppuration (SUP): Presence (score 1) or absence (score 0) of suppuration detected 

after probing for 20 seconds; 

• Keratinized mucosa width (KM, mm): <2 mm and ≥ 2 mm. KM was measured in 

millimeters at the mid-buccal aspect of the implant from the gingival margin to the 

mucogingival junction3,22. Differences in color, texture, and mobility of the KM and the 

oral mucosa were considered to identify the mucogingival junction line; 

• Implant position: maxilla/mandible, anterior/posterior; 

• Prosthesis type: single/multiple; and 

• Retention type: cemented / screwed. 

 

Teeth were also evaluated to establish the full mouth plaque index (FMPI) and the 

periodontal status of the patient: loss of interdental clinical attachment detected in 2 or more 

nonadjacent teeth, or loss of clinical vestibular attachment ≥3 mm with pockets >3 mm 

detected in 2 or more teeth33. 

Clinical evaluations were conducted by three examiners who were previously 

calibrated according to the method proposed by Araújo2 et al. (2003). After the completion of 

the assessments, all patients received professional prophylaxis. Whenever necessary, the 

patient was referred for periodontal/peri-implant treatment, according to the norms 

established by the Brazilian Health Council (Resolution 196/96). 
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Radiographic evaluation 

Following the clinical evaluation, digital periapical radiographic scans were performed by 

Dental Radiology residents at the State University of Maringá, with the assistance of an intra 

oral sensor (RVG 5200, Carestream Dental LLC, Atalnta, GA, USA). Implant connection (EH 

or CM) was confirmed during the radiographic analysis. 

Linear bone-level measurements were conducted using a public domain program 

(Image J - National Institutes of Health, USA) by a trained examiner (Peñarrocha et al., 

2004). Bone level (BL) measurement was established as the distance (mm) between the 

implant platform and the first bone-implant contact. Calibration was conducted by taking a 

previously known measurement (implant diameter), and measurements were performed on 

both the mesial and distal faces of each implant. Only the measurement with the higher value 

was used in case definition. Abutment height (mm) was also measured from the 

prosthesis/abutment interface to the implant platform. In implants with EH connections with 

an UCLA component, over which a prosthesis was made, this measurement was considered 

as zero.  

 

Case Definition 

Implants were classified considering the most severe condition, according to the following 

diagnostic criteria based on the absence of initial radiographs26: 

• Peri-implant health: Absence of visual signs of peri-implant inflammation and absence 

of BoP and SUP, but without the characteristics of peri-implant mucositis; 

• Peri-implant mucositis: Presence of visual signs of peri-implant inflammation and 

presence of BoP and/or SUP, but without the characteristics of peri-implantitis; and 

• Peri-implantitis: Presence of visual signs of peri-implant inflammation, presence of 

BoP and/or SUP, and BL ≥3 mm. 

 

Statistical analysis 

Statistical analyses were performed with a public domain statistical software package 

(BioEstat 5.3, Instituto Mamirauá, Brazil). All quantitative variables (age, PD, CAL, and BL) 

are presented as mean ± standard deviation. The qualitative variables (gender, periodontal 

status, routine visits to the dentist, smoking habit, diabetes, BoP, SUP, PI, and prosthesis 

and retention type) are presented with absolute and relative (%) values. 

 Implants were divided into two groups according to the type of implant/abutment 

connection: external hexagon (EH) and cone morse (CM). Frequency distribution of 

individual and implants variables were compared between groups with Fisher's Exact Test. 

Clinical and radiographic data comparing EH and CM implants was performed with Mann-
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Whitney U-Test. Distribution of EH and CM implants showing peri-implant health, mucositis 

and peri-implantitis both at implant and patient level was analyzed using the Chi-square test. 

All statistical tests were conducted considering p<0.05 as statistically significant. 

 

 

RESULTS 

Of the 54 patients treated between 2015 and 2017, 27 subjects were included in the study (8 

men and 19 women), aged between 36 to 75 years (54.4 ± 10.1 years). Of these, 8 

individuals had CM implants, 16 EH implants, and 3 both EH and CM implants. The total 

number of implants considered in the present study was 90, 45 EH (50%) and 45 CM (50%). 

Mean time in function of all 90 implants was 2.4 ± 0.7 years (EH = 2.5 ± 0.6 years, and CM = 

2.3 ± 0.7 years), with no statistical difference between groups (p=0.571). 

 Frequency distribution of the patients according to gender, periodontal status, routine 

visits to the dentist, full mouth plaque index (FMPI), smoking habit, and diabetes is presented 

in Table 1. EH and CM implants showed no statistical differences concerning any of these 

patient parameters (p>0.05). 

 Frequency distribution of the implants according to prosthesis and retention type, 

implant position in the mouth, KM, and abutment height is shown in Table 2. Except for 

prosthesis type, all the other implant parameters showed statistically significant differences 

between the groups (p<0.05). Cemented prostheses were statistically more frequent with CM 

connections (31.1%) when compared to EH connections (2.22%). CM connections were 

more frequently found in the anterior region of the mouth (44.44%), while EH implants were 

more frequent in the posterior region (>90%). EH implants were more commonly found the 

mandible (68.9%), while CM implants were more frequently installed in the maxilla (71.1%). 

KM ≥2 mm was more frequently found in the CM group (86.67%) than the EH group 

(42.22%). Moreover, CM implants presented a higher number of abutments ≥1.5 mm (19) 

when compared to EH implants (5). 

 Table 3 presents mean values and standard deviation of the clinical parameters PD, 

CAL, PI, BoP and SUP, and radiographic BL found for EH and CM implants. PD, CAL and 

SUP showed no statistically significant differences between the groups. A statistically 

significant difference was observed in mean BL, PI and BoP between the groups. EH 

implants presented higher mean BL and PI than CM implants. In contrast, CM implants 

presented a higher percentage of sites with BoP. 

 Prevalence at implant and patient level of peri-implant health, mucositis, and peri-

implantitis for EH and CM implants is presented in Tables 4 and 5, respectively. No 

statistically significant differences in any of the prevalences was observed between groups 

both at implant and patient level. Only one implant in one patient showed peri-implant health. 
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Most patients and implants presented signs of mucositis, while peri-implantitis affected about 

33% of patients and 16% of implants.  

 

 

DISCUSSION 

Differences in initial bone remodeling around implants with EH and CM conexions have been 

reported by several studies14,21,23,28. The prevalence of peri-implant diseases following the 

most recent case definition criteria26 has yet to be established. The aim of this study was to 

compare the prevalence of peri-implant diseases (mucositis and peri-implantitis) in EH and 

CM implants according to this new criteria. The results demonstrated that the prevalence of 

the peri-implant diseases was high regardless of the type of the implant, but no statistically 

significant differences were observed between the two tested groups, supporting the stated 

null hypothesis. The difficulty found in the records data (incomplete information, different 

phone numbers, refusal to participate in the study of some patients, etc.) and the lack of 

studies that could support the sample calculation led the authors to suppress this data in the 

study. 

 In the present study, peri-implantitis was identified in 33% of all participating 

individuals and 16.7% of the implants. Noteworthy is the fact that peri-implant diseases seem 

to be much more commonly found than peri-implant health, regardless of the type of implant 

connection8,16. In the present study only one patient in the EH group and no patient in the CM 

group presented peri-implant health. The recommended radiographic parameters to 

diagnose peri-implant diseases are bone level or bone loss. Bone level (BL) should be 

considered in the absence of an initial radiograph, as in the present study, and is defined as 

the distance between the implant platform and the first bone-implant contact. On the other 

hand, if the initial radiograph is available, bone loss is defined by the difference between the 

initial BL and BL in the follow-up radiographs. Considering the studies that used BL ≥2 mm to 

diagnose peri-implantitis, the prevalence ranged from 37% to 39.8% of patients and from 

20% to 23% of the implants15,16. However, when BL ≥3 mm has been considered, the 

prevalence of peri-implantitis was 17.1% at patient level and 9% at implant level16. Different 

clinical and radiographic parameters have led to discrepant definitions and results in the 

literature, so standardization of parameters and diagnostic criteria may lead to results that 

are closer to the real condition that peri-implant diseases present. 

The prevalence found in the present study for both individuals and implants was 

somewhat between these previous results. A possible explanation for such differences may 

lie on the fact that in the present study the largest radiographic BL measurement was used, 

while in the previous study BL was a calculated mean of mesial and distal measurements. 

However, another study conducted in Brazil, which also considered the largest radiographic 
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measurement for the diagnosis of peri-implantitis, the authors found the prevalence of peri-

implantitis to be 16.4% at individual level and 7.3% at implant level7. Thus, other factors 

related to the sample may be at play. In the present study no differences in the distribution of 

individuals regarding gender, periodontal status, routine visits to the dentist, FMPI, smoking 

habit and diabetes were observed, making the studied groups homogeneous. However, 87% 

of all participating individuals presented an FMPI ≥33%, and 64% of the patients reported not 

going to routine visits to the dentists. These results demonstrate that the present sample was 

composed by people with poor levels of dental hygiene, who required immediate attention 

and close monitoring.  

All the studied implant parameters, except for prosthesis type, showed statistically 

significant differences between the groups. These results are not completely surprising since 

some of the differences found are related to the type of implant connection. Because they 

are considered more esthetic, CM connections tend to be more frequently used in the 

anterior region of the mouth, while EH connections are favored in the molar regions31. 

Excess cement has been considered as a risk factor for the development of peri-implant 

diseases7,25. Excess cement has been associated with clinical signs of mucositis, and 

considered a potential risk factor for the development of peri-implantitis17. In the present 

study, the majority of the implants (83.3%) were screwed, while only one EH implant and 

14/45 CM implants were cemented. This difference may have had an impact on the 

prevalence results of CM implants.  

Fransson12 et al. (2005) found no evidence that the distribution of implants in the 

maxilla or mandible influences the prevalence of peri-implant diseases. In contrast, however, 

Matarazzo16 et al. (2018) reported that maxillary implants were more associated with peri-

implantitis (OR, 2.44), whereas Derks9 et al. 2016 found higher OR for implants in the 

mandible (OR, 2.0). Thus, it is unclear if either the mandible or the maxilla play a role on the 

prevalence of peri-implant diseases. In this study, while EH implants were more commonly 

found the mandible (68.9%), CM implants were more frequently installed in the maxilla 

(71.1%). In a recent analysis of the risk factors for the development of peri-implantitis, Derks9 

et al. 2016 found that for a distance from the prosthetic margin to the crestal bone at baseline 

≤1.5 mm was associated (OR, 2.3) to the initial development of peri-implant diseases. In the 

present study 73.3% of the abutments were ≤1.5 mm (40 EH, 26 CM). The short distance 

between the crown margin and the crestal bone indicates that the crown restoration initially 

interfered with the mucosal seal around the transmucosal part of the implant, promoting the 

onset of the disease9. Thus, rather than the implant connection type, abutment height might 

have had an important impact on the high prevalences found here. Some authors consider a 

minimal strip of keratinized mucosa ≥2 mm as necessary to assist in the prevention of peri-

implant diseases6,22,30. A recent review17, however, shows that the evidence is still insufficient 
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to suggest that a minimal strip of KM is necessary to influence the development of peri-

implant diseases. In this study, 86.7% of CM implants presented KM ≥2 mm, which 

theoretically should have provided greter protection to this kind of implant. However the 

actual impact of KM width on the prevalence of peri-implant diseases could not be clearly 

ascertained. 

Only one previous study attempted to evaluate the prevalence of peri-implant 

diseases associated with EH and CM implants7. The authors also found a high prevalence of 

mucositis (HE: 81.2%; CM: 90%) and peri-implantitis (EH: 15.6%; CM: 6.6%), in a total of 64 

implants. Although there was a trend towards a lower prevalence of peri-implantitis in CM 

implants, this difference was not statistically significant, in agreement with the present study. 

The main difference between studies concerns the time in function. While in the previous 

study implants were assessed after one year in function, in the present study it ranged from 

one to three years (2.4±0.7 years). The association between increased prevalence of peri-

implantitis and time in function has already been demonstrated9,13. In the present study mean 

BL in EH implants was statistically higher than in CM implants, probably due to the 

differences in initial remodelling process. However, based on the prevalence results, it may 

be speculated that, the lower prevalence of peri-implantitis observed in CM implants at initial 

stages will tend to become similar, or even higher than EH implants over time,.  

An inherent limitation of epidemiological studies such as this is the reduced number of 

patients interested in participating. Despite that, the results clearly indicate that peri-implant 

diseases is a serious concern and that one type of implant does not seem to show any 

advantage over another in terms of peri-implant disease progression. More likely, the results 

found in this study are a consequence of the sum of the different factors that are at play in 

the development of the disease. With the advent of the new case definitions, with clear 

diagnostic parameters, it is expected that new clinical and epidemiological research will 

further clarify the real benefits and limitations of each type of connection in the long term. 

Large multicentric epidemiological  studies with a wide variety of patients, implants, 

clinicians, and treatment centers are required to better establish the underlying factors of 

peri-implant diseases27,32, and that the results of individual studies, though indicative, may 

not be generalized. 

 

 

CONCLUSION 

Within the limitations of the present study, it may be concluded that the prevalence of 

mucositis and peri-implantitis around the studied EH and CM implants were high, but 

statistically similar. Therefore, when implants with different types of connection, but with 

similar time in function are compared, the implant/abutment connection type does not seem 
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to be a factor in the development of peri-implant diseases. Focus should remain on proper 

hygiene and maintenance programs in order to prevent, or at least control, the development 

of the treatable mucositis and the more aggressive and so far unpredictable peri-implantitis. 
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Tables 

 

 

Table 1. Frequency distribution of patients according to implant conexion, gender, 

periodontal status, routine visits to the dentist, full mouth plaque index (FMPI) , smoking and 

diabetes       

Variable 
 EH CM EH+CM Total p 

value*  N (%) N (%) N (%) N (%) 

Gender 
Male 3 (18.7) 4 (50) 1 (33.3) 8 (29.6) 

0.2836 
Female 13 (81.3) 4 (50) 2 (66.7) 19 (70.4) 

       

Periodontal 

status 

Health/gigivitis 7 (43.7) 1 (12.5) 2 (66.7) 10 (37) 

0.2597 Periodontitis 9 (56.3) 6 (75) 1 (33.3) 16 (59.3) 

Edentulous 0 1 (12.5) 0 1 (3.7) 

       

Dentist 
No 8 (50)  5 (62.5) 3 (100) 16 (59.3) 

0.2638 
yes 8 (50) 3 (37.5) 0 11 (40.7) 

       

FMPI 
< 33% 3 (18.7) 0 0 3 (11.1) 

0.3134 
≥ 33% 13 (81.3) 8 (100) 3 (100) 24 (88.9) 

       

Smoking 
No 13 (81.3) 8 (100) 3 (100) 24 (88.9) 

0.0612 
Yes 3 (18.7) 0 0 3 (11.1) 

       

Diabetes 
No 14 (87.5) 7 (87.5) 3 (100) 24 (88.9) 

0.8098 
Yes 2 (12.5) 1 (12.5) 0 3 (11.1) 

* Fisher’s exact test 
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Table 2. Frequency distribution of external hexagonal (EH) and cone morse (CM) implants 

according to prosthesis and retention type, implant position in the mouth, jaw, keratinized 

mucosa (KM) and abutment height 

Variable 
 EH CM Total 

p value* 
 N (%) N (%) N (%) 

Prosthesis  
Single 29 (64.4) 24 (53.3) 63 (58.9) 

0.1958 
Multiple 16 (35.6) 21 (46.7) 27 (41.1) 

      

Retention  
Cemented 1 (2.2) 14 (31.1) 15 (16.7) 

0.0008 
Screwed 44 (97.8) 31 (68.9) 75 (83.3) 

      

Implant 

position 

Anterior 3 (6.7) 20 (44.4) 23 (25.6) 
< 0.0001 

Posterior 42 (93.3) 25 (55.6) 67 (74.4) 

      

Jaw 
Maxilla 14 (31.1) 32 (71.1) 46 (51.1) 

0.0001 
Mandible 31 (68.9) 13 (28.9) 44 (48.9) 

      

KM 
<2 mm 26 (57.8) 6 (13.3) 32 (35.6) 

0 
≥2 mm 19 (42.2) 39 (86.7) 58 (64.4) 

      

Abutment  

height 

≤1.5 mm 40 (88.9) 26 (57.8) 66 (73.3) 
0.0008 

>1.5 mm 5 (11.1) 19 (42.2) 24 (26.7) 

*Fischer’s exact test 
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Table 3. Mean and SD of the clinical parameters pocket depth (PD), clinical attchment level 

(CAL), plaque index (PI), bleeding on probing (BoP) and suppuration (SUP), and 

radiographic bone level (BL) in external-hexagonal (EH) and cone-morse (CM) implants  

Variable 
EH  CM  Total  

p value* 
Mean ± DP  Mean ± DP  Mean ± DP  

PD 2.7411 ± 0.7653  2.7164 ± 0.9431  2.7288 ± 0.8540  0.2806 

CAL 2.9004 ± 0.6987  3.0316 ± 0.9988  2.9660 ± 0.8596  0.4678 

BL 2.4851 ± 1.3708  1.9537 ± 1.3207  2.2194 ± 1.3648  0.0264 

PI 0.7 ± 0.4591  0.5778 ± 0.4948  0.6389 ± 0.4808  0.007 

BoP 0.6307 ± 0.2992  0.8439 ± 0.4696  0.7368 ± 0.4058  0.0077 

SUP 0.0111 ± 0.0745  0.0111 ± 0.0745  0.0111 ± 0.0741  0.5 

*Mann-Whitney test 
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Table 4. Prevalence at implant level of peri-implant health, mucositis, and peri-implantitis for 

external hexagonal (EH) and cone morse (CM) implants 

Peri-implant status 
EH CM Total 

p value* 
N (%) N (%) N (%) 

Peri-implant health 1 (2.2) 0 1 (1.1) 

0.571 Mucosistis  36 (80) 38 (84.4) 74 (82.2) 

Peri-implantitis 8 (17.8) 7 (15.6) 15 (16.7) 

*Chi-square test 
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Table 5. Prevalence at patient level of peri-implant health, mucositis, and peri-implantitis for 

external hexagonal (EH) and cone morse (CM) implants 

Peri-implant status 
EH CM EH+CM Total 

p value* 
N (%) N (%) N (%) N (%) 

Peri-implant health 1 (6.2) 0  0 1 (3.7) 

0.393 Mucosistis  9 (56.3) 7 (87.5) 1 (33.3) 17 (63) 

Peri-implantitis 6 (37.5) 1 (12.5) 2 (66.7) 9 (33.3) 

*Chi-square test 
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