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PREFACIO

O que é uma Tese? Uma Tese consiste numa proposicdo apresentada e
defendida por algum individuo, cuja descrigdo primordial remete ao filésofo Aristotoles
gue a definiu como uma suposicdo de um eminente fildsofo que entra em conflito com
a opinido geral (..) ou que expressa desacordo relativamente a outros filésofos
(Aristotoles. Topica et Sophistici Elenchi).

O que foi esta Tese para o autor?

Uma viagem, a descoberta de novas coisas, nova arte, nova vida, aprender e re-
aprender a apreciar, refletir, agradecer, amadurecer a prépria maneira; com momentos
de profunda alegria e momentos de profunda tristeza e melancolia...O que fazer? Ficar
com tudo e lidar.

Mas afinal que importancia tem esta tese no contexto do mundo? E apenas uma
tese... -Mocambique sofreu a maior catdstrofe humana da sua histéria com as cheias...
—Cridmos a primeira pontuacdo de risco para os implantes! O que importa? E apenas
uma tese...—A incidéncia de atos terroristas parece aumentar assim como o seu impacto;
sdo eleitos lideres politicos inqualificaveis; a catedral de Notre Damme ardeu; milhares
de refugiados morrem a tentar atravessar o Mediterraneo; caminhamos para a
selvageria a medida que nos afastamos da literacia... —Concebemos o modelo de
progndstico para implantes! Que interesse tem? — se é apenas mais uma tese...

O mundo esta mais cruel, mais violento, mais indspito; “o ambiente esta a atingir
o ponto de saturacdo” — diz-lhe a sua filha de 10 anos com preocupacao olhando-o nos
olhos... —e foi escrita uma tese, que apenas uma percentagem minima da populagao
mundial vai ler e uma percentagem ainda mais pequena compreendé-la. E apenas uma
tese...

MAS e se ndo for apenas uma tese!? E se a Tese influenciar um clinico a aplica-la
aos seus doentes? E se esses doentes tiverem uma melhoria significativa na sua
gualidade de vida? E se um investigador ler uma parte e se sentir inspirado como
sucedeu com o autor? E se essa inspiracdo resultar em trabalhos meritérios na
Medicina? E se os resultados desses trabalhos meritérios em Medicina forem aplicados
aos doentes e melhorarem significativamente a sua qualidade de vida? E se esses
trabalhos meritérios forem lidos por investigadores e esses se sentirem inspirados?...
Entdo, além da biologia, temos mais uma coisa em comum com os sobreviventes de
Mocambique, dos ataques terroristas, os refugiados, com quem sofreu com o incéndio
da catedral, com clinicos, com cientistas e com o mundo: A ESPERANCA!

Ha sempre duas maneiras de ver o copo: O autor escolhe vé-lo meio cheio.

Espero que no resultado final desta tese transpareca o processo de aprendizagem, o
processo de reflexdo e que a mesma contribua para o avango do conhecimento
cientifico.



FUNDAMENTAGCAO E ESTRUTURA DA TESE

Fundamentagao

A reabilitacdo protética através de implantes dentarios encontra-se em franca
expansdao, com um numero crescente destes dispositivos inseridos em pacientes para
restauracdo da funcdo e estética oral. A base de sustentacdo da reabilitacdo implanto-

suportada reside no alcance e manutengao da osteointegragao do implante dentario.

A nivel geral, as reabilitacGes suportadas por implantes dentarios possuem taxas
de sucesso elevadas. Apesar disso e de acordo com os critérios de sucesso
internacionais, é esperado que cerca de 15% dos implantes possam fracassar nos

primeiros 5 anos de fungao.

A doenga peri-implantar possui um papel importante nesta taxa de fracasso dado
ser a principal causa de perda de implantes a longo prazo. Define-se como uma doenga
cronica e irreveersivel dos tecidos de suporte (osso e tecidos moles) ao redor do
implante em func¢do. Estima-se a sua prevaléncia numa amplitude compreendida entre
0s 8% e 0s 55% dos pacientes reabilitados com implantes. A razao para a larga amplitude
relatada prende-se com a falta de uniformizacdo nos critérios de definicdo e
classificagdo da doenga, tornando dificil a comparabilidade entre estudos tanto de
prevaléncia como de causalidade. E no entanto consensual que a probabilidade de
incidéncia da doenga peri-implantar aumente com o tempo de fungdo das reabilitagdes
implanto-suportadas. Os sinais clinicos de doenca peri-implantar sdo geralmente
caracterizados pela perda de osso de suporte perimplantar, perda do nivel de inser¢do
clinico, aumento da profundidade a sondagem para valores superiores a 4 mm e

presenca de hemorragia a sondagem dos tecidos moles.

A etiopatogénese da doenga peri-implantar é comumente descrita em duas
vertentes: Classica (dos tecidos moles apicalmente para o 0sso); ou retrégrada (do osso
para os tecidos moles). Descrevem-se multiplos factores potencialmente envolvidos na
etiopatogénese da doenca peri-implantar: predisponentes,
capacitantes/incapacitantes, precipitantes ou de reforco, destacando-se factores do
ramo bioldgico (como a exposicdo ao biofilme) e factores do ramo biomecéanico (como
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o processo de sobrecarga oclusal). Atualmente, o interesse da comunidade cientifica
sobre o tema é traduzido pelo numero crescente de publicacdes cientificas sobre os
factores de risco para a doenca peri-implantar. Todavia, ainda existe uma lacuna quanto
ao conhecimento dos factores de de risco, lacuna essa ainda mais marcada no que
concerne o progndstico em doentes com patologia peri-implantar traduzido pela
inexisténcia de estudos nesta area. Tendo em conta que se utilizam centenas de
milhares de implantes dentarios anualmente no mundo inteiro, estima-se que um
numero elevado de implantes desenvolva patologia peri-implantar. Torna-se assim
importante o desenvolvimento de estratégias que permitam maximizar a probabilidade

de sobrevivéncia dos implantes afetados por esta patologia.

O grupo de investigacdo a que peretencemos foi, nacional e internacionalmente,

pioneiro no estudo de algoritmos de risco na doenca peri-implantar.



Estrutura da Tese

A estrutura da presente tese organiza-se em sete secgdes: resumo, introdugao, objetivos

e hipdteses de investigacdo, materiais e métodos, resultados, discussao e conclusdes.

No capitulo 1, apds uma introdugdo sobre os dados histéricos mais marcantes da
implantologia dentdria, os resultados gerais e a tipologia do fracasso, descreve-se
brevemente a doenga peri-implantar, os possiveis indicadores de risco e progndstico e
a importancia da modelacdo estatistica na gestdo clinica contemporanea da doenca

peri-implantar, considerando a publicagdao de um dos artigos cientificos.

- No capitulo 2, sdo apresentados os objetivos da presente investigacdo e as hipoteses

de investigagdo geradas e estudadas.

- No capitulo 3, sdo apresentados os materiais e métodos utilizados na realizagao dos
trabalhos da tese, com descricdo da metodologia, nomeadamente as técnicas clinicas e

estatisticas utilizadas.

- No capitulo 4, sdo apresentados os resultados da investigacdo considerando sempre
os dados da literatura cientifica contemporanea, efectuada nos seguintes 3 grupos de

doentes e com os seguintes objectivos:

4.1 Derivagao de uma pontuagao de risco para a doenga peri-implantar em doentes com
proteses implanto-suportadas e avaliagdo das fracGes atribuiveis aos indicadores de

risco;

4.2 Validacdo da pontuacdo de risco para a doencga peri-implantar em doentes com
proteses implanto-suportadas; Afericdo da influéncia dos tempos de recall (tempo
decorrido entre consultas de avaliagdo e manuten¢do) nas subamostras de risco de

doenca peri-implantar;

4.3 Derivagao e validagdo de um modelo de progndstico para os implantes com doenga

peri-implantar em doentes com proéteses implanto-suportadas.



No capitulo 5, é apresentada a sintese dos principais resultados, discussao dos principais
resultados da investigacdo a luz do conhecimento corrente, as limitacbes da
investigacao, o interesse para a pratica clinica, as sugestdes para investigagdo futura e

as propostas de intervencgao.

No capitulo 6 s3o concebidas as conclusdes gerais da tese.

Devido a questdes de copyright editorial os artigos cientificos foram dispostos na sec¢do
de resultados nas suas formas de submissdo e aceitagdo para publicagdo (conforme o
caso), mantendo todo o conteldo original; sendo incluidas como anexos as versoes

publicadas.
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RESUMO

O sucesso a longo prazo dos implantes dentdrios depende do estabelecimento
de uma condicdo estdvel. Essa estabilidade pode ser influenciada negativamente pela
coexisténcia da doenca peri-implantar, provocando a perda do tecido dsseo de suporte
ao redor do implante. Em relacdo a etiopatogenia, duas vias distintas foram descritas: A
via classica e a via retrégrada contendo factores de origem bioldgica e biomecanica

previamente modelados.

A existéncia de algoritmos de risco para modelagem de doengas assume um
papel importante na Medicina moderna, representando uma importante ferramenta
para os clinicos no processo de diagnéstico e decisdo. Atualmente ndo existem

algoritmos de risco validados em Implantologia. Os objetivos desta investigagao foram:

1. Construir um algoritmo de risco para a incidéncia de doenca peri-implantar e

estimar a fraccao atribuivel dos indicadores de risco;

2. Avaliar a capacidade de previsdo de um algoritmo de risco para a incidéncia de

doenga peri-implantar numa amostra de validagao;

3. Aferir a influéncia dos tempos de recall (tempo decorrido entre consultas de

avaliacdo e manutencdo) nas sub-amostras de risco da doenca peri-implantar;

4. |dentificar os factores associados ao progndstico dos implantes com doenca
peri-implantar, construir e validar um modelo preditivo do progndstico de implantes

com doenga peri-implantar.

A doenca peri-implantar foi definida como a presenca de profundidade a
sondagem > 5 mm; hemorragia a sondagem e presenga concomitante de perda dssea

marginal / perda do nivel de insercdo clinico em comparag¢do com a avaliagdo anterior.

O primeiro estudo consistiu num estudo de caso-controlo de modo a definir uma
pontuacdo de risco para previsdo da incidéncia de doenca peri-implantar em 1275
pacientes utilizando as varidveis: historia de periodontite, o desajuste passivo ou

desaperto de componentes protéticos, tipo de material utilizado na restauracdo, placa



bacteriana, hemorragia, proximidade de outros implantes / dentes, nivel ésseo,
tabagismo e a interagdo entre a placa bacteriana e a proximidade de outros implantes /
dentes. Foram estimadas a fracg¢do atribuivel (FA) para cada indicador de risco e as

razGes de verossimilhanca positiva e negativa para a pontuacao de risco.

O segundo estudo consistiu num estudo de coorte retrospectivo para validagao
da pontuacdo de risco durante um seguimento de 5 anos em 353 pacientes. Foram
estimados o efeito da estratificagdo do grupo de risco na incidéncia de doenga peri-
implantar através de regressao logistica e a capacidade de discrimina¢do da pontuacdo

de risco através da drea sob a curva (AUC).

O terceiro estudo compreendeu a avaliacdo do efeito e impacto de um recall
(intervalo entre as consultas de manutenc¢do) > 6 meses na doenca peri-implantar num
estudo caso-controlo aninhado na coorte do estudo 2, incluindo 170 pacientes. Foram
estimados o risco relativo (RR) através de regressao logistica condicional e o risco

proporcional atribuivel (RAP).

O quarto estudo consistiu num estudo de coorte retrospectivo com 240
pacientes para derivar e validar um modelo progndstico para implantes com doenga
peri-implantar, com estimativa do efeito de potenciais indicadores de progndstico
desfavoravel. Foram estimados o RR para os indicadores de risco através de regressao
logistica e a capacidade de discriminacdo do modelo através da AUC em ambos os

conjuntos de derivagao e validagao.

1. Na construcdo da pontuacdo de risco e estimativa das fracdes atribuiveis

constatamos:

Uma distribuicdo diferente da incidéncia de doenca peri-implantar com 2.2%,
11.5%, 37.6% e 86.4% para pacientes de baixo risco, risco moderado, risco elevado e
risco muito elevado, respectivamente. A pontuacdo de risco com uma capacidade de

discriminagao excepcional registada pela AUC com um intervalo de confianga de 95%
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(1C95%) de 0.963 (0.950; 0.976) (p < 0.001). As razbes de verossimilhanca positiva e

negativa do modelo de 9.69 e 0.13, respectivamente.

Uma potencial redugao significativa dos casos se a exposi¢do aos indicadores de
risco modificaveis fosse suprimida, ilustrada pela reducao de 5% para a falta de ajuste
passivo ou desaperto de componentes protéticos; 31% para a placa bacteriana; 31%
para o nivel ésseo no terco médio dos implantes; 18% para a hemorragia; 26% para a
restauragdo de metalo-ceramica; e 15% para a interagao entre placa bacteriana e

proximidade de outros implantes / dentes.

2. Na validagao da pontuagao de risco registamos:

Uma taxa de incidéncia da doenca peri-implantar de 24.1% (n = 85 pacientes).
Um RR com intervalo de confianca de 95% (1C95%) para o efeito da estratificacdo
do grupo de risco de 5.52 (3.64; 8.35), com uma sensibilidade de 71.8%, uma

especificidade de 83.2% e uma precisao de 80.5%.

Uma excelente capacidade de discriminagao da pontuagao de risco com uma

AUC (IC95%) de 0.858 (0.820; 0.896) (p < 0.001).

3. Naavaliagao do efeito e impacto do periodo de recall na incidéncia da doenga

peri-implantar registamos:

Um RR (IC95%) de 1.13 (0.57; 2.21) para um recall > 6 meses.

Um RAP de 5.89% que indica uma contribuicio modesta do recall > 6 meses para

o excesso de risco na doenga peri-implantar.

4. Na derivagao e validagao do modelo de progndstico para implantes com

doenca peri-implantar constatamos:

Indicadores de progndstico com efeito significativo no progndstico desfavoravel,
conforme o RR (IC95%) de 3.13 (1.15; 8.55) para historia de periodontite; 3.26 (1.37;
7.81) para doenga peri-implantar grave; 3.52 (1.48; 8.37) para o comprimento do

implante> 13 mm; e 3.99 (1.62; 9.82) para o desenvolvimento precoce da doenca.
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Um modelo progndstico com inclusdo dos indicadores de progndstico: idade,
histéria de periodontite, doenca peri-implantar grave, comprimento do implante> 13
mm e desenvolvimento precoce da doenca. O modelo progndstico obteve boa
discriminacdo na amostra de derivagdao com uma AUC (IC95%) de 0.763 (0.679; 0.847)
(p < 0.001); O modelo progndstico obteve uma boa discriminagdo na amostra de

validagdo com uma AUC (IC95%) de 0.709 (0.616; 0.803) (p < 0.001).

Considerando os resultados, conclui-se que a gestdo clinica da doenca peri-
implantar beneficia da aplicagdo de algoritmos de risco para alcangar resultados
previsiveis a longo prazo. Foi possivel derivar e validar uma pontuacdo de risco para a
incidéncia da doenga peri-implantar com excelente discriminagdao. Um numero
significativo de casos poderia ser potencialmente evitado se a exposicdo a factores
modificaveis fosse suprimida. O efeito e impacto de um recall > 6 meses foram baixos e
nao significativos. Foi possivel derivar e validar um modelo progndstico para implantes
dentdrios com doenca peri-implantar com boa discriminacdo. As presentes conclusées
determinam a necessidade de intervencdes na prevencdo primaria, secundaria e

tercidria para maximizar a probabilidade de resultados de sucesso.

Esta tese como um todo contribui para a avaliacdo do progndstico em pacientes
com implantes dentarios e doenca peri-implantar, preenchendo lacunas significativas
no conhecimento contemporaneo. Sistematiza os principais factores associados a
doenca peri-implantar e a um progndstico desfavoravel por meio de uma abordagem
epidemioldgica que se pode considerar original na investigacdo actual. Este trabalho
atesta a origem multifactorial da condigdo, simplificando calculos matematicos
complexos e fornecendo ferramentas que podem ser usadas por qualquer clinico na
gestdo de pacientes com reabilitagdes implanto-suportadas. Pode servir como ponto de
partida para estudos adicionais sobre o tema da doenca peri-implantar e fornece uma
base para intervencdes preventivas e curativas. Destaca-se a importancia de um
acompanhamento clinico rigoroso com a inclusdo de medidas diagndsticas precisas,

profilaxia adequada e planeamento com envolvimento de uma equipa multidisciplinar.
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ABSTRACT

Dental implants’ long term success rely on the establishment of a stable
condition. This stability may be negatively influenced by the coexistence of peri-implant
disease, provoking loss of the supporting bone tissue around the implant. Concerning
the etiopathogenesis, two distinct pathways were first described, classical and
retrograde, containing factors of biological and biomechanical origin that were

previously modeled.

The existence of risk algorithms for disease modeling assumes an important role
in modern Medicine, representing a tool for clinicians in the diagnosis and decision
process. Currently there are no risk algorithms validated in Implant Dentistry. The aims

of this investigation were:

1. To retrieve a risk score for the incidence of peri-implant disease and to
estimate the risk indicators’ attributable fraction;

2. To validate the risk score for the incidence of peri-implant disease in a
validation sample;

3. To evaluate the effect of the recall schedule (time between maintenance
appointments) on the incidence of peri-implant disease;

4. To identify the factors associated to the prognosis of implants with peri-
implant disease, retrieve and validate a prognostic model for dental implants

with peri-implant disease.

Peri-implant disease was defined as the presence of probing pocket depths > 5
mm; bleeding on probing and concominant presence of marginal bone loss/clinical

attachment loss compared to the previous evaluation.

The first study consisted in a case-control study to retrieve a risk score for
prediction of the peri-implant disease incidence in 1275 patients using the variables:
History of periodontitis, lack of passive fit or non-optimal screw joint, type of material
used in the restoration, bacterial plaque, bleeding, proximity of other implants/teeth,

bone level, smoking and the interaction between bacterial plaque and proximity of other
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implants/teeth. Estimations of the attributable fraction (AF) for each risk indicator,

positive and negative likelihood ratios for the risk score were performed.

The second study consisted in a retrospective cohort study for validation of the
risk score during a follow-up of 5 years of 353 patients. Estimations of the effect of the
risk group stratification in the incidence of peri-implant disease through logistic
regression and the risk score discrimination capacity through the area under the curve

(AUC) were perfomed.

The third study comprised the evaluation of the effect and impact of a recall
(interval between maintenance appointments) > 6 months on peri-implant disease in a
nested case-control study from the sample of study 2 including 170 patients. Estimations
of the relative risk (RR) through conditional logistic regression and the proportional

attributable risk (PAR) were performed.

The fourth study was a retrospective cohort with 240 patients for retrieving and
validating a prognostic model for implants with peri-implant disease with estimation of
the effect of potential prognostic indicators for unfavorable prognosis. Estimations of
the RR for the risk indicators through logistic regression and discrimination capacity of

the model through the AUC in both derivation and validation sets were performed.

1. Inthe derivation of the risk score and estimation of the attributable fractions

we found:

A different distribution of the incidence of peri-implant disease with 2.2%, 11.5%,
37.6% and 86.4% for low risk, moderate risk, high risk and very high risk patients,
respectively. The risk score with outstanding discrimination as registered by the AUC
with 95% confidence interval (95%Cl) of 0.963 (0.950; 0.976) (p < 0.001). The model’s

positive and negative likelihood ratios of 9.69 and 0.13, respectively.

A potential significant reduction of cases if the exposure to the modifiable risk
indicators was suppressed, illustrated by the reduction o 5% for lack of passive fit or

non-optimal screw joint; 31% for bacterial plaque; 31% for bone level on the implants’
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middle third; 18% for bleeding; 26% for metal-ceramic restoration; and 15% for the

interaction between bacterial plaque and proximity of other implants/teeth.

2. Inthe validation of the risk score in a validation sample we found:

An incidence rate of peri-implant disease of 24.1% (n = 85 patients). A RR (95%Cl)
for the effect of the risk group stratification of 5.52 (3.64; 8.35), with a sensitivity of
71.8%, a specificity of 83.2% and an accuracy of 80.5%. An excellent discrimination

capacity of the risk score with an AUC (95%Cl) of 0.858 (0.820; 0.896) (p < 0.001).

3. In the evaluation of the effect and impact of the recall schedule on the

incidence of peri-implant disease we found:

A RR (95%Cl) of 1.13 (0.57; 2.21) for a recall schedule of > 6 months. A PAR of
5.89% indicating a modest contribution of the recall schedule of > 6 months for the

excess of risk in peri-implant disease.

4. In the derivation and validation of a prognostic model for dental implants

with peri-implant disease we found:

Prognostic indicators with significant effect for unfavourable prognosis with RR
(95%Cl) of 3.13 (1.15; 8.55) for history of periodontitis; 3.26 (1.37; 7.81) for severe peri-
implant disease status; 3.52 (1.48; 8.37) for implant length > 13 mm; and 3.99 (1.62;

9.82) for early disease development.

A prognostic model with inclusion of the prognostic indicators: age, history of
periodontitis, severe peri-implant disease status, implant length > 13 mm and early
disease development. The prognostic model with good discrimination in the derivation
set with an AUC (95%Cl) of 0.763 (0.679; 0.847) (p < 0.001); The prognostic model with
a good discrimination in the validation set with an AUC (95%Cl) of 0.709 (0.616; 0.803)
(p < 0.001).
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Considering the results, it is concluded that the clinicians’ management of peri-
implant disease benefits from the application of risk algorithms to achieve predictable
long term outcomes. It was possible to derive and validate a risk score for the incidence
of peri-implant disease with excellent discrimination. A significant number of cases could
potentially be prevented if the exposure to modifiable factors was suppressed. The
effect and impact of a recall schedule > 6 months was low and non-significant. It was
possible to derive and validate a prognostic model for dental implants with peri-implant
disease with good discrimination. These conclusions warrant interventions in primary,

secondary and terciary prevention to maximize the probability of successful outcomes.

This thesis as a whole contributes to the evaluation of prognosis in patients with
dental implants and peri-implant disease, filling significant gaps in contemporary
knowledge. This work systematizes the principal factors associated with peri-implant
disease and an unfavorable prognosis using a pioneer epidemiological approach in
implant denstistry at both national and international level. It attests the multifactorial
origin of the condition, simplifying complex mathematical calculations and providing
tools that can be used by any clinician in the management of patients with implant-
supported rehabilitations. It can serve as a starting point for further studies in the topic
of peri-implant disease and provides a basis for interventions (suggestions are provided
for both topics). It underlines the importance of close clinical monitoring with inclusion
of precise diagnostic measures, proper prophylaxis and planning with involvement of a

multidisciplinary team.
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1.1 Perspectiva historica, definicdes e conceitos gerais
A tentativa de substituicdo de pecgas dentdrias data ha mais de 4000 anos por
parte dos Egipcios em 2500 a.c. por intermédio da tentativa de estabilizacdo de pecas

dentarias utilizando ligaduras de ouro (Fig. 1; Foundation for Oral Rehabilitation 2015).

Figura 1 llustracdo representativa da estabilizacdo de pegas dentdrias por intermédio de ligaduras de ouro

em 2500 a.c. no Egipto (Foundation for Oral Rehabilitation 2015).

Existem provas da implantacdo dentdria datadas de 600 d.c. na civilizacdo Maia, em que
foram utilizadas conchas como implantes na substituicdo de dentes na mandibula (Fig

2; Foundation for Oral Rehabilitation 2015).

Figura 2 llustragdo representativa da utilizagdo de conchas como implantes na mandibula, datada do ano

600 d.c. na civilizagdo Maia (Foundation for Oral Rehabilitation 2015).

No século XX (1938) foi registada a primeira patente para um implante endo-ésseo

cilindrico por parte de P.B. Adams (Fig. 3; Adams PB 1938).
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Figura 3 Patente de um implante cilindrico por PB. Adams (Adams PB 1938).

Os trabalhos de Per-Ingvar Branemark levaram ao desenvolvimento do
conhecimento da integracdo do titanio no osso: Primeiro em animais (1962), com os
ensaios de insercdo de objetos cilindricos de titanio (uma aproximacdo dos implantes
modernos) em coelhos, os quais ndo eram possiveis de remover apds um periodo de
cicatrizacdo (Fig.4; Wikipedia 2012); e depois em humanos (1977) com o tratamento do
primeiro doente (Fig. 5) e doentes subsequentes através da insercdo de implantes de
titanio em forma de parafuso para suporte de uma prétese dentaria funcional na
mandibula desdentada, dando origem ao termo osteointegra¢do (Branemark e col.
1977). A osteointegragao foi definida como “A fusdo biolégica do osso a um material

estranho” na conferéncia de Toronto em 1982 (Jokstad 2008).

Figura 4 Radiografia da tibia e perénio de um coelho com um parafuso de titanio a unir ambas as

estruturas dsseas (Wikipedia 2012).
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Figura 5 A esquerda, o primeiro paciente a ser submetido a uma reabilitacdo com implantes dentarios

(Gosta Larsson); a direita, o Professor Per-Ingvar Branemark (Love F 2014).

Com o aparecimento dos implantes osteointegrados tornou-se possivel reabilitar
doentes com situagdes clinicas que até esse momento ndo podiam ser resolvidas de
forma satisfatdria. O implante, um parafuso de titanio, poderia ser utilizado como uma

raiz falsa no suporte de préteses dentarias através ligagdo biolégica com o osso humano

(Fig. 6).

Figura 6 llustracdo representativa de uma unidade de reabilitagdo dentaria: O implante dentario que
funciona como uma raiz falsa (estrutura mais abaixo); o pilar (estrutura intermédia) que funciona como

elo de ligagdo entre o implante e a coroa funcional (estrutura mais acima).
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Branemark e col. (1977) verificaram que os implantes dentarios de titanio poderiam ser
utilizados com suporte de préteses dentdrias obedecendo a um protocolo de
intervencdo constituido por: uma primeira cirurgia para insercdo dos implantes e
recobrimento pela mucosa, seguido de um periodo de cicatrizacdo de quatro a seis
meses (para osteointegracdo do implante), uma segunda cirurgia para descobrimento

dos implantes e conexado dos pilares e protese dentaria.
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- Tempos de carga e resultados gerais das reabilitacées implanto-suportadas

O constante desenvolvimento da Implantologia Oral levou ao surgimento de
diversos tipos de carga, definido como o tempo decorrido entre a inser¢ao do implante
Nno 0sso e a conexdao da protese (coroa, protese parcial ou protese total) implanto-
suportada. Deste modo, sdo comumente referidos na literatura cientifica trés tipos de
carga: Carga convencional, constituida pela insercdao do implante, seguido de um
periodo de cicatrizagdao sem carga de pelo menos 2 meses seguido da conexao da
protese dentaria; Carga precoce, constituida pela insercdo do implante e conexdo da
protese implanto-suportada entre uma semana a 2 meses apds inser¢ao do implante; e
a carga imediata, constituida pela insercdo do implante e conexao da prdtese no proprio
dia ou até uma semana apds a inser¢dao do implante (Papaspyridakos e col. 2014).
Registam-se percentagens elevadas de sucesso a curto, médio e longo prazo, em ambas
as arcadas, independentemente da técnica cirurgica e do tipo de reabilitacdo (Tarnow e
col. 1997; Ericsson e col. 2000; Fortin e col. 2002; Wolfinger e col. 2003; Ekelund e col.
2003; Olsson e col. 2003; Testori e col. 2004; Astrand e col. 2008). Considerando a
reabilitacdo total, Astrand e col. (2008) num estudo efetuado em pacientes reabilitados
em ambas as arcadas por intermédio da técnica de 2 fases cirdrgicas e com um
seguimento de 20 anos, atingiu percentagens de sucesso de 99.2%. Considerando a
aplicacdo da carga imediata (compreendendo a insercdo do implante, pilar e prétese
num unico passo e no mesmo dia) os resultados do estudo com maior seguimento
registam percentagens de sucesso cumulativas de 91.7% no seguimento até 18 anos
(Malo e col. 2019). Os resultados registados em reabilitacGes totais sdo corroborados
por revisdes sistematicas que comprovam a seguranga da reabilitacdo protética
implanto-suportada igualmente em reabilitacdes unitarias e parciais. Papaspyridakos e
col. (2014) efetuaram uma meta-analise para avaliar protocolos de carga em pacientes
desdentados tendo registado percentagens de sobrevivéncia elevadas para os implantes
inseridos por intermédio de diferentes protocolos: A carga imediata com execugdo de
retalho registou 90.1% a 100% de percentagem de sobrevivéncia entre um e 10 anos; A
carga imediata sem execugdo de retalho registou 90% a 99.4% de percentagem de

sobrevivéncia; A carga convencional registou 94.95% a 100% de percentagem de
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sobrevivéncia entre dois e 15 anos; ndo se registaram diferencas significativas entre a

maxila e a mandibula.

Numa meta-andlise de Schrott e col. (2014) foram avaliados os resultados da
aplicacdo de carga imediata em reabilitacdes implanto-suportadas em pacientes
desdentados parciais utilizando implantes de superficie rugosa e tempos de carga
imediata, precoce ou convencional; As percentagens de sobrevivéncia médias atingiram
valores de 97.9% a 100%, 97.8% e 99.3% para a carga imediata, precoce e convencional,

respetivamente, sem diferencas entre o local da reabilitacdo (maxila ou mandibula).

A reabilitagdo oral implica por vezes a insergdo de implantes em condi¢des nao
ideais como por exemplo imediatamente apds a extracdo da peca dentaria (ao invés de
se extrair a mesma e aguardar pela conclusdo da cicatrizacao de tecidos duros e moles).
Gallucci e col. (2018) conduziram uma revisdo sistematica incluindo 69 publica¢des para
investigar o desfecho clinico de reabilitacGes parciais implanto-suportadas para
restauragdo imediata apds extragao de dentes naturais, tendo registado percentagens

elevadas de sobrevivéncia (entre 96% e 98.4%).

No entanto, o desfecho clinico de uma reabilitacdo dentdria ndo constitui a Unica
avaliacdo importante de aferir sendo que a avaliacdo da perspetiva do paciente assume
igual importancia. Huynh-Ba e col. (2019) numa revisdo sistemdtica para comparar a
carga imediata com a carga tardia concluiu que a reabilitagdo unitaria implanto-
suportada constitui uma modalidade de tratamento bem aceite do ponto de vista do

paciente e merecedora de consideragdo na pratica clinica.
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- Classificagdo do fracasso na Implantologia

Apesar das elevadas taxas de sucesso registadas a longo termo os implantes ndo
sdo imunes ao fracasso. Sdo comumente descritas na literatura dois tipos de falha nos
implantes dentarios: falha precoce (dentro do periodo de osteointegracdo do implante
dentario) e falha tardia (apds o periodo de osteointegracdo). Durante o processo
cirargico de insercao do implante e da fase de osteointegracdo, varios factores como
trauma cirdrgico excessivo, condicionamento da capacidade de cicatrizacdo, aplicacao
de carga demasiado precoce sobre o implante ou infec¢cdo, podem levar a perda do
implante, definindo-se como falha precoce. Sinais precoces de infeccdo poderdo ser
considerados como pior progndstivo para o implante comparativamente ao
aparecimento dos mesmos sinais apds o periodo de osteointegracdo (Sakka e col. 2012).
Por outro lado, apds ocorrer a osteointegracdo do implante, problemas como a infec¢ao
marginal crdénica progressiva ou a sobrecarga oclusal conjuntamente com as
caracteristicas do hospedeiro constituem os agentes etioldgicos mais comuns da falha
tardia dos implantes (Esposito e col. 1998). De entre as falhas tardias, a mais prevalente

é a doenca peri-implantar (Esposito e col. 1998).
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1.2 DOENCA PERI-IMPLANTAR

1.2.1 Defini¢do e patogénese
A doenga peri-implantar é definida como uma reagdo inflamatdria com perda do
osso de suporte nos tecidos circundantes a um implante em fungao” (Albrektsson 1994;

Schwarz e col. 2018; Fig. 7).

Figura 7 Imagem ilustrativa das manifestagGes clinicas de implantes com doenca peri-implantar.

A patogénese da doenca peri-implantar foi descrita como: 1) cldssica (dos tecidos
moles apicalmente para o 0sso), constituindo a placa bacteriana o seu principal factor
etioldgico, e cuja acumulagcdo provoca mucosite (inflamacdo reversivel dos tecidos
moles que rodeiam o implante). Quando deixada sem tratamento podera levar a uma
destruicdo progressiva dos tecidos peri-implantares com a resultante perda dssea,
convertendo-se deste modo em doencga peri-implantar (Pontoriero e col. 1994;
Mombelli 1999; Schwarz e col. 2018); ou 2) retrégrada (do osso para os tecidos moles),
com a perda dssea a ocorrer na crista 6ssea provocada por micro fraturas por
sobrecarga, carga demasiado precoce, forgas laterais ou factores oclusais (Meffert

1990).

Schwarz e col. (2018) referem que as condigGes clinicas e histopatoldgicas que
levam a conversdo da mucosite em doenca peri-implantar ndo se encontram totalmente
compreendidas. E evidente da literatura a existéncia de diferentes hipéteses causais
para a ocorréncia da doencga peri-implantar que colocam em causa a teoria da placa

bacteriana como principal factor etioldgico da doenga peri-implantar.
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1.2.2 Prevaléncia da doenga peri-implantar
O estudo da doenca peri-implantar em humanos tem sido efetuado a partir de
estudos de prevaléncia utilizando diferentes metodologias e critérios de definicao, o que

torna particularmente dificil a interpretacdo da sua distribuicado.

Em 1998 numa das primeiras revisdes sistematicas conduzidas sobre a matéria,
Esposito e col. (1998) relatam que o numero de falhas de implantes ocorridas por
doenca peri-implantar aparenta ser muito baixo nos estudos longitudinais; numa
tentativa de calcular a prevaléncia da perda de implantes causada por doenca peri-
implantar, reportaram uma média 7.7%. No entanto aconselharam uma interpretagao
cautelosa dos resultados dado as razoes da falha dos implantes ndo terem sido claras

em todos os estudos.

Zitzmann e Berglundh (2008) num estudo de revisdo, reviram os dados de uma
selecdo de estudos cujos critérios de inclusdo incluiam ser transversais ou longitudinais,
possuir pelo menos 50 implantes tratados e um tempo de funcdo igual ou superiora 5
anos, resultando na inclusdo de apenas 2 estudos transversais. Os autores chegaram a
resultados de prevaléncia para a patologia peri-implantar entre 28 e 56% ao nivel do
paciente, e entre 12 e 43% ao nivel do implante. Jung e col. (2008) efetuaram uma
revisdo sistematica de 26 estudos de coorte prospetivos ou retrospetivos em
reabilitacGes unitarias com pelo menos 5 anos de fungdo, tendo registado uma

prevaléncia da doenga peri-implantar de cerca de 9.7%.

Mais recentemente, um estudo de vigilancia epidemiolégica com uma amostra
superior a 22000 pacientes reportou uma prevaléncia de doenca peri-implantar de
13.9% utilizando o doente como unidade de analise, resultante de 1652 doentes
diagnosticados com a doenca de um total de 11863 individuos com implantes durante o
seguimento do estudo (De Araujo Nobre e Mal6 2017). Uma revisdo sistematica e meta-
analiseincluindo 47 estudos efetuada com o objetivo de aferir as prevaléncias de doenca
peri-implantar registou taxas de prevaléncia de 9.25% (1C95%: [7.57, 10.93]) utilizando
o implante como unidade de analise e 19.83% (1C95%: [15.38, 24.27]) utilizando o
paciente como unidade de andlise (Lee e col. 2017). Os autores concluiram que a doenca

peri-implantar afeta um numero significativo de pacientes, sublinhando a importancia
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das dificuldades de diagndstico e da compreensao dos factores de risco modificaveis de

forma a reduzir o potencial de incidéncia e progressdo da doenca (Lee e col. 2017).
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1.2.3 Teorias etioldgicas da doenga peri-implantar
Uma das teorias para o desenvolvimento da doenca peri-implantar consiste na
presenca de infecgao nos tecidos peri-implantares provocada pela acumulagao de placa

bacteriana (Lang e col. 1997; Andreiotelli e col. 2008; Yeung 2008).

As investigacGes efetuadas por Mombelli (1987) e por Mombelli e Lang (1994),
assinalaram a presenca de um numero elevado de microorganismos anaerdbios gram-
negativos na presenca de patologia em implantes dentarios (com registo de bolsas peri-
implantares superiores a5 mm em associagcao com perda 6ssea) comparativamente aos

restantes implantes com auséncia de doenga.

Lang e col. (1997) descreveram o processo em que as lesGes peri-implantares se
iniciariam como resultado da acumulagdo de placa bacteriana instalando a mucosite
peri-implantar, num processo analogo a doenga periodontal e respetiva evolugao da
gengivite para a periodontite. No entanto, varios elementos que poderiam determinar
a especificidade da resposta do hospedeiro neste processo de conversao entre as duas
patologias ndo sdo bem compreendidos (Tonetti e Schmid 1994; Lang e col. 1997;
Romeo e col. 2004;Andreiotelli e col. 2008): Apesar de a resposta inicial do hospedeiro
a infeccdo bacteriana na mucosite peri-implantar parecer idéntica a observada na
gengivite, a acumulagao de placa bacteriana pode provocar uma resposta inflamatodria
mais pronunciada nos tecidos peri-implantares comparativamente com os tecidos
periodontais, colocando-se a hipdtese de diferengas estruturais relacionadas com a

vascularidade ou os racios fibroblasto-colagénio (Heitz-Mayfield e Lang 2010).

Nos dias de hoje encontram-se descritas teorias alternativas e mecanismos
relacionados com a etiopatogénese da doenga peri-implantar que colocam em causa a
hipdtese de um mecanismo de infeccdo puro para explicar o desfecho da perda dssea

peri-implantar.

Albrektsson e col. (2014) propuseram que a perda 6ssea marginal se pudesse
considerar dependente de uma complicacdo relacionada mais com o desequilibrio da
resposta a um corpo estranho por parte do hospedeiro do que um processo de doenca
relacionado com infec¢ao mediada pelo biofilme. Nesta hipotese, a perda dssea inicial
ao redor de um implante poderia representar uma reacdo ao tratamento e ndo um
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processo de doencga e que apenas apds o desenvolvimento de uma perda éssea severa

se seguisse uma infeccdo secundaria mediada por biofilme.

Trindade e col. (2014) propuseram um mecanismo de origem imunoldgica como
explicacdo para a ocorréncia de perda 6ssea ao redor dos implantes dentarios tendo em
conta : Em primeiro lugar, a consideracao da osteointegracao como a representacao de
uma reacao de corpo-estranho a biomateriais controlada por processos inflamatdrios e
imunolégicos; Em segundo lugar, a consideragao de que a fungao clinica a longo termo
se encontrava dependente do equilibrio entre o hospedeiro e o corpo-estranho, o qual
em caso de disturbio poderia conduzir a uma fungao clinica comprometida do implante
por intermédio de um processo de colapso com ativacdo macrofagica e fusdo em células
gigantes de corpo estranho resultando em perda dssea inicial; e por ultimo, uma

infeccao que seguir-se-ia como evento secundario.

Qian e col. (2012) numa revisdo de 21 estudos experimentais e 116 estudos
clinicos, concluiram que a perda dssea marginal poderia depender primariamente de
uma combinacdo de numerosos factores de segundo plano, nomeadamente: Implantes
de baixa qualidade de fabrico manipulados por clinicos pouco experientes juntamente
com caracteristicas do hospedeiro. Os autores reportaram que ndo foi encontrada
evidéncia de um mecanismo primario de infeccdo como explicacdo para a perda dssea.
Sugeriram a sua substituicdo por um mecanismo que poderia representar o resultado
de micro fraturas do osso ou de outras lesdes dsseas que por sua vez conduziriam a um
processo inflamatdrio e consequente perda dssea, contribuindo para o aumento da
suscetibilidade do hospedeiro a infecoes secundarias e deste modo comprometendo o

desfecho clinico.

InvestigacBes genéticas recentes revelaram diferengas marcadas na expressao
genética entre a periodontite e a doenga peri-implantar propondo a consideragao de
duas entidades patoldgicas distintas. Becker e col. (2014) efetuaram andlises a mucosa
de pacientes com doenga periodontal, doengas peri-implantar e controlos saudaveis por
intermédio da analise de transcritoma, tendo demonstrado que a doenca periodontal e
a doenga peri-implantar exibiam assinaturas diferentes ao nivel do acido ribonucleico

mensageiro. Ao contrario da doenca periodontal onde prevaleceu o mecanismo de
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resposta dos tecidos a presenca de bactérias, na doenca peri-implantar o método de
ontologia genética desvendou varios processos diferentes, suportando a hipdtese de
consistir numa desordem inflamatéria complexa e de fisio-patologia Unica relacionada
como respostas imunes inatas em conjungdao com respostas de defesa. Carcuac e
Berglundh (2014) numa andlise histopatoldgica de tecidos em pacientes com doenca
periodontal, doenca peri-implantar e controlos saudaveis, observaram diferencas
significativas nas lesGes peri-implantares (duas vezes maiores) comparativamente as
lesdes periodontais; com proporc¢ées, numeros e densidades mais elevados de genes
CD138, CD68 e células Mieloperoxidase-positivas, assim como densidades aumentadas
de estruturas vasculares no tecido conjuntivo localizado lateralmente ao tecido
conjuntivo infiltrado. Em adi¢ao, as lesdes peri-implantares estenderam-se para uma
localizacdo apical do epitélio da bolsa sem serem rodeadas por tecido conjuntivo ndo
infiltrado. Este estudo registou diferencas histopatoldgicas entre a doenca periodontal
e a doenca peri-implantar consideradas criticas pelos autores, contribuindo para a

compreensao das desigualdades na incidéncia e progressao de ambas as doencas.
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1.3 POTENCIAIS INDICADORES DE RISCO E DE PROGNOSTICO

Os potenciais indicadores de risco da doenca peri-implantar constituem um dos
campos de investigagdo com maior progressao nos ultimos anos. A partir do
desenvolvimento de teorias causais mais robustas do ponto de vista epidemiolégico,
com introdugdao de andlise estatistica multivariada, foram colocados a consideragao
varios potenciais factores de risco os quais mereceram apreciacdo aprofundada na
presente tese dado terem constituido a base da construcdo da pontuacdo de risco para
a incidéncia da doenga peri-implantar: a histéria de periodontite, a placa bacteriana, a
hemorragia, a falha no interface protético (desajuste passivo ou desaperto de
componentes protéticos), o tipo de material de restauragao, a proximidade do implante
a outros implantes/dentes, ou o nivel dsseo (com os habitos tabagicos a serem

considerados como factor confundente) (De Aratdjo Nobre e col. 2015).

O estudo dos factores de progndstico para a patologia peri-implantar constitui uma area
de investigagdo muito pouco explorada com muito poucos estudos publicados e
referem-se geralmente ao progndstico de implantes dentarios relativamente ao seu
fracasso (Grotz e col. 1999; Alissa e col. 2012; Rammelsberg e col. 2013). Destaca-se
nesse sentido um estudo sobre factores de progndéstico em implantes na arcada
irradiada no qual, a partir de um desenho retrospetivo com 47 pacientes e 197 implantes
se verificou ndo existirem diferengas significativas na sobrevivéncia dos implantes
considerando o efeito do nimero de doses de irradiacdo, da realizacdo de quimioterapia

ou da realizagdo de osteoplastia peri-implantar (Grotz e col. 1999).

Na presente seccdo analisam-se as potenciais contribuicdes dos indicadores para

o risco e progndstico a luz da evidéncia cientifica.

1.3.1 Idade e presenca de comorbilidades

A idade avangada dos pacientes e as comorbilidades tém sido frequentemente
debatidas na literatura cientifica quanto ao seu potencial efeito nefasto sobre as
reabilitagbes implanto-suportadas. O ultimo consenso do International Team of
Implantologists alertou para o potencial risco da inser¢do de implantes em pacientes
geriatricos: Apesar de ndo se considerar contraindicada a colocagao de implantes

dentdrios em pacientes geriatricos, a autonomia do paciente assim como a presenca de
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comorbilidades deve ser considerada (Heitz-Matfield e col. 2018). A idade podera
produzir um efeito indireto sobre o progndstico de implantes com doenca peri-
implantar considerando a associagao a baixa imunidade e capacidade de cicatrizagdo
comprometida quando associada a uma historia de periodontite ou na presenca de
doenca cardiovascular, aumentando a probabilidade de fracasso (Marrone e col. 2013;
Konstantinidis e col. 2015; Poli e col. 2016; Guobis e col. 2016; De Araujo Nobre e col.
2017). Marrone e col. (2013) num estudo de prevaléncia e indicadores de risco para a
doenca peri-implantar em pacientes Belgas com um seguimento médio de 8.5 anos
registou uma correlagao positiva entre a idade e a doenga peri-implantar. Poli e col.
(2016) num estudo retrospetivo com 103 pacientes reportou um aumento da incidéncia
de doenca peri-implantar em pacientes nao aderentes ao recall de higiene oral e com

idade acima dos 65 anos.

Certas comorbilidades desempenham um papel importante no equilibrio entre
o hospedeiro, o agente e o ambiente, uma vez que o comprometimento do status
médico pode exercer um efeito negativo sobre a sobrevivéncia dos implantes: Uma
revisdao sistematica recente efetuada com o objetivo de investigar a influéncia das
doengas gerais no desenvolvimento da doenga peri-implantar sugeriu o aumento da
incidéncia da doenca com a presenca de comorbilidades, de uma histéria de doenca
cardiovascular e periodontite, implicando uma investigagdo mais profunda (Guobis e

col. 2016).
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1.3.2 Histdria de periodontite

A periodontite é uma doenga que afeta os tecidos de suporte dos dentes
naturais, com um processo de desenvolvimento aparentemente semelhante a doenga
peri-implantar (Meffert 1996). A evidéncia relativamente a influéncia deste factor sobre
o risco de contrair doenca peri-implantar advém de estudos clinicos que identificaram a
histéria de periodontite como um indicador de risco (Mombelli e col. 1995; Papaioannou
e col. 1995; Ellegaard e col. 1997; Brocard e col. 2000; Karoussis e col. 2003; Hammerle
e Glauser 2004; Heitz-Mayfield 2008). Brocard e col. (2000) num estudo multicentro com
7 anos de seguimento em 1022 implantes, relataram que individuos que perderam os
seus dentes devido a doenca periodontal apresentam uma maior suscetibilidade de
desenvolvimento da doenga peri-implantar. Estudos transversais mais recentes
corroboram os resultados anteriores, apontando a histéria de Periodontite como um
dos indicadores de risco mais importantes, reportando odds ratios entre 1.06 e 2.2

(Marrone e col. 2013; Konstantinidis e col. 2015; Dalago e col. 2017).

Devido aos pontos em comum na etiopatogenia entre a doenca peri-implantar e a
doenga periodontal (Heitz-Mayfield e Lang 2010), seria de esperar que a histéria de
patologia periodontal pudesse exercer forte influéncia como factor de risco para a
incidéncia de doenga peri-implantar. Transportando o conceito para o racional clinico, o
facto de a etiopatogenia ser semelhante entre as 2 patologias significa que o paciente
que perde pegas dentarias devido a doenga periodontal e que as substitui por implantes
sem alterar significativamente os seus habitos de higiene oral possuird um risco
acrescido para que o processo infecioso se processe novamente dado o fardo
inflamatdrio “herdado” da periodontite ser transposto para a doenga peri-implantar (De
Araujo Nobre e col. 2015). Uma revisdo sistematica recente incluindo 27 publicacdes
registou uma tendéncia para o fracasso e o aumento das complicagdes bioldgicas nos
implantes dentdrios de pacientes com histdria prévia de Periodontite (Sousa e col.
2016). Uma meta-analise recente com 16 publica¢des registou um aumento de 69%
relativamente ao risco de fracasso dos implantes dentarios em pacientes com doenca

periodontal (Sgolastra e col. 2015).
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Do mesmo modo, a historia de periodontite podera influenciar negativamente o
prognostico de implantes com patologia peri-implantar intervencionados, constituindo

um potencial factor de progndstico.
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1.3.3 Tabaco

O consumo do tabaco constitui um dos factores que mais discussdo gera no que
respeita ao seu efeito adverso sobre as reabilitagdes implanto-suportadas, existindo
publicacbes que registaram um aumento das falhas de implantes duas vezes superior
em pacientes fumadores comparativamente a pacientes ndao fumadores (Esposito e col.
1998). 0 mecanismo do efeito do tabaco sobre os tecidos periodontais encontra-se bem
estudado: O consumo de tabaco atua ao nivel das defesas do hospedeiro (diminuicdo
da funcdo PMN, diminuicdo do racio de CD4+/CD8+, e diminui¢do da concentracdo de
IgA e IgG salivares); da destrui¢do da matriz extra celular e do aumento da perda dssea
(por intermédio do aumento da concentracdo de citoquinas pré-inflamatdrias e
mediadores inflamatérios como a IL-1, TNF-a e PGE-2 e do aumento de
metaloproteinases da matriz); e do comprometimento da capacidade de regeneracdo
(induzindo alteragGes vasculares e conjuntivas por intermédio da diminui¢cdo do aporte
de oxigénio e nutrientes aos tecidos e da diminuicdo da sintese de colagénio) (Sham e
col. 2003). Este processo implica um aumento da probabilidade de ocorréncia de doenca
periodontal em cerca de 90% conforme registado num estudo de vigilancia
epidemioldgica recente (De Araujo Nobre e col. 2017) assim como de um potencial
aumento da probabilidade de um progndstico desfavoravel em implantes com doenga

peri-implantar.

Uma revisdo sistematica e meta-andlise incluindo sete estudos prospetivos e trés
ensaios clinicos registou um odds ratio de 2.92 na falha de implantes para os pacientes
fumadores comparativamente com os pacientes ndo fumadores (Alfadda 2018).
Anteriormente, uma revisdo sistematica anterior deu énfase a este facto apontando a
necessidade de adocdo de medidas ao nivel da cessacdo tabagica, redugcdo do consumo
de acucar e controlo de peso em pacientes em risco de desenvolvimento de doenca
periodontal, carie dentdria, doenca cardiovascular e algumas formas de cancro (Genco

e Genco 2014).

O estudo da influéncia do tabaco sobre o complexo peri-implantar possui mais
de duas décadas de investigacdo: Lindquist e col. (1997) realizaram um estudo com o

objetivo de avaliar a influéncia dos habitos tabagicos e outros possiveis factores
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relevantes na perda 6ssea peri-implantar, tendo avaliado 45 individuos desdentados
totais (21 fumadores e 24 nao fumadores), que se encontravam em terapia de suporte
ha 10 anos. Apesar da média de perda dssea peri-implantar ter sido reduzida (cerca de
1 mm), esta foi significativamente superior (cerca de 2 vezes) em fumadores
comparativamente aos ndao fumadores (p < 0.001). O consumo de tabaco foi também
considerado como um factor de risco para a doencga peri-implantar com um aumento de

70% na prevaléncia considerando uma revisao sistematica (Dreyer e col. 2018).

O efeito do tabaco na doenca peri-implantar deve ser analisado com cautela derivado
da relacdo do tabaco simultaneamente com o desfecho (perda éssea) e a periodontite:
Esta relagdo traduz-se num potencial efeito confundente como anteriormente descrito

em revisOes da literatura (Heitz Mayfield e Huynh-Ba 2009; Renvert e Persson 2009).
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1.3.4 Placa bacteriana

E reconhecido, hd vérias décadas, que as bactérias potencialmente
periodontopatogénicas colonizam os implantes nas primeiras semanas apds a sua
insercao (Nakou e col. 1987) e que a acumulagdo de placa bacteriana induz uma resposta
inflamatadria (Zitzmann e col. 2001) caracterizada por sinais inflamatdrios como: edema,
cor vermelha e hemorragia a sondagem, os mesmos confirmados em estudos em
animais e em humanos (Lang e col. 1997; Abrahamson e col. 1998). A higiene oral possui
um impacto significativo sobre a estabilidade do osso ao redor dos implantes
osteointegrados pois mesmo em pacientes desdentados, uma ma higiene oral relaciona-

se com um aumento da perda d6ssea (Quirynen e col. 2002).

O pressuposto do envolvimento da placa bacteriana como indicador de risco foi testado
em larga escala utilizando o modelo animal: Berglundh e col. (1992) efetuaram um
estudo em c3es Beagle com o objetivo de investigar o efeito da formacdo de placa
bacteriana ao redor de dentes e implantes com um seguimento de 54 semanas. Apds a
colocacdo dos implantes, os animais foram submetidos a um programa de higiene oral,
tendo essas medidas sido suspensas de seguida durante 3 semanas e efetuados um
exame clinico e biopsias das areas. Os resultados demonstraram grande acumulacgdo de
placa bacteriana com a presenga de inflamagdao e hemorragia a sondagem tanto na
gengiva quanto na mucosa peri-implantar, tendo os autores concluido que dentes e
implantes retém quantidades semelhantes de placa bacteriana e que a mucosa
mastigatodria ao redor dos dentes e implantes responde ao desfio bacteriano de forma

semelhante tanto quantitativa como qualitativamente.

Tendo em conta os resultados alcangados no modelo animal, o préximo passo foi
efectuar essa avaliacgdo em humanos: Van Steenberghe e col. (1993) executaram um
estudo multicentro prospetivo sobre a utilizagdo de proteses implanto-suportadas em
individuos parcialmente desdentados registando um nivel aceitavel de controlo de placa
bacteriana em dentes e implantes, tendo justificado o resultado com o facto de os
participantes integrarem um programa de manutencdo regular. Neste estudo, os
implantes que falharam (10 implantes em 9 participantes) apds o segundo e terceiro
anos de seguimento encontraram-se concentrados em individuos que possuiam um alto

indice de placa bacteriana registado na avaliacdo basal.
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Pontoriero e col. (1994) aplicaram no campo da implantologia o modelo experimental
de gengivite em humanos (20 pacientes parcialmente edentulos reabilitados com
implantes), em que os pacientes se abstiveram de realizar qualquer medida de higiene
oral durante 3 semanas, tendo observado que o grau de mucosite aumentou, incluindo
inflamacgdo dos tecidos, +/- Imm de aumento na sondagem peri-implantar e +/- Imm
de reducdo na recessao), demonstrando uma relagdo causa-efeito entre a acumulagado
de placa bacteriana e a saude peri-implantar. Um resultado que foi igualmente
registado por Salvi e col. (2011) num estudo clinico de caracteristicas semelhantes e que
reproduziram os resultados encontrados em dentes naturais por Lod e Silness na

década de 60 (Loe e Silness 1963).

A composicao do biofilme em implantes com doenga peri-implantar foi
reportada numa revisdo sistematica recente, sendo caracterizado por uma infecgao
mista que inclui micro-organismos periodonto-patogénicos (como Porphyromonas
gingivalis ou Prevotella intermedius/nigrescens) assim como espécies ndo cultivadas
anaerdbias assacaroliticas gram-positivas e outras Gram-negativas (Lafaurie e col. 2017).
Estes resultados sdo significativos dado que comparativamente a outro estudo se
conclui que a composicdo do biofiime em implantes com doenca peri-implantar é
substancialmente diferente do biofilme comumente associado a doenga periodontal

(Faveri e col. 2015).
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1.3.5 Hemorragia

A hemorragia é um sinal de presenca de inflamacdo do complexo peri-implantar. A
hemorragia do complexo peri-implantar pode ser avaliada por intermédio de dois
indices distintos: a hemorragia a sondagem e o indice de hemorragia. A presenca de
hemorragia a sondagem traduz-se na inflamagdo do complexo peri-implantar na sua
porc¢do apical, sendo dependente do aumento da profundidade a sondagem (odds ratio
= 1.6 a 1.8 por cada milimetro de aumento a da profundidade a sondagem partir dos 4
mm) (Farina e col. 2017; Merli e col. 2017). No entanto, a presenca de hemorragia a
sondagem também se encontra dependente da presenga de tecido queratinizado, com
um aumento significativo da hemorragia em locais com mucosa ndo queratinizada
(Souza e col. 2016), o que introduz um importante viés nesta avaliacdo pela presenca de

um elevado numero de falsos positivos.

Relativamente a hemorragia do complexo peri-implantar, esta consiste na
avaliagdo da condi¢ao do complexo peri-implantar na sua porgdo coronal. Este indice foi
proposto como alternativa a hemorragia a sondagem no complexo peri-implantar
(Esposito e col. 1998a), tendo sido caracterizado por Buser e col. (1990) como o método

de referéncia na examinacdo da saude da mucosa peri-implantar.

A hemorragia como parametro de avaliagao da mucosa peri-implantar possui ainda uma
limitacdo na distincdo entre tecidos saudaveis ou doentes que consiste na inabilidade
de identificar implantes com fracasso incipiente nomeadamente em pacientes

fumadores (Esposito e col. 1998a).
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1.3.6 Tipo de Material utilizado na restauragdo
O tipo de material utilizado na restauracdo esta dependente de varios factores, entre os
quais o factor econdmico do paciente, podendo variar entre o material acrilico, metalo-
acrilico, metalo-ceramico, ou cerdmico. Foi anteriormente defendida a hipdtese
académica da utilizagdo do acrilico como forma de reducdo da concentragdo do stress
oclusal no interface osso-implante (Skalak 1983), atuando como agente de absorc¢do do
choque. Esta hipotese é suportada ndo so por estudos de analise finita de elementos e
modelos matematicos (Davies e col. 1988; Gracis e col. 1991), como também do ponto
de vista clinico, tendo sido registada uma diminuicdo da incidéncia de fraturas das
restauracoes em casos de reabilitacdes totais bimaxilares implanto-suportadas quando
da modificacdo da relacdo oclusal metalo-ceramica — metalo-ceramica para metalo-
ceramica — metalo-acrilico (Malé e col. 2012). No entanto, considerando a avalia¢do da
perda dssea marginal, ndo foram encontradas diferencas significativas entre implantes

restaurados com ceramica ou com acrilico (Naert e col. 1992).

Por outro lado, deverd ser tida em conta a questdo da rugosidade do material,
nomeadamente o potencial efeito de risco na componente biolégica por um aumento
da probabilidade de acumulagdo de placa bacteriana. Esse potencial efeito de risco
biolégico podera ser explicado pelo facto de o material ceramico poder oferecer uma
menor retencdo relativamente a adesdo da placa bacteriana devido a sua menor
rugosidade comparativamente com as préteses em acrilico (Chan e Weber 1986). O
limiar de rugosidade dos materiais dentarios foi definido em 0.2 micron ha cerca de duas
décadas, limiar acima do qual se observa um aumento simultaneo de acumulacdo de
placa bacteriana (Bollen e col. 1997). Este limiar traduz-se na pratica em diferencas
potencialmente significativas na retencdo da placa bacteriana conforme observado num
estudo comparativo em diversos materiais, onde as coroas totalmente ceramicas
possuiram uma retencdo de matéria mole de 32%, significativamente mais baixo que os
90% do material metalo-ceramico e os 152% das resinas acrilicas (Chan e Weber 1986).
Estes resultados permitem assumir a hipotese de o tipo de material utilizado na
restauragdo exercer um efeito ao nivel tanto da biologia como da biomecanica na

doenca peri-implantar.
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1.3.7 Desajuste passivo, denticdo oponente, complicagées mecanicas e habitos

parafuncionais
As préteses implanto-suportadas possuem a possibilidade de serem aparafusadas ou
cimentadas. O facto de uma protese ser aparafusada constitui simultaneamente uma
vantagem e uma desvantagem: A vantagem prende-se com a possibilidade de remover
a protese com facilidade; a desvantagem esta relacionada com as complica¢cGes
mecanicas associadas aos parafusos (Pjetursson e col. 2012). Considerando a andlise
tedrica de fadiga do metal em parafusos de ouro, foi apontada a importancia da
construcdo de proéteses utilizando processos precisos e um numero de implantes
suficiente para minimizar a fadiga (Patterson e Johns 1992; Malé e col. 2012; Glimrikgi

e Korkmaz 2018).

A falta de ajuste passivo de uma protese tem sido objeto de investigagao recente.
A influéncia do desajuste passivo e da sua magnitude em proteses implanto-suportadas
tem sido um tema de debate controverso na implantologia (Abasolo e col. 2018),
nomeadamente as questGes de definicdo de desajuste passivo (dado ser impossivel o
ajuste perfeito), da quantidade de desajuste passivo aceitavel e do efeito bioldgico do
desajuste passivo. No entanto, os estudos existentes possuem um cariz marcadamente
laboratorial ou possuem valéncias clinicas mas uma dimensao amostral reduzida.
Gomes e col. (2010) avaliaram laboratorialmente o efeito de um desajuste angular
unilateral com cerca de 100 um na distribuigdo de stress em coroas unitarias implanto-
suportadas metalo-ceramicas nao tendo observado efeito significativo; o mesmo grupo
de investigacdo efetuou analise semelhante em estruturas de trés unidades suportadas
por dois implantes incluindo diferentes tipos de desajuste, ndao tendo igualmente
observado efeitos significativos ao nivel do osso (Assunc¢do e col. 2011); Um ensaio
clinico com 20 pacientes e 6 meses de seguimento avaliou o efeito do desajuste passivo
no stress Osseo, tendo registado que os niveis de stress iniciais variaram
significativamente entre restauracbes com desajuste passivo comparativamente a
restauragdes sem desajuste passivo sem no entanto observar um efeito clinico no osso

(Karl e Taylor 2016).

O efeito do desajuste passivo foi testado em proteses de trés unidades foi investigado

numa revisdo sistematica de 28 estudos (laboratoriais e em animais) que concluiu que
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apesar de o desajuste passivo alterar a condi¢cdo biomecanica ndo foi possivel confirmar
a sequela biomecanica nos estudos incluidos (Abduo e Judge 2014). A mesma
observacdo ocorreu em outra revisdo sistemdtica sobre o mesmo tema, incluindo
apenas cinco estudos animais e cinco estudos em humanos e um seguimento curto entre
3 e 12 meses (Katsoulis e col. 2017). Nesta investigacdo, a heteorgenidade dos estudos
e o reduzido tamanho amostral impossibilitou a meta-andlise, tendo os autores
concluido que a literatura providencia de momento evidéncia insuficiente que
demonstre o efeito do desajuste passivo do interface prétese-implante nos desfechos

clinicos de reabilitagdes implanto-suportadas (Katsoulis e col. 2017).

Guindy e col. (1998) realizaram um estudo in vitro em que testaram a
contaminagdo bacteriana num desajuste de 4 um entre a protese e o implante, tendo
registado que a contaminacdo bacteriana ocorreu entre 24 a 120 horas. Este resultado
abre a hipotese de um potencial efeito bioldgico deste desajuste na doenca peri-
implantar e podera ser particularmente importante a luz de um estudo recente em que
foi registado que apesar de os desajustes até 40 um serem encerrados com o aperto a
torque do parafuso protético, desajustes superiores a 40 um permaneceram abertos

(Abasolo e col. 2018).

As causas das fraturas de componentes protéticos sao multiplas e incluem o
incorreto desenho da protese, habitos parafuncionais, caracteristicas dos materiais ou
particularidades funcionais e anatdmicas juntamente com a potencial associacdo
secundaria ao tipo de denticdo oponente (Proteasi e col. 2007; Malé e col. 2012).
Relativamente aos habitos parafuncionais, existe evidéncia da influéncia dos mesmos
sobre a perda dssea ao redor dos implantes: Fu e col. (2012) propuseram uma revisao
sistematica com o objetivo de identificar e avaliar parametros clinicos e radiograficos
relevantes para a identificagao de sobrecarga oclusal tendo verificado uma associagao
positiva entre a sobrecarga oclusal e a perda dssea peri-implantar a qual poderia ser
causada diretamente ou secundariamente associada as caracteristicas do osso. Em
adicdo, existem alguns casos clinicos da implicacdo dos habitos parafuncionais e da
sobrecarga oclusal como potenciais indicadores de risco da doenga peri-implantar
(Passanezi e col. 2017; Merin 2014; Dellepiane e col. 2017), dando algum suporte a

teoria de que a doenca peri-implantar se caracterize como uma patologia de etiologia
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mista (bioldgica e biomecanica) tal como sugerido no modelo de risco da doenca peri-

implantar (De Araujo Nobre e col. 2015).

Do ponto de vista do progndstico de implantes com doenca peri-implantar ndo é
do nosso conhecimento qualquer publicacdo que se debruce sobre o potencial efeito
deste grupo de variaveis. No entanto, é coerente presumir que pelo facto de serem
potenciais indicadores de risco para a incidéncia da doenca as mesmas variaveis possam
igualmente exercer um efeito nefasto sobre o progndstico, razdao pela qual foram

incluidas para estudo.
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1.3.8 Proximidade do implante a outros dentes e implantes

A proximidade do implante a outros dentes e implantes é caracteristica de duas
situagdes distintas: em primeiro lugar a perda de pegas dentdrias que implicam a
reabilitacdo unitaria ou parcial implanto-suportada; em segundo lugar, na situacdo de
reabilitacdo onde sdo colocados dois implantes em posi¢cdes imediatamente préximas
por questdes dsseas independentemente do tipo de reabilitacdo (unitaria, parcial ou

total). Estas situagdes clinicas implicam potenciais factores de risco.

Como factor de risco, implantes proximos de dentes e outros implantes poderao
traduzir num aumento da probabilidade de incidéncia da doenga peri-implantar
considerando que os dentes e implantes poderdo servir de reservatdrio a
microorganismos periodonto-patogénicos que colonizariam os locais peri-implantares,
particularmente em individuos cuja causa da perda de pegas dentdrias foi a periodontite
(Apse e col. 1991; Bragger e col. 1997, Mombelli 2002; Sumida e col. 2002). Este
mecanismo particular foi registado num estudo de coorte retrospetivo com 677
pacientes e 2349 implantes no qual entre outros factores, a presenca de outros dentes
ou implantes adjacentes foi identificada como factor de risco para o insucesso dos
implantes (Chuang e col. 2005). Este mecanismo baseia-se no principio que os
microorganismos periodonto-patogénicos podem ser transmitidos de zonas
periodontais para as zonas peri-implantares (Quirynen e col. 1990; Sumida e col. 2002);
assim como a flora microbiana de pacientes desdentados influencia a formagdo da
microflora constituida ao redor dos implantes (Papaioannou e col. 1995). No caso
particular da presenca de bolsas periodontais, as mesmas poderdo influenciar
diretamente o estado de salde da cavidade oral dado que profundidades superiores a
3 mm sdo um desafio para serem higienizados corretamente podendo servir de
reservatério para microorganismos periodonto-patogénicos, induzindo por este
processo alteracdes inflamatdrias (Mombelli e Lang 1994; Papaioannou e col. 1995;

Mombelli e Lang 1998).

A proximidade de dentes e implantes poderd proporcionar um efeito protetor
biomecanico relativamente a sobrecarga oclusal considerando a possibilidade de

proporcionarem a distribuicdo da carga oclusal de forma uniforme (Malé e de Araujo
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Nobre 2011), mecanismo que podera ser expressado pelo facto das reabilitagcGes
unitarias possuirem uma percentagem de sucesso mais elevada no seguimento de longo

termo comparativamente as reabilitacdes parciais (Pjetursson e col. 2007).
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1.3.9 Tempo de seguimento

O tempo de seguimento do implante em func¢do constitui um potencial indicador
de risco para a incidéncia da doenga peri-implantar e um potencial indicador de
prognostico em implantes com doenca peri-implantar. Como potencial indicador de
risco, o tempo de seguimento do implante foi sugerido pela primeira vez ha trés décadas
por Tonetti (1999) que notou que a func¢do de densidade da perda de implantes diminui
ao longo do tempo, enquanto os dados emergentes indicavam que a incidéncia de
doenca peri-implantar aumentava com o tempo de seguimento. Esta hipdtese foi
suportada por outros dois estudos mais recentes que nomearam a doenga peri-
implantar como principal causa das falhas tardias nos implantes (Kourtis e col. 2004;

Maximo e col. 2008).

O tempo de seguimento foi abordado previamente como um importante
indicador de progndstico no sentido do momento de desenvolvimento da doenca.
Charalampakis e col. (2011) num estudo de seguimento do tratamento de 281 pacientes
possuindo implantes com doenca peri-implantar definiu o diagndstico da doenga num
tempo de seguimento inferior a 4 anos como desenvolvimento de doenga precoce. Em
adicdo, os autores registaram que o desenvolvimento de doenca precoce se relacionava

significativamente com o insucesso do tratamento (Charalampakis e col. 2011).
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1.3.10 Nivel dsseo

A preservacdo do nivel 6sseo marginal é considerada crucial para a manutencao
dos implantes e normalmente é usada como critério de sucesso para os sistemas de
implantes (De Bruyn e col. 2013). O critério mais utilizado para a avaliagdo do sucesso
de implantes osteointegrados foi proposto por Albrektsson e col. (1986,1989) no qual o
ponto de corte de 1.5 mm de perda éssea durante o primeiro ano de fun¢do e menos
de 0.2 mm de perda éssea anual apds o primeiro ano de funcdo foi utilizado para
classificar implantes com sucesso. Posteriormente, sofreu uma ligeira alteragdo com o
acrescento do segmento “em média” antes do valor da perda dssea (Albrektsson 1994).
Outro critério de avaliacdo do sucesso dos implantes dentarios refere-se a uma perda
0ssea de 2 mm desde a inser¢ao do implante como ponto de corte na avaliagdo do
sucesso independentemente do tempo de seguimento (Misch e col. 2008). Ambos os
critérios possuem varias limitacOes, desde logo a duvida de ser possivel estabelecer um
ponto fixo para uma perda 6ssea total ou anual, divida essa suportada por estudos
clinicos onde foram reportadas perdas Osseas superiores ao limite maximo com
posterior estabilizacdo apds 3 anos, tendo sido proposta uma recomendacdo de que
apenas se deveria considerar como fracassado um implante cujo nivel 6sseo atingisse o

seu terco apical (Quirynen e col. 1991; Quirynen e col. 1992; Lekholm e col. 1994).

Um estudo de caso-controlo recente para averiguacao dos indicadores de risco
da patologia peri-implantar registou o nivel ésseo localizado no terco médio do implante
como indicador de risco para a incidéncia de patologia peri-implantar (odds ratio = 13.9)
guando controlado para a presenca de outros indicadores de risco (De Araujo Nobre e
col. 2015). O nivel 6sseo ao redor do implante exerce influéncia nefasta tanto a nivel da
incidéncia da doenca peri-implantar como do seu progndstico. A um aumento da perda
dssea corresponde uma diminuicdo progressiva do suporte dsseo do implante e
consequentemente a uma diminuicdo da sua estabilidade (Chong e col. 2009) e da sua
capacidade de suportar forgas oclusais. Deste modo, proporciona o aumento por um
lado da probabilidade de ocorréncia da doenca pela via biomecanica, assim como por
outro lado aumenta a probabilidade de um progndstico desfavoravel para os implantes
com doenca peri-implantar dado o grau de severidade da doenca. Charalampakis e col.

(2011) num estudo de seguimento de casos de doenca peri-implantar apds tratamento
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classificaram a severidade da doenca como suave e severa de acordo com o nivel ésseo
localizado no terco coronal ou médio, respetivamente; tendo os implantes com nivel

dsseo no terco médio uma percentagem de fracasso no tratamento significativamente

superior.
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1.3.11 Posi¢ao do implante

A reabilitacdo implanto-suportada foi pensada como restauracao protética fixa
para o tratamento da perda de pegas dentarias a nivel unitdrio, parcial e total em ambas
as arcadas (maxila e mandibula). Alguns estudos tém reportado diferencas entre arcadas
no que respeita a incidéncia de doenca peri-implantar. Num estudo de registos de saude
eletrénicos de uma escola Americana para a avaliacdo da prevaléncia, taxa de incidéncia
e factores de risco numa populacdo de 2127 pacientes com 6129 implantes e um
seguimento de 3.5 anos, a localizacdo dos implantes na mandibula foi registada como
factor protetor quando controlada para outros factores por intermédio de regressao
logistica condicional (Kordbacheh Changi e col. 2019). Outro estudo longitudinal para
avaliacdo de indicadores de risco da doenca peri-implantar utilizando uma populacdo de
477 pacientes com 1420 implantes e um seguimento entre 5 e 10 anos, registou a
colocacdo de implantes na maxila como um indicador de risco possuindo um aumento
de 90% da probabilidade de incidéncia da doenga comparativamente a mandibula
(Mameno e col. 2019). Um terceiro estudo recente para identificar a prevaléncia e
indicadores de risco para a doencga peri-implantar numa popula¢do Japonesa de 143
individuos com 1613 implantes com pelo menos trés anos de seguimento, registaram
um aumento de risco de doenga peri-implantar para a colocagao de implantes na maxila
(Wada e col. 2019). No entanto, também se encontra descrito na literatura resultados
opostos aos registados nos estudos acima: Jemt (2017) num estudo de avaliacdo da
eficacia de 3448 cirurgias de inser¢cdao de 9582 implantes dentdrios com seguimento
entre 4 e 14 anos registou uma associagao significativa entre a insercdo de implantes na

mandibula e as falhas tardias de implantes.
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1.3.12 Caracteristicas do implante (comprimento e superficie)
O implante constitui a unidade funcional de uma reabilitacdo protética, sendo

caracterizado por diferentes macro e micro desenhos.

Geralmente os implantes standard podem variar em comprimento entre os 7 mm e 0s
25 mm (Nobel Biocare), sendo o diametro entre 3.3 mm e 6 mm e a superficie variando

entre maquinada (lisa) e oxidada (porosa) (Nobel Biocare 2017).

Em termos genéricos, quanto maior for o comprimento do implante, maior serd a area
de superficie para a osteointegragao, e por conseguinte de suporte da proétese. No inicio
da sua utilizagao, varios estudos reportaram percentagens de sobrevivéncia mais baixas
para implantes de comprimento mais curto (Friberg e col. 1991; Bahat 1993; Buser e col.
1997). Esta observacdo podera ser interpretada de 2 formas: Primeiro, implantes mais
curtos possuem uma area de superficie de contacto mais curta entre o implante e o
0sso, traduzindo-se num aumento do risco de sobrecarga oclusal biomecanica; e
segundo, a infec¢do peri-implantar no sentido coronal-apical pode necessitar de menos
tempo para causar perda éssea marginal de uma porcdo critica da osteointegracao
estabelecida, levando a uma ocorréncia mais rapida da falha do implante. No entanto,
a utilizagdo contemporanea de implantes curtos obtem um nivel de sucesso
significativamente elevado: considerando os resultados de uma recente revisao
sistematica da literatura e meta-andlise utilizando quatro ensaios clinicos, Tolentino da
Rosa de Souza e col. (2018) concluiram ndo existirem diferencas significativas entre

implantes curtos e implantes standard relativamente a sobrevivéncia ou perda dssea.

Relativamente a superficie dos implantes, segundo uma meta-analise realizada
por Esposito e col. (2014) ocorrem mais casos de patologia peri-implantar em implantes
de superficie rugosa comparativamente a implantes de superficie maquinada. Uma
tendéncia reportada em investigagdes anteriores: Rosenberg e col. (2004), para
implantes com superficie de hidroxiapatite potenciado pelas condi¢cdes dos pacientes
(periodontalmente comprometidos). Estes dados foram ainda corroborados por
investigacOes experimentais no modelo animal, os quais concluiram que a doenca peri-
implantar induzida por ligaduras em caes Beagle, progredia espontaneamente com
maior facilidade em implantes de superficie rugosa (Albouy e col. 2008; Albouy e col.

2009). No entanto, estas experiéncias de inducdo da doenca por ligaduras em animais
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tém sido postas em causa recentemente, dado que n3o se pode excluir a hipdtese de a
reacao imunoldgica se ter dado ndo pela acumulagdo de placa bacteriana mas por uma
reacdo a proépria ligadura ou ao trauma por insercdes repetidas de ligaduras (Reinedahl

e col. 2018).

Teughels e col. (2006) conduziram uma revisao sistematica da literatura sobre o efeito
das caracteristicas do material e/ou topografia da superficie do implante no
desenvolvimento do biofilme (placa bacteriana), concluindo que superficies de
implantes com um grau de rugosidade superior a R = 0.2 um facilitam a formacgao de
biofilme. Do mesmo modo, Quirynen e col. (2005) num estudo retrospectivo de
avaliacdo das condicdes predisponentes para a ocorréncia de patologia peri-implantar
retrégrada em implantes do sistema Branemark, observaram uma taxa de incidéncia
superior de doenca peri-implantar retrégrada em implantes com superficie rugosa
(TiUnite). Este facto poderia ser devido a maior facilidade de adesdo microbiana a

superficie rugosa comparativamente a superficie maquinada.

No entanto, a evidéncia ndo é conclusiva. Recentemente foram publicadas trés revisdes
sistematicas da literatura que investigaram o efeito das superficies de implantes no
desenvolvimento da doenca peri-implantar tendo registado resultados contraditdrios:
Jordana e col. (2018) numa revisdo sistematica incluindo 22 estudos sugeriu que as
superficies de implantes rugosas ou tratadas fossem consideradas como factores
importantes relacionados com a doenga peri-implantar; Rakic e col. (2018) numa revisao
sistematica incluindo 29 estudos observou um efeito protetor das superficies
moderadamente rugosas relativamente a incidéncia de doenca peri-implantar; Dreyer e
col. (2018) realizaram uma revisdo sistematica incluindo 57 estudos tendo declarado
nao existir evidéncia do efeito de risco da superficie do implante sobre a incidéncia de

doenca peri-implantar.
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1.3.13 Caracteristicas dos componentes protéticos

Os componentes (pilar, parafuso do pilar, coroa/prétese) como partes
integrantes de uma reabilitacdo implanto-suportada, possuem o potencial de se
tornarem indicadores de risco para a doenca peri-implantar influenciando a

biomecanica (Uribe e col. 2004).

A altura dos pilares foi identificada como um indicador de risco para a perda éssea. Num
estudo com uma amostra de 128 pacientes e 308 implantes e um seguimento de 18
meses, os implantes com pilares inferiores a 2 mm exibiram uma diferenca significativa
na perda dssea comparativamente aos implantes com pilares de altura superiora 2 mm
(Galindo Moreno e col. 2014). Vervaeke e col. (2014) num estudo de seguimento para
avaliar a influéncia da espessura do tecido mucoso ao redor dos implantes registou
perdas dsseas apds um e dois anos de fungdo significativamente superiores consoante
a diminuicdo da altura dos pilares: pilares < 2 mm (1.17 mm e 1.23 mm), pilares de 2
mm (0.86 mm 1.03 mm), pilares de 3 mm (0.38 mm e 0.41 mm); diferencas que foram
significativas no modelo multivariado quando controlados para a presenca de placa
bacteriana, hemorragia e profundidade a sondagem. Os autores deduziram que os
implantes com pilares de menos de 2 mm de altura representavam implantes com

menor espessura da mucosa.

Um estudo caso-controlo prévio para investigar a influéncia de varidveis
relacionadas com as caracteristicas da reconstrucdo na incidéncia da doenca peri-
implantar (prévio a construcdo do modelo de risco; De Araujo Nobre e Malé 2014)
identificou o tipo de pilar (pilares de 172 de angulagdo comparativamente a pilares sem
angulagdo) como indicador de risco para a doenga peri-implantar. Uma possivel
explicacdo para o resultado poderd consistir no facto de os pilares angulados poderem
estar associados a um aumento do stress da protese e do osso marginal
comparativamente aos pilares sem angulagao. Apesar dos resultados significativos, os
mesmos devem ser contextualizados na presenca de outros potenciais indicadores de

risco e factores confundentes em modelos multivariados.
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1.3.14 Intervalos de manutengdo

A importdncia de um protocolo de manutencdo de implantes para as
reabilitagdes implanto-suportadas é consensual na comunidade cientifica. Os objetivos
imediatos prendem-se com a instituicdo de um regime preventivo eficaz; e que uma vez
a doenca seja diagnosticada, a intervencao possa ser efetuada no menor tempo possivel
(Grusovin e col. 2010). A manutencdo é condicdo sine qua non para o sucesso a longo
prazo dos implantes dentarios, seja na forma preventiva ou no diagndstico precoce,
tendo varios estudos sublinhado essa importancia (Yeung 2008; Schou 2008). Existem
dois aspetos a ter em conta na manutengao de proteses implanto-suportadas: as
consultas de manutencdo profissionais e o programa de recall. Relativamente as
consultas profissionais, varios estudos reportaram um impacto significativo na
sobrevivéncia dos implantes (Gay e col. 2016), na incidéncia de doenca peri-implantar
(Costa e col. 2018) e nos parametros clinicos peri-implantares (menor profundidade a
sondagem e menor indice de hemorragia; Roman-Torres e col. 2019) quando comparados

com pacientes sem programa de manutengao.

Kourtis e col. (2004) colocaram o foco na necessidade de um programa de recall
severo para os pacientes reabilitados com implantes. A literatura cientifica recente
reflete a importancia destas indica¢Oes: Bidra e col. (2016) efetuaram uma revisdo
sistematica para avaliar a evidéncia cientifica no recall e manutencdo de pacientes com
proteses implanto-suportadas tendo reportado que existe evidéncia cientifica robusta
gue os pacientes com este tipo de proteses necessitam de regimes de recall profissionais
para toda a vida adaptados a cada paciente; uma conclusdo igualmente reportada por
Ramanauskaite e col. (2016) numa revisdo sistemdtica da literatura incluindo sete
estudos; Monje e col. (2016) investigaram o impacto da manutencdo na prevencdo da
doenca peri-implantar por intermédio de uma revisdo sistematica e meta-analise de 10
ensaios clinicos tendo concluido que a restauragdo implanto-suportada ndo se pode
esgotar na insergao do implante, sendo fundamental a implementag¢ao de um programa
de manuten¢do com um recall minimo de cinco a seis meses; Bidra e col. (2016) numa
avaliacdo critica dos resultados de duas revisdes sistematicas com o objetivo de criar
normas de orientacdo clinica para pacientes com restauracdes dento- e implanto-

suportadas reportaram um recall minimo de 6 meses para pacientes com proéteses
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implanto-suportadas ou mais frequente no caso de categorizados como “em risco”, com
um grau de recomendacdo “D” (diretamente baseados no grau de evidéncia IV-
Consensus ou extrapolacdo de graus de evidéncia mais elevados- grau |, grau Il, ou grau
[I1). Resulta destas normas de orientacdo clinica que a indicacdo dos periodos de recall
provém de baixo grau de recomendacdo, sendo de grande importancia a averiguacao

do impacto do periodo de recall tendo em conta o perfil de risco do paciente.
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1.3.15 Bolsas peri-implantares

O aumento da profundidade a sondagem acima dos valores basais registados, apesar de
por si s6 ndo possuir um valor diagndstico absoluto (dada a necessidade de existéncia
concomitante de perda dssea) deve ser visto como um sinal de doenca peri-implantar
(Mombelli e Lang 1994; Lang e col. 2004), sendo importante estabelecer o valor basal
inicial na conexdo da proétese de forma a permitir a comparabilidade futura (Salvi e Lang
2004). Ainda assim o aumento da profundidade a sondagem constitui a principal
manifestacdao clinica da atividade da doenca sendo altamente sensivel em termos
diagnodsticos (Chen e Darby 2003), dado que do ponto de vista microbioldgico, o
aumento da profundidade a sondagem facilita a colonizacdo de bactérias gram negativas
(Quirynen e col. 2002) que constituem o mecanismo biolégico de indugdo da doenga
peri-implantar. Estes resultados sdo suportados na literatura internacional, a qual
associa o aumento da profundidade a sondagem (superior a 4 mm) e a concomitante
perda 6ssea com a prevaléncia de doenga peri-implantar (Jovanovic 1994; Mombelli e

Lang 1994; Lang e col. 2004).

Apesar de ser util como teste diagndstico da doenca peri-implantar, o aumento
da profundidade a sondagem possui um valor muito fraco como indicador de risco
(estudado em pacientes saudaveis) dado que na esmagadora maioria das vezes o
mesmo é indicativo de presenga da doenga. No entanto, o valor da profundidade a
sondagem podera constituir um potencial indicador de progndstico da doenca peri-
implantar (estudado em pacientes com a doenca). Estudos de progndstico para o
tratamento cirudrgico de implantes (de Waal e col. 2015; Koldsland e col. 2018)
registaram o aumento da profundidade a sondagem (6.5 mm e acima de 8 mm,
respetivamente) como indicador de progndstico na doenga peri-implantar: de Waal e
col. (2015) incluiram a variavel 6.5 mm de profundidade a sondagem como indicador de
progndstico na andlise univariada (odds ratio = 1.73; p = 0.003), ndo permanecendo
significativa na andlise multivariada apds o controlo para a presenca de outras varidveis
de interesse; ao passo que Koldslad e col. (2018) associaram a presenca de bolsas > 8

mm como indicador de progndstico.
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1.4 Modelagao estatistica da doenga peri-implantar — Importancia de uma

aproximacao epidemioldgica no estudo da doenga peri-implantar

O primeiro artigo cientifico intitulado “Peri-implant pathology: The prevalence(s)
of the condition, the risk model(s) of the condition.” diz respeito a importancia da

modelagdo estatistica no estudo da doenca peri-implantar.

No que respeita ao estudo da doenca peri-implantar, sugere-se uma
aproximacdo epidemioldgica na definicdo e causalidade da doenca peri-implantar: Em
primeiro lugar, a consideragao da doencga peri-implantar como doenga crénica; em
segundo lugar, que de acordo com a evidéncia epidemioldgica contemporanea, a
mesma poderia ser modelada por intermédio de um mecanismo de componentes
causais o qual considera a possibilidade de a doenga ser provocada por mais de um
mecanismo causal; e em terceiro lugar, que cada mecanismo causal necessita de uma
acdo conjunta de vdrios componentes causais (factores de risco) ndo-necessarios (cuja
auséncia ndo significa a ndo ocorréncia da doenca) e ndo-suficientes (cuja presenca por
si s6 ndo é suficiente para causar a doenca, necessitando da presenca de outros factores

simultaneamente).

Esta teoria foi testada numa amostra de 1275 pacientes, resultando num modelo
de risco obtido por intermédio de analise multivariada com uma precisdo de 94.3%
(sensibilidade: 76.1%; especificidade 98.8%) incorporando oito varidveis e uma
interacdo: historia de periodontite, placa bacteriana, hemorragia, nivel ésseo localizado
no terco médio do implante, desajuste de componentes protéticos, tipo de material
utilizado na restauragdo, a proximidade de outras pegas dentarias aos implantes,
habitos tabagicos e a interacdo entre a presenca de placa bacteriana e a proximidade de
outras pecas dentdrias aos implantes. No artigo sdo apresentados modelos alternativos
com uma avaliacdo e discussdo das métricas epidemioldgicas utilizadas para comparar
os modelos (sensibilidade, especificidade, precisdo, razdo de verosimilhanca dos
positivos e negativos) que demonstram a importancia da integracdo de ferramentas
estatisticas e epdimioldgicas na gestdo clinica contemporanea da doenga peri-

implantar.
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O papel do candidato na obtencdo dos resultados consistiu na execucdo de todas as
etapas desde o planeamento, recolha de dados, analise estatistica, escrita e submissdo

a publicacdo, sob supervisdo do Orientador.

Este artigo foi submetido a revista Muskuloskeletal Regeneration e encontra-se

publicado em versado definitiva desde o ano 2016.

Apresenta-se de seguida a versado definitiva do artigo, sendo que a versao publicada do

mesmo se encontra disponivel para consulta na versao facsimile em anexo (Anexo ).
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ABSTRACT

Dental implants long term success rely on the establishment of a stable condition. This
stability may be negatively influenced by the coexistence of peri-implant pathology,
provoking loss of the supporting bone tissue around the implant.

A large range in the prevalence of this condition is observed when analyzing different
reports in the literature given the different definitions for peri-implant pathology. The
background for this investigation was the assumption that peri-implant pathology is a
group of multifactorial situations with several potential non-sufficient, non-necessary
causes and the absence of risk models to aid the decision process in the maintenance of
implant supported restorations. We explored these important aspects and investigated
potential risk factors and statistical models for peri-implant pathology based on a model
of sufficient and component causes. We found that biological and biomechanical factors
can be involved as causal mechanisms of peri-implant pathology. Our study established
three different statistical models based on binary conditional regression analysis, with
the representative model presenting high sensitivity, specificity and accuracy, providing
high positive and negative likelihood ratios. This model will represent a valid tool for the

clinician in the maintenance of implant-supported fixed prosthetic rehabilitations.

KEY WORDS

Peri-implant pathology, bone loss, statistical modeling, risk, dental implants
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RESEARCH HIGHLIGHT

“Peri-implantitis” was defined in 1984 as "the term for inflammatory reactions
with loss of supporting bone tissue surrounding the implant in function".! It is
considered to be the major cause of dental implant failure after the completion of

osseointegration.[?

Two distinct pathways were first described, classical and retrograde, with the
involvement of biological and biomechanical derived factors in its etiopathogenesis: 3!
In the classical pathway a purely infection-driven mechanism with bacterial plaque
accumulation was the major risk factor, producing an inflammatory mediated response
that could lead to the breakdown of the peri-implant complex, with implant failure;34
a retrograde pathway (from the bone to the soft tissue) was suggested to be associated

with overload and occlusal factors.!!

There is no consensus around, the term “peri-implantitis”, classical pathogenic
mechanisms and their respective causes.
A recent editorial by Zarb et al.l?! highlighted the criticism of the use of the term “peri-
implantitis” since it implied a disease process similar to periodontitis, emphasizing that
the vacuum created by the incomplete understanding of the implant-host should not be
filled with the reasonably coherent understanding of the tooth-host interface. This
suggestion for separating periodontitis and peri-implant pathology was proposed at
least one decade ago,!”) and was recently supported by genetic investigations.®°
Furthermore, the classical pathogenesis mechanisms for peri-implant pathology have
been recently challenged, with the proposal of different concepts for marginal bone loss
that include the theory of foreign body reaction to dental implant treatment (a rejection
mechanism from immunological origin),’®!% or the theory of the influence of the
clinicians responsible for the rehabilitation (both surgical and prosthodontic).[*?]

Moreover, it is subject of debate which factors contribute to peri-implant pathology.

The prevalence of peri-implant pathology is reported in the literature with a

range between a low prevalence of 5% and up to a prevalence as high as 56%.131% The
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reason for these different figures concerns the different definitions used for
classification, making it difficult to compare between studies and therefore reinforcing
the need for more studies and consensus on this subject.

Whether other possible risk factors could play a role in the pathogenesis of peri-implant
pathology needs to be investigated. This was the background for the epidemiological
approach in the investigation of risk factors for peri-implant pathology, based on a
model of sufficient and component causes suggested by Rothman and Greenland:?%
This approach considers that the disease or condition could be the result of more than
one causal mechanism, with each causal mechanism composed by several component
causes. Our data reflected this approach, with peri-implant pathology considered as a
group of multifactorial situations with several potential non-sufficient, non-necessary

causes i.e., the incidence depends on the interaction of multiple factors.?%

The data for the investigation of potential risk factors and the development of
the risk models for peri-implant pathology was retrieved from a sample of 1275 patients
using a case-control study design, and using binary logistic regression.

The rationale for creating more than one model was based on the proposed outcome of
using predictive models for peri-implant pathology and considering the statistical
limitations of inserting too many variables in a single model, yielding a statistical bias.[??]
The first model (Model 1) represented a simpler model with six variables; the second
model allowed the discrimination between the type of implant surface (machined or
anodically oxidized) and higher specificity (Model 2 with 8 variables and 1 interaction);
while the third model had a higher sensitivity and overall balanced accuracy (Model 3
with 8 variables and 1 interaction) and was chosen as representative (Table 1).[21]

Common to the three models, the predictors for peri-implant pathology were history of
periodontitis, lack of prosthetic fit or non-optimal screw joint, bacterial plaque, and
bone level; common to Models 1 and 3, the predictor bleeding; common to Models 2
and 3, the predictors type of material used in the prosthesis, proximity of the implant to
other teeth or implants, and the interaction between bacterial plaque and proximity of
the implant to other teeth or implants; and only included in one of the models, the

predictor machined implant surface (Model 2).
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Our study established peri-implant pathology as a group of multifactorial
situations caused by more than one mechanism, with each sufficient cause (enough for
peri-implant pathology to manifest itself clinically) being composed of different
component causes. This fact is illustrated by the analysis of the 10 most prevalent
sufficient causes identified in our data using the variables retrieved from our model
(Figure 1), suggesting different combinations of component causes in each sufficient

cause, representing 77 patients of our sample.

The model yielded high sensitivity and specificity. Sensitivity and specificity are
important parameters in clinical epidemiology to allow evaluating a clinical test, as they
are independent of the population of interest subjected to the test and not influenced
by the prevalence of the disease.l?3! Sensitivity refers to the ability of the test or
procedure to correctly identify those patients with the disease, while specificity refers
to the ability of the test or procedure to correctly identify those patients without the
disease.?* Considering any given clinical test, the ideal situation would be to have 100%
sensitivity (identifying all diseased patients) and 100% specificity (identifying all disease
free patients), although the situation is unrealistic, and usually to a higher sensitive test
corresponds a lower specificity.!?*! Sensitivity and specificity cannot be used to estimate
the probability of disease in an individual patient. Nevertheless, the likelihood ratio
(LR)?* provides clinical information about the number of times a patient with the
disease is more (positive) or less (negative) likely to have the result when compared to
a patient without the disease.[?¥ The three models rendered different LR+ and LR-
values. Considering the LR+ at the optimum cut-off point, a patient with peri-implant
pathology was 9.31 times (Model 1), 9.87 times (Model 2) and 9.69 times (Model 3)
more likely to have a positive test compared to a patient without peri-implant
pathology; while considering the LR- at the same cut-off point, patients without peri-
implant pathology were about 5.95 times (Model 1), 7.46 times (Model 2) and 7.75 times
(Model 3) more likely to have a negative test than individuals with peri-implant

pathology.

In summary (Figure 1), peri-implant pathology is characterized by multifactorial
situations. Our data demonstrate that peri-implant pathology may be influenced by

several risk factors following a model of sufficient and component causes.?? This

63



renders that different models can be created to modulate peri-implant pathology given
the potential different combinations of risk factors in different populations. We are
currently investigating the process of updating and strengthening the model while
transforming the complex statistical regression calculations into risk scores that could
represent a valid tool to aid the clinician in the decision process when maintaining

implant supported rehabilitations.
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FIGURES

Ten sufficient causes for peri-implant pathology

N=7 cases

N=6 cases N=6 cases N=5 cases
Legend:
= Unknown W History of periodontitis B Metal-ceramic restorations
Acrylic-resin restorations Bacterial plaque M Bleeding
u Bone level in implants' coronal third Bone level in implants' medium third W Smoking habits

Figure 1. The 10 most prevalent sufficient causes identified in our data, with each sufficient
cause (enough for peri-implant pathology to manifest itself clinically) being composed of
different component causes retrieved from our risk model.
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TABLES

Table 1. Statistical measures of performance for the three models: positive and negative likelihood
ratios according to the sensitivity and specificity of the three models at the optimum cut-off values.

Likelihood Likelihood

Balanced Accuracy Ratio* Ratio®
Sensitivity + Specificity Sensitivity 1 — Sensitivity
Models  Cut-off value  Sensitivity Specificity 2 1 — Specificity __ Specificity
1 Optimum (0.33)  0.847 0.909 0.878 9.31 0.168
2 Optimum (0.30)  0.878 0.911 0.895 9.87 0.134
3 Optimum (0.31)  0.882 0.909 0.896 9.69 0.129

- Model 1: History of Periodontitis; lack of prosthetic fit or non-optimal screw joint, bacterial plaque, bone level,
smoking habits, bleeding.

- Model 2: History of Periodontitis; lack of prosthetic fit or non-optimal screw joint, bacterial plaque, bone level,
smoking habits, type of material used for restoration, machined implant surface , proximity of other teeth or
implants, Interaction between bacterial plaque and proximity of other teeth or implants.

- Model 3: History of Periodontitis; lack of prosthetic fit or non-optimal screw joint, bacterial plaque, bone level,
smoking habits, bleeding, type of material used for restoration, proximity of other teeth or implants, Interaction:
bacterial plaque and proximity of other teeth or implants.
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1.5 Tratamento dos implantes com doenga peri-implantar

Uma vez que se desencadeie a incidéncia da doenca peri-implantar é indispensavel
gue se proceda ao tratamento da mesma dado que se for deixada sem tratamento é muito
provavel que provoque a perda do implante (Esposito e col. 1999). Tém sido sugeridas
diferentes estratégias para gerir a patologia peri-implantar, contudo ndo é claro quais as

mais eficientes (Esposito e col. 1990).

Considerando o tratamento ndo cirdrgico, ensaios clinicos publicados
anteriormente avaliaram a eficacia e eficiéncia de antibidticos tépicos (doxiciclina, atridox)
como coadjuvantes da remocdo de depdsitos manual em pacientes com implantes
afetados de forma severa por doenga peri-implantar com perdas ésseas acima de 50% do
comprimento do implante na avaliacdo basal. Os resultados demonstraram diferencas
significativas apds 4 meses na profundidade a sondagem e no nivel de insercdo clinico, com
diferengas de 0.61 mm, e 0.59mm, respetivamente, em comparagao com a remogao de
depdsitos manual exclusiva (Buchter e col. 2004). Apesar dos resultados gerais positivos,
os mesmos foram clinicamente dificeis de se observarem, assim como o seguimento
limitado a 4 meses demasiado curto para providenciar indicagGes Uteis dos resultados das

intervencgoes.

Existem 2 ensaios clinicos sobre o tratamento ndo cirdrgico da patologia peri-
implantar utilizando a irrigagao com gel de clorohexidina numa concentragao de 0.2% como
coadjuvante da remocdo mecéanica de depdsitos em bolsas peri-implantares (De Araujo
Nobre e col. 2006, 2008) tendo os autores registado melhorias ao nivel dos pardmetros
clinicos peri-implantares em cerca de 80 a 89% dos pacientes, nomeadamente a redugao
de bolsas peri-implantares para 4 mm e uma melhoria dos niveis de inser¢do clinicos, do
indice de placa bacteriana e do indice de hemorragia, tendo-se mantido estaveis no ano

seguinte a intervencdo terapéutica.

Varias intervencdes (muitas vezes combinadas) tém sido sugeridas para o seu
tratamento incluindo: (a) destartarizacdo mecanica, (b) terapéutica farmacoldgica
(irrigacdo com clorohexidina sub-gengival, antibidticos locais ou sistémicos); (c)
procedimentos cirudrgicos incluindo: limpeza cirirgica com abertura de retalho e (1)

remocdo bactérias (usando o laser); (2) implantoplastia (para diminuir rugosidades
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superficiais) e remog¢do de estruturas do implante ndo suportadas que facilitam a
acumulacdo de placa bacteriana; (3) “descontaminacdo” da superficie do implante usando
varios agentes quimicos ou laser (Esposito e col. 2012). Apds o objetivo primdrio da
intervencgdo cirurgica se concretizar, isto €, a superficie do implante se encontrar livre de
bactérias, poderd ser necessario corrigir as condi¢cdes anatémicas de forma a melhorar o
controlo da placa bacteriana e eliminar o ambiente favoravel as bactérias anaerdbias
(eliminagdo de bolsas peri-implantares patoldgicas). Isto poderd ser obtido tanto com
procedimentos dissectivos ou em alternativa, com procedimentos de regeneracdo dssea
(incluindo regeneragdo dssea assistida/ guiada autdloga ou por enxertos alogénicos, etc.)
(Esposito e col. 2012). Recentemente foram publicados varios estudos sobre alternativas
de tratamento cirurgicas da doenca peri-implantar. Um ensaio clinico avaliou a intervencao
de 100 pacientes com doenga peri-implantar avangada por intermédio de intervengao
cirurgica exclusiva ou coadjuvada por antibidticos, agentes antissépticos para
descontaminagdo da superficie dos implantes ou ambos (Carcuac e col. 2017). Apds trés
anos de seguimento, os autores registaram uma reducdo média de 2.7 mm na
profundidade a sondagem, uma reduc¢do de 40% na hemorragia a sondagem/supuragao, e
0.04 mm de perda 6ssea média durante o seguimento, tendo concluido que a terapia foi
eficaz mas no entanto dependente das caracteristicas da superficie do implante e com um
efeito ndo sustentdvel a 3 anos da utilizacdo de antibidticos (Carcuac e col. 2017). Bianchini
e col. (2019) avaliaram a eficacia de um tratamento cirdrgico a implantes com doenca peri-
implantar composto por terapia resetiva e implantoplastia; tendo reportado uma resolugao
completa da doenca em 83% dos 32 pacientes tratados apds um seguimento médio de 3.4

anos.

Apesar da existéncia destes estudos recentes, o estado da arte relativamente ao
tratamento cirdrgico da doenga peri-implantar ainda é controverso. Uma revisao
sistematica e meta-analise incluindo 18 estudos avaliou os resultados de tratamentos
cirargicos regenerativos da doenca peri-implantar tendo concluido que apesar das
melhorias clinicas evidenciadas em alguns estudos, existe falta de evidéncia cientifica no
gue respeita a terapia regenerativa comparativamente a terapia ndo regenerativa (Daugela
e col. 2016). E de salientar que a falta de evidéncia forte do tratamento eficaz da doenca

peri-implantar, situacdo que poderd levar a uma interpretacdo erronea de que os
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tratamentos atuais poderdo nao ser efetivos. No entanto, uma das limitacdes na avaliacao
dos resultados destes tratamentos prende-se com o periodo ap0s a intervencdo: Heitz-
Mayfield and col. (2018) avaliaram os resultados da terapia de suporte apds o tratamento
cirurgico da doenca peri-implantar, tendo registado sucesso em cerca de 79% apds um ano,
75% apods trés anos e 63% dos pacientes apds cinco anos com apenas 43% dos implantes a

atingir a resolucdo completa da doenca aos cinco anos.

Contudo hoje nao sabemos quais intervengdes sao mais eficazes e para as intervengdes
com graus similares ndo sabemos quais possuem menos efeitos secundarios e quais

poderdo ser mais faceis e/ou mais baratas de utilizar.
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1.6 Progndstico dos implantes com doenga peri-implantar

O prognodstico dos implantes com doenca peri-implantar é relativamente
imprevisivel (Ferreira e col. 2018). No entanto, a inexisténcia de factores de progndstico
torna complicada a gestao da doenga assim como da escolha da opgado correta para o seu
tratamento. Conforme descrito no ultimo sub-capitulo, nos ultimos anos tém sido
publicados vdrios estudos sobre as possiveis abordagens terapéuticas da doenga peri-
implantar, assim como estudos de eficacia sobre os mesmos. De entre os estudos de
avaliacdo da eficacia destacam-se dois estudos de seguimento de casos de tratamento
cirurgico da doenca peri-implantar que procuraram isolar factores que pudessem ser
indicativos de um melhor desfecho. Charalampakis e col. (2011) efetuaram um estudo
retrospetivo com 245 pacientes com doenca peri-implantar tratada cirurgicamente e com
um seguimento entre 9 meses e 13 anos. Neste estudo, os autores recorreram a um modelo
de regressao logistica na tentativa de investigar potenciais indicadores de risco, tendo
registado uma associacdo significativa para o estadio de desenvolvimento da doenca na
altura do diagndstico quando controlado para a presenga de outras varidveis de interesse
ndo significativas no modelo (nomeadamente, idade, tabaco, niumero de implantes,
severidade da doenga, tratamento nao cirdrgico, tratamento cirurgico sem antibioterapia
coadjuvante, tratamento cirdrgico com antibioterapia coadjuvante, reposicionamento
apical do retalho sem antibioterapia coadjuvante, reposicionamento apical do retalho com
antibioterapia coadjuvante, cirurgia reconstrutiva sem antibioterapia coadjuvante, cirurgia

reconstrutiva com antibioterapia coadjuvante e severidade da doenga).

Mais recentemente, de Waal e col. (2016) efetuaram uma investigacdo retrospetiva
de uma base de dados relativa a dois ensaios clinicos de tratamento cirurgico, tendo
seguido de 72 pacientes e 185 implantes durante um ano apds a cirurgia. Numa primeira
analise multivariada a totalidade da amostra, os autores reportaram associa¢des
significativas entre o fracasso do tratamento e as varidveis: ordem de inclusdao no estudo e
média de perda dssea (média de 4.0 mm) quando controladas para outras variaveis de
interesse nao significativas no modelo (tabaco, maxima profundidade a sondagem com
uma média de 6.5 mm, presenca de placa bacteriana apds a cirurgia, média percentual de
placa bacteriana >/=25%, comprimento do implante >/= 13 mm e superficie dos implantes)

(de Waal e col. 2016). A partir de uma andlise ad hoc apenas ao segundo ensaio clinico (43
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pacientes e 107 implantes), os autores reportaram a associacdo significativa entre o
desfecho e as variaveis “média de perda dssea” (média de 4.1 mm) e tabaco quando
controladas para outras varidveis de interesse nao significativas no modelo: profundidade
a sondagem maxima (média de 6 mm) e presenca de placa bacteriana apds a cirurgia (de

Waal e col. 2016).

Da analise da literatura verificamos a necessidade de mais estudos na area do risco

e prognostico de implantes dentarios no contexto da doenga peri-implantar.
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2.1 OBIJETIVOS
Objetivo 1: Construir um algoritmo de risco para a previsao da doenca peri-
implantar em pacientes portugueses com reabilitacdes implanto-suportadas

e avaliar a fracc¢ao atribuivel dos indicadores de risco.

A doenca peri-implantar constitui a principal causa do fracasso tardio dos implantes
dentarios, denominado como o fracasso do implante apds a sua osteointegracao bioldgica

(Ting e col. 2018) com impacto direto na qualidade de vida dos doentes (Hugo e col. 2009).

Uma vez que a doenca se instale, o sucesso do tratamento é virtualmente imprevisivel
(Heitz-Mayfield e col. 2018; Ting e col. 2018) independentemente da aproximagao
escolhida (cirdrgica ou ndo cirurgica) com um potencial custo elevado para o paciente e/ou
o clinico. Deste modo, é importante a criacao de estratégias preventivas que maximizem a
vida util do implante em fun¢do, nomeadamente as possibilidades de prever com precisdo
o desfecho da reabilitacdo e de recomendacdo de estratégias adaptadas a cada paciente
conforme o seu perfil de risco. No entanto, a existéncia de modelos de risco é escassa e a
sua aplicacdo clinica muito limitada dada a complexidade subjacente dos calculos
matemadticos. Anteriormente, foi construido um modelo de risco (De Araujo Nobre e col.
2015) com elevada precisdo utilizando diversas variaveis: histéria de Periodontite, habitos
tabagicos, placa bacteriana, hemorragia, tipo de material utilizado na restauragao,
proximidade de dentes ou implantes, falta de ajuste entre componentes protéticos, nivel
0sseo, habitos tabagicos e a interagdo entre a presenca de placa bacteriana e a proximidade

de dentes ou implantes.

Tendo em conta os conceitos acima citados, justifica-se o primeiro objetivo da presente
investigagcao. A transformacgao de calculos matematicos complexos numa medida de risco
e a avaliacdo da fracgdo atribuivel (Rothman e col. 1998) relativa a cada um dos indicadores
de risco modificaveis (nimero de casos passiveis de serem evitados se a exposi¢cdo ao
indicador de risco fosse suprimida) representam ferramentas importantes facilmente
utilizaveis por qualquer clinico e de compreensdo mais inteligivel para cada paciente

(Sullivan e col. 2004).
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Objetivo 2: Avaliar a capacidade de previsdao de um algoritmo de risco para a
doenga peri-implantar numa populacdo de pacientes portugueses com

reabilitacdes implanto-suportadas.

Atualmente existe na literatura internacional um conjunto importante de producdo
cientifica que explora a vertente epidemioldgica da doenga peri-implantar ao nivel dos
indicadores de risco (Matarazzo e col. 2018; Ferreira e col. 2018; Zhang e col. 2018;
Vignoletti e col. 2019; Kordbacheh Changi e col. 2019) mas a utilizacdo de algoritmos de
risco com base e validagao cientificas para previsdo da doenga é inexistente. Existe
portanto a necessidade de construir um algoritmo de risco para a doencga peri-implantar.
Contudo, a utilidade do algoritmo de risco seria limitada considerando a sua validade

externa.

Uma alternativa de validar o algoritmo consiste na aplicagcdo em amostras distintas.
Estudos anteriores na area da Medicina (Mrdovic e col. 2013; Ganz e col. 2016; Haroon e
col. 2017; Oakland e col. 2017; Sherman 2017) evidenciaram a diferenca de precisdo na
performance de algoritmos de risco quando a aplicagao foi comparada entre a amostra de
derivacdo (de onde o algoritmo de risco foi proveniente) e a amostra de validagdo (por

intermédio da aplicagdo do algoritmo de risco a uma nova amostra).

A aplicagdo deste algoritmo a uma amostra de validagdo permitira aferir a precisao das

predigOes efetuadas pelo mesmo na presencga e auséncia da doenga peri-implantar.

Objetivo 3: Aferir a influéncia dos tempos de recall (tempo decorrido entre
consultas de avaliacdo e manutenc¢ao) nas sub-amostras de risco da doenca

peri-implantar.

Conforme referido no capitulo anterior, a utilizagdo de um protocolo de manutengao é vista
como uma ferramenta imprescindivel no controlo da saude peri-implantar das proteses
implanto-suportadas (Yeung 2008; Schou 2008). Dois dos aspetos de um protocolo de
manuteng¢do prendem-se com as consultas profissionais (Gay e col. 2016; Costa e col. 2018;
Roman-Torres e col. 2019) que poderdo ter um impacto significativo no sucesso e com os
tempos de recall, definidos como o tempo decorrido entre consultas de avaliagao e
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manutengao. Foi igualmente descrito no capitulo anterior o grau de evidéncia cientifica da
proposta de um periodo de recall de seis meses, o qual se considera relativamente baixo

(Bidra e col. 2016).

A avaliagdo do efeito e impacto epidemiolégicos do tempo de recall sobre a doenga peri-
implantar poderd fornecer informacdo Util na estratégia preventiva a assumir com o

objetivo de evitar a incidéncia da doenca.

Objetivo 4: Identificar os factores associados ao progndstico dos implantes
com doenga peri-implantar, construir e validar um modelo preditivo do

progndstico de implantes com doenca peri-implantar.

Ficou patente no capitulo anterior que existe uma lacuna do conhecimento atual no campo
do prognéstico dos implantes com doenca peri-implantar. O conhecimento sobre o efeito
e impacto de potenciais indicadores de progndstico resulta escasso e ndo é objeto de um
numero significativo de publicagdes, sendo que a lacuna constitui-se ainda maior se
considerarmos os modelos de progndstico para pacientes com doenga peri-implantar
(Charalampakis e col. 2011; Alissa e col. 2012; Rammelsberg e col. 2014; de Waal e col.
2016; Koldsland e col. 2018).

A existéncia de modelos de progndstico que possam coadjuvar na identificacdo de
pacientes com doenca peri-implantar que se encontrem em risco acrescido de sofrerem
um desfecho negativo (seja o fracasso dos implantes ou a prevaléncia da doenca em
estadio ativo) é essencial para maximizar a probabilidade de sucesso na recuperacdo dos
implantes. A construcdo deste modelo e a sua validacdo poderdao proporcionar uma

ferramenta util do ponto de vista clinico.
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2.2 HIPOTESES DE INVESTIGACAO

Hipotese 1: Comparativamente aos pacientes sauddveis, pacientes com
doenca peri-implantar irdo apresentar um numero significativamente maior
de pontos de risco no algoritmo correspondentes a fracdes atribuiveis

superiores.

A presenc¢a de um numero crescente de pontos de risco no algoritmo traduz-se na presenca
crescente de indicadores de risco em pacientes com proteses implanto-suportadas. A
presenca crescente de indicadores de risco correlaciona-se positivamente com um
aumento do valor das fragOes atribuiveis (percentagem de casos passiveis de serem
evitados se a exposicdo aos indicadores de risco fosse suprimida) (Rothman e col. 1998;
Hyman e Reid 2003; de Araujo Nobre e Mal6 2017). Coloca-se a presente hipdtese com
uma probabilidade de ocorréncia elevada ndo sendo expectavel que aos perfis de baixo

risco correspondam taxas de prevaléncia da doenca elevadas.

Hipotese 2: O algoritmo de risco possui capacidade discriminativa para a
previsao da doenca peri-implantar numa populacao de pacientes portugueses

com reabilitacdes implanto-suportadas.

Foi referido no capitulo anterior a importancia de avaliar a performance das ferramentas
de previsdao do risco em amostras distintas da qual o algoritmo foi derivado por forma a
valida-lo (Mrdovic e col. 2013; Ganz e col. 2016; Haroon e col. 2017; Oakland e col. 2017;
Sherman 2017). Em adicdo, esta validacdo permitira uma comparacdo futura entre
pontuacdes de risco (Nieder e col. 2018). E expectavel que o algoritmo de risco da doenca
peri-implantar possua uma capacidade discriminativa ha amostra de valida¢do inferior a
obtida na amostra da sua derivacdo. Contudo, ndo é expectavel que o algoritmo de risco

da doenca peri-implantar ndo possua uma capacidade discriminativa significativa.
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Hipdtese 3: O impacto do tempo de recall superior ou igual/inferior a 6 meses
em pacientes com proteses implanto-suportadas e um perfil de risco

semelhante nao sera significativo.

Foi referido no ultimo capitulo a importancia de um protocolo de manutencdo e
particularmente de consultas de avaliagdo e controlo regulares (Gay e col. 2016; Costa e
col. 2018; Roman-Torres e col. 2019) as quais sdo geralmente planeadas com base no gold
standard da observacdo semestral, apesar de o grau de evidéncia para esta norma de
orientacdo clinica ser pouco robusto (Bidra e col. 2016). Serd de esperar que em
circunstancias semelhantes no que respeita ao perfil de risco, o impacto do tempo de recall

superior ou igual/inferior a 6 meses seja limitado.

Hipotese 4: Um ano apds o diagndstico da doenca peri-implantar, pacientes
com um desfecho negativo (por fracasso do implante, prevaléncia ou
reincidéncia da doenca) irdo apresentar um numero de indicadores de
prognodstico de risco significativamente superior comparativamente aos
pacientes com desfecho positivo (sem reincidéncia da doenca) nas amostras

de derivagao e validagao.

O progndstico dos implantes com doenca peri-implantar é virtualmente imprevisivel
conforme explorado no capitulo anterior (Ferreira e col. 2018). Considera-se a hipotese de
os pacientes com desfecho negativo (fracasso dos implantes, prevaléncia ou reincidéncia
da doenca peri-implantar) apresentarem caracteristicas significativamente diferentes
quando comparados com pacientes com desfecho positivo (sem reincidéncia da doenga) e
gue os mesmos possuam capacidade discriminatdria significativa tanto na amostra de

derivagao como de validagao.
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3. MATERIAIS E METODOS
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Nota prévia dos investigadores:

No presente capitulo descrevemos a metodologia utilizada na nossa investigagao. Os
instrumentos e métodos utilizados foram pensados de forma a se adequarem aos objetivos
que se pretenderam alcangar na presente investigagao.

Foi tida em conta a utilizacdo de instrumentos e metodologia previamente descrita em
publicacOes internacionais com o objetivo da presente investigacdo poder ser replicavel e
comparavel com outras publicagdes passadas e futuras.
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3.1 Populagao

A populacdo alvo desta investigacao sao individuos de ambos os sexos, com idade igual ou
superior a 18 anos reabilitados com implantes dentdarios num centro de reabilitagao

privado (Mald Clinic, Portugal).

No que concerne a escolha do centro de reabilitagdo, decorre de uma questdo de
conveniéncia pelo elevado numero de reabilitacbes executadas e pelo protocolo de
manutencdo e seguimento dos pacientes (metodologia utilizada no diagnédstico, profilaxia

e seguimento) o qual é do nosso profundo conhecimento.

3.2 Desenho da investigacao

De modo a atingir os objetivos propostos e investigar as hipoteses colocadas, planearam-

se os desenhos de estudo detalhados individualmente abaixo:

3.2.1 Objetivo 1. Construcdo de um algoritmo de risco para a previsdo da doenca peri-
implantar em pacientes portugueses com reabilitagdes implanto-suportadas e avaliagdo da

fraccdo atribuivel dos indicadores de risco.

Descri¢ao geral: Para atingir o objetivo proposto e investigar a hipdtese colocada planeou-

se um estudo observacional de caso-controlo com colheita de dados retrospectiva.

Populagdo: A populacdo consiste em pacientes reabilitados com implantes dentarios no
centro de reabilitacdo dentario (Mald Clinic, Portugal), de ambos os sexos e com idade
superior a 18 anos, os quais integraram um estudo de vigilancia epidemiolégica sobre

doencas orais (De Araujo Nobre e Mal6 2017).

Critério de inclusdo e exclusdo: Os critérios de inclusdo consistiram em pacientes
submetidos a cirurgia de insercdo de implantes dentarios e seguidos no Centro de
Implantologia e Reabilitacdo Oral Fixa Malo Clinic- Lisboa; Pacientes reabilitados com
préteses implanto-suportadas, com um tempo de seguimento minimo de 1 ano apds a
cirurgia; Pacientes que aceitaram participar por consentimento informado por escrito
(Anexo Il). Como critérios de exclusao, os pacientes que tenham sido submetidos a cirurgia
para colocacdo de implantes dentdrios ha menos de um ano; que recusem ou sejam
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incapazes de dar consentimento informado; cujos registos clinicos se encontrem
incompletos ou ausentes; que executem terapéutica imunossupressiva; menores de 18

anos de idade; ou casos prevalentes de doenca peri-implantar.

Dimensdao da amostra e processo de amostragem: A amostra é constituida por 346
pacientes com doenca peri-implantar (casos) e 1417 pacientes sem doenca peri-implantar
(controlos) recolhidos de um registo de pacientes (amostra de conveniéncia). Deste
numero de pacientes foram excluidos um total de 66 casos e 317 controlos devido a dados
em falta ou incompletos ou recusa em participar; assim como 10 casos e 20 controlos
utilizados para o estudo piloto (excluidos do estudo principal) e 15 casos e 60 controlos
excluidos da fase analitica devido a localizagaodo nivel dsseo no tergo apical do implante.
A amostra final de 1275 pacientes de ambos os sexos com 255 casos e 1020 controlos foram
emparelhados por sexo, idade (amplitude de 2 anos) e tempo de seguimento (2 meses de
amplitude). O tamanho amostral, calculado tendo em conta um nivel de significancia de
5%, um poder estatistico de 80%, uma probabilidade de exposicdo aos indicadores de risco
de 50% e uma correlacdo de exposi¢do entre casos e controlos de 50%, permite a detecdo

de indicadores de risco ou de protecdao numa amplitude de odds ratio entre 0.685 e 1.46.

Desenho/Anilise estatistica: Este estudo parte de um modelo preditivo desenvolvido

previamente (De Araujo Nobre e col. 2015) composto pelas seguintes variaveis:

z= (2.943 x historia de Periodontite) + (1.271 x placa bacteriana) + (2.634 x nivel dsseo
no terco médio do implante) — (0.191 x habitos tabagicos) + (1.069 x hemorragia) +
(1.382 x protese metalo-ceramica) — (0.911 x protese metalo-acrilica) + + (0.582 x
protese acrilica) + (1.771 x desajuste protético ou articulacdo ndo ideal do parafuso) —
(0.822 x proximidade de outros dentes/implantes) + (1.460 x presenga de placa
bacteriana e proximidade de outros dentes/implantes)

A definigdo em pormenor das varidveis encontra-se descrita na tabela I.
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Tabela I. Definigdo das varidveis dos estudos 1 e 2 (Construcdo de um algoritmo de risco para a previsdo da
doenga peri-implantar em pacientes portugueses com reabilitagées implanto-suportadas e sua validagdo).

Area Defini¢ao Proveniéncia Escala Tipo
Caracterizagdo Idade do participante em Consulta do processo ,
. . Resposta aberta Continua
demografica anos clinico
Consulta do processo 0- Feminino .
Sexo . . Nominal
clinico 1- Masculino
Doenga peri-implantar,
definida como a presenca
de bolsas peri-implantares >
5 mm diagnosticadas por
. . & P Consulta do processo
. intermédio da sondagem do . . =
Doenga peri- . clinico (registo de 0- Nao .
. sulco/bolsa peri-implantar . s . Nominal
implantar . diagndstico e/ou 1-Sim
com sonda calibrada a 0.25 . .
L radiografia)
N; hemorragia a sondagem;
perda dssea visivel ao raio-x;
perda do nivel de insercao
igual ou superiora 2 mm.
. s . . Consulta do processo 0- Nao .
Estado de saude Historia de Periodontite . p . . Nominal
clinico e radiografias 1-Sim
Consulta do processo ~
s - L. p 0- Nao fumador .
Habitos tabagicos clinico (registos de Nominal
. s 1- fumador
diagnéstico)
0-sem
proximidade
- Proximidade do implante a 1- implante .
Localizagdo . P Consulta do processo - P Nominal
outros dentes e implantes . . ) proximo a um
clinico (radiografia)
dente natural ou
implante
1- ceramico
Consulta do processo 7- metalo
Componentesda Tipo de material utilizado na  clinico (formuldrio da a .
= . - ceramico Ordinal
restauragdo protese colocagdo de -
implantes) 3- metalo-acrilico
P 4- acrilico
Desajuste protético ou
. ) ~ P . Consulta do processo
o articulagdo ndo ideal do . . =
ComplicagGes clinico (registo de 0- Nao .
. A s parafuso (desaperto de . - . Nominal
biomecanicas ) diagnostico ou 1- Sim
componentes ou desajuste . .
. " radiografia)
passivo protéticos)
Presenca de placa
f .. . ¢ P Consulta do processo .
Indices clinicos e bacteriana ao redor do L. ) 0- Nao .
. g . clinico (registo de . Nominal
radiograficos implante quando do . e 1-Sim
. - diagndstico)
diagndstico
Presenca de hemorragiaao  Consulta do processo 0- Nio
redor do implante quando clinico (registo de 1- Sim Nominal
do diagndstico diagndstico)
Consulta do processo  0- 1/3 coronal do
. clinico (registo de implante .
Nivel 6sseo . (, g P . Nominal
diagndstico ou 1- 1/3 médio do
radiografia) implante
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A variavel dependente (doenga peri-implantar) é definida como a presenga de
bolsas peri-implantares 2 5 mm, hemorragia a sondagem, juntamente com perda dssea ou
perda do nivel de inser¢do = 2 mm comparativamente a ultima avaliagdo (De Araujo Nobre

e col. 2015).

Ap0s validagao da base de dados informatica, é efetuada a analise estatistica por
intermédio do software SPSS (Statistical Package for Social Sciences, versao 18.0; IBM,
Armonk, Nova lorque, EUA). O calculo da fraccdo atribuivel apresenta-se como exercicio
académico com o objetivo de avaliar para cada indicador de risco a percentagem de casos
gue poderia ser evitado se a exposicdo ao indicador de risco fosse suprimida. O calculo da
fracgdo atribuivel é efetuado de acordo com a seguinte equagao considerando as odds ratio

de exposicao (Rothman e col. 1998):

F <0 Atribui l—(A1+)<0R_1)
racao Atribuivel = VT OR

Onde:

Al+: Prevaléncia da doenca entre os individuos expostos;
M1+: Prevaléncia da doenga

OR: Odds Ratio

Para a construgdo do algoritmo de risco, considerando o modelo acima descrito, sao
atribuidos pesos a cada variavel por intermédio da divisdo dos coeficientes 8 de cada
indicador de risco pelo menor valor do coeficiente B dos indicadores de risco (protese
acrilica = 0.582) (Sullivan col. 2004). Desta forma, a amostra é subdividida em 4 categorias
(baixo risco, risco intermédio, risco elevado e risco muito elevado). Apds esta etapa efetua-
se a aplicagdo do modelo preditivo a amostra (n = 1275 pacientes) onde para cada indicador
de risco sdo aferidos os valores da frac¢do atribuivel do risco para a doenca peri-implantar
e determinada a curva ROC (Receiver Operating Characteristic) (Zweig e Campbell 1993) de
modo a identificar os melhores limites para discriminar os individuos em baixo risco, risco

intermédio, risco elevado e risco muito elevado de incidéncia de doenga peri-implantar.

Colheita de dados: A colheita de dados é efetuada por intermédio de documentacdo

indireta por preenchimento dos dados em suporte digital, através da consulta do ficheiro
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clinico do paciente (folhas de registo, radiografias, questionario médico, didrio clinico), no
qgual pretendemos registar os dados referentes as varidaveis que compdem o modelo

preditivo (Figura 9).

INES MALO CLINIC

Contribuicio para a avaliacdo do progndstico dos implantes dentirios nos doentes com Patologia peri-implantar.

Avaliaciio de um modelo preditivo para o risco de patologia peri-implantar e determinacdo do risco atribuivel dos periodos de recall.

N S HP FUM | PROXI | PROXI | TMUP M-C | TMUP M-A | TMUPA| PB H NO | DPANIP | PB*PROXI | TS | NC
Sigla Descri¢do e codificagdo a utilizar
N Numero
| Idade em anos de vida
S Sexo (0:feminino; 1:masculino)
HP Historia de Periodontite (0:auséncia; 1:presenca)
FUM Habitos Tabagicos (0:auséncia; 1: presenca)
PROXI Proximidade do implante a outros dentes ou implantes (0: sem proximidade; 1: proximidade)

TMUP M-C Prétese metalo-ceramica (0; ausEncia; 1: presenca)
TMUP M-A Prétese metalo-acrilica (0; ausEncia; 1: presenca)
TMUP A Prétese acrilica (0; ausEncia; 1: presenca)

PB Placa bacteriana (0: ausente; 1:presente)

H Hemorragia (0: ausente; 1:presente)

NO Nivel 6sseo de suporte do implante (0: 1/3 coronal; 1: 1/3 médio)

DPANIP Desajuste protético ou articulagdo ndo ideal do parafuso (0: ausente; 1: presente)

PB*PROXI Interacgdo entre placa bacteriana e PROXI (0: auséncia de uma delas ou ambas; 1:presenca de ambas)
TS Tempo de seguimento em meses

NC Numero de consultas de manutencdo (para efeitos de recall)

Projecto de Investigagdo para Dissertacdo de Doutoramento em Ciéncias e Tecnologias da Satde (Epidemiologia)
Doutorando: Mestre Miguel de Aratjo Nobre Orientador: Professor Doutor Francisco Salvado

Fig. 9 Imagem ilustrativa do caderno de recolha de dados para os estudos 1 a 3.
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3.2.2 Objetivo 2 - Avaliar a capacidade de previsao de um algoritmo de risco para a doenga
peri-implantar numa populacdo de pacientes portugueses com reabilitacdes implanto-

suportadas.

Descricdao geral: Para atingir o objetivo proposto e investigada a hipdtese colocada foi
planeado um desenho de estudo observacional de coorte com colheita de dados

retrospectiva.

Populagdo: A populacdo consiste nos pacientes reabilitados com implantes dentdrios no
ano de 2006 (n = 543), de ambos os sexos e com idade superior a 18 anos, os quais

integraram um estudo de vigilancia epidemioldgica sobre doencas orais.

Critério de inclusao e exclusao: Os critérios de inclusdao consistiram em pacientes
reabilitados com implantes no Centro de Implantologia e Reabilitacdo Oral Fixa Malo Clinic-
Lisboa e com pelo menos cinco anos de seguimento. Como critérios de exclusdo, os
pacientes que ndo tenham sido seguidos no Centro de Implantologia e Reabilitacdo Oral
Fixa Malo Clinic- Lisboa; Pacientes com fracasso dos implantes antes do primeiro ano de
funcdo (durante o periodo de osteointegracao); Pacientes com complicagOes bioldgicas ndo
resolvidas durante o primeiro ano de funcdo (abcesso, infeccdo ou fistula) cujos sinais e

sintomas se pudessem confundir com as manifestagdes clinicas de doenga peri-implantar.

Dimensdo da amostra e processo de amostragem: A amostra do estudo 2 é constituida
por todos os pacientes reabilitados com implantes no ano de 2006 e que sdo avaliados aos
5 anos de seguimento, no ambito da sua inclusdo num estudo de vigilancia epidemioldgica
de doencas orais a decorrer na Malé Clinic (De Araujo Nobre e Malé 2017). Representam
critérios de exclusdo, os pacientes que ndo foram seguidos pela equipa da Malé Clinic (n =

23).

A amostra e respectivas observacdes (uniformizacdo inter- e intra-observadores)
encontram-se validadas previamente no estudo de vigilancia epidemioldgica (De Araujo
Nobre e Mald 2017). A amostra (n=520) possibilita a deteccdo de factores de risco relativo
superior a 1.64, assumindo uma incidéncia nos ndo expostos de 21% (De Araujo Nobre e

col. 2014,2015), nivel de significancia de 0.05 e poder estatistico de 80%.
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Desenho/Analise estatistica: Este estudo parte de uma pontuagdo de risco desenvolvida

no estudo 2 composto pelas seguintes varidveis (Tabela I1):

Tabela Il. Estudo 2 — Indicadores de risco e respetiva pontuagao de risco

Indicadores de risco N2 de pontos de risco
Histéria de Periodontite 5
Placa bacteriana 2
Nivel 6sseo no terco médio do implante 5
Habitos tabagicos 0
Hemorragia 2

Tipo de material utilizado na prétese

Ceramico 0
Metalo-ceramico 2
Metalo-acrilico -2
Acrilico 1
Desajuste protético ou articulagdo ndo ideal do parafuso 3
Proximidade de outros dentes/implantes -1

Interagdo entre placa bacteriana e proximidade de outros
dentes/implantes

A varidvel dependente (patologia peri-implantar) é definida como a presenca de bolsas
peri-implantares 2 5 mm, hemorragia a sondagem, juntamente com perda dssea ou perda
do nivel de inser¢do = 2 mm comparativamente a ultima avaliagdo (De Araujo Nobre e col.

2015).

Apds validagdo da base de dados informatica, é efetuada a andlise estatistica por
intermédio do software SPSS (versdo 18.0, IBM, EUA). A partir da pontuacdo de risco acima

ilustrada (Tabela 1), a amostra é subdividida em 4 categorias (baixo risco, risco intermédio,
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risco elevado e risco muito elevado). Apds esta etapa, aplica-se o modelo preditivo a
amostra da coorte (n = 520 pacientes). Sdo aferidos os valores do risco relativo de
incidéncia de doenga peri-implantar e determinada a curva ROC de modo a identificar os
melhores limites para discriminar os individuos de acordo com o seu nivel de risco de

incidéncia de patologia peri-implantar.

Colheita de dados: A colheita de dados é efetuada por intermédio de documentacdo
indireta por preenchimento dos dados em suporte digital (Figura 9), através da consulta do
ficheiro clinico do paciente (folhas de registo, radiografias, questiondrio médico, diario
clinico), no qual registamos os dados referentes as varidveis que compdem o modelo

preditivo.
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3.2.3 Objetivo 3 - Aferir a influéncia dos tempos de recall (tempo decorrido entre consultas

de avaliacdo e manutencgdo) nas sub-amostras de risco de doenca peri-implantar.

Descricao geral: Para atingir o objetivo proposto e a hipdtese colocada foi planeado um
desenho de estudo observacional analitico de caso-controlo aninhado na coorte do estudo
2 (Ernster 1994), com colheita de dados retrospetiva. O estudo 3 é efetuado com base nos
resultados do estudo 2 e procede a classificacdo dos pacientes da amostra em casos (com

doenca peri-implantar) e controlos (sem doenca peri-implantar).

Populagdo: Incluem-se todos os individuos que constituem a coorte seguida durante 5 anos

do Estudo 2, classificando-os como:

- Casos: Individuos da coorte diagnosticados com doenga peri-implantar;

- Controlos: Individuos da coorte ndo diagnosticados com doenca peri-implantar.

Critério de inclusao e exclusao: Os critérios de inclusdao consistiram em pacientes
reabilitados com implantes no Centro de Implantologia e Reabilitacdo Oral Fixa Malo Clinic-
Lisboa e com pelo menos cinco anos de seguimento. Como critérios de exclusdo, os
pacientes que ndo tenham sido seguidos no Centro de Implantologia e Reabilitagdo Oral
Fixa Malo Clinic- Lisboa; Pacientes com fracasso dos implantes antes do primeiro ano de
funcdo (durante o periodo de osteointegracdo); Pacientes com complica¢cGes bioldgicas ndo
resolvidas no primeiro ano de funcao (abcesso, infeccdo ou fistula) cujos sinais e sintomas

se pudessem confundir com as manifestagdes clinicas de doenga peri-implantar.

Dimensdo da amostra e processo de amostragem: Considerando a dimensdo amostral, a
proporgdo de casos para o grupo de controlos é de 1 : 1. Sao selecionados todos os casos
para serem incluidos no estudo. Os integrantes do grupo dos controlos sdo ordenados
cronologicamente por data de realiza¢do da reabilitacdo e selecionados aleatoriamente por
numeros aleatodrios gerados com recurso a um programa informatico obtido no sitio:

www.random.org. O tamanho amostral (n = 85 casos; n = 85 controlos), calculado tendo

em conta um nivel de significancia de 5%, um poder estatistico de 80%, uma probabilidade

de exposicdo aos indicadores de risco de 50% e uma correlacdo de exposicdo entre casos e
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controlos de 3% (dados obtidos no Estudo 2), permite a detecdo de indicadores de risco ou

de protecdo numa amplitude do odds ratio entre 0.403 e 2.45.

Desenho/Anilise estatistica: Para cada sub-grupo de risco dos casos e controlos, é
calculado o tempo médio de recall (nimero total de consultas de manutencdo
efetuadas/tempo de seguimento). A definicdo da varidvel encontra-se descrita na tabela
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Tabela Ill. Definicdo das varidveis do estudo 3: Aferir a influéncia dos tempos de recall (tempo
decorrido entre consultas de avaliagdo e manutenc¢do) nas subamostras de risco de doenga peri-

implantar.)
Area Definigao Proveniéncia Escala Tipo
Doenca peri-implantar,
definida como a presenca de
bolsas peri-implantares >
5mm diagnosticadas por Consulta do
intermédio da sondagem do processo
Doenga sulco/bolsa peri-implantar  clinico (registo  0- N&do (controlos) Nominal
peri-implantar com sonda calibrada a de diagndstico 1- Sim (casos)
0.25N; hemorragia a e/ou
sondagem; perda dssea radiografia)
visivel ao raio-x; perda do
nivel de insergdo igual ou
superior a 2mm.?
Computado a
partir da
ontuagdo L
P - ¢ 1- baixo risco
. . definida na .
Perfil de risco 2- risco moderado
. Tabela ll, . .
para a doenga Grupos de risco . 3- risco elevado Ordinal
.. considerando . .
peri-implantar 4- risco muito
a presenga ou
. elevado
auséncia de
indicadores de
risco
Tempo médio de recall:
(nuimero total de consultas
~ Consulta do
de manutengdo 1- </= 6 meses .
Recall processo Nominal
efetuadas/tempo de clinico 2- > 6 meses

seguimento), Recodificagdo
para variavel nominal.

E avaliada a diferenca entre casos e controlos por intermédio de estatistica inferencial (Qui-

quadrado) e estimada a medida de efeito (risco relativo) e de impacto (risco atribuivel

proporcional) desse periodo de recall por intermédio dos seguintes passos e equagdes:

1) Célculo da Incidéncia nos expostos (lexp);

2) Calculo da Incidéncia nos ndo expostos (Inexp);

3) Calculo do Risco Relativo por intermédio da férmula:

Risco Relativo =

I[Exp
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4) Cdlculo do Risco Atribuivel Proporcional por intermédio da seguinte férmula (Cole e

MacMahon 1971):

1
" Risco Relativo

Risco Atribuivel Proporcional = ( 1 ) x 100

O nivel de significancia escolhido é de 0.05.

Colheita de dados: A colheita de dados é efetuada por intermédio de documentacdo
indireta por preenchimento dos dados em suporte digital (Figura 9), através da consulta do
ficheiro clinico do paciente (folhas de registo, radiografias, questionario médico, diario
clinico), durante o processo de colheita de dados do Estudo 2. O observador que recolhe

os dados desconhece o estatuto do individuo em estudo (caso ou controlo).
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3.2.4 Objetivo 4 — Identificar os factores associados ao progndstico dos implantes com
patologia peri-implantar, construir e validar um modelo preditivo do progndstico de

implantes com doenga peri-implantar.

Descricao geral: Para atingir o objetivo 4 e a hipdtese colcoada foi planeado um desenho
de estudo observacional de coorte com colheita de dados retrospectiva, de forma a
identificar os possiveis factores associados ao progndstico dos implantes com patologia

peri-implantar (perda do implante ou reincidéncia da patologia).

Populagdo: A populacdo deste estudo é constituida por pacientes maiores de 18 anos, de
ambos os sexos, reabilitados com implantes dentéarios nas instalagées da Mald Clinic, com

novos casos de patologia peri-implantar.

Critério de inclusao e exclusao: Os critérios de inclusdao consistiram em pacientes
reabilitados com implantes no Centro de Implantologia e Reabilitacdo Oral Fixa Malé Clinic-
Lisboa, com um minimo de um ano de seguimento apds a cirurgia (de forma a prevenir a
sobreposicdo com o fracasso precoce do implante), seguidos no centro clinico e que
aceitaram participar por intermédio de consentimento informado (Anexo Il). Como
critérios de exclusdo, os pacientes que recusem ou sejam incapazes de dar consentimento
informado; pacientes que ndo tenham sido seguidos no centro clinico; pacientes que
apresentem com bolsas peri-implantares superiores a 4 mm durante o primeiro ano de

fungao; pacientes cujos implantes possuam o nivel 6sseo localizado no tergo apical.

Dimensdo da amostra e processo de amostragem: A amostra é constituida por 240
pacientes com diagndstico de patologia peri-implantar de novo, que ndo apresentem os
seguintes critérios de exclusdo: pacientes que ndo tenham sido seguidos pela equipa da
Malé Clinic; pacientes com implantes apresentando bolsas peri-implantares > 4 mm no

primeiro ano de fungao.

Para o calculo da dimensdo amostral, assumimos a variavel dependente “progndstico do
implante” (fracasso ou remissdo), para uma probabilidade de fracasso de 50% no grupo de

remissdo (Esposito e col. 2012) e um risco relativo de 1.57 no grupo dos fracassos.
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Dadas estas caracteristicas, incluimos uma amostra de cerca de 100 pacientes (n=50
pacientes com implantes fracassados; n=50 pacientes sem fracasso dos implantes) paraum

nivel de significancia de 5% e poder estatistico de 80%.

Considerando uma eventual perda de seguimento de 20% dos doentes, sao incluidos 120
pacientes (60 pacientes em cada grupo) para aferir os possiveis factores de progndstico e
120 pacientes (60 pacientes em cada grupo) para testar a capacidade predictiva dos

indicadores de progndstico aferidos.

A amostra e respectivas observacdes (uniformizacdo inter- e intra-observadores)
encontram-se validadas previamente no estudo de vigilancia epidemioldgica (De Araujo

Nobre e Mal6 2017).

Desenho/Anilise estatistica: A metodologia de diagndstico é constituida por métodos
clinicos e radiograficos que permitem a correta classificacdo das varidveis. A varidvel
dependente consiste no progndstico do implante (remissdo ou fracasso) (Esposito e col.
2013): O estado de remissdo define-se como a manutencdo de uma profundidade a
sondagem < 4 mm, e auséncia de supuracdo, mobilidade, ou perda éssea durante 1 ano
(avaliada por metodologia radiografica estandartizada); O fracasso do implante define-se
como a perda do implante, a manutencao ou reincidéncia da patologia dentro do ano de
seguimento, caracterizada pela presenca de profundidade a sondagem > 4 mm, ou
presenca de supuracdo, mobilidade, ou perda dssea adicional (avaliada por metodologia

radiografica estandartizada).

As variaveis independentes analisadas encontram-se descritas e classificadas da seguinte
forma (Chuang e col. 2002; Moy e col. 2005; Esposito e col. 2013; Ramanauskaite e col.

2014; De Araujo Nobre e col. 2014 a,b,c):
As varidveis demograficas idade em anos de vida e o sexo (masculino, feminino);

Os potenciais contribuintes causais: histéria de periodontite, presenga de comorbilidades,
habitos tabagicos (fumador corrente), a proximidade do implante a outros dentes ou
implantes (presenca ou auséncia), o comprimento do implante em milimetros, a superficie
do implante (maquinada ou oxidada), a altura do pilar em milimetros, o tipo de material
utilizado na protese (ceramico, metalo-ceramico, metalo-acrilico ou acrilico), o tipo de
denticdo oponente (prétese removivel, dentes naturais, prétese fixa dento-suportada ou
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protese fixa implanto-suportada), o tempo de seguimento da reabilitacdo em meses, a

presenca de placa bacteriana ao redor do implante, a presenca de hemorragia ao redor do

implante, a profundidade a sondagem basal (£ 6 mm, >6 mm), o nivel 6sseo de suporte do

implante (ter¢co coronal, médio ou apical), a incidéncia de complicagbes mecanicas, e a

abordagem terapéutica no tratamento da patologia peri-implantar (ndo cirdrgica ou

cirurgica).

A definicdo em pormenor das varidveis encontra-se descrita na Tabela IV.

Tabela IV. Definicdo das varidveis do estudo 4 (Identificar os factores associados ao progndstico dos
implantes com patologia peri-implantar, construir e validar um modelo preditivo do prognéstico de
implantes com doenca peri-implantar).

Area Definigdao Proveniéncia Escala Tipo
Caracterizagao Idade do participante em Consulta do Resposta Continua
demografica anos processo clinico aberta
Consulta do 0-Feminino .
Sexo L. . Nominal
processo clinico 1-Masculino
Progndstico do implante
(remissdo ou fracasso)
durante 1 ano apds
diagndstico.?2 Remiss3o:
rofundidade a sondagem
P - & Consulta do
<4mm, e auséncia de rocesso dlinico
Progndsticodo  supuragdo ou mobilidade; P . 0-remissao .
. ~ (registo de Nominal
implante Fracasso: manutengdo ou L 1-fracasso
e . diagndstico e
reincidéncia da patologia . )
. i radiografia)
por intermédio de
profundidade a sondagem
>4mm, ou presenca de
supuracao, ou mobilidade,
ou perda 6ssea adicional
Estado de Presencga de Consulta do 0-auséncia .
. s . Nominal
saude comorbilidades processo clinico 1-presenca
Consulta do ~
g . . .. 0-Nao .
Historia de Periodontite processo clinico + 1-Sim Nominal
radiografias
Consulta do 0-Nao
s . rocesso clinico fumador .
Habitos tabdagicos P . Ordinal
(registos de 1- Fumador
diagndstico) corrente
0-Desdentado
L . Consulta do 1-Implante
e Proximidade do implante a L p .
Localizagao . processo clinico e localizado Nominal
outros dentes e implantes . ) .
radiografia. junto a dentes
ou implantes
I Tempo de seguimento da Consulta do Resposta ,
Reabilitagao p. o 8 . P Continua
reabilitacdo em meses processo clinico aberta
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Tabela IV (continuacgdo)

1-7mm
Consulta do 2-8.5mm
Comprimento do implante processo clinico 3-10mm
P . o P (formulario da 4-11.5mm Ordinal
medido em milimetros ~
colocacao de 5-13mm
implantes) 6-15mm
7-18mm
Consulta do
rocesso clinico .
- . P L. 0-Maquinado .
Superficie do implante (formulario da Nominal
~ 1-Rugoso
colocacao de
implantes)
1-Imm
Consulta do 2-2mm
. . processo clinico 3-3mm
Altura do pilar medida em L. .
.p, (formulario da 4-4mm Ordinal
milimetros ~
colocagdo de 5-5mm
implantes) 6-6mm
7-7mm
1-protese
removivel
2-dentes
naturais
Consulta do B .

. - . 3-protese fixa .
Tipo de denticdo oponente processo clinico e dento Ordinal
radiografia

suportada
4-proétese fixa
implanto-
suportada
1-ceramico
Consulta do
. 2-metalo-
. . - processo clinico .
Tipo de material utilizado L ceramico .
, (formulario da Ordinal
na prétese N 3-metalo-
colocacao de o
implantes) acrilico
4-acrilico
A - Consulta do
Incidéncia de complicacbes L.
A processo clinico ~
mecanicas (fracturas, ou . 0-N3o .
(registo de . Nominal
desapertos de . - 1-Sim
. diagndstico ou
componentes protéticos) . .
radiografia)
indices clinicos Presenca de placa Consulta do
e radiograficos bacteriana ao redor do processo clinico 0-Nao Nominal
implante quando do (registo de 1-Sim
diagndstico diagndstico)
. Consulta do
Presenca de hemorragia ao . .
. processo clinico 0-Nao .
redor do implante quando . . Nominal
(registo de 1-Sim

do diagnéstico

diagnéstico)
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Tabela IV (continuacgdo

Presenca de bolsas peri- Consulta do
implantares superiores a 6 processo clinico 0-Nao .
o1 . . Nominal
milimetros quando do (registo de 1-Sim
diagnéstico diagndstico)
1-1/3 coronal
Consulta do /
rocesso clinico do implante
. proces: 2-1/3 médio _
Nivel ésseo (registo de . Ordinal
diagndstico ou do implante
g . ) 3-1/3 apical do
radiografia) .
implante
. Consulta do
Tipo de abordagem . .
Abordagem - processo clinico 0-ndo cirurgica .
A terapéutica no tratamento . S Nominal
terapeutica (registo de 1-cirurgica

da patologia peri-implantar diagnéstico)

Apds validacdo da base de dados informatica, é efetuada a analise estatistica por
intermédio do software SPSS (versio 18.0). E efetuada uma andlise univariada para
caracterizacdo da amostra no que refere as variaveis independentes. A caracterizagdo das
variaveis nominais é efetuada por intermédio de tabelas de frequéncias absolutas e
relativas. Por sua vez, a caracterizacdo das variaveis continuas é efetuada por intermédio
das medidas de tendéncia central: média com respetivo intervalo de confianga de 95% (IC

95%) e mediana; e medidas de dispersdo (desvio padrao).

E efetuada uma analise bivariada para avaliar a diferenca entre o grupo de pacientes com
implantes fracassados e o grupo de pacientes com implantes em remissao relativamente
as variaveis independentes. Sdo aplicados testes estatisticos inferenciais para testar HO:
Nas varidveis independentes nominais, a comparacdo entre os dois grupos é efectuada
utilizando o Teste do Qui-Quadrado (desde que estejam presentes as condi¢cdes de
aplicabilidade, em caso contrario é aplicado o Teste exacto de Fisher, com
complementacdo das medidas de V de Cramer ou o coeficiente de contingéncia). Os
resultados sdo apresentados sob a forma de uma tabela, onde constam para cada uma das
categorias das varidveis independentes a frequéncia absoluta e relativa em cada um dos
grupos (fracasso e remissdo) com célculo do IC95% para as proporcdes. E também referido

o valor do p do teste estatistico para cada uma das variaveis.
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Para as varidveis independentes continuas, é efectuada a verificacdo da normalidade
(Kolmogorov-Smirnov). No caso de a normalidade se verificar é aplicado o teste t de
Student (com o valor da estatistica de teste e do valor p a considerar a depender da
presenca ou ndo da homogeneidade das variancias definido pelo Teste de Levene). No caso
de a normalidade nao se verificar é aplicado o teste ndao paramétrico de Mann-Whitney U.
Os resultados sdo apresentados sob a forma duma tabela, onde constam para cada uma
das varidveis independentes a média com 1C95% em cada um dos grupos (fracasso e
remissdo), (com referéncia ao valor do p do teste estatistico para cada uma das varidveis).

O nivel de significancia escolhido é de 5%.

As varidveis independentes identificadas individualmente como factores associados a
incidéncia da patologia peri-implantar sao novamente testadas em modelo de regressao
logistica multivariada. A introducdo das variaveis independentes é efetuada por fases até
a inclusdo de todas as varidveis. Com este método serdo identificadas as varidveis que
mantém o seu peso de associacdo ao progndstico da patologia peri-implantar quando
controlados simultaneamente os restantes factores. Desta forma identificam-se os factores
independentes associados ao progndstico de implantes com patologia peri-implantar. Os
resultados sao apresentados sob a forma duma tabela onde para cada varidvel identificada
como factor independente sdo referidos os coeficientes B, o valor de p do teste e o risco

relativo estimado com o 1C95%.

Colheita de dados: Efetuada por intermédio de documentagao indireta por preenchimento
dos dados em suporte digital (Figura 10), através da consulta do ficheiro clinico do paciente
(folhas de registo, radiografias, questiondrio médico, didrio clinico), no qual pretendemos
identificar os principais factores associados ao progndstico de implantes com patologia

peri-implantar.
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MALOCLINIC

Contribuicio para a avaliacio do progndéstico dos implantes dentarios nos doentes com Patologia peri-implantar.

[N T [ s hHe] COM [ Frum [ pi [ Proxi [ ci [ 7si [ ap [tmur]TDO | TSEG [ PB] H [ Ps | NnO [ cmEcC JATPIP]
I | [

Sigla  Descrigdo e codificacdo a utilizar

N Numero

| Idade em anos de vida

S Sexo (0:feminino; 1:masculino)

HP Historia de Periodontite (0:auséncia; 1:presenca)
COM Comorbilidades (0: auséncia; 1: descrever)
FUM  Habitos Tabagicos (0:auséncia; 1: presenca)

Pl Posi¢do do implante

PROXI Proximidade do implante a outros dentes ou implantes (0: sem proximidade; 1: proximidade)
Cl Comprimento do implante em milimetros

TSI Tipo de superficie do implante (0:maquinado; 1:oxidado)

AP Altura do pilar em milimetros

TMUP Tipo de material utilizado na protese (1:cerdmico; 2-metalo-ceramico; 3-metalo-acrilico; 4-acrilico)

TDO Tipo de dentigdo oponente (1-protese removivel; 2-dentes naturais; 3-protese dento-suportada; 4-prétese implanto-portada)
TSEG Tempo de seguimento da reabilitagdo em meses

PB Placa bacteriana (0: ausente; 1:presente)

H Hemorragia (0: ausente; 1:presente)

PS Profundidade a sondagem (0: </=6mm; 1: >6mm)

NO Nivel 6sseo de suporte do implante (1: 1/3 coronal; 2: 1/3 médio; 3: 1/3 apical)

CMEC Complicagbes mecanicas (0: auséncia; 1: presenga)

ATPIP Abordagem terapéutica no tratamento da patologia peri-implantar (0: ndo cirtrgica; 1: cirtrgica)

Projecto de Investigagdo para Dissertacdo de Doutoramento em Ciéncias e Tecnologias da Saude (Epidemiologia)
Doutorando: Mestre Miguel de Aratijo Nobre Orientador: Professor Doutor Francisco Salvado

Fig. 10 Imagem ilustrativa do caderno de recolha de dados para o estudo 4.
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3.3 Descrigao dos métodos clinicos

Tal como referido no capitulo anterior, o conjunto de objetivos desta investigacdo
foram elaborados no sentido da contribuicdo do progndstico dos implantes dentarios com
doenca peri-implantar, pelo que a presente investigacdo possui um cariz marcadamente
clinico. Como tal, é importante a descricao dos métodos clinicos utilizados na definicdo da

doenga, na avaliagdo diagnodstica e na avaliagdo progndstica.

O contexto das presentes avaliagdes concerne a consulta de avaliacdo clinica,
profilaxia e manutengdo. A doenga peri-implantar foi definida como a presenga de bolsas
peri-implantares > 5 mm diagnosticadas por intermédio da sondagem do sulco/bolsa peri-
implantar com sonda calibrada a 0.25 N; hemorragia a sondagem; perda dssea visivel ao
raio-x comparativamente a ultima avalia¢do; perda do nivel de insergdo igual ou superior a

2 mm comparativamente a Ultima avaliacdo (De Araujo Nobre e col. 2015).

Considerando a profundidade a sondagem é imperativo para uma reprodutibilidade
dos resultados que o instrumento de avaliacdo seja uma sonda periodontal de plastica
calibrada a 0.25 N (nesta avaliacdo foi utilizada a sonda Click-probe, Kerr Dental, Bioggio,
Suica) para que o exame ndo provoque danos no complexo peri-implantar. Conforme
referido no capitulo 1, a hemorragia a sondagem consiste na avaliagdo do estado de saude
do complexo peri-implantar na sua porc¢ao apical, sendo efetuado no momento da medicdo

da profundidade a sondagem.

A perda Ossea ¢é avaliada por intermédio de radiografias periapicais aos implantes.
De forma a ser possivel efetuar um diagndstico preciso torna-se necessario efetuar
radiografias aos implantes longitudinalmente de modo a monitorizar alteragdes nos niveis
0sseos (Albrektsson e col. 2012). No ambito desta investigacdo, para os primeiros trés
estudos foram protocolizadas radiografias no dia da insercao dos implantes, 4 meses apds
a cirurgia, um ano apos a insercao dos implantes e anualmente apds o primeiro ano de
fungdo. Para o estudo 4, foram protocolizadas radiografias no dia do diagndstico e um ano
apos o diagndstico. No entanto, a utilizacdo da radiografia como meio auxiliar de
diagnostico foi efetuada sempre que necessario nas situagdes em que o diagndstico ou
prognostico causassem duvidas. Foi utilizada a técnica paralelométrica na obtencdo das

imagens radiograficas tendo sido utilizado um suporte radiografico (Super-Bite, Kerr
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Dental, Bioggio, Suica) e o seu posicionamento ajustado manualmente para garantir a
posicdo ortogonal da pelicula. O critério de qualidade para avaliacdo das radiografias
prendeu-se com a nitidez das espiras dos implantes. Cada radiografia foi digitalizada com
uma definicdo de 300 dpi (HP Scanjet 4890, HP Portugal, Paco de Arcos, Portugal) e o nivel
0sseo analisado por intermédio de um software de imagem (Image J version 1.40 para

Windows, National Institutes of Health, Bethesda, Maryland, Estados Unidos da América).

O nivel de inser¢ao clinico consiste numa medida clinica de avaliagdo,
particularmente importante na situagdo em que as radiografias nao permitam uma
avaliacdo precisa do diagndstico. O nivel de inser¢do clinico nos implantes dentarios é

medido por intermédio da seguinte equacao:

NI = PS + DIM

Onde:

NI = Nivel de Insercao em milimetros;

PS = Profundidade a sondagem medida em milimetros;

DIM = Distancia entre o ombro do implante e a margem da mucosa medida em milimetros:
distancia negativa (-), se o implante se encontrar submucoso ou positiva (+) se o implante

se encontrar supramucoso.

A diferenca de 2 mm entre avaliagGes do nivel de insercdo clinico é considerada significativa

do ponto de vista diagndstico (Esposito e col. 1998).

O indice de mobilidade consiste numa avaliagao clinica da estabilidade do implante
dentdrio (Maldé e col. 2003). O indice de mobilidade é efetuado manualmente pela
aplicagao de movimentos laterias sobre o implante utilizando uma pinga e observagao do

comportamento do implante (Malé e col. 2003).

O indice de supuracdo consiste numa avaliacdo clinica da existéncia de infec¢do
ativa num implante em fungao, associada a uma resposta inflamatdria exacerbada e
sugestiva de lesdes avangadas (Mombelli e Lang 1994). O indice é efetuado por aplicagdo

de pressao digital sobre o tecido mole ao redor do implante em funcéo (Malé e col. 2006).
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O indice de placa bacteriana utilizado (indice de placa bacteriana modificado;
Mombelli e col. 1987) foi escolhido pela sua validade diagndstica, suporte cientifico e
facilidade de execugao. Foi efetuado por intermédio da inser¢ao da sonda periodontal
plastica calibrada (Click Probe, Kerr Dental, Bioggio, Suica) cerca de 1 mm no sulco/bolsa
peri-implantar, percorrendo um circulo a toda a volta do implante dentario, sendo avaliada
numa escala de 0 a 3 (Tabela V). Conforme descrito no capitulo 1, o indice de hemorragia
utilizado (indice de hemorragia modificado; Mombelli e col. 1987) mede o estado de saude
do complexo peri-implantar na sua porg¢do coronal. O indice é medido no mesmo passo da
recolha do indice de placa bacteriana (0 mesmo movimento serve para a recolha de ambos
os indices) sendo avaliado cerca de 30 segundos apds a execugdo do movimento ao redor

do implante com a sonda periodontal plastica e avaliado numa escala de 0 a 3 (Tabela V).

Tabela V. indice de placa bacteriana modificado e indice de hemorragia modificado (Mombelli e
col. 1987)

indice de placa bacteriana modificado indice de hemorragia modificado
0: Auséncia de placa bacteriana apds 0: auséncia de hemorragia apds passagem da
passagem da sonda na margem gengival sonda na margem gengival adjacente ao
adjacente ao implante. implante.

1: Placa bacteriana apenas reconhecivel apds
a passagem da sonda na margem gengival 1: Pontos hemorragicos isolados visiveis.
adjacente ao implante

2: Hemorragia forma uma linha confluente na
margem.

2: Placa bacteriana visivel a olho nu.

3: Abundancia de matéria mole. 3: Hemorragia severa ou profusa.

A sequéncia de recolha de dados nas consultas de diagndstico, profilaxia e manutengao
peri-implantares foi protocolizada da seguinte forma: Radiografia periapical, indice de
mobilidade, indice de supuracdo, indice de placa bacteriana modificado, indice de

hemorragia modificado, profundidade a sondagem, nivel de insercdo clinico.
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3.4. Bases de dados da investigacao

Os cadernos de recolha de dados para os 4 estudos foram criados no software Excel
(Microsoft Corporation, Redmond, Washington, Estados Unidos da América). Os dados
foram introduzidos diretamente nos cadernos de recolha de dados digitais. Foram
selecionados aleatoriamente 10% dos registos para verificacdo da precisdo dos dados
comparativamente as fontes de recolha de dados. Foram posteriormente criadas trés bases
de dados: A primeira base de dados para o estudo 1, a segunda base de dados para os
estudos 2 e 3 e a terceira base de dados para o estudo 4. As bases de dados foram criadas
por intermédio do software SPSS (versdo 18, IBM) tendo sido efetuada a exportacdao dos
cadernos de recolha de dados digitais para as bases de dados. Foi efetuado o controlo de
gualidade das bases de dados com a verificacdo da precisdo dos registos por comparacao
com os cadernos de recolha de dados digitais. Deste modo procurdmos assegurar a
auséncia de erros sistematicos, de registo ou de codificagao que pudessem inviabilizar a

analise estatistica.

3.5. Estudos piloto, Orientacao e discussao com o Comité de Tese

Como fase preparatéria no ambito desta investigagdao, foram efetuados estudos
piloto. O estudo piloto para os estudos 1 a 3 foi efetuado numa amostra aleatéria de 64
pacientes, ao passo que o estudo piloto para o estudo 4 foi realizado numa amostra
aleatodria de 30 pacientes com doenca peri-implantar (10 pacientes com remissdo da
doenga e 20 pacientes sem remissao da doenga). Os estudos piloto permitiram o pré-teste
e revisdao do formulario de recolha de dados assim como antecipar dificuldades no convite
a participacdo de pacientes elegiveis, devido aos critérios de inclusdo definidos no estudo

ou de recusas a participacdo.

Todas as fases de investigacdo foram discutidas e validadas com o Orientador
(Professor Doutor Francisco Salvado) e Comité de Tese (Professor Doutor Paulo Nogueira,
Professor Doutor Evangelista Rocha, Professor Doutor Jan Peter llg). Das discussdes
resultou sempre o consenso no que respeita a metodologia empregue na presente

investigacdo tendo em conta os seus objetivos.
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3.6 Autorizagoes e aprovagoes da presente investigacao

Para a realizacdo da presente investigacdo foram obtidas as seguintes

autorizacBes/aprovacdes:

- Aprovacdo da Comiss3o de Etica para a Satde da Malé Clinic (oficio 010/2013) obtida a
18 de novembro de 2013 (Anexo lll);

- Autorizacdo do Diretor Clinico da Malo Clinic para a realizacdo da investigacdo obtida a 5

de maio de 2015 (Anexo IV);

- Aprovagdo do Conselho Cientifico da Faculdade de Medicina de Lisboa (oficio CC-120)
obtida a 29 de abril de 2015 (Anexo V);

- Aprovacdo da Comiss3o de Etica do Centro Académico de Medicina de Lisboa obtida a 4

de dezembro de 2015 (Anexo VI).

3.7 Financiamento

O financiamento da investigagao ficou a cargo exclusivo do investigador.
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Notas prévias dos investigadores:

Os resultados sao apresentados neste capitulo pela ordem de publicagdo e dos objetivos
tendo em conta a apreciacdo da presente investigacdo no que concerne a abordagem da
doenca peri-implantar, do diagndstico ao progndstico.

A presente investigagdo resultou na realizagao e submissao a publicagdao de trés artigos
cientificos em revistas internacionais revistas por pares, indexadas no Pubmed/Medline e
com elevado factor de impacto. Os mesmos sao dispostos no presente capitulo na sua
versao aceite para publicacdo em formato facsimile.

Na sec¢do composta por cada manuscrito publicado, efetuamos uma contextualizagao,
integracdo e resumo dos principais resultados incluindo a explicitacdo do papel do
candidato na obtencdo dos mesmos.
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4.1 FragOes atribuiveis, indicadores de risco modificaveis e estratificagao do

risco utilizando uma pontuagao de risco para a doencga peri-implantar.

O segundo artigo cientifico intitulado “Attributable fractions, modifiable risk factors and
risk stratification using a risk score for peri-implant pathology.” Refere-se a trés aspetos da
investigacdo, a saber: a construcdo do algoritmo de risco para a doencga peri-implantar; a
estimativa das fragdes atribuiveis dos indicadores de risco que compuseram o algoritmo; e

a aplicacdo do algoritmo de previsao do risco na amostra.

Esta segunda publicacdo compreende o primeiro objetivo e respetiva hipotese da presente
investigagao. Conforme colocado em hipdtese, registaram-se niveis de incidéncia
crescentes correspondentes ao aumento das pontuac¢Oes totais indicativas de perfis de
risco mais graves: A distribuicdo da incidéncia da doenca peri-implantar pelos grupos de
risco foi de 2.2%, 11.5%, 37.6% e 86.4% para os niveis de risco baixo, médio, elevado e
muito elevado, respetivamente. O algoritmo registou uma sensibilidade 88.2%, uma
especificidade de 90.9%, uma precisdao de 89.6%, uma razdao de verosimilhanca dos
positivos de 9.69 e uma razao de verosimilhanga dos negativos de 0.13, para um ponto de
corte 6timo de 31%; A performance do modelo registou uma AUC (IC 95%) de 0.963 (0.950;
0.976). Do mesmo modo, a estimativa da fraccdo atribuivel ditou um valor cumulativo de
95% de casos que poderiam ser evitados se a exposi¢ao a seis indicadores de risco
modificaveis fosse suprimida: falha no interface protético compreendendo o desajuste
passivo ou desaperto de componentes protéticos (5%), placa bacteriana (31%), hemorragia
(18%), material metalo-ceramico (26%) e interacao entre a presenca de placa bacteriana e

a proximidade de dentes ou implantes (15%).

A performance do algoritmo de risco foi de encontro as melhores expectativas dos
investigadores na criacdo de uma ferramenta util de discriminagdo do risco de doenca peri-
implantar, sendo composta por indicadores de risco que do ponto de vista epidemioldgico
cumprem varios critérios de causalidade como: a forca de associacdo, consisténcia,
especificidade, precedéncia temporal, plausibilidade biolédgica, coeréncia, evidéncia
experimental e analogia (Fedak e col. 2015). No entanto, o algoritmo de risco carece de
validagdo numa amostra distinta da sua derivagdo. Conforme ilustrado pela estimativa da

fraccdo atribuivel (Rothman e col. 1998), dos indicadores de risco que compdem o
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algoritmo, a exposicdo aos mesmos é passivel de ser evitada na maioria das vezes com

ganhos de saude evidentes.

O papel do candidato na obtencdo dos resultados consistiu na execugdo de todas as etapas
desde o planeamento, recolha de dados, analise estatistica, escrita e submissdo a

publicagao, sob supervisao do Orientador.

Este artigo foi submetido a revista Journal of Prosthodontic Research e encontra-se

publicado em versdo definitiva desde o ano 2017 (Anexo VII).
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Attributable fractions, modifiable risk factors and risk stratification using a
risk score for peri-implant pathology.

ABSTRACT

Purpose: This study aimed to estimate the impact of risk factors for peri-implant pathology,
to identify potentially modifiable factors, and to evaluate the accuracy of the risk algorithm,
risk scores and risk stratification.

Methods: This retrospective case-control study with 1275 patients (255 cases; 1020
controls) retrieved a model according to the predictors: history of Periodontitis, bacterial
plaque, bleeding, bone level, lack of passive fit or non-optimal screw joint, metal-ceramic
restoration, proximity to other implants/teeth, and smoking habits. Outcome measures
were the attributable fraction; the positive and negative likelihood ratios at different
disease cut-off points illustrated by the area under the curve statistic.

Results: Six predictors may be modified or controlled directly by either the patient or the
clinician, accounting for a reduction in up to 95% of the peri-implant pathology cases. The
positive and negative likelihood ratios were 9.69 and 0.13, respectively; the area under the
curve was 0.96; a risk score was developed,
making the complex statistical model useful to clinicians.

Conclusions: Based on the results, six predictors for the incidence of peri-implant pathology
can be modified to significantly improve the outcome. It was possible to stratify patients
per risk category according to the risk score, providing a tool for clinicians to support their

decision-making process.
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1. INTRODUCTION

Peri-implant pathology represents a group of multifactorial situations that may

affect negatively the successful outcome of implant supported restorations: The biological
and biomechanical factors seem to play a significant role in the pathogenesis of this
condition [1]. Peri-implant pathology is currently suggested to be considered as a separate
pathological entity from Periodontitis based on the differences of genetic expression [2,3].
Furthermore, current considerations for peri-implant pathology include different theories
that waive the purely infection-driven mechanism as the only causal component: Several
authors proposed marginal bone loss to be dependent on different mechanisms such as a
complication of a dis-balanced foreign body reaction that could be followed by a secondary
biofilm-mediated infection [4,5]; or the combination of numerous background factors,
including patient characteristics together with poorly constructed implants placed by
untrained clinicians [6]. Compromised implants due to peri-implant pathology can manifest
different features on the clinical aspect, including inflammatory signs of the soft tissue,
marginal bone resorption, probing pocket depths higher than 4 mm, suppuration, bleeding
on probing, or hyperplasia [7-10], with these signs occurring alone or in combination,
sometimes with absence of symptomatology [11,12]. Other pathological features in
compromised implants are related to a traumatic process [13-15] such as a radiographic
evidence of periapical or marginal bone destruction (through micro fractures that lead to a
bone defect) with absence of inflammation at leastin an initial stage [7,16]. These
manifestations of peri-implant pathology are not to be mistaken with implant failures, that
usually present clinical mobility, inflammatory signs, bleeding on probing, peri-implant
pockets over 4 mm, and fibrous encapsulation or radiological bone loss present in its apical
third (visible at a radiological level) [17-21].
These potential different features together with the multifactorial origin may represent a
challenge for clinicians to correctly diagnose and acknowledge the risk that a patient is for
developing peri-implant pathology. Moreover, it is important to disclose the specificimpact
of each risk factor, especially the risk factors that can be modified or prevented, in order to
increase the probability of a good outcome.

The attributable fraction (AF) consists in an epidemiological tool (an impact

measure of effect) to attest the percentage of situations that could be prevented if the
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exposure to the risk factor was eliminated [22]. For peri-implant pathology, the importance
of controlling risk factors for the incidence of the condition can be illustrated through the
estimation of AF of the cases exposed regarding the risk factors, as some risk factors may
be possible to be controlled either by the clinician or the patient, and this way decrease
risk.

The existence of risk algorithms for disease modeling assumes an important role in
modern Medicine, representing an important tool for clinicians [23] in the diagnosis and
decision process, furthermore when risk stratification strategies are included. The
evaluation of these models can be performed through the application of a receiver
operating characteristic curve (ROC curve) [24,25] and provides a pure index of accuracy,
by demonstrating the limits of a test’s ability to discriminate between alternative states of
health over the complete spectrum of operating conditions.

The aims of this study were: 1) to estimate the impact for each variable identified
as a risk factor for the incidence of peri-implant pathology; 2) to identify factors potentially
modifiable by the clinician or the patient; 3) to evaluate the accuracy of the risk algorithm,

risk scores and risk group stratification.

2. Materials and methods (Method of research)

This retrospective case-control study was approved by the National Commission of Data
Protection (Portugal) and the Faculty of Medicine-University of Lisbon Ethical Board
(Process 2237/09, Authorization 1976/2009). Informed consent was provided by the

participants.

2.1 Participants, setting and context

The study population consisted of patients over 18 years, of both sexes, rehabilitated with
dental implants from the Nobel Biocare system at the Center for Implantology and Fixed
Oral Rehabilitation - Malo Clinic Lisbon.

The participants were selected from a defined list of 346 patients with peri-implant
pathology and 1417 patients without peri-implant pathology. From these, there were 66

cases and 317 controls excluded due to incomplete or missing records and refusal to
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participate; 10 cases and 20 controls were included in a pilot study and excluded from the
main study, and 15 cases and 60 controls excluded in the analytical phase due to bone level
localized on the implants’ apical third. The sample where the risk algorithm originated,
consisted of 1275 individuals of both genders, with 255 patients with peri-implant
pathology (cases) and 1020 patients with healthy peri-implant complex (controls), matched
for age (2 years range), gender, and follow-up time of implant placement (2 months
range). Peri-implant pathology was defined as the presence of peri-implant pockets > 5
mm; bleeding on probing; concurrent presence of vertical bone loss visible in the periapical
radiograph compared to the previous evaluation; attachment loss > 2 mm compared to the
previous evaluation [26-30]. Healthy patients were defined per denial of peri-implant
pathology. The unit of analysis was the patient, and in the situation of more than one
implant respecting the inclusion criteria, the implant was selected using a random

sequence generator from www.random.org. The dental implants inserted in this study

were from the Nobel Biocare system (Branemark system, NobelSpeedy, Nobel Biocare AB,

Gothenburg, Sweden).

This study is part of a series of exploratory studies for predictors of peri-implant pathology
[26-30]: Patient enrolment took place between January and July 2009, the preliminary
inferential studies [26-29] took place between July 2009 and October 2012, and the final
multivariable studies between October 2012 and February 2015 with the development and
publication of the risk model [30] using conditional logistic regression. The risk algorithm
derived from the conditional logistic regression model was the following:

(2.943 x history of Periodontitis) + (1.271 x bacterial plaque) + (2.634 x bone level on the
implants’ medium third) — (0.191 x smoking habits) + (1.069 x bleeding) + (1.382 x metal-
ceramic prostheses) — (0.911 x metal-acrylic prostheses) + (0.582 x acrylic-resin prostheses)
+ (1.771 x lack of prosthetic fit or non-optimal screw joint) — (0.822 x proximity of other

teeth or implants) + (1.460 x bacterial plaque * proximity of other implants or teeth)

2.2 Outcome measures

The primary outcome measure was the estimation of the attributable fraction (AF) for each

risk factor when controlled for the presence of other risk factors. The AF illustrated the
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percentage of cases that could hypothetically be prevented if the exposure to that specific

risk factor could be prevented.

The secondary outcome measure was the calculation of the positive and negative likelihood
ratios for the model in order to illustrate the estimation of the probability of disease in
individual patients at optimum cut-off value (using the ROC curve) [23]. These calculations
included the development of a risk score for the individual patient to allow identifying
patients in different degrees of risk for the incidence of peri-implant pathology. The

practical use of the model was illustrated using 2 real-life clinical situations.

2.3 Statistical analysis
The estimation of the attributable fraction of the cases exposed to risk factors for peri-
implant pathology was performed through the following equation according to the odds

ratio of exposure [22]:

Al+ OR-1

" M1+ OR

Where: AF= Attributable fraction; Al+=Number of disease among exposed subjects;

M1+=Number of disease; OR=0dds ratio

Positive (LR+) and negative (LR-) likelihood ratios were calculated according to the
sensitivity and specificity values [31] at optimum cut-off value.

ROC curve analysis was performed, with indication of the area under the curve and 95%
confidence intervals (95% Cl). Agreement or difference between predicted and observed
events (calibration) was assessed using the Hosmer-Lemeshow chi-square estimates. The
level of significance chosen was 5% (a<0.05).

For presentation and implementation of this model, we developed a score chart based on
previously described statistical methods [32-36]: Scores for each predictor were obtained
based on the beta coefficient retrieved from the prediction model after bootstrapping
based on 1000 bootstrap samples with bias corrected accelerated confidence intervals.
Total scores were calculated respectively, applying the following rule: the risk factor which
had minimum beta coefficient (acrylic prosthesis: 0.582) was assigned a predict point 1 and
the predict points for the other variables were based on the ratio of beta coefficient of each

variable to the minimum beta coefficient variable (acrylic prosthesis) [32].
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In order to compare the incidence of peri-implant pathology, the patients were divided into
4 risk groups. No reliable cutoff points for the incidence of peri-implant pathology risk
estimation were available in the literature. We therefore chose to apply cutoff points for
the 4 risk groups that were multiples of the pre-analysis risk (matching phase; 1 case/4
controls= 20% incidence), specifically at: half the pre-analysis risk (10%), the pre-analysis
risk (20%), and twice the pre-analysis risk (40%) [33]. The risk score discrimination was
expressed by the C statistic (95%Cl) [33].

Statistics were performed using the SPSS version 17 (Statistical Package for Social Sciences,

IBM SPSS, Chicago, USA).

3. Results (Performance)

3.1 Sample and cases profile

A sample of 1275 patients was included in this study with an average (standard
deviation) age was 55.8 years (10.2), and 62.7% of female patients. The sample had 255
cases with peri-implant pathology and 1020 controls without peri-implant pathology.

Considering the 255 cases with peri-implant pathology, there were 112 different
combinations of the models’ risk factors. Table 1 outlines the 20 condition profiles
responsible for 50% of the cases, each profile sharing at least 4 patients. Peri-implant
pathology was present in different combinations, establishing itself as a group of
multifactorial situations.

Considering the frequency of predictors, higher frequencies were registered for the
cases relative to controls for the variables history of Periodontitis, smoking habits, lack of
prosthetic fit or non-optimal screw joint, bone level, bacterial plaque, bleeding, metal-
ceramic prosthesis, acrylic-resin prosthesis, and the interaction between bacterial plague
and proximity of other teeth or implants; on the other hand, higher frequencies were
registered for the controls compared to cases for the variable proximity of the implant to

other teeth and implants (Table 2).

3.2 Outcome measures

3.2.1 Attributable Fraction (AF)
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The AF for the variables included in the risk algorithm is presented in Table 3. The variable
with a higher AF was history of Periodontitis (0.74), followed by bone level in the implants’
middle 1/3 (0.31), bacterial plaque (0.31), metal-ceramic material used in the restoration
(0.26), bleeding (0.18), the interaction between bacterial plague and proximity of other

implants or teeth (0.15), and lack of prosthetic fit or non-optimal screw joint (0.05).

3.2.2. LR+, LR-, ROC curve, and risk groups

At the optimum cut-off value, the LR+ was 9.69, while the LR- was 0.13 (Table 4).

The ROC curve for the regression model with all possible cutoff points is presented in Figure
1. The model had an area under the curve equal to 0.96 95% Cl: [0.95, 0.98] (p<0.001). The
optimum cut-off point (Table 3) for the model was 31%.

Patients were divided into 4 risk groups based on multiples of the pre-analysis risk (20%):
low risk (less than half the pre-analysis risk); moderate risk (half to less than one times the
pre-analysis risk); high risk (one to less than 2 times the pre-analysis risk); and very high risk
(twice or more times the pre-analysis risk). The observed incidence of peri-implant
pathology in the low-, moderate-, high-, and very-high-risk groups was 2%, 12%, 38% and
86%, respectively; with a risk score discrimination (95% Cl) of 0.844 (0.806; 0.883) (Table
5).

3.3. Model illustration

Two real-life clinical situations were used to demonstrate the practical use of the
risk score (Figures 2-5). Case 1: A 63 year-old male non-smoker patient, with a history of
Periodontitis, partially rehabilitated in March 2005 with 2 implants (positions #14, #16) in
immediate function; overcame the osseointegration period uneventfully, and had clinical
maintenance appointments with a 6 months recall regimen. Peri-implant pathology was
diagnosed after three years of function, on implant #14 (Figure 2). On April 2006 (one year
of follow-up; two years before diagnosis), the patient was on the very-high-risk category
(Figure 3), a situation that remained unchanged in October of 2006. On April 2007, the
patients’ oral hygiene improved with absence of bacterial plague and bleeding, and the
patients’ risk decreased to a high-risk category (Figure 3). On October 2007 (6 months

before diagnosis) the patient’s oral hygiene decreased to the levels of the previous year
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and the patients’ risk again increased to a very-high-risk category; the condition was
diagnosed 6 months later.

A second patient, a 59 year-old male non-smoker patient, was partially rehabilitated in May
2001 with 2 implants (positions #11, #21) in immediate function, overcame the
osseointegration period uneventfully, and had clinical maintenance appointments with a 6
months recall regimen. Peri-implant pathology was diagnosed after 6 years and 8 months
of function, on implant #21 (Figure 4). During the first 4 years of function, the patient was
on a high-risk category (Figure 5). In 2006, bleeding was registered around the implants and
the patients’ risk increased to a very-high-risk category (Figure 5). On February 2007 (11
months before diagnosis) the clinical signs were maintained, together with an abutment
screw loosening registered in implant #21, which increased even more the patients’ risk
score (Figure 5). On January 2008, peri-implant pathology was diagnosed (patient

asymptomatic), with a re-incidence of the abutment screw loosening.

4, Discussion

This study evaluated the impact of risk factors retrieved from a risk algorithm
through the attributable fraction and developed a risk score that enabled risk stratification
to predict peri-implant pathology.

The Attributable Fraction estimates in the exposed cases allowed quantifying the
impact that the absence of exposure to the predictors would have on the incidence of peri-
implant pathology. However, these estimates should be interpreted with caution since first,
it assumes that there are no bias (nevertheless the potential bias on a case-control study if
the outcome is not rare), and second, that the removal of exposure to a risk factor for peri-
implant pathology would not affect the other competitor risk factors [22]: for example, part
of the number of patients with bleeding could be directly affected by the exposure to
bacterial plaque. From the risk factors for the incidence of peri-implant pathology included
in the risk model, there are several exogenous factors that are possible to control either by
the patient or the clinician. From the point of view of the patient, the effects of bacterial
plaque, either independently or in combination with the proximity of the implant to other
teeth or implants (that can act as a reservoir of bacteria) [37] and the effect of bleeding,

are potentially modifiable at least to some extent through a daily and effective oral hygiene
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in order to prevent the formation of Bacterial plaque [1,38-40] and consequently bleeding
(a clinical manifestation of an ongoing inflammatory reaction on the peri-implant complex)
[38,39]. The attributable fraction of peri-implant pathology accounts for 31%, 15%, and
18% for the risk factors Bacterial Plaque, the interaction Bacterial Plaque * Proximity of the
implant to teeth and other implants, and bleeding, respectively. Smoking is another factor
that is modifiable by the patient, given its potential to negatively affect the implants’ failure
rate, the risk of post-operative infections and marginal bone loss [41]. From the point
of view of the clinician, the factors related to the lack of prosthetic fit or non-optimal screw
joint, and the type of material used in the restoration are both potentially modifiable. The
lack of prosthetic fit relates to an error in the manufacture of the prosthesis, either clinical,
laboratorial, or both. The use of computer assisted designed / computer assisted
manufacture technologies (CAD/CAM) should allow a more uniform passive fit to the
prosthesis [42,43]. The non-optimal screw joint, translated to a loosening of prosthetic
components is one of the possible signs of occlusal overloading [15], the primary cause of
biomechanical implant complications, positively associated with bruxism [43]. Its
management/prevention includes a control of the patients’ occlusion by the clinician [15].
The type of material used in the restoration can be controlled on the basis of a tradeoff
between the material surface roughness, with the ceramic presenting a smoother surface
compared to acrylic resin, potentially reducing the probability of bacterial plaque
accumulation; and the capacity of reducing the concentration of occlusal stress, with
acrylic-resin biomechanically more favorable [44,45]. A retrospective study [46] to identify
the type, frequency and risk factors for the occurrence of complications in dental implants,
reported that of three risk factors discovered (smoking, surgical technique and
reconstruction procedures) at least two can be modified by the clinician, allowing to
positively influence the outcome of the rehabilitation and increasing the odds for success.
Applying the estimated attributable fraction for peri-implant pathology, potential
reductions of 26% and 5% could be reached when eliminating the exposure to metal-
ceramic prosthesis and to lack of prosthetic fit or non-optimal screw joint, respectively,
accounting for an overall maximum of 31% potential reduction in disease incidence.

The risk factors history of Periodontitis and bone level, with an attributable fraction of 74%
and 31% respectively, are likely to be modified only as an academic hypothesis, given that

completely removing the exposure to history of Periodontitis would represent a decrease
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in the number of patients rehabilitated with dental implants in a first place, since natural
teeth would still be present and in function; on the other hand, the removal of exposure to
the variable bone level could be hypothesized by narrowing the inclusion criteria for
rehabilitation with dental implants. This would mean not inserting implants in the presence
of more challenging conditions such as extremely atrophic jaws, dehiscences or
fenestrations that would translate in an implant inserted in low bone quantity. In this
clinical scenario, implants would be inserted virtually only in residual bone which would
imply a much smaller treatment scope in the population, but a decrease in the probability
of complications. The inclusion of the variable bone level as a risk factor may be subject of
discussion and justifies further explanation as it isimperative to discriminate between bone
level and bone loss: Bone level symbolizes an end result, defined by the amount of implant
surface covered by bone. Lower bone levels can be the product of bone loss (for example
the product of peri-implant pathology) or influenced by different situations such as bone
quantity or quality at implant insertion, implant length, or by physiological marginal bone
resorption in the course of follow-up, none of the latter related to peri-implant pathology
[47]. Furthermore, it is important to point out that bone levels were registered in the
absence of peri-implant pathology at clinical appointments that preceded the reference
date for cases and controls [30], in situations of stability derived from non-pathological
events, and therefore enabling the use of this variable as a potential risk factor from a
causality point of view.

It is clear that although peri-implant pathology constitutes a group of multifactorial
situations as established in the model and case profiling of our study, there are several
factors that could potentially be modified either through a good planning or an effective
control, and this way reducing the incidence or at least the severity of disease, increasing
the likelihood of a successful implant supported rehabilitation. Both Moy et al. [48] and
Chuang et al. [49] when dealing with the risk factors for implant failure, stressed the
importance of anticipating outcomes/ controlling risk factors as an essential part of risk
management in implant practice, allowing clinicians to take informed decisions and refine
the treatment plan to enhance outcomes.

The comparison of the attributable fraction results inferred from this model with the
results of the bivariate analysis studies [26-29] revealed an average overestimation of the

attributable fraction of the risk factors of about 46% in the bivariate analysis studies:
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History of Periodontitis was overestimated in about 20% [27], bacterial plaque, bone level,
metal-ceramic prosthesis, and the interaction between bacterial plague and proximity of
other implants or teeth were overestimated in about 50% [26,28,29], bleeding was
overestimated in about 60% [28]. These differences can be explained by the control for the
presence of other variables of interest/confounders (such as smoking and bacterial plaque)
in the risk model using a conditional logistic regression analysis [50] in addition to matching,
which provided e risk model that yielded more realistic results. The variable smoking habits
was included in the regression model (and corresponding risk score) in the pre-analysis step
and maintained after the analytical step, despite the significant effect in the bivariate
analysis (OR= 2.0), and the non-significant effect in the multivariable analysis. The reason
for this inclusion was due to its potential role as a risk factor and/or strong confounding
factor in association with history of periodontitis [51] (smoking habits correlating with both
peri-implant pathology and history of periodontitis). The literature demonstrates both
these potential roles for smoking habits as a potential risk factor for implant failure and
marginal bone loss [41]; and for peri-implant pathology, where in a meta-analysis, a two-
fold increase in the risk ratio of peri-implant pathology was estimated when considering
the implant-based meta-analysis, while a non-significant risk ratio was estimated when
considering the patient-based meta-analysis [52].

Clinically, likelihood ratios provide a summary of how many times patients with the
condition were more or less likely to have that particular result than patients without the
condition [31]. Considering the LR+ of the model at a 31% cutoff point, a patient with peri-
implant pathology was almost ten times more likely to have a positive test compared to a
patient without peri-implant pathology; while considering the LR-, patients without peri-
implant pathology were almost 8 times (1/0.13) more likely to have a negative test than
individuals with peri-implant pathology. lllustrating these results, the ROC curve of the risk
algorithm rendered an area under the curve between 0.9 < ROC<1.0, a situation that could
be considered as potentially achieving an excellent accuracy [53].

Risk scores can be very helpful for both patients and clinicians. The advantages of the points
system were previously exposed for a different condition, nevertheless retaining their
validity and application for peri-implant pathology [34]. Risk scores can be used for
motivating patients to change risk factors so as to reduce their peri-implant pathology risk.

Considering the clinicians, the risk score is an approach for making complex statistical
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models useful, simplifying the assessment of the multi-factorial nature of peri-implant
pathology and also the incorporation into clinical practice. It represents an effort to make
available a tool for clinicians to aid in their decision-making process regarding treatment
and to assist them in motivating patients toward healthy behaviors.

The limitations of this study included the type of longitudinal evaluation
(retrospective), the study design (case-control study), which allows only an estimation of
the relative risk in the population; the study conduction in a single centre; and one implant
system, which implies that the extrapolation of results should be made with caution. Also
the number of cases included did not allow to apply analytical methods in sub samples
which would have contributed to a higher internal validity, or to discriminate by age and
gender. Larger studies with heterogeneous populations and prospective design are needed
in the future to further refine the model or create new models with increased external

validity.

5. Conclusions

Considering the results, avoiding exposure to modifiable risk factors such as
bacterial plague and bleeding (by the patient), and lack of prosthetic fit or non-optimal
screw joint and metal-ceramic prosthesis (by the clinician), can account for a potential
reduction in the incidence of peri-implant pathology of up to 72% and 31%, respectively,
with significant impact in public health gains. It was possible to stratify risk into 4 groups
(low, moderate, high and very-high risk) with good discrimination, based on the risk

algorithm for predicting peri-implant pathology.
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FIGURE LEGENDS

ROC curve ilustrating the performance of the
model for predicting peri-implant pathology
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Figure 1. Receiver Operating Characteristic curve illustrating the performance of the risk

algorithm.

Figure 2. Periapical radiograph of patient one at diagnosis, demonstrating bone loss in

implant #14, with marginal bone level located on the 3" implant thread.
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Risk of peri-implant pathology

Date of rehabilitaiton  ~1 year of follow-up. Time to event: ~2 years
19-03-2005 19-04-2006

Presence or absence

Predictors of predictors Score points
History of Periodontitis 1 5
Poximity of other teeth or implants 1 -1
Metal-ceramic prosthesis 1 2
Metal-acrylic prosthesis 0 0
Acrylic-resin prosthesis 0 0
Lack of passive fit or non-optimal screw joint 0 0
Bacterial plaque 1 2
Bleeding 0 0
Interaction bacterial plaque and proximity of ather teeth or implants 1 3
Bone level localized on the implants' medium third? 0 0
Smoking habits 0 0

Total score 11
Risk of peri-implant pathology Very high risk

Date of rehabilitaiton  ~2 years of follow-up. Time to event: ~1 year

19-03-2005 18-04-2007
Presence or absence
Predictors of predictors Score points
History of Periodontitis 1 5
Poximity of other teeth or implants 1 -1
Metal-ceramic prosthesis 1 2
Metal-acrylic prosthesis 0 0
Acrylic-resin prosthesis 0 0
Lack of passive fit or non-optimal screw joint 0 0
Bacterial plaque 0 0
Bleeding 0 0
Interaction bacterial plague and proximity of ather teeth or implants 0 0
Bone level localized on the implants' medium third? 0 0
Smaoking habits 0 0
Total score 6
Risk of peri-implant pathology High risk

Date of rehabilitaiton 2.5 years of follow-up. Time to event: 6 months
19-03-2005 17-10-2007

Presence or absence

Predictors ~ of predictors  Score points
History of Periodontitis 1
Poximity of other teeth or implants

Metal-ceramic prosthesis

Metal-acrylic prosthesis

Acrylic-resin prosthesis

Lack of passive fit or non-optimal screw joint

Bacterial plaque

Bleeding

Interaction bacterial plague and proximity of other teeth or implants
Bone level localized on the implants' medium third?

Smoking habits

Total score 11

Risk of peri-implant pathology Very high risk
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Figure 3. Risk scores for patient one, at 1-, 2- and 2.5-years of follow-up, with corresponding
level of risk for the incidence of peri-implant pathology. The figure also indicates the date
of rehabilitation, the time of follow-up and time to event (considered the diagnosis of peri-

implant pathology).
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Figure 4. Periapical radiograph of patient two at disease diagnosis, demonstrating bone loss

in the anterior implants, together with an abutment screw loosening in implant #21.
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Risk of peri-implant pathology
Date of rehabilitaiton ~1 year of follow-up. Time to event: ~2 years _

09-05-2001 to 27-08-2003 2003 to 22-09-2005- 6 months recall regimen

Presence or absence

Predictors of predictors Score points

History of Periodontitis 0 0

Poximity of other teeth or implants

Metal-ceramic prosthesis

Metal-acrylic prosthesis

Acrylic-resin prosthesis

Lack of passive fit or non-optimal screw joint

Bacterial plaque

Bleeding

Interaction bacterial plaque and proximity of other teeth or implants

Bone level localized on the implants' medium third?

1
=

clo mr|lokr|loolor|k
clo wlonoolon

Smaking habits
Total score 6
Risk of peri-implant pathology High risk

Date of rehabilitaiton 58-65 months of follow-up. Time to event: 15 months
09-05-2001 to 27-08-2003 23-03-2006 to 19-10-2006- 6 months recall regimen

Presence or absence
Predictors of predictors Score points
History of Periodontitis 0 0

'
[y

Poximity of other teeth or implants

Metal-ceramic prosthesis

Metal-acrylic prosthesis

Acrylic-resin prosthesis

Lack of passive fit or non-optimal screw joint

Bacterial plaque

Bleeding

Interaction bacterial plaque and proximity of other teeth or implants
Bone level localized on the implants' medium third?

Smoking habits

ook rlk oo ok -
o olwNnim oo oln

Total score 8
Risk of peri-implant pathology Very high risk

Date of rehabilitaiton 69 months of follow-up. Time to event: 11 months
09-05-2001 to 27-08-2003 14-02-2007- 4 months recall regimen-last appointment

Presence or absence

Predictors of predictors Score points
History of Periodontitis 0 0
Poximity of other teeth or implants 1 A
Metal-ceramic prosthesis i 2
Metal-acrylic prosthesis 0 0
Acrylic-resin prosthesis 0 0
Lack of passive fit or non-optimal screw joint 1 3
Bacterial plaque 1 2
Bleeding dt 2
Interaction bacterial plague and proximity of other teeth or implants 1 3
Bone level localized on the implants' medium third? 0 0
Smaoking habits 0 0
Total score 11
Risk of peri-implant pathology Very high risk

Figure 5. Risk score for patient two during the first 4 years of follow-up, between 4 years 9
months and 5 years 3 months of follow-up, and at 5 years and 9 months of follow-up, with
corresponding level of risk for the incidence of peri-implant pathology. The figure also
indicates the date of rehabilitation, the time of follow-up and time to event (considered

the diagnosis of peri-implant pathology).
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TABLES

Table 1. Twenty different cases profiles according to the presence or absence of risk factors for peri-implant pathology
retrieved from the multivariable logistic regression model.

Lack of Bone
Type of  prosthetic level Interaction
material  fit or non- according  Proximity bacterial plaque
used in optimal to of other *proximity of
History or the screw Bacterial implants’”  teethor Smoking other Number

Profile Periodontitis prosthesis joint plague Bleeding third implants habits implants/teeth  of cases
Metal-

1 Presence ceramic Absence Absence Absence Coronal Absence No Absence 14
Metal- .

2 Presence ceramic Absence Absence Absence Middle Presence No Absence 9
Metal-

3 Presence ceramic Absence Absence Absence Coronal Presence No Absence 9
Metal-

4 Presence ceramic Absence Absence Absence Coronal Absence Yes Absence 8
Metal- .

5 Presence ceramic Absence Absence Absence Middle Presence Yes Absence 7
Acrylic-

6 Absence resin Absence Absence Absence Coronal Absence No Absence 7
Metal-

7 Presence ceramic Absence Presence Presence Coronal Presence No Presence 6
Metal-

8 Presence ceramic Absence Presence Absence Coronal Presence No Presence 6
Metal-

9 Presence ceramic Absence Presence Presence Coronal Absence No Absence 6
Metal-

10 Presence ceramic Absence Absence Presence Coronal Presence No Absence 5
Acrylic- .

11 Absence resin Absence Absence Absence Middle Absence No Absence 5
Metal-

12 Presence ceramic Absence Presence Absence Coronal Absence Yes Absence 5
Acrylic-

13 Presence resin Absence Absence Absence Coronal Absence No Absence 5
Acrylic-

14 Presence resin Absence Absence Absence Coronal Absence Yes Absence 5
Metal-

15 Presence ceramic Absence Absence Absence Coronal Presence Yes Absence 4
Acrylic- .

16 Presence resin Absence Presence Absence Middle Absence Yes Absence 4
Metal-

17 Presence ceramic Absence Presence Presence Coronal Absence Yes Absence 4
Metal-

18 Presence ceramic Absence Presence Absence Coronal Absence No Absence 4
Acrylic-

19 Presence resin Absence Presence Presence Coronal Absence No Absence 4
Acrylic-

20 Presence resin Absence Presence Presence Coronal Absence Yes Absence 4

158



Table 2. Patients’ characteristics concerning risk factors vs. presence of peri-implant pathology; odds ratio and beta
coefficient retrieved from the multivariable model after bootstrap validation; and risk score points.

Peri-implant pathology Multivaria
Multivariable Odds ble B
Ratio coefficient Risk
p-.valu_e at [ 95% confidence after score
bivariate . )
_ Yes (n=270) No (n=1080) level intervals] a.fter_ boc_)tstl.’ap Points
Risk factor bootstrap validation  validation *
Smoking habits
Non-smoker 160 (62.7%) 778 (76.3%) 1.0 (Reference)
Smoker 95 (37.3%) 242 (23.7%) <0.001 0.83[0.82; 0.84] -0.191 0
History of Periodontitis
No 57 (21.1%) 883 (86.6%) 1.0 (Reference)
Yes 198 (78.9%) 137 (13.4%)  <0.001  18.98[18.75;19.21] 2.943 5
Proximity of the implant to other teeth and
implants
Edentulous 140 (54.9%) 352 (34.5%) 1.0 (Reference)
Adjacent implants or teeth 115 (45.1%) 668 (65.5%) 0.44 [0.43; 0.45] -0.822 -1
present <0.001
Type of material used in the
restoration
Ceramic 31 (12.2%) 445 (43.6%) 1.0 (Reference)
Metal-ceramic 130 (51.0%) 227 (22.3%) <0.001 3.98 [3.91; 4.05] 1.382 2
Metal-acrylic 16 (6.3%) 107 (10.5%) 0.40 [0.39; 0.41] -0.911 2
Acrylic 78 (30.6%) 241 (23.6%) 1.79 [1.76; 1.82] 0.582 1
Lack of prosthetic fit or non-
optimal screw joint
No 241 (94.5%) 1006 (98.6%) 1.0 (Reference)
Yes 14 (5.5%) 14 (1.4%) <0.001 5.87 [5.71; 6.04] 1.771 3
Bacterial plaque
Absent 147 (57.6%) 953 (93.4%) 1.0 (Reference)
Present 108 (42.4%) 67 (6.6%) <0.001 3.57 [3.50; 3.63] 1.271 2
Bleeding
Absent 178 (69.8%) 953 (93.4%) 1.0 (Reference)
Present 77 (30.2%) 67 (6.6%) <0.001 2.91[2.87; 2.96] 1.069 2
Bone level
Implants’ coronal third 172 (67.5%) 966 (89.3%) 1.0 (Reference)
Implants’ medium third 83 (32.5%) 54 (5.3%) <0.001  13.93[13.71; 14.16] 2.634 5
Interaction between
presence of bacterial plaque 4.31[4.20; 4.42] 1.460 3

and proximity of the implant
to other teeth and implants

* Risk score points were obtained by dividing the B coefficient of each risk factor by the base regression coefficient (the risk factor with
the smallest regression coefficient: acrylic prosthesis). Example: History of Periodontitis risk score= History of Periodontitis B coefficient
/ acrylic prosthesis  coefficient <> 2.943/0.582= 5 points.
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Table 3. Estimation of the attributable fraction of peri-implant pathology related to the risk
factors. The attributable fraction represents the potential percentage of cases reduced if the

exposure to a risk factor was suppressed.

Risk Factor Risk Factor

Attributable

Frequency Frequency Al+ Odds Lric;iRo_nl
Risk factors in Cases inControls M1+ Ratio 357 or
History of Periodontitis 198 137 0.78 18.98 0.74
Lack of prosthetic fit or non-optimal
. 14 14 0.06 5.87 0.05
screw joint
Bacterial plaque 108 67 0.42 3.57 0.31
Bone level in implants’ middle third 85 141 0.32 13.93 0.31
Bleeding 70 71 0.26 291 0.18
Type of material used in the restoration
. 87 159 0.32 3.98 0.26
(metal-ceramic)
Interaction bacterial plaque and
49 24 0.18 4.31 0.15

proximity of other teeth/implants

Al+: Number of disease among exposed subjects; M1+: Number of disease=255; OR: Odds ratio.
Calculation support using bacterial plaque as example: A1+/M1+ is obtained by dividing the risk
factor frequency in cases (A1+=108) by the number of disease in the sample (M1+=255)<&
Al+/M1+ = 108/255=0.42; the bacterial plague OR = 3.57, then OR-1/0OR = (3.57-1)/3.57= 0.72;
Therefore, (A1+/M1+) (OR-1/0R) <> (0.42)(0.72)= 0.31 <> 31% of the cases that could have been

prevented if the exposure to bacterial plague was suppressed.
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Table 4. Calculation of the positive and negative likelihood ratios according to the
sensitivity and specificity of the model at the optimum cut-off value.

Optimum Balanced
Cut-off Sensitivity Specificity Accuracy Likelihood Ratio+ Likelihood Ratio-
value (S) (Sp)  [(s+Sp)/2] [S/(1-Sp)] [(1-S)/Sp] *
Model 0.31 0.882 0.909 0.896 9.69 0.13

- Model components: History of periodontitis; bacterial plaque, bone level in the implants’ middle third, smoking
habits, bleeding, type of material used for restoration, lack of prosthetic fit or non-optimal screw joint, proximity
of other teeth or implants, Interaction: bacterial plaque and proximity of other teeth or implants.

*in order to assess the number of times a patient without peri-implant pathology would score negative in the
model compared to a patient with peri-implant pathology, the mathematical fraction should be 1/LR-. For
example at the optimum cut-off value, 1/LR- < 1/0.13=7.69.
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Table 5. Observed incidence of peri-implant pathology in the 4 risk categories.

Observed
Risk score Risk group and predicted Within group incidence incidence
(Sum of probability of peri-implant of peri-implant
points) estimated from the risk score pathology pathology
<2 <10% - Low risk
(<0.5 pre-analysis risk) 16/725=2.2% 16/1275=1.3%
2tod 10%-20% - Moderate risk
(0.5 to <1 times pre-analysis risk) 22/192=11.5% 22/1275=1.7%
5to 7 20%-40% - High risk
(1 to <2 times pre-analysis risk) 71/1189=37.6% 71/1275=5.6%
. >40% - Very high risk
(>2 times pre-analysis risk 146/169=86.4% 146/1275=11.5%

C-statistic= 0.844 (0.806;0.883), p<0.001
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4.2 Uma pontuacao de risco para a doenga peri-implantar para pacientes
com implantes dentarios: Validagao e influéncia do tempo de intervalo entre

consultas de manutencao.

O segundo artigo cientifico intitulado “A peri-implant disease risk score for patients with
dental implants: Validation and the influence of the interval between maintenance
appointments.” diz respeito a duas vertentes da investigacdo: a validacdo do algoritmo de
risco para a doenga peri-implantar numa amostra distinta da sua derivagdo e a avaliagao
do efeito e impacto do periodo de recall (periodo compreendido entre consultas de

manuteng¢do) sob a doenga peri-implantar.

Esta segunda publicacdo compreende o segundo e terceiro objetivos e respetivas hipdteses
da presente investigacdo. Considerando o segundo objetivo e conforme colocado em
hipdtese, a performance do modelo registou uma AUC (IC 95%) de 0.858 (0.820; 0.896) (p
< 0.001) para um ponto de corte 6timo de 14%; uma sensibilidade de 71.8%, uma
especificidade de 83.2% e uma precisdo de 80.5%. Considerando o terceiro objetivo e
conforme a hipdtese colocada, o tempo de recall > 6 meses exerceu sobre a doenga peri-
implantar um efeito de aumento do risco ndo significativo de 13% [Risco Relativo (1C95%)
=1.13 (0.57; 2.21); p = 0.732], e um impacto no excesso de risco de doenca peri-implantar

de 5.89% medido pelo Risco Atribuivel Proporcional.

A performance do algoritmo de risco na amostra de validacdo foi de encontro as
expectativas dos investigadores. A ferramenta de discriminagao do risco de doenga peri-
implantar atingiu excelente capacidade discriminativa (Mandrekar 2010) e constitui uma
ferramenta validada, muito util, capaz de prever o desfecho (de saide ou doenga) com uma
percentagem elevada de acerto a uma distancia temporal significativa. Os resultados da
influéncia do periodo de recall traduziram-se numa influéncia modesta quando os casos e
controlos foram emparelhados por perfil de risco, concluindo-se que o perfil de risco do
paciente tem de ser tido em conta nas propostas de recall dos pacientes com proéteses

implanto-suportadas (Monje e col. 2016).
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O papel do candidato na obtengao dos resultados consistiu na execugao de todas as etapas
desde o planeamento, recolha de dados, analise estatistica, escrita e submissdo a

publicagao, sob supervisao do Orientador e da equipa do Comité de Tese.

Este artigo foi submetido a revista Journal of Clinical Medicine e encontra-se publicado em

versdo definitiva desde o ano 2019 (Anexo VIII).
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Abstract: Background: There is a need for tools that provide prediction of peri-implant
disease. The purpose of this study was to validate a risk score for peri-implant disease and
to assess the influence of the recall regimen in disease incidence based on a 5-year
retrospective cohort. Methods: Three hundred fifty-three patients with 1238 implants
were observed. A risk score was calculated from 8 predictors and risk groups were
established. Relative risk (RR) was estimated using logistic regression, and the c-statistic
was calculated. The effect/impact of the recall regimen (<6 months; >6 months) on the
incidence of peri-implant disease was evaluated for a subset of cases and matched
controls. The RR and the proportional attributable risk (PAR) were estimated. Results: At
baseline, patients fell into the following risk profiles: low-risk (n=102, 28.9%), moderate-
risk (n=68, 19.3%), high-risk (n=77, 21.8%), and very high-risk (n=106, 30%). The incidence
of peri-implant disease over 5-years was 24.1% (n=85 patients). The RR for the risk groups
was 5.52 (c-statistic=0.858). The RR for a longer recall regimen was 1.06, corresponding
to a PAR of 5.87%. Conclusions: The risk score for estimating peri-implant disease was
validated and showed very good performance. Maintenance appointments of < 6 months
or > 6 months did not influence the incidence of peri-implant disease when considering

the matching of cases and controls by risk profile.
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1. INTRODUCTION

Peri-implant disease is considered a pathological condition occurring in tissues around
dental implants, characterized by inflammation in the peri-implant connective tissue and
progressive loss of supporting bone [1,2]. The weighted mean prevalence (95% confidence
interval) of peri-implant disease is estimated to be 19.83% (15.38, 24.27) at the patient
level and 9.25% (7.57, 10.93) at the implant level [3].

Recently, a large case-control study was conducted that examined several risk factors
for peri-implant disease: history of periodontitis, bone level, lack of passive fit or non-
optimal screw joint, bacterial plaque, bleeding, type of material used in the restoration,
proximity of other implants/teeth and current smoking [4]. The same study estimated a
potential risk score for predicting peri-implant disease. However, the risk score was not
validated in a different cohort than that from where the data were originally collected.

Profiling patients according to their risk for a disease is currently a priority in public
health research, with significant efforts being made to introduce prevention and treatment
strategies that account for individual variability [5]. In other medical specialties, profiling a
patient’s individual risk for a particular health-related outcome through a risk score has
been previously reported, such as the prediction of serious bleeding after primary
percutaneous coronary interventions [6], risk scores for predicting adverse reaction to
contrast agents for computed tomography [7], or estimation of coronary heart disease risk
[8].

In Dentistry, one prevention strategy in both Periodontal and Implant Dentistry is the
recall regimen: Account for patients’ signs and symptoms along with patient compliance
and acceptance. Recall regimens are designed to help predict the long-term success of an
outcome [9-13]. Specifically, a recall interval of 5 to 6 months has been proposed as the
minimum required for successful outcomes in implant dentistry [12-14]. The strength of
this recommendation is based on a “D” classification - the lowest classification based on
extrapolation from other categories of evidence, evidence from expert committee reports
or opinions, clinical experience of respected authorities, or a combination of these
categories [14]. Consequently, more research is necessary to produce evidence for

recommending recall regimens.
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The primary aim of this study was to validate a risk score for peri-implant disease. The
secondary aim of this study was to investigate the influence of recall regimens on the

incidence of peri-implant disease.

2. MATERIALS AND METHODS
2.1. Study design, study population, ethics, inclusion and exclusion criteria

This retrospective cohort study was approved by the Ethical Committee for Health
(authorization 010/2013), the Faculty of Medicine-University of Lisbon Ethical Board
(Process 270/2015), and the Faculty of Medicine-University of Lisbon Scientific Board
(Process CC-120), and follows the Helsinki Declaration of 1975, as revised in 2000. The
patients provided their informed consent to participate in the study. The study was
conducted at a private rehabilitation center (Lisbon, Portugal) concerning patient
rehabilitation and follow-up and at the Faculty of Medicine, University of Lisbon, between
March 2015 and August 2017 (data collection, analysis and interpretation).

The study population consisted of male and female patients over 18 years of age who
received a fixed prosthesis supported by dental implants at a private practice (Lisbon,
Portugal) between January and December 2006. The inclusion criterion was patients with
rehabilitated dental implants with at least 5 years of follow-up after the insertion of the
rehabilitation, healthy or with a systemic condition and irrespective of the smoking status.
Exclusion criteria were patients not followed by our team and patients with implants that
failed (early complete implant failures during osseointegration, during the first year of
follow-up) [15] or had unresolved biological complications (abscess, infection or fistulae)
during the first year of follow-up whose signs and symptoms could overlap with the clinical
manifestations of peri-implant disease.

A total of 504 surgery records referring to 479 patients with 1676 implants were
reviewed corresponding to the total number of patients rehabilitated between January and
December of 2006 at the private practice. Sixty patients with a total of 206 implants were
excluded for the following reasons: 43 patients (126 implants) were not followed by our
team; 12 patients (60 implants) presented unresolved biological complications during the
first year of follow-up; five patients (11 implants) had failures during the first year of follow-

up (in addition to 7 implants from two of these patients who were considered survivals but
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were still not included in the analysis). Additionally, 12 patients (22 implants) had two
different surgical interventions for implant rehabilitation in the same year, but with more
than 6 months between them. For these patients, only the implants from the first surgical
intervention were included in this analysis. Sixty-six patients (18.7%) with 210 implants

(17.0%) were lost to follow-up.

2.2. Sample size

The final sample included a total of 353 patients (211 female, 142 male) with an
average age of 52.5 years (standard deviation: 11.75 years; age range: 18 to 87 years) and
1238 implants (Branemark system, NobelSpeedy, Nobel Biocare AB, Goteborg, Sweden).
The sample size allowed for the detection of a true relative risk of 1.74 in exposed subjects
relative to unexposed subjects, assuming the probability of exposure among controls of
21% [16] with 80% power and a type | error probability of 5% (power and sample size
calculations, version 3.0.34, Dupont WD and Plummer WD Jr, Department of Biostatistics,

Vanderbilt University, Nashville, TN, USA).

2.3. Outcome measures, variables

The primary outcome measure was the model’s discrimination capacity for predicting
peri-implant disease. Peri-implant disease (dependent variable) was defined as the
presence of peri-implant pockets > 5 mm, bleeding upon probing, the concurrent presence
of vertical bone loss visible in the periapical radiograph compared to the previous
evaluation and/or attachment loss > 2 mm compared to the previous evaluation [4]. The
current risk score derived from the construction of a model referred to in a previous
publication [16]. In brief, the following steps were taken in the construction of the model:
First, a univariable statistical evaluation was performed between potential risk factors and
peri-implant disease. The following variables were evaluated considering the potential

association with peri-implant disease:

Classification of comorbidities according the American Society of Anesthesiology (ASA)
(ASA I-11); history of head and neck irradiation < 6 months; history of chemotherapy < 6

months; smoking habits (non-smoker, smoker); history of periodontitis (periodontitis
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previous to the implant rehabilitation or tooth loss due to periodontitis); postmenopausal
hormone replacement therapy; Implant location (mandible, maxilla), Implant position
within the jaw (anterior, posterior); implant orientation (axial, tilted), proximity of the
implant to teeth or other implants (absence, presence of a natural tooth or implant
immediately next to the implant); implant length (7,8.5,10,11.5,13,15 or 18mm); implant
diameter (3.3-3.5mm, 3.75-4.3mm, 5-6mm); implant surface (machined, oxidized);
cantilevers (absence, 1 or more); implant-crown ratio (2:1, 1:1); type of abutment (straight,
angulated 17 degrees, angulated 30 degrees); abutment height (1-5mm); type of prosthetic
restoration (single tooth, fixed partial restoration or fixed total restoration); type of
material used in the restoration (ceramic, metal-ceramic, metal-acrylic, acrylic); fracture of
prosthetic components within the previous year of diagnosis, lack of prosthetic fit or non-
optimal screw joint (defined as the loosening of prosthetic screw or the visible gap between
prosthetic components); implants in grafted bone; implants inserted in post-extraction
sockets; implants inserted in periodontally compromised sites; phasing of implant
restoration (2-stage: implant insertion in a first surgery, followed by a healing period
between 4-6 months, and a second surgery for abutment connection; 1-stage: implant and
abutment insertion on the same surgery; immediate function: implant, abutment and
connection of the restoration on the same day of surgery); presence of bacterial plaque,
presence of bleeding, bone level (located on the implants’ coronal, or medium thirds); time
in months between clinical evaluation appointments. The variables individually associated
with the incidence of peri-implant disease were tested in a multivariable conditional logistic
regression model. The variables were introduced following a criterion of biological
plausibility (first) and statistical performance (second). The statistical performance was
evaluated according to the variables’ statistical significance (p<0.05) and the models’
goodness of fit (Likelihood ratio test). The exceptions were the variables “bacterial plaque”
and “smoking habits” that were always included in the model given their potential
confounder effect, and this way, the effect of confounding variables was considered to
have been reduced by multivariable analysis. Interaction between variables was performed
based on biological plausibility and previous scientific reports (bacterial plague and
proximity of the implant to other teeth or implants). The final model was derived and
coefficients were used to transform the risk model in the current risk score. The risk score

was tested for external validation in a different population of patients in the present study.
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Considering the risk score, the predictor variables (collected at baseline) were history of
Periodontitis (present or absent), bone level (located on the implants’ coronal third or
implants’ middle third), lack of a passive fit or a non-optimal screw joint (presence or
absence of prosthetic passive fit, prosthetic screw loosening, abutment screw loosening,
prosthetic decementations), bacterial plaque (modified plaque index [17] and recorded as
presence or absence), bleeding (modified bleeding index [17] and recorded as presence or
absence), type of material used in the restoration (ceramic, metal-ceramic, metal-acrylic,
acrylic resin), proximity of other implants/teeth (presence or absence) and current smoking
status. Baseline measurements were taken one-year post-surgery. This time point was
chosen to prevent overlap between early implant failures and peri-implant disease. A risk
score was calculated from the sum of the scores for each predictor to estimate the
likelihood of peri-implant disease, shown in Table 1. Risk groups were established using the
total score for each patient and separating them into four categories of risk for peri-implant

disease: low risk, moderate risk, high risk and very high risk (Table 1).
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Table 1. Baseline patient characteristics, risk score points and illustration of the
relationship between the points system and the risk profile groups.

Total (n = 353) Risk score
Variable n (%) Points*
History of Periodontitis 137 (38.8) 5
Bone level located on the implants’ middle third 20 (5.7) 5

Lack of prosthetic fit or non-optimal screw joint
(passive misfit abutment screw loosening, 20 (5.7)

prosthetic screw loosening, prosthetic 3
decementations)

Bacterial plaque 187 (53) 2
Bleeding 175 (49.6) 2
Type of material used in the restoration

Ceramic 79 (22.4) 0
Metal-ceramic 186 (52.7) 2
Metal-acrylic 104 (29.5) -2
Acrylic 42 (11.9) 1
Adjacent implants or teeth present 214 (60.6) -1
Simultaneous presence of bacterial plaque and

adjacent implants or teeth present 90 (25.5) 3
Smoker 83(23.5) 0

Risk profile groups obtained from the sum of risk score points for each variable

Moderate High risk
risk

Risk profile

Number of points 2-4 points 5-7 points

* De Araujo Nobre et al. 2016 4

The secondary outcome measure was the effect of the average time interval between
maintenance appointments (< 6 months or > 6 months) during follow-up on the incidence
of peri-implant disease. This was evaluated for a subset of cases and matched controls
using a nested case-control study design. Cases were defined as patients with peri-implant

disease; controls were defined as patients without peri-implant disease during the 5-year
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follow-up. Sampling was performed by including all cases and randomly sampling controls
matched for risk category for peri-implant disease (the high- and very high-risk groups were
combined in order to sample from the controls). The average time interval between
maintenance appointments was calculated by dividing the time between the surgery date
and the diagnosis of peri-implant disease by the number of maintenance appointments in
that period (for cases) or by dividing the total time of follow-up (60 months) by the number
of maintenance appointments in that period (for controls). The average time interval
between maintenance appointments was recoded into a dichotomous variable (< 6 months

or > 6 months).

2.4. Statistical analyses

Descriptive statistics included means and standard deviations to describe quantitative
variables and frequencies to describe qualitative variables. The prevalence of peri-implant
disease was calculated. Inferential analysis was performed as follows. Relative risk (RR) for
peri-implant disease for each “risk groups” was calculated using logistic regression.
Receiver operating characteristic (ROC) curves were calculated along with their 95%
confidence intervals (95% Cl). The risk group discrimination was computed using c-statistics
(95% Cl).

The effect that maintenance appointments with time intervals of > 6 months had on
the incidence of peri-implant disease was evaluated for a subset of cases and matched
controls using conditional logistic regression for estimation of RR with 95% Cl. The impact
that 6-month or greater time intervals between maintenance appointments had on the
incidence of peri-implant disease was estimated as the attributable risk percent (ARP) using
the RR: ARP = (RR - 1) / RR [16]. The significance level was set at 5%. Statistics were
performed using Statistical Package for Social Sciences (SPSS, version 17.0, IBM SPSS, New
York, USA).

3. RESULTS
3.1. Primary outcome measure: model discrimination capacity

The distribution of patients across risk groups was 102 patients with low risk (28.9%),

68 patients with moderate risk (19.3%), 77 patients with high risk (21.8%), and 106 patients
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with very high risk (30%) (Table 2). The incidence of peri-implant disease in the cohort was
24.1% (n = 85 patients). The distribution of peri-implant disease according to the groups of
risk was two patients with moderate risk (2.9%), 22 patients with high risk (28.6%) and 61
patients with very high risk (57.5%).
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Table 2. Distribution of demographics and predictors according to the risk groups

Moderate risk High risk

Total of 68 Total of 77

Variables patients patients

Demographics N (within group = N (within

%) group %)
Average age in years 52.7 53.5
Sex
Female 50 (73.5%) 45 (58.4%)
Male 18 (26.5%) 32 (41.6%)
N (within group = N (within
Predictors %) group %)

History of Periodontitis 13 (19.1%) 43 (55.8%)

Bone level located on the

9 0
implants’ middle third 0 (0%) 2 (2.6%)

Lack of prosthetic fit or non-

. - 2 (2.9%) 2 (2.6%)
optimal screw joint

Bacterial plaque 37 (54.4%) 49 (63.6%)

Bleeding 35(51.5%) 42 (54.5%)

Type of restoration material

Ceramic 13 (19.1%) 15 (19.5%)

Metal-ceramic 26 (38.2%) 39 (50.7%)

Metal-acrylic 35 (51.5%) 29 (37.7%)

Acrylic 4 (5.9%) 9 (11.7%)

Adjacent implants/teeth present 26 (38.2%) 41 (53.2%)

Interaction presence of
bacterial plaque * adjacent

implants/teeth present 9 (13.2%) 25 (32.5%)

Smoker 12 (17.6%) 22 (28.6%)

“Risk group” was a significant risk factor in the logistic regression model with an RR =

5.52, (95% Cl: 3.64, 8.35) and a high degree of significance (p < 0.001 for the goodness of
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fit) (Table 3). The model accuracy was 80.5%, with a sensitivity of 71.8% (61 / 85) and a
specificity of 83.2% (223 / 268).

Table 3. Logistic regression model for the association between “risk group” and the

incidence of peri-implant disease.

Standard Significance Relative 95% Confidence interval for RR

Variable .
error (p-value)  Risk (RR) Lower Upper
Risk Group 1.71 0.212 p<0.001 5.52 3.64 8.35
Constant -6.41 0.753 p<0.001 0.002

R-square = 0.46; Omnibus test: p < 0.001; Hosmer and Lemeshow test: p =0.139).

Model evaluation parameters: sensitivity, 71.8%; specificity, 83.2%; accuracy, 80.5%

The area under the curve (95% confidence interval) was 0.858 (0.820, 0.896) (p < 0.001,

c-statistic) (Figure 1).
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Figure 1. Receiver operating characteristic curve illustrating the performance of the risk algorithm
(Area under the curve = 0.858, 95% confidence interval [0.820, 0.896], standard error =0.019, p <0.001,
cut-off point = 0.14).

Risk scores are presented in Figures 2 and 3. These scores can be used to obtain
predictions for individual patients. As an example, we will examine a 59 year-old female
with no history of periodontitis who was a non-smoker and who was rehabilitated with a

three-unit implant-supported rehabilitation (three implants of 7 mm in length, positions
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#44-#46) that were restored using metal-ceramic material. At baseline (one year of follow-
up) bacterial plague and bleeding were present, and the bone level was located on the
implants’ coronal third (Figure 2), which produces a total score of 8 points and puts her in
the very high-risk profile. Peri-implant disease was diagnosed after 58 months on implant
#45 due to the presence of peri-implant pockets of 5 mm and a three thread marginal bone

loss (Figure 3).

Risk of peri-implant disease
Presence or absence of

Predictors predictors Score points

History of Periodontitis 0 0

Poximity of other teeth or implants

Metal-ceramic prosthesis

Metal-acrylic prosthesis

Acrylic-resin prosthesis

Lack of passive fit or non-optimal screw joint

Bacterial plague

Bleeding

Interaction bacterial plague and proximity of other teeth or implants

Bone level localized on the implants' medium third?

Smoking habits

Total score

= i L k= R = RN =T
OO WwWNNOC o OoN L

Risk of peri-implant disease

Figure 2. Baseline periapical radiograph (at one year of follow-up) from a 59 year old female patient

with no history of periodontitis who was a non-smoker, rehabilitated with a three-unit implant-
supported rehabilitation [three implants of 7 mm of length, positions #44-#46; Risk points =-1 due to
adjacent implants or teeth present) restored using metal-ceramic material (Risk points = 2). Bacterial
plaque (Risk points = 2) and bleeding (Risk point = 2) were present, and the bone level was located
on the implants’ coronal third. Due to the presence of bacterial plaque and the presence of adjacent
implants or teeth, 3 risk points were added. A total score of 8 points was registered for this patient
which corresponded to the very high-risk group.

Figure 3. Periapical radiograph at 58 months of follow-up with peri-implant disease diagnosed in
implant #45 with the presence of peri-implant pockets of 5 mm and a three threads marginal bone

loss.
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3.2. Secondary outcome measure: effect and impact of having >6 months intervals
between maintenance visits

The sub-sample included 85 cases (with peri-implant disease) and 85 controls (without
peri-implant disease), matched by risk group. The distribution of the predictor variable
(average interval between maintenance appointments) was: 62 cases and 64 controls had
intervals between maintenance appointments of < 6 months (incidence in the non-exposed
= 0.49) while 23 cases and 21 controls had intervals between maintenance appointments
> 6 months (incidence in the exposed = 0.52). The conditional logistic regression model did
not show a significant effect of the time interval between maintenance appointments when
comparing the two group, with a RR = 1.13, (95% Cl: 0.57, 2.21) (Table 4). The impact on
the incidence of peri-implant disease assessed through the attributable risk percent was

5.89%.

Table 4. Conditional logistic regression model for the association between the average time
interval between maintenance appointments and the incidence of peri-implant disease.

95% Confidence

interval for RR
Standard Significance Relative

Variable B error (p-value)  Risk (RR) Lower Upper

> 6 months between
) i 0.118 0.344 P=0.732 1.13 0.57 2.21
maintenance appointments

4. DISCUSSION

The current study validated a risk score obtained from a model in a different
population of patients, with a high degree of significance (p < 0.001 for the goodness of fit)
as well as an excellent discriminating ability (c-statistic = 0.858) for indicating which
implant-supported rehabilitation patients had a greater risk for peri-implant disease during
a 5-year post-surgery follow-up period. This interpretation of the c-statistic result is
supported by a previous publication that suggested that ROC curves falling on the diagonal
will approach the following c-statistic values for discrimination capacity: 0.5 when there is
no discriminating capacity to diagnose patients, 0.7-0.8 when there is acceptable
discrimination; 0.8-0.9 when there is excellent discrimination capacity; and 0.9 or greater

when there is outstanding discrimination [19]. This risk score thus represents a valid tool

177



for aiding clinicians in evaluating a patient’s risk for peri-implant disease and providing
important information at an early stage of follow-up with the objective of avoiding the
condition. The prevalence of peri-implant disease has been reported across a broad range
between 1% and 47% at the implant level, a variation that can be attributed to differences
in the terminology, etiology and diagnostic criteria of the condition [12]. The currently used
terminology of “peri-implantitis” has been challenged previously but is a term for the use
of unknown implant-host interfaces with a relatively good knowledge of the tooth-host
interface (periodontitis) [20]. This condition was assumed for the current investigations
[4,16]. The use of this definition is supported by recent genetic investigations that have
revealed differences in gene expression between patients with peri-implant disease and
those with periodontitis [21,22]. The etiology, which is considered to be a pathology largely
produced by a bacterial infection of plague accumulation [23], was previously refuted
[4,16,23-27] after several factors aside from bacterial plaque emerged as potential risk
factors in a multivariable analysis [16,23]. Aside from the risk model from which the present
risk scores were derived [16], Konstantinidis et al. [25] also conducted a cross-sectional
study of 168 patients with 597 implants to evaluate the prevalence of and possible risk
indicators for peri-implant diseases. The study reported no association between high
plaque scores and peri-implant disease. Other theories include bone loss that is a result of
a combination of factors such as poorly manufactured implants, placement by untrained
clinicians, and individual patient characteristics [27]. Alternatively, the condition could be
a result of an immunologically derived rejection mechanism. In this theory, infection is
considered to be a secondary event following a disturbance in the immune system due to
a foreign-body, such as the dental implant. The foreign implant would then lead to
immunological and inflammatory responses [28]. Additionally, different causal models
have been proposed that do not include bacterial plaque as a component cause [4,26], such
as the Sander Greenland component causal model [29]. This model states chronic diseases
are generally multifactorial and thus more than one causal mechanism may induce the
condition, with each causal mechanism being a product of the impacts of several
component causes (risk factors). Moreover, the diagnostic criteria for the condition’s
clinical manifestation also differ across studies, which makes it difficult to compare them
[12]. Several risk factors included in the current validated risk score were retrieved from a

risk model [16] and were previously highlighted as risk indicators in other studies using
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multivariable analysis. Not surprisingly, a history of periodontitis, bleeding, or bacterial
plaque [25,30-32] are all biological risk indicators and are supported by a greater amount
of research. However, other factors related to biomechanical aspects such as the presence
of wear facets on the prosthetic crown were found to be significantly associated with peri-
implant disease [32]. Gurgel et al. [31] conducted a cross-sectional study with 155 patients
to evaluate the frequency of peri-implant diseases and factors associated with its
occurrence. The study found that medication use, the existence of two or more implants,
and a gingival bleeding index > 10% were risk indicators for peri-implant disease when
adjusted for other variables of interest. In a subsequent cross-sectional analysis,
Konstatinidis et al. [25] evaluated the potential risk indicators for peri-implant disease using
multi-level logistic regression models that registered both tooth loss due to periodontitis
and implants in the maxilla as risk indicators. Dalago et al. [32] also conducted a cross-
sectional study with 183 patients and 916 implants that aimed to identify systemic and local
risk indicators associated with peri-implant disease. The study found significant
associations between history of periodontal disease (odds ratio = 2.2), cemented
restorations (odds ratio = 3.6), total rehabilitations (odds ratio = 16.1), and the presence of
wear facets (odds ratio = 2.4). In contrast, Marrone et al. [30] found that in a study with
103 patients with 266 implants, there were no significant effects for peri-implant disease
at the patient level using an age > 65 years, total edentulism, hepatitis, active periodontitis,
dental plaque > 30%, Diabetes, history of Periodontitis, smoking and dental visits < 1 per
year as explanatory variables. The authors attributed these results to having a lower
statistical power relative to the high number of variables in the model.

Previous authors have addressed the importance of refining treatment plans through
the use of informed decision-making processes to improve the outcomes of implant-
supported fixed prostheses. Controlling risk factors and anticipating outcomes are an
essential part of implant dentistry risk management to prevent implant failure [33,34].
Moreover, controlling for risk would produce health gains for patients and reduce time
spent in a dental chair to resolve any mechanical complications experienced [35].

The non-significant effect of the time interval between maintenance appointments on
the incidence of peri-implant disease in the present study agree with the results of previous
systematic reviews. Bidra et al. [14] conducted a systematic review to evaluate the

evidence on patient recall and the maintenance of implant-supported restorations. The
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review concluded that there was minimal evidence related to recall regimens in patients
with implant-supported restorations. This result inferred a “D” classification (the lowest
classification) regarding the level of evidence and the qualitative reserve of not considering
the recommendation as a standard of care [14]. Furthermore, Monje et al. [12] identified
a significant effect of peri-implant maintenance therapy on the incidence of peri-implant
disease, stressing the need to tailor the recall regimen to the patients’ risk profile and not
to rely on the interval between maintenance appointments alone. The modest impact of
the recall regimen registered in the present study (an increase of less than 6%) on the
excess risk for peri-implant disease is corroborated by the finding of Monje et al. [12] and
underlines the potential greater importance of each patients’ risk profile. A recent
comment also highlighted this idea, stating that even when maintenance therapy is
provided, biological complications can still occur and that maintenance therapy should be
tailored to a patients’ risk profile [13]. For the avoidance of doubt, the result of the present
study should not be interpreted as labeling the recall regimen irrelevant to the outcome.
Rather, this study is suggesting that recall regimen is one piece of a more comprehensive
approach to preventing peri-implant disease. A previous systematic review highlighted the
paramount importance of individually tailored supportive programs that are based on
patient motivation and re-instruction in oral hygiene measures and combined with
professional implant cleaning to prevent peri-implant disease [11].

Given the implications that the validation of the risk score in the present study have
for clinical practice, the authors propose a comprehensive approach to managing patient
risk. This approach involves the measurement and management of, and communication
about, risk. Measuring risk involves assessing the risk factors for peri-implant disease and
using a risk score and risk profile for each patient. Managing risk is related to examining the
implications of a patient’s risk profile result and the deciding the necessary action(s) that
should be taken. This decision should consider the use of professional cleaning procedures,
the maintenance instructions, patient motivation, the recall interval, or changes in the
prosthetic complex. Communicating risk involves sharing information about the risk score
with the patients, holding the patients responsible for their own health, and working
together on short term goals (one recall schedule at a time) that can improve the results of
the risk assessment (not only plague control improvement but also smoking cessation

and/or other lifestyle factors for example). Ultimately, this could improve the result of the
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risk profile and recall regimen, via a positive feedback mechanism. The rules necessary to
apply the current risk score for prediction consist in patients rehabilitated with dental
implants, with at least one year of follow-up and with the possibility of evaluating the
patient’s periodontal history, clinical and radiographic diagnosis. The risk score can be
performed in any evaluation appointment from the one year of follow-up onwards,
enabling the patient and clinician to work on the negative aspects present at that time.
The main strength of this study is that to the authors’ best knowledge, it presents the
first risk score for predicting peri-implant disease that has been validated for patients who
were rehabilitated with implant-supported restorations. Moreover, the predictive risk
score had excellent discriminating ability, which will enable precise predictions. The
limitations of this study included the study conduction in a single center and one implant
system (suggesting caution in extrapolating the results); the fact that all variables were
collected at baseline and their effect accounted for prediction in the remaining of the
follow-up irrespective of the status remaining unaltered or altering (for example: plaque
control; a limitation in every prediction study); and the average time between maintenance
appointments (as they could be unevenly distributed during the follow-up period) that was
performed for standardization and analytical purposes. The multifactorial origin of peri-
implant disease presents a challenge with direct implications in prediction across different
populations as different variables may exert an effect on the risk of incidence, making it
impossible to account in a single model and therefore posing a limitation of this study (such
as different implant systems, implant micro and macro designs, prosthodontic options or
even clinician experience). Despite being validated in a different sample, studies of the
different heterogeneous populations are needed to further strengthen the models’

external validity.

5. CONCLUSIONS

Within the limitations of this retrospective study it can be concluded that a tool that
enables the 5-year prediction of peri-implant disease in patients with dental implants was
validated. This tool could be used in implant dentistry to improve the prognosis for implant-
supported restorations, providing a base for identifying patients at greater risk of peri-

implant disease and enabling a stricter control. Maintenance appointments of < 6 months

181



or > 6 months did not influence the incidence of peri-implant disease when considering the

matching of cases and controls by risk profile.
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4.3 Um modelo de progndstico a um ano para implantes dentarios com

doencga peri-implantar.

O terceiro artigo cientifico intitulado “A prognostic model for the outcome of dental
implants with peri-implant disease after one year.” refere-se aos ultimos dois aspetos da
investigacdo: a construcdo de um modelo de progndstico para implantes com doenca peri-

implantar e a validagao do mesmo modelo numa amostra distinta da sua derivagao.

Esta terceira publicacdo compreende o quarto objetivo e respetiva hipdtese da presente
investigacdo. Conforme colocado em hipdtese, os pacientes com um desfecho negativo
apresentaram os seguintes indicadores de progndstico: idade (Risco Relativo = 1.04),
histéria de periodontite (Risco Relativo = 3.13), doenga peri-implantar severa (Risco
Relativo = 3.26), comprimento do implante (Risco Relativo = 3.52) e desenvolvimento
precoce da doenca (Risco Relativo = 3.99). O modelo registou uma capacidade de
discriminacdo significativa com uma area sob a curva (IC95%) de 0.763 (0.679;0.847) e de

0.709 (0.616;0.803) nas amostras de derivacdo e validagcdo, respetivamente.

Os indicadores de progndstico que compdem o modelo encontram paralelo na literatura
internacional (Charalampakis e col. 2011; de Waal e col. 2016), alguns deles indicadores de
risco para a doenga peri-implantar. A performance do modelo de progndstico tanto na
amostra de derivagdo como na amostra de validagao foi considerada do ponto de vista
gualitativo como tendo boa capacidade de discriminacdo (Cooney e col. 2009; Selvarajah e
col. 2014; Ramirez-Prado e col. 2015). O presente modelo de progndstico constitui uma
ferramenta facil de utilizar, validada, muito Util, capaz de prever o progndstico (bom e mau)
com uma consideravel percentagem de acerto considerando a imprevisibilidade da

previsdo do desfecho em implantes com doenca peri-implantar.

O papel do candidato na obtengao dos resultados consistiu na execugao de todas as etapas
desde o planeamento, recolha de dados, analise estatistica, escrita e submissdo a

publicacdo, sob supervisdo do Orientador e da equipa do Comité de Tese.

Este artigo foi submetido a revista International Journal of Oral Implantology e encontra-

se em revisdo por pares no presente ano de 2019 (Anexo IX).
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ABSTRACT

Background and purpose: This investigation, based on a 1-year retrospective cohort study,
aimed to estimate and validate a prognostic model for ailing and failing implants due to

peri-implant disease.

Methods: A total of 240 patients (male: 97; female: 143; average age of 57.3 years) with at
least one ailing or failing implant per patient were included: 120 patients for the model
derivation set and 120 patients for the model validation set. The primary outcome measure
was the implant status: success, defined as the arrest of the disease, or failure defined as
implant extraction, prevalence or re-incidence of peri-implant disease). Other variables
(collected at baseline) were: age, gender, systemic conditions, time of follow-up, implant
position, implant length, implant surface, abutment height, bone level, type of
rehabilitation, opposing dentition, history of Periodontitis, mechanical complications,
bacterial plaque, bleeding, peri-implant pockets, type of material used in the restoration,
proximity of other implants/teeth, smoking and surgical intervention. The relative risk (RR)
was estimated for the predictors through logistic regression and the c-statistic (95%
confidence interval) was calculated for both the derivation and validation sets. Significance

level was set at 5%.

Results: The risk model retrieved the prognostic factors age (RR = 1.04), history of
Periodontitis (RR = 3.13), severe peri-implant disease status (RR = 3.26), implant length (RR
= 3.52), early disease development (RR = 3.99), with good discrimination in both the
derivation set (0.763 [0.679;0.847]) and validation set (0.709 [0.616;0.803]).

Interpretation: Based on the results, several prognostic factors were associated with a poor
outcome of implants with peri-implant disease. A prognostic risk model for estimating the
outcome of implants with peri-implant disease is available, with a good performance

considering the c-statistic evaluation in both the derivation and validation sets.
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INTRODUCTION

Dental implant treatment as evolved over the years to a predictable outcome in
the long term with high success rates reported irrespective of the type of restoration (single
teeth, fixed partial prosthesis or full-arch)."* Nevertheless, mechanical and biological
complications can occur, threatening long term implant success.! One of such

complications is peri-implant disease.

Defined as the term for inflammatory reactions with loss of supporting bone tissue
surrounding an implant in function,* influenced by biological and biomechanical factors
that negatively affect the outcome of implant supported restorations with presence of
inflammatory signs and loss of supporting bone around an implant in function,>® the
prevalence of peri-implant disease is reported in the literature with a wide range, between
4.7 to 43% at implant level, and from 1% to >56% at patient level.””'! This observed
variability in the prevalence of the condition between different studies is at least partly
explained by methodological issues related to heterogeneous case definitions and
diagnostic criteria, making it challenging to compare across studies. Nevertheless, recent
systematic reviews and meta-analysis investigating the frequency of peri-implant diseases
reported a frequency/prevalence of 18.8%-22% for peri-implant disease at patient

level.810.12

From a causal component mechanism standpoint, as a chronical condition, peri-
implant disease is potentially influenced by multiple risk indicators including: history of
Periodontitis, biological factors such as bacterial plaque, bleeding and bone level,
biomechanical factors such as occlusal overloading, prosthesis lack of passive fit, prosthetic
component loosening, type of material used in the restoration or the proximity of other
implants and/or teeth and background factors related to poorly constructed implants
placed and handled by untrained clinicians, together with patient characteristics and
function time.®1913-18 Considering peri-implant disease as the major risk for late implant
failure, and given that the outcome of therapy of implant-supported rehabilitations
affected with peri-implant disease is considered unpredictable,’ it is important to develop
strategies that can help avoiding the incidence of the disease: In this sense, primary
prevention is paramount,’® with patient self-care and clinical maintenance assuming an

Oimportant role as effective preventive measures to manage peri-implant diseases. &2°
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Moreover, the use of risk scores that help identifying patients at a greater risk for the
incidence of disease represent an important tool, simplifying the assessment of the multi-
factorial nature of peri-implant disease for the clinician, while motivating patients to

change risk factors in order to reduce their own risk.®

Nevertheless, when peri-implant disease is diagnosed, the outcome is not
predictable and in the majority of situations it is not possible to arrest progression, with
more than 50% of disease re-incidence or implant failure.?° The study of prognostic factors
in patients already affected by the disease, especially in multivariable analysis (prognostic
models) represent an important tool used for some time in other specialties of Medicine
to increase the predictability of the outcome or to properly select patients for
interventions.?%22 However, models for patients with peri-implant disease are absent. The
aim of this study was to report on the derivation and validation of a prognostic model for

implants with peri-implant disease.

MATERIALS AND METHODS

This article was written following the Strobe (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines.?® This retrospective cohort study was
approved by the Ethical Committee for Health (authorization 010/2013), the Faculty of
Medicine-University of Lisbon Ethical Board (Process 270/2015) and the Faculty of
Medicine-University of Lisbon Scientific Board (Process CC-120), following the Helsinki
Declaration of 1975, as revised in 2000. The patients provided an informed consent in order
to participate in the study.

The study was conducted at a private rehabilitation centre (Lisbon, Portugal) and at
the Faculty of Medicine, University of Lisbon (University Clinic of Stomatology) between
March 2015 and August 2017. The patients were rehabilitated between January 2012 and
December 2015 and followed until December 2016; Data collection occurred between
January 2016 and November 2016; Data analysis occurred between November 2016 and

August 2017.

The population included patients over 18 years, of both genders, rehabilitated with

the same type of implants at a center for Implantology and Fixed Oral Rehabilitation

189



(Lisbon, Portugal). The patients were randomly selected from the archives of an
epidemiological surveillance study!! at the private rehabilitation center. Inclusion criteria
were patients rehabilitated with implant supported prostheses with a diagnostic of peri-
implant disease, with a minimum of 1 year post-surgery (cut off value to prevent
overlapping between early implant failure and peri-implant disease); followed at the
clinical center and who agreed to participate through written informed consent. Exclusion
criteria were patients who refused or were unable to give informed consent; whose
medical records were incomplete/missing; patients not followed at the private
rehabilitation center; patients presenting with peri-implant pockets >4 mm in the first year
of implant function and patients with bone level located on the implants’ apical third.
Peri-implant disease was defined as the presence of peri-implant pockets > 5 mm,
bleeding on probing and/or suppuration, with concurrent presence of marginal bone loss
or clinical attachment loss > 2 mm comparatively to the previous examination).?* The
disease severity was defined using a threshold for marginal bone loss at the time of
diagnosis: a radiographic image exhibiting a marginal bone loss of more than 1/3 of the
implants’ length was defined as severe peri-implant disease, while a marginal bone loss of

less than 1/3 of the implants’ length was considered as mild peri-implant disease.

Baseline recordings were set at the diagnosis of peri-implant disease. The patients’
records were reviewed: record sheets, radiographs, medical history and data collection,
filling in the data on a digital form. Examinations were performed by a team of calibrated
clinicians with estimation of inter-examiner reliability.! The dental implants inserted in this
study were from the Nobel Biocare system (Branemark system, NobelSpeedy, Nobel
Biocare AB, Gothenburg, Sweden) and the same team performed implant insertion and

surgical treatment to the implants.

Follow-up and interventions

The patients were followed from baseline (time of diagnosis of the disease) with
clinical observations at the time of disease recurrence or at 2 months, 6 months and one

year of post-diagnosis.
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Predictors and model development

The dependent variable was the implant prognostic (remission or failure): The state
of remission was defined as the maintenance of a probing pocket depth £ 4 mm, and
absence of suppuration, mobility or marginal bone loss (evaluated through standardized
radiographs) during the period of one year post-diagnosis; the state of failure was defined
as the removal of the implant; the maintenance, progression or re-incidence of the disease
within one year of the post-diagnostic follow-up, characterized by implant mobility, or the
presence of peri-implant pockets >4 mm, or suppuration, or additional marginal bone loss

(evaluated through standardized radiographs).

Patient and restoration related characteristics that could be determined easily and
reliably during follow-up appointments were considered for inclusion in the prognostic
model. If a patient registered two or more implants with peri-implant disease, one implant
was randomly selected. Initially, a set of 20 potential predictor variables associated with
good or bad prognosis of peri-implant disease were examined (all collected at the point of
diagnosis).?>3! The selection of 20 variables a priori for the univariable analysis was
performed considering the fulfillment of a number of criteria for causal inference:3?
temporality, (the exposure preceded the effect), biological plausibility (the cause and effect
story made biological sense), coherence (the cause and effect story made sense considering
all knowledge available). These predictors included demographics (age in life years and
gender); history of periodontitis (presence; absence), comorbidities (presence; absence),
smoking habits (non-smoker; current smoker), implant position per arch (makxilla;
mandible); implant position within the arch (anterior; posterior); proximity of the implants
to other teeth or implants (absence of an implant or natural tooth immediately next to the
implant; implant localized next to natural teeth or other implants); early disease
development (time of follow-up in months at the point of diagnostic recoded to: < 4 years;
> 4 years); implant length (measured in millimeters and recoded to : < 13 mm; > 13 mm);
implant surface (machined, anodically oxidized); abutment height (1 mm, 2 mm, 3 mm, 4
mm, 5 mm, 6 mm); type of opposing dentition (removable prosthesis; natural teeth; fixed
prosthesis over natural teeth; implant-supported prosthesis); type of material used in the
restoration (full ceramic, metal-ceramic, metal-acrylic, full acrylic resin); incidence of

mechanical complications (presence or absence of fractures or prosthetic component
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loosening); bacterial plaque based on the modified plaque index (mPLI)*3 (absence or
presence); bleeding based on the modified bleeding index (mBI)33 (absence or presence);
peri-implant pocket depth measured in millimeters using a plastic periodontal probe
calibrated to 0.25 N (£ 6 mm; > 6 mm); disease severity evaluated through marginal bone
loss (located at the implants’ coronal third or middle third); therapeutic approach for the
treatment of peri-implant disease (non-surgical treatment alone; combination of non-
surgical and surgical treatments). For the present analysis the predictors that were related
to the outcome were selected based on multivariable analysis considering the remaining
criteria for causal inference: strength of association, consistency, specificity, biological
gradient, experiment and analogy.?? The prognostic model was derived from the first set of
patients randomly selected (derivation set) and was again tested in a second set of patients

randomly selected (validation set).

Bias

Strategies to prevent or limit bias included the diagnosis through several clinical and
radiographic criteria and including only implant restorations with at least 1 year of follow-
up to prevent diagnostic error. Primary care patients from the same population were

selected (no referral patients were included), reducing the probability of population bias.

Potential confounding of bacterial plaque and smoking was tested statistically evaluating
the association as a prognostic factor and the association with other potential prognostic

factors.

Study size

The sample size was calculated using software (Power and Sample size calculation,
v.2.1.30, February 2003),** considering significance level of 5%; statistical power of 80%; a
probability of failure of 50%?° and a relative risk of failure of 1.54. Considering these
calculations, 100 patients should be included. Considering a potential patient lost to follow-

up rate of 20%, 120 patients were included. Two sets of patients were selected, a first set
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of 120 patients to derive the potential prognostic model and a second set of 120 patients

to test the predictive capacity of the prognostic model.

Statistical methods

Descriptive statistics and multivariable inferential statistics were performed using
the patient as unit of analysis. The characterization of the sample was performed through
frequencies and descriptive statistics to the demographic variables (age, gender).
Univariate logistic regression analysis was conducted to test the association of potential
predictors and failure. The variables individually associated with the outcome of failure
(p<0.05) were tested in a multivariable logistic regression model. The statistical
performance of the final model was evaluated according to the variables’ statistical
significance (p<0.05) and the Omnibus tests of Model Coefficients (chi-square tests to test
the improvement of the model with the explanatory variables compared to the baseline
model). The inclusion of risk indicators in the model was performed considering the
potential statistical limitations of inserting too many variables, yielding a statistical bias (10
events per variable).®®
With this method it became possible to identify the variables that maintained their weight
in association with the prognosis of peri-implant disease when controlled for other
factors. For each variable identified as independent factor, a coefficient B, p-value of the
test, and relative risk (RR) estimate with 95% confidence interval (Cl) were given. The
agreement or difference between predicted and observed event (calibration) was assessed
using the Hosmer-Lemeshow chi-square estimates. The level of significance chosen was
5%. Statistical analysis was performed using the software IBM SPSS version 17 (IBM,

Chicago, USA).

Internal and external validation

The discriminatory power of the model in the derivation set (internal validation)
was evaluated through the area under the curve statistic (AUC) using receiver operating
characteristic (ROC) curve. The ROC curves were estimated indicating the AUC and 95%

confidence intervals (95% Cl). The final model was tested in the validation set (external
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validation), a new random sample of 120 patients with peri-implant disease. Performance

criteria comprised the discriminatory power measured using the AUC.

Model presentation

The final model was presented in a score chart, using the scores based on the
regression coefficients (beta values) and the transformation of the logit to probability using
a logit transformation table (p = 1/[1 + e°#tP)]). The relation between risk indicators and

outcome can be calculated from an Excel spreadsheet.

RESULTS
Participants

There were initially 1711 patients diagnosed with peri-implant disease. Of these,
428 patients were excluded due to representing long term prevalent cases and 5 patients
with implants inserted in another center. From the remaining 1278 patients, 49 had the
clinical and radiographical manifestations of the disease during the implants’ first year of
follow-up and were excluded, rendering a final 1229 patients potentially eligible for
inclusion. During the random sampling process, 27 patients registered bone level on the
implants’ apical third and were considered as failures not included in the final 240 patients
selected for inclusion in the present study. Therefore, the current analysis was based on
data from 240 patients with 1590 implants (with one implant per patient randomly

selected).

Patient characteristics are depicted in Table 1. A total of 73 female and 47 male
patients composed the derivation set, while 69 women and 51 male patients composed the
validation set. The average age of the patients in both the derivation and validation sets

was 58.6 years. One patient from the validation set (0.8%) was lost to follow-up.

Results reported according to disease severity.
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Five patients had five implants removed during follow-up because of persisting peri-
implant disease and 126 additional patients had their implants classified as failures based
on the previously stated criteria. In total, 131 patients (54.6%) showed failure in remission
of the disease. The outcome of peri-implant disease after 1 year of follow-up was
characterized by a failure percentage of 54.2% (n= 65 patients) and 55% (n= 66 patients) in
the derivation and validation sets, respectively. Disease severity significantly influenced the
outcome of peri-implant diseased implants after 1 year of follow-up: Severe disease led to
poor prognosis in both the derivation and validation sets, with 63.6% and 62.1% prevalence
of disease, respectively, compared to 42.6% and 49.2% of mild disease status in derivation

and validation sets.

Treatment protocols

The treatment protocol included non-surgical treatment, alone or in combination
with surgical treatment: Non-surgical treatment alone was performed (n = 197 patients;
derivation set: n = 100; validation set = 97 patients) by scaling with an ultrasonic scaler
device, irrigating with 0.2% chlorhexidine gel and prescribing the same solution for the
patient to administrate at home in daily care, followed by a re-evaluation after two months.
The surgical treatment was performed (n = 43 patients; derivation set: n = 20 patients;
validation set = 23 patients) through open flap, removal of granulation tissue,
decontamination of the implant surface both mechanical using an ultrasonic scaler and
chemically through a polish using a brush attached to the contrangle and 0.2%
chlorhexidine and saline irrigation. Subsequently, the mucosal flap was apically positioned,
sutured with 4-0 non-resorbable sutures (Braun Silkam non-absorbable 4-0, Aesculap,
Tuttlinged, Germany), and systemic antibiotics were prescribed to the patient (amoxiciline
875 mg + clavulanic acid 125 mg, Labesfal, Campo de Besteiros, Portugal) starting three
days pre-surgery and extending to five days post-surgery. Suture removal occurred after 10

days and a re-evaluation after two months.
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Prognostic factors

The results of the univariable and multivariable logistic regression analysis are
presented in Table 2. The results of the univariable analysis showed a significant association
(p < 0.05) between the outcome (implant failure or disease progression after 1-year of
follow-up) and five prognostic factors. The RR of the five prognostic factors included in the
multivariable prognostic model were: age (RR =1.04, 95% CI [0.99-1.08], p = 0.105), history
of periodontitis (RR=3.13,95% CI [1.15-8.55], p = 0.026), severe peri-implant disease status
(RR = 3.26, 95% Cl [1.37-7.81], p = 0.008), implant length > 13 mm (RR = 3.52, 95% C [1.48-
8.37], p = 0.004) and early disease development (RR = 3.99, 95% CI [1.62-9.82], p = 0.003).
The AUC of the model was 0.763 (95%Cl [0.679;0.847], p<0.001) and is illustrated in Figure
1.

Model Presentation

A simple score chart for the application of the prognostic model is presented in
Figures 2-4, which can be used to obtain approximations of the relation between risk
indicators and outcome for individual patients. For example, a 65 years old patient with
history of periodontitis, registering peri-implant disease in an implant of 11.5 mm of length
with less than 4 years of follow-up at diagnostic and bone level located on the implants’
coronal third, has a model score of 1.299 (log odds). According to Figure 3, this score
corresponds to poor prognosis with risk of unfavorable outcome of approximately 80% at

one-year post-diagnosis.

Prognostic model validation

The prognostic model maintained the significance (p= 0.007; Omnibus test of model
coefficients) and calibration (p=0.211; Hosmer and Lemeshow test) in the validation set.
The discriminatory ability of the model slightly decreased in the validation set, with an AUC

of 0.709 (95% Cl [0.616;0.803], p<0.001) as illustrated in Figure 5.
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DISCUSSION

This study investigated potential prognostic factors for peri-implant disease. The
aim of this study was not to evaluate the efficacy of surgical interventions in the treatment
of peri-implant disease (considering that there was only one type of surgical intervention
and that the attribution of the surgical intervention depended on several conditions), but
to predict a patient’s prognosis at the time of diagnosis. This paper described the
development and validation process of a prognostic model based on patient and implant
characteristics, to predict the one-year post-diagnostic outcome of implants with peri-

implant disease.

The present study has strengths and limitations. The main strength of the present
study is related to the lack of other studies constructing short-term prognostic models for
implants with peri-implant disease. The innovative results can therefore be used to help in
the decision-making process in the attempt to discriminate between good or poor
prognosis of implants with peri-implant disease. Furthermore, the use of a cohort study
design; a multivariable approach to design and analysis (as usually individual risk
assessment is poor when based on just one risk indicator); the well-defined population;
reporting the results according to the disease severity and including disease severity in the
prognostic model controlling for the potential bias; the uniformity with cases from the
same center using standardized protocols (for diagnostic, interventions and follow-up
periods) represent further strengths.36-38 Nevertheless, despite the standardized protocols,
the attribution of a treatment modality (namely surgical intervention) did not depend only
on local factors present at the implant site but also on the patient’s acceptance, leading to
variations in the use of the surgical intervention and representing a limitation. The formal
randomization process during sampling aimed to address this issue, and despite the non-
significant association between the variable surgical intervention and the prognosis of the
implant this result should be interpreted with cation considering the limitation described.
A further limitation was the fact that the present study was conducted in a rehabilitation
center with several units but at which the majority of patients were Portuguese. Although
validated, prospective studies at multiple centers and with heterogeneous populations are

needed in the future to further refine the model.
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Prognosis consists in the estimation of the risk of a future outcome in individuals
based on their clinical and non-clinical characteristics.?” Despite the inclusion of prognosis
as a principal concept of medicine by Hippocrates, prognostic research receive limited
attention when compared with therapeutic and aetiological research,3” being virtually
inexistent in Implant Dentistry. Prognostic factors consist in clinical, molecular or
pathologic characteristics of a patient or disease (a starting point) that are associated with
a clinical outcome (an end point).33° Hence, prognostic factors discriminate groups of
patients with a different average prognosis and thus inform and enhance the basic
prognosis,3® being used to identify the likely progression of a patient’s disease.

This is the first study to propose a model to quantitatively estimate the risk of
unfavorable outcome in patients with peri-implant disease through a prognostic model.
The largest amount of prognostic information was contained in the core of the five
predictors included in the model: age, history of periodontitis, disease severity, implant
length > 13 mm and early disease development. The predictors in our model are consistent
with previously reported predictive markers associated with treatment outcome of
implants with peri-implant disease namely: early disease development (disease diagnosed
before four years of follow-up)?’ and bone loss,*%*! both significantly associated with
failure of peri-implant disease treatment. Charalampakis et al.?” in a follow-up study of 245
patients after treatment of peri-implant disease, registered a follow-up under 4 years with
failure of peri-implant disease treatment, being the only variable that remained
significantly associated with the outcome in multivariable analysis. Considering the
guantitative analysis of the present study, early disease development was the most
significant prognostic factor based on the relative risk. Lagervall and Jansson,* in a
retrospective study to investigate the treatment outcome of peri-implantitis and to identify
factors influencing the treatment success rate in 150 patients registered implants with
bone loss exceeding 1/3 of the implant length to be significantly associated with failure of
treatment. De Waal et al.*! in a study investigating prognostic indicators for surgical
treatment of peri-implant disease after 12 months in 74 patients, associated an average
bone loss of 4 mm at baseline with a poor outcome. Disease severity was expected to
significantly influence the prognostic of implants with peri-implant disease, as lower bone

levels correspond not only to less implant capacity to respond to treatment but also for
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sustaining occlusal load, decreasing the probability of a good outcome. Early diagnosis of
peri-implant disease is therefore essential to increase the probability of a good prognosis.
History of Periodontitis was identified as a prognostic factor in the present study
and was previously reported to be a risk indicator for peri-implant disease.?**? Patients
with history of periodontitis that received dental implants have previously demonstrated a
tissue-destructive inflammatory response in the periodontium, with an exacerbated
inflammatory response that may be activated in the development of peri-implant disease.*?
This mechanism may explain the fact that one in every four healthy individuals developed
peri-implant disease, compared to 1.7 in each individual with history of periodontitis,*
representing a potential predisposing factor.?* This inflammatory burden may be the
mechanism also influencing a poor prognosis of implants with peri-implant disease.
Implant length (implants >13 mm) were registered as a prognostic factor for poor
outcome. This result should be interpreted within the context of the implants’ macro and
micro designs. Bone loss was measured in a standardized approach using the implant’s
coronal, middle or apical thirds, but this approach might give different absolute values of
bone loss between implants of 7 mm of length (where the implant’s coronal third would
comprise up to 2.3 mm) and implants of 18 mm of length (where the implant’s coronal third
would comprise up to 6 mm). Dental implants with peri-implant disease imply the presence
of bone loss and attachment loss, exposing the implant surface to the oral environment
through soft tissue recession or inducing the formation of peri-implant pockets, both
potentially favoring the accumulation of bacterial plaque. In the presence of these
conditions, the effective removal of bacterial plague might be more difficult. Considering
the micro design, the majority of implants in this sample was of anodically oxidized surface
which according to previous studies on prognostic markers for the treatment of peri-
implant disease implies a potential favorable environment for bacterial plaque
accumulation in the presence of poor oral hygiene habits,*! with bacteria expressing a more
virulent and resistant profile in a mechanism of acute infection at early stage whose
remission to healthy levels may be difficult considering the current treatment
alternatives.?’
In the present study, post-hoc analysis revealed that the distribution of bacterial plaque
according to the implant length was significantly different between implants of up to 13

mm of length and implants of more than 13 mm of length: patients with longer implants
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exhibited more plaque accumulation, a condition that might negatively influence the
prognosis and should be further investigated in new studies.

Age was significantly associated with a poor prognosis after one year of follow-up
on the univariable analysis but not in the multivariable analysis when controlled for other
variables of interest. The effect of age as a risk indicator for peri-implant disease was
previously reported in clinical studies.’>*>* With increased age, a higher incidence of
chronical systemic diseases is common with a potential effect of compromising directly or
indirectly peri-implant health. This result may be associated with lower immunity and
compromised healing capacity, contributing to the development of peri-implant disease
when associated with history of periodontitis and cardiovascular disease and increasing the
probability of a poor outcome.*® Nevertheless, considering the prognosis of peri-implant
disease, age might have secondary prognostic significance when the remaining factors are
controlled, judging by the results of studies evaluating prognostic markers in the treatment
of peri-implant disease (age with a non-significant association with failure),?”4! and
confirmed by the results of the present study.

There are strengths and limitations in the use of these prognostic factors on the
clinical setting: The strength of these particular prognostic factors rely on their
determination being performed easily and reliably during follow-up appointments. The
potential limitations may rely on the prognostic factor history of periodontitis that in
complete edentulous patients is dependent on the patients’ memory.

Several previously reported risk factors or potential confounders for peri-implant
disease, including smoking and bacterial plaque, were also considered in our study, but
were consequently not included in the final model. While bacterial plaque is still considered
as an unproven cause of peri-implant disease,*®*° previous literature suggested that
bacterial plague and smoking could potentially be a confounder for the incidence of peri-
implant disease as they related to periodontitis.!*?* Nevertheless, statistical analysis was
performed in the present study to investigate the hypothesis of a confounding effect with
the results failing to demonstrate a significant association of bacterial plaque or smoking
with the outcome or any of the predictors used in the prognostic model. Furthermore in
the current setting, smoking could be considered a potential predicate factor of treatment

response rather than a prognostic factor. Despite the facts it seems advisable to
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recommend patients for smoking cessation and improvement of oral hygiene habits as part
of the strategy to resolve peri-implant disease.?’

The prognostic model was validated in a second sample of 120 patients (validation
sample). The results obtained in the prognostic model indicate a high degree of significance
(p<0.001 for the goodness of fit), together with a good discrimination ability for
unfavorable outcome given by the AUC statistic above 70% in both the derivation set (0.7)
and validation set (0.709). This qualitative interpretation is performed based on the limits
of the AUC that range between 0.5 (no discrimination) and 1.0 (perfect discrimination) of
patients with remission of the disease or patients with progressive disease. A value of the
AUC between 0.7 and 0.8 (as registered in the present study) implies considering the model

>1-53 gjyen that values rarely exceed 0.8 for risk estimation.*

to have good discrimination,
This validation is important for reliable application of models outside the respective
development settings. As this represents the first prognostic model for implants with peri-
implant disease, the model should be tested in other samples and populations in order to
increase its external validity or may serve as a reference for the comparison of new model

evaluating the prognosis of implants with peri-implant disease.

Given that peri-implant disease is a chronic disease, re-treatment may be necessary, and
therefore larger well-designed RCTs with follow-ups longer than 1 year are needed.>* The
authors propose the current prognostic model to aid in the selection of patients for more
efficient design of clinical trials in the investigation of treatment outcomes in patients with
peri-implant disease, for example by excluding both patients with very poor or very good

prognosis while performing covariate adjustment of a treatment effect.

The present study represents the first step of a long term evaluation of the outcome
of peri-implant disease that is planned to be investigated during 5 years post-diagnosis with
the current model estimated to be re-evaluated at 3-years and 5 years post-diagnosis.

Within the limitations of this study, a prognostic model that provided good
discrimination between patients with good and poor outcome of peri-implant disease after
1-year of diagnosis is available. This model may be useful for providing representative

information to patients with peri-implant disease on outcome expectations, for
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stratification and covariate adjustment in clinical trials, or as a topic for evaluating quality

of care.
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TABLES

Table 1. Sample characteristics in the derivation and validation sets of patients with Peri-implant disease (total, mild
disease and severe disease thresholds). Percentages are indicated according to columns.

Derivation set (%) Validation set (%)
Total Mild Severe Total Mild Severe
Variables Sample disease disease sample disease disease
Demographics
Number of patients 120 (100%) 54 (45%) 66 (55%) 120 (100%) 62 (51.7%) 58 (48.3%)
Average age (standard 58.6 (10.5) 56.7 (9.8) 60 (10.9) 58.6(10.8) 58.6(11.5) 58.6(10.1)
deviation)
Gender
Female 73 (60.8%) 31(57.4%) 42(63.6%) 69(57.5%) 28(45.2%) 41 (70.7%)
Male 47 (39.2%) 23 (42.6%) 24 (36.4%) 51(42.5%) 34(54.8%) 17(29.3%)
Implant status
Survival 55 (45.8%)  31(57.4%) 24 (36.4%) 53 (44.2%) 31 (50.8% 22 (37.9%)
Failure 65 (54.2%) 23 (42.6%) 42 (63.6%) 66(55.0%) 30(49.2%) 36 (62.1%)
History of Periodontitis
Absence 29 (24.2%)  14(25.9%) 15(22.7%) 30(25.0%) 16(25.8%) 14 (24.1%)
Presence 91(75.8%)  40(74.1%) 51(77.3%) 90 (75.0%) 46 (74.2%) 44 (75.9%)
Systemic comorbidities
Absence 79 (65.8%) 35(64.8%) 44 (66.7%) 80(66.7%) 41(66.1%) 39 (67.2%)
Presence 41 (34.2%) 19(35.2%) 22(33.3%) 40(33.3%) 21(33.9%) 19(32.8%)
Smoking
Non-smoker 77 (64.2%) 37 (68.5%) 40(60.6%) 81(67.5%) 42(67.7%) 39 (67.5%)
Smoker 43 (35.8%) 17(31.5%) 26(39.4%) 39(32.5%) 20(32.3%) 19(32.8%)
Proximity of implants / teeth
Absence 86 (71.7%) 42 (77.8%) 44 (66.7%) 93 (77.5%) 48 (77.4%) 45 (77.6%)
Presence 34(28.3%)  12(22.2%)  22(33.3%) 27(22.5%) 14(22.6%) 13 (22.4%)
Type of implant surface
Machined 5 (4.2%) 2 (3.7%) 3 (4.5%) 7 (5.8%) 4 (6.5%) 3(5.2%)
Anodically oxidized 115(95.8%) 52(96.3%) 63 (95.5%) 113 (94.2%) 58(93.5%) 55 (94.8%)

Implant position per arch
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Maxilla

Mandible

66 (55%)

54 (45%)

29(53.7%)  37(56.1%) 65 (54.2%)

25 (46.3%)

29 (43.9%) 55 (45.8%)

21 (33.9%)

41 (66.1%)

34 (58.6%)

24 (41.4%)

Implant position in the arch
Anterior

Posterior

49 (40.8%)

71 (59.2%)

21 (38.9%)

33 (61.1%)

28 (42.4%) 42 (35.0%)

38(57.6%) 78 (65.0%)

22 (35.5%)

40 (64.5%)

20 (34.5%)

38 (65.5%)

Time of follow-up at diagnosis*

>/=4 years

<4years

69 (57.5%)

51 (42.5%)

28(51.9%)  41(62.1%) 65 (54.2%)

26 (48.1%)

25(37.9%) 55 (45.8%)

37 (59.7%)

25 (40.3%)

28 (48.3%)

30 (51.7%)

Implant length

</=13 mm 62 (51.7%) 27 (50%) 35 (53%) 58 (48.3%)  28(45.2%) 30(51.7%)

>13mm 58 (48.3%) 27 (50%) 31 (47%) 62 (51.7%) 34 (54.8%) 28 (48.3%)
Abutment height

No abutment 11 (9.2%) 8 (14.8%) 3 (4.5%) 7 (5.8%) 2 (3.2%) 5 (8.6%)

1mm

2 mm

3 mm

5mm

6 mm

27 (22.5%)
36 (30.0%)
27 (22.5%)
15 (12.5%)
3 (2.5%)

1(0.8%)

13 (24.1%)
13 (24.1%)
10 (18.5%)
6 (11.1%)
3 (5.6%)

1(1.9%)

14 (21.2%) 26 (21.7%)
23(34.8%) 36 (30.0%)
17 (25.8%) 23 (19.2%)
9(13.6%) 24 (20.0%)
0 (0%) 4(3.3%)

0 (0%) 0 (0.0%)

12 (19.4%)
22 (35.5%)
7 (11.3%)
17 (27.4%)
2 (3.2%)

0 (0%)

14 (24.1%)
14 (24.1%)
16 (27.6%)
7 (12.1%)
2 (3.4%)

0 (0%)

Type of rehabilitation
Single tooth
Partial

Full-arch

35 (29.2%)
15 (12.5%)

70 (58.3%)

18 (33.3%)

7 (13%)

17 (25.8%) 37 (30.8%)

8(12.1%)  10(8.3%)

29(53.7%)  41(62.1%) 73 (60.8%)

16 (25.8%)
6 (9.7%)

40 (64.5%)

21 (36.2%)
4 (6.9%)

33 (56.9%)

Type of material used in the
restoration

Full-ceramic
Metal-ceramic

Metal-acrylic resin

12 (10.0%)
52 (43.3%)

44 (36.7%)

9 (16.7%)
19 (35.2%)

17 (31.5%)

3 (4.5%) 8 (6.7%)
33(50.0%) 48 (40.0%)

27 (40.9%) 44 (36.7%)

6 (9.7%)
25 (40.3%)

22 (35.5%)

2 (3.4%)
23 (39.7%)

22 (37.9%)

Full-acrylic resin 12 (10.0%) 9 (16.7%) 3 (4.5%) 20 (16.7%) 9 (14.5%) 11 (19.0%)
Type of opposing dentition
Removable prosthesis 1(0.8%) 0 (0%) 1(1.5%) 2 (1.7%) 2 (3.2%) 0 (0%)
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Natural teeth 57(47.5%) 29 (53.7%) 28 (42.4%) 61(50.8%) 34 (54.8%) 27 (46.6%)

Fixed prosthesis over
natural teeth 1(0.8%) 0 (0%) 1(1.5%) 3 (2.5%) 2 (3.2%) 1(1.7%)

Implant supported fixed
prosthesis 61(50.8%) 25(46.3%) 36(54.5%) 54 (45.0%) 24 (38.7%) 30 (51.7%)

Bacterial plaque

Absence 24 (20%) 16 (29.6%) 8(12.1%) 24 (20%) 9 (14.5%) 15 (25.9%)

Presence 96 (80%) 38(70.4%) 58 (87.9%) 96 (80%) 53 (85.5%) 43 (74.1%)
Bleeding

Absence 17 (14.2%) 8 (14.8%) 9 (13.6%) 20(16.7%) 8(12.9%) 12 (20.7%)

Presence 103 (85.8%) 46(85.2%) 57 (86.4%) 100 (83.3%) 54 (87.1%)  46(79.3%)

Probing pocket depth in

millimeters
</=6mm 108 (90%) 51 (94.4%) 57 (86.4%) 107 (89.2%) 53 (85.5%) 54 (93.1%)
>6mm 12 (10%) 3 (5.6%) 9 (13.6%) 13 (10.8%) 9 (14.5%) 4 (6.9%)

Bone level at diagnosis
Implants’ coronal third 54 (45%) 54 (100%) 0 (0%) 62 (51.7%) 62 (100%) 0 (0%)

Implants’ middle third 66 (55%) 0 (0%) 66 (100%) 58 (48.3%) 0 (0%) 58 (100%)

Mechanical complications
Absence 115(95.8%) 52(96.3%) 63 (95.5%) 115(95.8%) 59(95.2%) 56 (96.6%)

Presence 5(4.2%) 2 (3.7%) 3 (4.5%) 5(4.2%) 3 (4.8%) 2 (3.4%)

Therapeutic approach
Non-surgical 100 (83.3%) 48(88.9%) 52(78.8%) 97(80.8%) 55(88.7%) 42 (72.4%)

Surgical 20(16.7%)  6(11.1%) 14 (21.2%) 23(19.2%)  7(11.3%) 16 (27.6%)

* Follow-up of the derivation set: Average (standard deviation): 60 months (+/- 32 months); range: 13 to 162 months.

Follow-up of the validation set: Average (standard deviation): 62 months (+/-31 months); range: 14 to 162 months.
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Table 2. Univariable and multivariable logistic regression analysis for bad prognosis of Peri-implant

disease.
Relative Risk Relative Risk
(RR) Crude (RR) Adjusted Beta

Variables values (95%Cl) p-value  values (95%Cl)?  p-value value
Age 1.04 (1.01;1.08) p=0.030 1.04(0.99;1.08) p=0.105 0.035
Gender (male) 0.71(0.34;1.48) p=0.357
History of Periodontitis 3.56 (1.46;8.68) p=0.005 3.13(1.15;8.55) p=0.026 1.142
Systemic complications 1.13(0.53;2.40) p=0.760
Smoking 1.49 (0.70;3.18) p=0.302
Proximity of implants/teeth 0.67 (0.30;1.49) p=0.327
Implant surface (machined) 5.02 (0.54;46.31) p=0.155
Implant position (maxilla) 1.36 (0.66;2.80) p=0.408
Implant position (posterior) 1.08 (0.52;2.24) p=0.840
Ezglrys)disease development (< 4 2.45 (1.16;5.20) 0=0.019 3.99 (1.62:9.82) p=0.003 1.383
Implant length (>13mm) 2.84 (1.35;5.99) p=0.006 3.52(1.48;8.37) p=0.004 1.258
Abutment height p=0.539

No abutment 1.0 (reference)

1 mm 2.48 (0.54;11.40)

2mm 2.98 (0.68;13.09)

3mm 4.53(0.97;21.14)

4 mm 5.33(0.97;29.39)

5mm -

6 mm -
Type of rehabilitation p=0.112

Full-arch
Single tooth

Partial

1.0 (reference)
0.59 (0.26;1.35)

0.31(0.10;1.02)
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Type of material used in p=0.287
restoration

Full-ceramic 1.0 (reference)
Metal-ceramic 0.57 (0.16;2.02)
Metal-acrylic resin 1.25(0.34;4.59)
Acrylic resin 1.0 (0.20;5.07)

Type of opposing dentition p=0.660
Implant-supported prosthesis 1.0 (reference)

Removable prosthesis -
Natural teeth 0.63 (0.30;1.30)

Fixed prosthesis natural teeth -

Bacterial plaque 2.33(0.92;5.86) p=0.071

Bleeding 2.46 (0.84;7.16) p=0.099

Probing pocket depth (>6mm) 2.79(0.72;10.85) p=0.140

Disease severity (severe disease-

2.36(1.13;4.93 =0.022 3.26(1.37;7.81 =0.008 1.183
bone level implants’ middle 1/3) ( )P ( ) P

Mechanical complications 1.28(0.21;7.97) p=0.790

Therapeutic approach (surgical)  1.71(0.63;4.66) p=0.290

2p < 0.001 (Omnibus test); p = 0.350 (Hosmer and Lemeshow test); R?=0.315;

logit(p)=-4.584 + 0.035 (age in life years) + 1.142 (history of periodontitis) + 1.383 (early disease
development- less than 4 years of follow-up) + 1.258 (implant length > 13 mm) + 1.183 (severe peri-
implant disease status - bone level on implants’ middle third)
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FIGURES
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Fig. 1. Receiver operating characteristic curve illustrating the performance of the prognostic model
on the derivation set (Area under the curve = 0.763 95%Cl [0.679;0.847], standard error = 0.043,
p<0.001).

L
Fig. 2. Baseline periapical radiograph at disease diagnosis of implant #11 with bone level located on

the implant’s 5™ thread.

d

Prediction of 1 year outcome after peri-implant disease

100%
90%
80%

Prognostic factor Coding Value 70%

60%
Age years 65 g m Unfavorable
History of Periodontitis 0=no; 1=yes 1 40% = Favorable |
Severe disease (Bone level on the implants' middle third)  0=no; 1=yes 1 3%

20%
Early disease development (< 4 years of follow-up) 0=no; 1=yes 1 -
Implant length > 13 mm 0=no; 1=yes 0 0%

Fig. 3. Screenshot illustrating the calculation of probability for the association between the risk
indicators and the outcome. The risk assessment was calculated for a 65 years old patient with
history of Periodontitis, severe disease state with bone level located on the implants’ middle third,
early disease development with diagnosis before the 4 years of follow-up, and the implant with
11.5 mm of length. The prognostic model yielded an unfavorable prognostic with 80% probability.
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Fi. 4. Evaluation periapicalradiograph of implant #11 exhibiting further progression of the disease
with the bone level located on the implant’s 9t thread.

ROC Curve
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Fig. 5. Receiver operating characteristic curve illustrating the performance of the prognostic model
on the validation set (Area under the curve = 0.709 95%Cl [0.616;0.803], standard error = 0.048,
p<0.001).
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5. DISCUSSAO

217



218



5.1 Sintese dos principais resultados da investigagao

A presente investigacdo foca-se na doenga peri-implantar e tenta apresentar uma
aproximacdo cientifica diferente no seu estudo, tendo como objetivo principal a
contribuicdo para a avaliagcdo do progndstico de implantes dentarios de modo a aumentar
o conhecimento sobre o tema. Os objetivos especificos tracados tiveram como foco o
estudo das possiveis etapas de vida de um implante dentario apds a sua insergao: Desde o
estado de saude, o diagndstico diferencial entre doenca aguda ou croénica e a avaliagdo do

progndstico de implantes com doenga peri-implantar.

De seguida descreve-se uma sintese dos resultados enquadrados com os objetivos e

hipoteses subsequentes.

5.1.1 Objetivo 1: Construir um algoritmo de risco para a previsdo da doenga peri-implantar
em pacientes portugueses com reabilitacdes implanto-suportadas e avaliar a fracgdo

atribuivel dos indicadores de risco.

Para atingir este objetivo foi realizado um estudo caso-controlo numa amostra de 1275
pacientes (255 pacientes com doenca peri-implantar e 1020 pacientes sem doenca peri-

implantar).

A tabela VI descreve as frequéncias relativas e absolutas dos indicadores de risco,

pontuacdes de risco e fragOes atribuiveis dos casos e controlos.
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Tabela VI. Frequéncias relativas e absolutas dos indicadores de risco, pontuagdes de risco e fracdes

atribuiveis dos casos e controlos.

Doenga peri-implantar

Casos Controlos Odds Ratio Pontuagio Fracgao
Indicador de risco (n=255) (n=1020) [IC 95%] no modelo de risco atribuivel
Habitos tabagicos
N&o fumador 160 (62.7%) 778 (76.3%) 1.0 (Referéncia)
Fumador 95 (37.3%) 242 (23.7%) 0.83 [0.82; 0.84] 0 -
Histéria de periodontite
Ausente 57 (21.1%) 883 (86.6%) 1.0 (Referéncia)
Presente 198 (78.9%) 137 (13.4%)  18.98 [18.75;19.21] 5 0.78
Proximidade do implante a outros dentes ou
implantes
Edentulo 140 (54.9%) 352 (34.5%) 1.0 (Referéncia)
Dentes/implantes adjacentes 115 (45.1%) 668 (65.5%) 0.44 [0.43; 0.45] -1 -
Tipo de material utilizado na
restauragao
Ceramica 31 (12.2%) 445 (43.6%) 1.0 (Referéncia) 0 -
Metalo-ceramica 130 (51.0%) 227 (22.3%) 3.98 [3.91; 4.05] 2 0.26
Metalo-acrilica 16 (6.3%) 107 (10.5%) 0.40 [0.39; 0.41] -2 -
Acrilica 78 (30.6%) 241 (23.6%) 1.79 [1.76; 1.82] 1 -
Desajuste protético ou
articulagdo ndo ideal do parafuso
N3o 241 (94.5%) 1006 (98.6%) 1.0 (Referéncia)
Sim 14 (5.5%) 14 (1.4%) 5.87 [5.71; 6.04] 3 0.05
Placa bacteriana
Ausente 147 (57.6%) 953 (93.4%) 1.0 (Referéncia)
Presente 108 (42.4%) 67 (6.6%) 3.57 [3.50; 3.63] 2 0.31
Hemorragia
Ausente 178 (69.8%) 953 (93.4%) 1.0 (Referéncia)
Presente 77 (30.2%) 67 (6.6%) 2.91[2.87; 2.96] 2 0.18
Nivel 6sseo
Tergo coronal do implante 172 (67.5%) 966 (89.3%) 1.0 (Referéncia)
Terco medio do implante 83 (32.5%) 54 (5.3%) 13.93 [13.71; 14.16] 5 0.31
Interacdo entre a presenca de
placa bacteriana e a ; ; 4.31[4.20; 4.42) 3 0.15

proximidade do implante a
outros dentes ou implantes

Da analise da tabela VI conclui-se que os pacientes com doenca peri-implantar registaram
uma presenca de indicadores de risco superior aos controlos. Da analise das fragdes

atribuiveis verifica-se a existéncia de uma potencial reducdo significicativa de casos se a

exposicdo aos indicadores de risco fosse suprimida.

Os resultados da pontuacdo de risco entre casos e controlos foram comparados, podendo

esta comparacdo ser observada na figura 11.
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Comparacao das pontuacoes de risco entre casos e controlos
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Figura 11 llustragdo da distribuicdo dos pontos de risco pelos grupos de casos e controlos.

Nesta comparagao é possivel constatar que relativamente aos controlos, os casos
registaram pontuacgdes totais médias 8 vezes superiores, ao passo que os valores medianos
registados foram 9 vezes superiores. A distribuicdo dos grupos de risco de acordo com os

pontos de corte do algoritmo de risco total é ilustrado na figura 12.
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Probabilidade de incidéncia da doenga peri-implantar
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Figura 12 llustracdao da distribuicdo dos grupos de risco de acordo com os pontos de corte do numero de
pontos de risco total.

Da andlise da figura 12 pode-se verificar que os pontos de corte de cada perfil de risco
demarcam diferencas significativas na probabilidade de incidéncia. Os dados revelaram
uma incidéncia da doenca de 2.2% no grupo de baixo risco, 11.5% no grupo de risco

moderado, 37.6% no grupo de risco elevado e 86.4% no grupo de risco muito elevado.

Considerando a hipdtese 1 desta tese, registaram-se um numero significativamente
superior de pontos de risco no algoritmo correspondentes a frac¢es atribuiveis superiores

pelo que a hipdtese se verifica.

5.1.2 Objetivo 2: Avaliar a capacidade de previsdao de um algoritmo de risco para a doenca
peri-implantar numa populacdo de pacientes portugueses com reabilitacdes implanto-

suportadas.

Para atingir este objetivo foi realizado um estudo de coorte retrospetivo com uma amostra

de 353 pacientes seguidos durante 5 anos apods a insercdo dos 1238 implantes dentarios.
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A distribuicdo dos doentes pelos grupos de risco na avaliacdo basal e da incidéncia da
doenga peri-implantar pelos grupos de risco sao ilustradas pelas figuras 13 e 14,

respetivamente.

Distribuicao dos pacientes da amostra pelos grupos de
risco na avaliacao basal

77; 22% 68; 19%
B Baixo risco Risco moderado
Risco elevado m Risco muito elevado

Figura 13 llustracdo da sitribuicao dos pacientes da amostra pelos grupos de risco na avaliacao
basal.

Distribui¢cdo da incidéncia da doenca peri-implantar
pelos grupos de risco

Risco elevado -22
Risco moderado 2

Baixo risco -0

0 10 20 30 40 50 60 70

Figura 14 llustracdo da distribuicao da incidéncia da doencgaperi-implantar pelos grupos de risco.
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Da andlise da figura 13 verificamos que a amostra se caracteriza por uma maioria de
pacientes classificados no grupo de risco muito elevado, seguido pelo grupo de baixo risco,
risco elevado e risco moderado. Da analise da figura 14 apuramos que a distribuicdo da
doenca peri-implantar na amostra se caracteriza por uma incidéncia crescente, com 0% no
grupo de baixo risco, 2.9% no grupo de risco moderado, 28.6% no grupo de risco elevado e

57.5% no grupo de risco muito elevado.

A capacidade de previsdao do modelo é ilustrada pela figura 15 (uma repeti¢dao da figura

inserida no estudo cientifico detalhado no capitulo anterior).
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Figura 15 Curva ROC (Receiver Operating Characterisitc) que ilustra a performance do algoritmo
de risco: Estatistica da area sob a curva = 0.858 (IC 95%: 0.820; 0.896; p < 0.001); para um ponto
de corte de 14%.

Da analise da Figura 15 regista-se uma curva ROC significativamente ampla na previsao da
doenca peri-implantar até 5 anos apds a insercao dos implantes dentarios, cifrando-se

numa AUC superior a 85%.

Considerando a hipétese 2 desta tese, registou-se que o algoritmo de risco possui
capacidade discriminativa para a previsdo da doenca peri-implantar numa populacdo de
pacientes portugueses com reabilitacdes implanto-suportadas pelo que a hipdtese se

verifica.
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5.1.3 Objetivo 3: Aferir a influéncia dos tempos de recall (tempo decorrido entre consultas

de avaliacdo e manutenc¢do) nas sub-amostras de risco da doenca peri-implantar.

Para atingir este objetivo foi realizado um estudo de caso-controlo aninhado da coorte do
estudo anterior, composto por uma amostra de 170 pacientes (85 casos com doenca peri-

implantar e 85 controlos sem doenca peri-implantar).

A figura 16 ilustra a avaliacdo do efeito do periodo de recall superior a 6 meses na doenca

peri-implantar.

RISCO RELATIVO

Medida
2,5
2
1,5
0,5"
‘o
Intervalo de Tl Intervalode
Confianga 95% Confianga 95%
Inferior Superior

Figura 16 llustracdo grafica do risco relativo (RR) de um periodo de recall > 6 meses na incidéncia
da doenga peri-implantar: RR = 1.13 (IC 95%: 0.57;2.21).

Da analise da figura 16 constata-se que o risco da incidéncia de patologia peri-implantar
nos pacientes com um periodo de recall > 6 meses nao foi significativo. Consequentemente,
o impacto do periodo de recall > 6 meses sobre a doenca peri-implantar medido pelo risco

atribuivel proporcional foi modesto (5.89%).

Considerando a hipotese 3 desta tese, registou-se que o impacto do tempo de recall
superior a 6 meses em pacientes com préteses implanto-suportadas e um perfil de risco
semelhante ndo é significativo, pelo que a hipdtese se verifica.
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5.1.4 Objetivo 4: Identificar os factores associados ao progndstico dos implantes com
doenca peri-implantar, construir e validar um modelo preditivo do prognaético de implantes

com doenga peri-implantar.

Para atingir este objetivo foram realizados dois estudos de coorte com 120 pacientes em
cada estudo (240 pacientes no total) para derivar e validar o modelo de prognéstico,

respetivamente.

A tabela Vil ilustra os indicadores de progndstico que compdem o modelo de progndstico

da doenga peri-implantar.

Tabela VII. Indicadores de progndstico que compdem o modelo de progndstico da doenca peri-
implantar.

Risco Relativo (RR)

Variaveis ajustado (IC95%) Valordep  Valor de Beta
Idade 1.04 (0.99;1.08)  p=0.105 0.035
Historia de periodontite 3.13 (1.15;8.55) p=0.026 1.142

Desenvolvimento precoce da doenga (< 4

. 3.99(1.62;9.82)  p=0.003 1.383
anos de seguimento)

Comprimento do implante (> 13 mm) 3.52(1.48;8.37) p=0.004 1.258

Grau de severidade da doencga (doenca

severa-nivel 6sseo no 1/3 médio do implante 3.26 (1.37;7.81) p=0.008 1.183

R?2=0.315;

logit(p)=-4.584 + 0.035 (idade em anos de vida) + 1.142 (histdria de periodontite + 1.383 (desenvolvimento
precoce da doenga < 4 anos de seguimento) + 1.258 (comprimento do implante > 13 mm) + 1.183 (grau de
severidade da doenca — Nivel ésseo no 1/3 médio do implante)

Da andlise da tabela VIl verifica-se a inclusdo de cinco variaveis no modelo para o mau
progndstico da doenga peri-implantar, das quais apenas a variavel “idade” nao manteve a
significancia estatistica quando efetuado o ajuste para a presenca de outras variaveis de
interesse no modelo. A partir dos valores de beta de cada varidvel do modelo de
progndstico foi derivada a equagao logaritmica detalhada na tabela com o objetivo de

efetuar a previsdo do progndstico do modelo na amostra de validagdo.

A capacidade de previsdo do modelo de progndstico é ilustrada pela figura 17 (uma

repeticdo da figura inserida no estudo cientifico detalhado no capitulo anterior).
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Figura 17 Curva ROC (Receiver Operating Characterisitc) que ilustra a performance do modelo de
progndstico: Estatistica da drea sob a curva =0.709 (IC 95%: 0.616; 0.803; p < 0.001); para um ponto
de corte de 54%.

Da analise da Figura 17 regista-se uma curva ROC significativamente ampla na previsdo do
mau progndstico da doenga peri-implantar um ano apds o diagndstico, cifrando-se numa

AUC superior a 70%.

Considerando a hipotese 4 desta tese, registou-se que os pacientes com desfecho negativo
(por fracasso do implante, prevaléncia ou reincidéncia da doenca) apresentaram um
conjunto de indicadores de progndstico significativo cujo modelo de progndstico foi

discriminativo, pelo que a hipotese se verifica.
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5.2 Discussao dos resultados da investigacao

Os resultados obtidos na presente tese revelam importantes lacunas no estudo da
doenga peri-implantar tanto a nivel nacional como internacional. A presente tese reforga
alguns resultados publicados anteriormente e produz novo conhecimento, representando
uma inovagao nos métodos de estudo da avaliagao do risco e progndstico da doenga peri-

implantar.

Foi objetivo geral desta tese a contribuicdo para o estudo da doenca peri-implantar,
nomeadamente de novas abordagens que permitissem um grau de aplicabilidade clinica
elevado dos resultados obtidos. Nomeadamente: a possibilidade de prever o risco da
incidéncia de doenga peri-implantar num individuo e o progndstico dos individuos com
doenca peri-implantar ao nivel do desfecho negativo que constitui o fracasso do implante

dentario.

Tal como referido anteriormente, estudos prévios da doenca peri-implantar
demonstraram que apesar de as prevaléncias reportadas serem controversas (implicando
uma grande amplitude), a mesma possui uma dimensao importante (Zitzmann e Berglundh
2008; Jung e col. 2008; Derks e Tomasi 2015; Derks e Tomasi 2015; Lee e col. 2017; Salvi e
col. 2017; Albrektsson e col. 2017; Hashim e col. 2018). As causas destas diferencas de
prevaléncia foram abordadas por uma recente revisao critica da evidéncia e centram-se em
varias areas, incluindo: publicacdo de dados utilizando o implante como unidade de analise
ao invés do paciente, diferentes tempos de funcdo dos implantes dentarios, diferentes
critérios de classificacdo e definicdo da doenca (por exemplo a inclusdo de um ponto de
corte de 2 mm independentemente de outros sinais ou sintomas para classificar a
prevaléncia da doenga peri-implantar), a utilizagdo de amostras de conveniéncia sujeitas a
viés de selecdo e com validade externa limitada (Salvi e col. 2017). Todos estes factores
influenciam significativamente ndao apenas a denominagdao da doenga, como a

conceptualizacdo, classificacdo e por conseguinte, a prevaléncia.

Nos estudos da presente investigacdo, a taxa de incidéncia da doenca peri-
implantar registada foi de 20% no primeiro estudo, um estudo de caso-controlo em que a
amostra foi constituida por casos emparelhados com controlos num racio de 1 : 4 (de
Araujo Nobre e col. 2016); e de 24% no segundo estudo, um estudo de coorte com um
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seguimento de cinco anos (de Aradjo Nobre e col. 2019). Ambos os valores reportados
utilizam o paciente como unidade de andlise e encontram-se dentro da amplitude
reportada anteriormente por outros autores (Lee e col. 2017). Considerando que um em
cada 4 individuos possui doenga peri-implantar conclui-se que estamos perante um
problema prevalente importante na manutencdo do sucesso a longo termo. No entanto,
esta constatacdo difere da consideracdo de estarmos perante uma vaga de doenca peri-
implantar que atormentard clinicos e pacientes (Zarb e col. 2013). Desde logo porque a
literatura desde sempre se baseou largamente no registo das percentagens de
sobrevivéncia ou sucesso das proteses implanto-suportadas ao invés de se focar na
qualidade dessa sobrevivéncia. Considerando a qualidade dessa sobrevivéncia e sucesso
(ndo assente apenas em critérios de presenca do implante em funcdo ou de niveis sseos
especificos; Albrektsson e col. 1986) seria de esperar que as reabilitagdes implanto-
suportadas resultantes de um ensemble de pegas mecadnicas com o objetivo de restaurar a
fungdo sofressem de problemas mecanicos e bioldgicos tal como os dentes naturais. E nem
a prevaléncia da doenca peri-implantar constitui uma diferenca significativa da prevaléncia
da periodontite que de acordo com dados epidemiolégicos recentes se cifra entre 5% a
20% da populagao mundial mas no entanto com presencga de sintomas ligados a mesma em
37% a 63% dos doentes (Petersen e col. 2005; Kassebaum e col. 2014). A manutencdo do
sucesso a longo termo das prdteses implanto-suportadas necessita de uma abordagem
epidemioldgica assente em pilares de origem médica e cientifica. Um dos problemas com
a interpretacdao errénea da doenga peri-implantar prende-se com o préprio nome
comumente atribuido a doenca: “Peri-implantite”. Um termo que resulta da clonagem do
termo “Periodontite” e que mais ndao representa que a sugestdo de apresentar um
processo de doenga similar ao que ocorre nos dentes naturais no que resulta um
preenchimento do relativo vazio de conhecimento acerca do interface implante-
hospedeiro com o conhecimento relativamente robusto do interface dente-hospedeiro.
Esta situacdo foi reportada num editorial (Zarb e col. 2013) que surgeriu igualmente que o
preenchimento desse vazio de conhecimento relativamente as causas da perda dssea ao
redor dos implantes fosse realizado com base num modelo conceptual que pudesse aceitar
a premissa de que para ocorrer, a perda dssea necessita de um modelo multifactorial. Para

os autores da presente investigacao, a conceptualizacdo da doenca peri-implantar estd em
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concordancia com esta nogao desde a nomeagao da doenga no primeiro artigo publicado

sobre o tema (de Araujo Nobre e col. 2006).

A classificagdao da doenga peri-implantar é outro foco de controvérsia na literatura
cientifica com uma forte implicacdo no registo da incidéncia e prevaléncia da doenca.
ClassificacOes anteriores consideraram um valor especifico de perda éssea para classificar
a doenca como presente ou ausente: Foi sugerido o ponto de corte de 2 mm de perda dssea
para classificar o implante com doenca peri-implantar (Meijer e col. 2014; Konstantinidis e
col. 2015). No entanto, existem sérios problemas de classificagdo utilizando este método
dado que o mesmo ignora a possibilidade de uma porg¢do de perda 6ssea marginal ao redor
do implante resultar de uma resposta bioldgica a insercdo do mesmo, de a perda dssea
poder ocorrer por outras razées que ndo infeccdo, ou de alguns implantes demonstrarem
uma perda 6ssea substancial mas alcangarem uma condigao estavel sem se observar uma
perda 6ssea clinicamente significativa (Albrektsson e col. 2012). A aplicacdo do ponto de
corte de 2 mm de perda déssea para classificar a presenca de doenca peri-implantar ignora
igualmente a importancia da realizacdo de monitorizacdes regulares do nivel dsseo ao
redor dos implantes como meio de diagndstico auxiliar de avaliagao da perda dssea dado
gue uma unica radiografia ndo permite atestar um status de perda dssea, ao contrario da
sua utilizacdo de forma repetida para avaliar as diferencas de nivel ésseo entre momentos
diagndsticos consecutivos (Albrektsson e col. 2012). As diferencgas de critério da utilizagdo
de diferentes pontos de corte da perda dssea para a classificacdo da doenca sdo marcantes
quando se analisa a literatura cientifica: Como exemplo, Tomasi e Derks (2012) utilizaram
nove critérios diferentes para a avaliacdo do ponto de corte da perda éssea na apliccdo
desta medida para o diagnodstico da doenga peri-implantar, enquanto Rammanauskaite e
Juodzbalys (2016) detetaram 10 definicGes diferentes de doenca peri-implantar e
Doornewaard e col. (2018) reportaram 15 defini¢des de doenga na sua revisdo sistematica

para avaliacdo da prevaléncia da doenca peri-implantar.

A restante diluicdo das diferencas de classificacdo e reporte de prevaléncia da
doenga peri-implantar ocorre na avaliagdo das manifestagdes clinicas. A utilizagao da
profundidade a sondagem superior a4 mm, a presenca de hemorragia a sondagem e ou de
supuragao ao redor dos implantes em fungdo sao avaliagdes clinicas efetuadas para o

diagnéstico preciso da doenca peri-implantar mas por si sé ndo podem ser utilizados como
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indicadores da doenca necessitando sempre da presenca concomitante de perda dssea
para viabilizar o correto diagndstico (Schwarz e col. 2018; Albrektsson e col. 2012; Hashim
e col. 2018; Heitz-Mayfield e col. 2018; Doornewaard e col. 2018). No caso da hemorragia
a sondagem, uma revisdo sistematica recente incluindo 31 estudos para avaliacdo da sua
capacidade para prever a doenca peri-implantar alerta para a consideravel taxa de falsos
positivos associados a utilizacdo deste critério exclusivamente para classificar a presenca

de doenca peri-implantar (Hashim e col. 2018).

No caso da presente investigacao, os critérios para considerar a presenca de doenca
peri-implantar consistiram na presenca de bolsas com profundidade igual ou superior a 5
mm, hemorragia a sondagem e concomitante perda d&ssea vertical Vvisivel
radiograficamente comparativamente com a ultima avaliacdo e perda do nivel de insercdo
igual ou superior a 2 mm comparativamente a ultima avaliagao. Possiveis explicagdes para
a diferenca entre a prevaléncia reportada na presente investigacdo e alguns estudos da
literatura internacional poderdo resultar de diferentes tempos de seguimento ou e de
diferencas na avaliacdo clinica. Efetuamos um conjunto de testes de diagndstico que
utilizados em conjunto permitem por um lado a diminuicdo de falsos negativos (supuracao,
hemorragia) e por outro lado de falsos positivos (perda dssea e perda do nivel de insercao
clinico) (Grondahl e Lekholm 1997; Dave e col. 2013; Kuhl e col. 2016; Bohner e col. 2017;
Hashim e col. 2018). Em epidemiologia, a avaliagdo diagndstica pode ser efetuada com
testes em paralelo ou testes em série: As razbes para efetuar testes diagndsticos em
paralelo favorecendo a sensibilidade incluem a presenga de uma doenga grave com
tratamento definitivo, o risco de infetar outros ou testes de diagndstico baratos e de baixo
risco (Sheringham 2015). Ao efetuar “triagens” utilizando testes em paralelo,
estabelecemos um limiar para uma sensibilidade elevada e consequente decréscimo da
taxa de falsos negativos a custa de uma especificidade mais baixa e consequente aumento
taxa de falsos positivos (Sheringham 2015). No entanto, a calibracdo desses resultados com
a execucdo de testes de diagndstico com especificidade mais elevada (radiografias apicais
e perda do nivel de inser¢do) resulta num aumento da precisado e exatidao do diagndstico,

o que corresponde ao objetivo final desejado.
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Apesar das diferengas de prevaléncia entre estudos na literatura internacional (incluindo a
nossa investigacdo) e de diferentes teorias causais relativamente a doenca peri-implantar,
verifica-se que os indicadores de risco e progndstico possuem semelhangas e equivaléncias

com outros estudos previamente publicados.

Foi descrito em capitulos anteriores um conjunto de investigagdes recentes a nivel
genético que revelaram diferencas na expressao genética entre a periodontite e a doenca
peri-implantar, sugerindo a consideracdo de duas entidades patoldgicas separadas (Becker
e col. 2014; Carcuac e Berglundh 2014). Foi igualmente descrita a existéncia de teorias
etiopatogénicas da doenca peri-implantar alternativas a hipétese de um mecanismo de
infec¢do puro provocado pela placa bacteriana (Lang e col. 1997; Andreiotelli e col. 2008;
Yeung 2008) para explicar o desfecho da perda dssea peri-implantar. Essas teorias
alternativas incluiam: a proposta da perda dssea marginal dependente de uma resposta de
corpo estranho desequilibrada (Albrektsson e col. 2014) provocando reabsor¢do Ossea
marginal inicial ao redor dos implantes, seguido de uma infecg¢dao secundaria mediada por
biofilme; a proposta de um mecanismo de rejeicdo derivado imunologicamente,
influenciado pela perturbagao do equilibrio de corpo estranho com comprometimento da
fungao clinica através de um processo de quebra com ativagdo e fusao de macrofagos em
células gigantes de corpo estranho, com reabsorcdo dssea inicial seguido de infeccdo como
evento secundario (Trindade e col. 2014); ou a proposta de a perda dssea marginal
depender principalmente da combinacdo de numerosos factores de base juntamente com
caracteristicas do paciente, em que micro-fraturas ésseas ou outro tipo de lesao dssea
provocam a inflamacdo, que por sua vez desencadeia a reabsorcdo 6ssea e contribui para

a suscetibilidade a infeccdo (Qian e col. 2012).

Os resultados da presente tese consideram sob o ponto de vista do mecanismo de
componentes causais, que a doenca peri-implantar pode ser causada por mais de um
mecanismo, que por sua vez necessita da acdo conjunta de varios factores de risco
(Rothmann e Greenland 2005). Os indicadores de risco: Histéria de periodontite (Schou
2008), placa bacteriana (Esposito e col. 2012; Serino e Strom 2009) e hemorragia (Shibli e
col. 2008; De Araujo Nobre e col. 2009) sdo consistentes com publicacGes cientificas
anteriores para a incidéncia da doenga. Na presente investigacdo as 3 varidveis foram

consideradas como causas ndo suficientes e ndo necessarias da doenca peri-implantar,
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sendo a histéria de periodontite considerada como possivel factor predisponente para a
doenca peri-implantar, enquanto a placa bacteriana (ainda considerada como uma causa
nao comprovada para doenga peri-implantar; Cecchinato e col. 2014; Fransson e col. 2008)
e a hemorragia, foram consideradas como possiveis factores precipitantes ou de reforco.
O nivel dsseo localizado no tergo médio do implante foi considerado como indicador de
risco, sendo importante diferenciar nivel dsseo de perda dssea: O nivel dsseo é definido
como a quantidade de superficie do implante coberta pelo osso. Niveis 6sseos mais baixos
podem ser causados por perda dssea (na presenca de doenca peri-implantar) ou por outras
condicBes ndo relacionadas com a doenca peri-implantar, incluindo condi¢Ges ndo-
patoldgicas (influenciadas pela quantidade e qualidade éssea disponivel no momento da
cirurgia, pelo comprimento do implante, ou por reabsor¢do dssea marginal fisiologica
ocorrida durante o seguimento) (Albrektsson e col. 1986; Galindo-Moreno e col. 2014;
Galindo-Moreno e col. 2015). A presenca do nivel dsseo na pontuacao de risco pode ser
explicada pelo facto de que, conforme o nivel 6sseo progride apicalmente o implante perde
tanto o suporte quanto a estabilidade (Chong e col. 2009), reduzindo sua capacidade para
suportar forcas oclusais e aumentando a probabilidade de ocorréncia da doenca através
do aspecto biomecanico. A componente biomecanica da etiopatogenia da doenga peri-
implantar refletiu-se igualmente na presenca dos indicadores “desajuste passivo ou
desaperto de componentes protéticos”, ou “proximidade do implante a outros implantes
ou dentes”. Apesar de poucos estudos abordem esse tépico, problemas biomecanicos,
como desajuste passivo e desaperto de componentes protéticos sdo factores que podem
estabelecer condicdes para o desenvolvimento da doenca tanto pelo aumento da carga
deslocada para o 0sso e possivel perda dssea, quanto pela colonizagao bacteriana entre os
espacos remanescentes dos componentes protéticos (Strub e col. 2012; Sahin e Cehreli
2001). Por fim, a interacdo entre a proximidade com dentes e implantes e a presenca de
placa bacteriana foi incluida na pontuacdo de risco e reflete a dualidade de efeitos da
varidvel de origem biomecéanica: por um lado, o efeito protetor biomecanico da
proximidade do implante a outros dentes e implantes, ja que dentes adjacentes ou
implantes fornecem uma distribuicdo mais uniforme de cargas oclusais (Mald e de Araujo
Nobre 2011) protegendo o implante da sobrecarga oclusal; por outro lado, o efeito de risco
considerando individuos com maus habitos de higiene bucal onde dentes e implantes

atuam como reservatérios de microrganismos periodontopatogénicos que colonizam os
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locais peri-implantares, especialmente em individuos cuja perda dentaria foi devido a

periodontite (Sumida e col. 2002).

Ocorrendo a doenga peri-implantar, a gestao da reabilitagdo implanto-suportada
muda de foco, dirigindo-se ao desfecho da doenca peri-implantar: remissdo da doenca ou
fracasso na remissdo da doenca (seja por fracasso do implante e respetiva explantagao, por
remissdo seguida por reincidéncia da doenca, ou por prevaléncia da doenca).
Simultaneamente, a evidéncia cientifica da gestdo da reabilitacdo implanto-suportada
entra num campo de grande imprevisibilidade, com um ndmero muito limitado de estudos
publicados na literatura internacional que abordem o tema. Um dos objetivos da presente
tese consistiu na derivagao e validagao de um modelo de progndstico para implantes com
doenca peri-implantar. Considerando esse modelo de progndstico, foram incluidas na fase
de derivagao as seguintes variadveis: Idade, histéria de periodontite, doenga peri-implantar

severa, desenvolvimento precoce da doenga e comprimento do implante.

A histéria de Periodontite foi simultaneamente registada nos trabalhos da presente
tese como indicador de risco e de progndstico para a doenca peri-implantar. A evidéncia
cientifica deste resultado ao nivel do progndstico é muito escassa e limitada a um estudo:
Lagervall e Jansen (2013) num estudo retrospetivo para avaliar diferentes estratégias de
tratamento da doenca peri-implantar e com seguimentos distintos, registaram a histéria

de periodontite como indicador de mau progndstico.

O resultado significativo da doenca peri-implantar severa (medida na presente
investigagao como a presenca de doenga e um nivel ésseo situado no terco médio do
implante) no mau prognéstico de implantes com doenca peri-implantar, para além de fazer
sentido clinico, encontra paralelo em publicagdes de outros autores (Charalampakis e col.
2011; Serino e Turri 2011; Lagervall e Jansson 2013; de Waal e col. 2016). A quantidade de
osso perdida possui um impacto forte no progndstico do implante com doenga peri-
implantar e torna o seu tratamento significativamente ineficaz a partir dos 5 mm de perda
Ossea (Serino e Turri 2011) ou a partir do primeiro terco do implante (Lagervall e Jansson
2013), situacdo igualmente observada na nossa investigacdo, onde a forma de doenca
severa registou uma prevaléncia da doenca superior a forma de doenga moderada de 21%

e 13% na amostra de derivagdo e validagao, respetivamente.
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O desenvolvimento precoce da doenga peri-implantar constitui igualmente um
factor que influenciou significativamente o progndstico na nossa investigacdo e que
encontra paralelo na investigacdo efetuada por outros autores (Charalampakis e col. 2011;
de Waal e col. 2016). O facto de o fracasso nos implantes com doenca peri-implantar
ocorrer com maior probabilidade quando a incidéncia da doenga ocorre num periodo curto
de seguimento foi apontado anteriormente como o resultado de uma exposicdo precoce
da superficie rugosa do implante ao meio ambiente, favorecendo a proliferacdo bacteriana
ao providenciar “dreas protegidas” inacessiveis a remocdao mecanica do bioflme
(Charalampakis e col. 2011b). Em adicdo, as bactérias que beneficiam deste “nicho”
protetor poderdo expressar um perfil mais virulento e resistente sendo dificil de contrariar
pela implementacdo de terapia quimica (Charalampakis e col. 2011a). A esmagadora
maioria dos pacientes da amostra da presente investigacao possuia implantes de superficie
anodicamente oxidada semelhante a de Charalampakis e col. (2011a), no entanto, esta
teoria carece de uma validagdo cientifica robusta e merece uma avaliagao futura em
ensaios clinicos. A teoria anterior serve igualmente o facto de os implantes de
comprimento superior a 13 mm foram registados como indicadores de mau progndstico na
doenca peri-implantar. Na presente investigacdo, a perda éssea foi medida de forma
estandartizada dividindo o implante em tergos: coronal, médio e apical. No entanto, esta
divisdo fornece resultados diferentes no valor absoluto de perda éssea de acordo com o
comprimento do implante, dado que para um implante de 7 mm de comprimento, o terco
coronal corresponde a uma perda absoluta de 2.3mm ao passo que para um implante de
18 mm de comprimento, o seu tergco coronal termina nos 6 mm. Se considerarmos um
implante com doenga peri-implantar implicando a presenca de perda éssea e perda de nivel
de inserc¢do clinico, a exposicdo da superficie do implante ao ambiente por intermédio da
recessdao da mucosa ou a formacdo de bolsas peri-implantares favorecem em ambos os
casos a acumulacdo de placa bacteriana, encontrando paralelo na investigacdo de
Charalampakis e col. (2011a). No entanto, o implante longo como indicador de progndstico
pode ser explicado também pelo facto de o tempo de seguimento deste estudo ter sido
curto (um ano) correspondendo a um numero absoluto de perdas de implantes por doenca
peri-implantar muito reduzido (n = 5), o que implica que apenas a reincidéncia ou
prevaléncia da doenca foram verdadeiramente avaliadas dentro dos fracassos; ao passo

que um tempo de seguimento mais longo poderia conter mais perdas de implantes (as
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quais os implantes mais curtos se encontram mais susceptiveis) e desta forma proporcionar

resultados diferentes.

A idade consitituiu um factor que apesar de o efeito no progndstico ter sido
significativo na analise univariada, o mesmo ndo foi confirmado na analise multivariada.
Este resultado foi verificado em publicagdes anteriores na avaliagdao de indicadores de
prognostico para o tratamento da doenca peri-implantar onde o efeito da idade ndo foi
igualmente significativo (Charalampakis e col. 2011a; de Waal e col. 2016). No ultimo
relatério de consenso sobre os riscos e complicacdes bioldgicas na implantologia, concluiu-
se que a idade avancada como factor independente ndo constitui uma contraindicagdo
para a terapia com implantes dentdrios (Heitz-Mayfield e col. 2018). Uma tendéncia
evidenciada por outra revisdo sistematica da literatura que estudou factores de risco para
a doenca peri-implantar e que registou um efeito ndo significativo para a idade [OR = 1.0

(0.87;1.16)] (Dreyer e col. 2018).

A figura 18 ilustra a forma como foi efetuada a integracao dos principais indicadores
de risco estudados nesta tese numa proposta de modelo conceptual da incidéncia e
progndstico da doenga peri-implantar. A proposta de modelo conceptual retrata a
complexidade e origem multifactorial da doenga peri-implantar assim como as variaveis a
ter em conta tanto na manutencdo da saude peri-implantar como na gestdo do seu

prognostico.
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Figura 18 Proposta de modelo conceptual de incidéncia e progndstico da doenga peri-implantar
com integracdo dos factores principais analisados na presente tese.

Medicina em diversos exemplos, desde a gestdo da doenca cardiovascular (Sullivan e col.
2004), da prevencdo de eventos hemorragicos (Mrdovic e col. 2013), ou de factores de risco
para reagdes adversas aos agentes de contraste na tomografia axial computorizada
(Kobayashi e col. 2013), mantendo no entanto a sua validade e aplicacdo na doenca peri-
implantar. A existéncia de pontuagdes de risco para a gestao da saude e doenga podem ser

muito Uteis tanto para os pacientes como para os clinicos. As pontuacdes de risco podem




ser usadas na motivagao dos pacientes para modificar a exposi¢ao a indicadores de risco
de forma a reduzir o risco de doenca peri-implantar. A titulo de exemplo, a ilustracdo das
fracGes atribuiveis do risco (Rothman e col. 1998), onde a supressdo aos factores de risco
por parte do paciente poderia resultar numa potencial supressao de 64% dos casos (placa
bacteriana = 31%; hemorragia = 18%; e interacdo entre a presenca de placa bacteriana e a
proximidade de dentes ou implantes = 15%). Para os clinicos, a pontuacdo de risco consiste
numa forma de tornar Uteis os calculos matematicos complexos, simplificando a avaliacdo
de natureza multifactorial da doenga peri-implantar e incorporando-a na pratica clinica.
Representa um esforco de tornar disponivel para os clinicos uma ferramenta de apoio no
processo da tomada de decisao clinica e uma ajuda a motivagao dos pacientes para
adquirirem habitos saudaveis. A pontuacdo de risco possibilita a identificacdo precoce de
pacientes em risco de desenvolvimento da doenga peri-implantar, permitindo a tomada de
medidas preventivas em tempo util e maximizando a probabilidade de sucesso a longo

termo.

Recentemente foram publicados outros modelos de risco para a doenca peri-
implantar (Mazel e col. 2019; Zhang e col. 2018). Mazel e col. (2019) num estudo prospetivo
para a avaliacdo dos factores de risco da doenca peri-implantar efetuou uma avaliagdo em
43 doentes tendo incluido como indicadores de risco a hemorragia/supuracdo,
profundidade a sondagem acrescida, perda 6ssea em fungdao do comprimento do implante,
placa bacteriana, excesso de cimento, status periodontal, glicémia e consumo de tabaco.
Zhang e col. (2018) realizaram um estudo prospetivo com 100 pacientes com o objetivo de
prever a doenga peri-implantar por intermédio de um nomograma em doentes com
tratamento efetuado para a periodontite. Neste estudo, os autores realizaram a avaliagao
dos indicadores de risco por intermédio de regressao logistica, tendo incluido as variaveis
produndidade a sondagem =2 6 mm > 10% e a localizagdo posterior do implante apds
ajustarem para as covariaveis comprimento do implante, e didmetro do implante; Os
resultados do modelo expressaram uma area sob a curva ROC de 0.794 (Zhang e col. 2018).
A comparacdo da presente pontuacdo de risco é favordvel a ambos os modelos: Da
avaliacdo dos componentes de risco, nota-se que a exce¢ao do excesso de cimento e da
glicémia no modelo de Mazel e col. (2019), todos os outros factores que poderiam ser

considerados como indicadores de risco fazem parte da pontuacdo de risco ou foram
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avaliados na presente tese. No entanto, os modelos de Mazel e col. (2019) e Zhang e col.
(2018) apresentam sérias limitacdes metodoldgicas: em primeiro lugar, inclui, factores de
risco que sdo possiveis marcadores da presenca da doenca que ndao podem ser utilizados
como indicadores de risco tais como a existéncia de supuracdo ou a profundidade a
sondagem acrescida ao redor dos implantes (Mazel e col. 2018); em segundo lugar, ndo
efetua qualquer cdlculo de dimensdo amostral ou de poder estatistico da amostra, sendo
o numero de 43 pacientes (Mazel e col. 2019) e 100 pacientes (Zhang e col. 2018)
potencialmente curto; em terceiro lugar, a derivacdo do modelo carece de analise
estatistica multivariada sendo a inclusdo dos factores de ordem puramente empirica
(Mazel e col. 2018); em quarto lugar, a comparacao da estatistica da area sob a curva ROC
reflete uma diferenca de 17% a favor da presente pontuacdo de risco comparativamente
ao modelo de Zhang e col. (2018); e por ultimo, comum a ambos os modelos, a auséncia
de validacdo dos mesmos. Neste momento, a presente pontuacdo de risco é a Unica
validada cientificamente para utilizagdo em Implantologia Dentadria, tendo sido adotada
pela Foundation for Oral Rehabilitation como a ferramenta de previsdo da incidéncia de

doenga peri-implantar (https://www.for.org/en/treat/peri-implant-pathology-risk-

assessment/take).

Relativamente ao modelo de prognédstico da doenga peri-implantar, ndo se
encontram descritos na literatura modelos de progndstico, efetuando-se a discussdo
comparativamente a modelos de progndstico do tratamento da doenca peri-implantar.
Neste ambito foram publicados dois modelos por Charalampakis e col. (2011a) e De Waal
e col. (2016), aos quais o modelo de progndstico da presente tese se compara
favoravelmente. Charalampakis e col. (2011) realizaram uma avaliacdo retrospetiva de 245
doentes a partir de um registo de analise microbioldgica com um seguimento de 6 anos
apos o tratamento da doenca peri-implantar, tendo o modelo de regressao logistica
registado o estadio de desenvolvimento da doenca como Unica varidvel significativa para a
previsdo do desfecho do tratamento. O modelo de Charalampakis e col. (2011a) apresenta
varias limitagdes metodoldgicas incluindo: o potencial viés de selegdo pois apenas os casos
em que os clinicos se decidiram por analise microbioldgica foram selecionados para
inclusdo; a auséncia de analise da precisdo, sensibilidade e especificidade do modelo; a

auséncia da estatistica da area sob a curva ROC do modelo; a auséncia da estatistica do R?
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do modelo contendo apenas informagdo que o mesmo classificou corretamente 69% dos

casos sem descrever se esses casos se referem aos SuCess0s, insucessos ou No total.

De Waal e col. (2016) efetuaram uma analise retrospetiva baseada a dois ensaios
clinicos de tratamento cirurgico de 74 pacientes e 187 implantes com doenca peri-
implantar dos quais 2 pacientes foram excluidos da analise final devido a terem fraturado
2 implantes (amostra final de 72 pacientes e 185 implantes). Neste estudo, os autores
efetuaram o acompanhamento até um ano pds-cirurgia procurando isolar indicadores de
fracasso do tratamento cirurgico por intermédio de analise multivariada dos dados em dois

|ll

passos. Num primeiro passo, o modelo de regressao logistica discriminou a varidvel “ordem
de inclusdo no estudo” como a mais significativamente associada ao desfecho, tendo os
autores interpretado como a curva de aprendizagem, dividido a amostra em decis e
descartado os pacientes do primeiro ensaio clinico (29 pacientes e 78 implantes), forcando
uma segunda analise ad hoc apenas aos pacientes do segundo ensaio clinico. Com esta
medida e avaliando as limitacdes do estudo, os autores perderam significativamente poder
estatistico além de ndo proporcionarem a informacao relativa a estatistica da area sob a
curva ROC do modelo, da analise da precisao, sensibilidade e especificidade do modelo, da
estatistica do R do modelo ou da percentagem de classificagdo correta do modelo. Comum

a ambos os modelos (Charalampakis e col. 2011a; de Waal e col. 2016), a auséncia de

validacdo do modelo tal como efetuado para o modelo de progndstico da presente tese.

A validacdo do modelo ou algoritmo de risco constitui uma condicdo sine qua non
para a sua aplicagao na pratica clinica. A importancia da validagao foi exposta no ramo da
Medicina: Considerando que o primeiro objetivo de um modelo de progndstico é diminuir
a incerteza na previsao do desfecho em novos pacientes, a validagao e avaliagao da
exatiddo constitui um passo critico no desenvolvimento de um modelo de progndstico de
modo a avaliar a sua capacidade discriminativa (Harrel e col. 1984; Altman 2006; Halabi e
Owzar 2010). Estudos anteriores no campo da Medicina ilustraram formas diferentes de
validar um algoritmo de risco: Uma alternativa de validacdo consiste na utilizacdo de
técnicas matematicas de bootstrap onde novas amostras sao colhidas aleatoriamente da
amostra inicial pelo software de analise tendo como objetivo a diminui¢do da varidncia; no
entanto, para além da complexidade dos calculos matematicos, falha em situagdes em que

a distribuicdo ndo possui momentos finitos, em tamanhos amostrais reduzidos, na
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estimativa de valores extremos da distribuicdo, entre outras (Chernick 2008). Uma outra
alternativa consiste na validacdo numa amostra diferente da amostra de derivag¢dao do
modelo, a qual possui a vantagem de gerar avaliagdes validas da capacidade discriminativa

do modelo (Halabi e Owzar 2010).
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5.3 Limitag¢Oes da investigagao

Esta investigacdo apresenta limitacbes que devem ser consideradas quando da

interpretagao dos resultados.

O desenho de estudo tanto na pontuacdo de risco (estudo caso-controlo), na
avaliacdo do efeito do periodo de recall > 6 meses (estudo de caso-controlo aninhado na
coorte) como no modelo de progndstico (estudo de coorte retrospetivo) ndo permitem
identificar causas ou factores de risco/prognéstico. Apesar de terem sido aplicadas técnicas
estatisticas de andlise de dados que proporcionam a determinac¢ao da forca de associa¢do
entre as varidveis independentes e a varidvel dependente ajustando para a presenga
simultanea de outras varidveis de interesse ou factores de confundimento, as associacdes
significativas entre varidveis foram tratadas como indicadores de risco e de progndstico,
respetivamente e ndo como factores de risco, carecendo de estudos longitudinais
prospetivos para a sua confirmacdo. Outra limitacdo inerente aos desenhos de estudo
especificos desta tese concerne o desenho retrospetivo (todos os estudos); os viés de
memoria e de selecdo (estudo de caso-controlo); e a reducdo de poder estatistico (estudo

de caso-controlo aninhado na coorte comparativamente ao estudo de coorte original).

Uma segunda limitacdo consiste na validade externa da presente investigacdo
tendo em conta a generalizacdo dos resultados, o aspeto de os mesmos terem sido aferidos
a partir de um sistema de implantes (Nobel Biocare). Apesar de a aplicagdo da pontuacao
de risco em implantes de outros sistemas poder ser de grande utilidade de forma a poder
ser efetuada uma aferigdo real da incidéncia da doenga e do peso dos factores que a
influenciam, a operacionalizacdo deste objetivo estaria dependente de um tamanho
amostral virtualmente inatingivel do ponto de vista logistico. Por outro lado, a aplicagao a
um sistema de implantes com grande representatitividade é um aspeto que deve ser tido

em conta dado que permite um grau de aferigdo mais preciso.

Uma terceira limitagcdo consistiu no facto de o nimero de casos incluidos no estudo
de derivacdo da pontuacdo de risco ndo ter permitido a aplicacdo de métodos analiticos
em sub-amostras ou a discriminacdo por idade e sexo, o que teria contribuido para um
aumento da validade interna. Seria de grande interesse a derivacdo da pontuacdo de risco
para a doenca peri-implantar de acordo com o sexo e os escaldes etarios.
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Uma quarta limitagdo verificou-se na amostragem de conveniéncia do estudo de
derivacdo da pontuacdo de risco o que limita a generalizacdo dos resultados. Foram
desenvolvidas algumas estratégias para compensar este facto: em primeiro lugar o
aumento do tamanho amostral que em teoria leva a uma redugdo do viés proporcionado
pela amostra de conveniéncia. Neste caso, destacam-se os 1275 pacientes que tornam o
presente estudo numa das investigacbes com tamanho amostral mais significativo
versando sobre a matéria; Em segundo lugar, a aplicacdo do modelo a uma amostra de

validagdo por intermédio de um estudo de coorte.

Uma quinta limitacdo prendeu-se com o tempo de seguimento curto tanto na
amostra de derivacdo da pontuacdo do risco como no modelo de progndstico dos doentes
com doentca peri-implantar. No caso do algoritmo de risco, o tempo médio de seguimento
da amostra quedou-se pelos trés anos, o que dada a dependéncia da prevaléncia da doenca
relativamente ao tempo de seguimento e exposicdo aos potenciais indicadores de risco
podera significar a subestimagao da doenga. Uma situagao que no entanto foi minimizada
pelo tempo de seguimento na amostra de validacdo da pontuacdo de risco (cinco anos de
seguimento). Relativamente ao modelo de prognéstico, o tempo de seguimento de um ano
apods o diagnodstico da doenga considera-se curto e podera influenciar a interpretagao dos
resultados no sentido que sera expectavel que com o decorrer de um tempo de seguimento
mais longo existam mais casos de fracasso a ocorrer e de diferentes tipologias (perda do
implante comparativamente a prevaléncia e recincidéncia da doenga) o que por sua vez

podera influenciar a estimativa do progndstico.

Uma sexta limitagcdo constitiu na avaliacdo das varidveis. A variavel Histéria de
Periodontite tanto no algoritmo de risco como no modelo de progndsito, quando
determinado em pacientes desdentados totais na altura da cirurgia significou a
dependéncia da memdria e auto-consideragdo do paciente relativamente a razdo para a
perda das pecas dentarias constituindo um risco de viés de memadria. Apesar do nimero
muito limitado de casos em que esta situacdo se verificou, constitui uma limitacdo que deve
ser tida em conta. Por outro lado, no modelo de progndstico os dados referentes aos
indicadores de prognodstico foram recolhidos na avaliacdo basal tendo sido utilizado o

status basal para efeitos de previsao independentemente da alteragao ou permenéncia do
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status durante o restante periodo de seguimento (por exemplo o caso da placa bacteriana)

0 que constitui uma limitacdo em todos os estudos de previsdo.

Uma sétima limitagdo reside no intervalo médio entre consultas de manutengao.
Este intervalo médio foi calculado tendo em vista a determinacdo do periodo de recall na
validagdo da pontuagao de risco por razdes analiticas e de estandartizagdao. Porém, dado
gue o mesmo pode ter sido distribuido de forma menos equilibrada durante o periodo de

seguimento de cinco anos deve ser considerada essa limitagdo.

Por fim, deve ser referenciada como limitacdo a escolha das varidveis estudadas no
algoritmo de risco e no modelo de progndstico da doenca peri-implantar. Apesar de ter
sido estudado um numero significativo de varidveis em ambos os casos, varias distintas
varidveis poderiam ter sido escolhidas (como por exemplo: a quantidade de tecido
gueratinizado ao redor dos implantes, os marcadores microbiolégicos, marcadores de ADN,
etc). Ndo sendo possivel estudar todas as variaveis tendo em conta a limitacdo de recursos
técnicos, humanos e temporais, optou-se pelas varidveis que poderiam a priori ser mais
explicativas da natureza de uma doenca crénica com envolvimento de factores biolégicos
e biomecanicos. No entanto, o numero de varidveis que compdem o algoritmo de risco
constituem ainda assim factores facilitadores, factores predisponentes, factores
precipitantes, factores de reforgo, factores protectores e eventuais factores de

confundimento, implicando um modelo robusto.
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5.4 Interesse da presente investiga¢ao para a pratica clinica

Os resultados da presente tese possuem varios focos de interesse para os clinicos e
a pratica clinica da gestao de doentes com proteses implanto-suportadas, os quais

descrevemos sucintamente abaixo:

- Procede a afericao de dados epidemioldgicos relativos a prevalencia da doenga peri-
implantar num elevado nimero de doentes pertencentes a um centro privado de

reabilitacdo oral permitindo a sua comparag¢ao com outros estudos;

- Efetua a sistematizacdo de possiveis indicadores de risco para a doencga peri-implantar

num modelo de risco ilustrativo da natureza multifactorial da doenga;

- Transformacdo de um algoritmo de risco numa pontuacdo de risco facil de usar com
dispensa da efetuacdo de calculos matematicos complexos para aferir o risco individual de
cada paciente, disponivel na Foundation for Oral Rehabilitation

(https://www.for.org/en/treat/peri-implant-pathology-risk-assessment/take);

- Evidencia a importancia de uma estratégia preventiva de previsao do risco de incidéncia

da doenca peri-implantar em implantes que suportam proteses fixas;

- Destaca a importancia do diagndstico precoce da doenga peri-implantar como meio de
maximizacdo da probabilidade de sucesso das proteses implanto-suportadas a longo

termo;

- Concretiza matematicamente a importancia de cada factor modificavel e dos ganhos em

saude hipotéticos com a supressao a sua exposicao;

- llustra a importancia de equacionar o perfil de risco na gestao dos tempos de recall;

- Adiciona um modelo de progndstico para implantes com doenca peri-implantar que

permite obter uma previsao do bom ou mau progndstico.

245



5.5 SugestoOes para investiga¢ao futura

Considerando os resultados alcancados e as limitagdes reportadas da presente
investigagao, assim como dados cientificos contemporaneos relativos ao tema da presente
tese, considera-se oportuno a realizacdo de investigacdes mais aprofundadas do tema,

nomeadamente:

- Estudos adicionais de tamanho amostral significativo que permitam aferir a forca de
associagao entre potenciais indicadores de risco e progndstico para a doenga peri-

implantar;

- Estudos de seguimento mais longo que permitam a exposi¢ao aos potenticais indicadores
de risco para a incidéncia da doenga peri-implantar e um tempo mais alargado apds o
diagndstico da doenca de forma aferir com maior exatiddo o progndstico dos implantes

com doenga peri-implantar.

- Estudos controlados que permitam a avaliacdo do efeito da prevencdo sobre a incidéncia
da doenga peri-implantar assim como o efeito das interveng¢des cirurgica e nao cirurgica

sobre o prognodstico da doenga peri-implantar;

- Estudos que avaliem o efeito de outros potenciais indicadores de risco para a doenga peri-

implantar como por exemplo: marcadores de ADN.

- Estudos de validacdo da pontuacdo de risco e do modelo de progndstico em populagdes

diferentes que permitam testar a validade externa;

- Estudos de validacdo em outros sistemas de implantes que permitam aferir a validade

externa da pontuagao de risco e do modelo de progndstico para a doenga peri-implantar;

- Estudos que avaliem o impacto econdmico e na qualidade de vida dos doentes das

intervengdes cirurgica e ndo cirurgica sobre os implantes com doenga peri-implantar.
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5.6 Propostas de intervengao

Apesar de se tratar de um tema na Implantologia que tem vindo a receber atencdo
acrescida nos ultimos anos tanto do ponto de vista clinico como cientifico, existe
necessidade de mais estudos que potenciem politicas de intervencdo nos diversos estadios
da vida do implante, desde a prevengdo ao progndstico. As politicas de intervengao devem
envolver equipas multidisciplinares incluindo cirurgiées maxilo-faciais, Estomatologistas,
prostodontistas, higienistas orais, técnicos laboratoriais de prétese dentaria, nutricionistas
e terapeutas da fala. Sugerimos sucintamente as seguintes intervencgoes de acordo com o

estadio de salde do implante, sendo que as mesmas sdo cumulativas:

Prevengdo primdria- Os alvos desta intervengdo consistem: 1) nos pacientes candidatos a
receber reabilitacbes implanto-suportadas para restauracdo de pecas dentdrias ou
substituicdo de pecgas dentdrias com progndstico de fracasso; e 2) todos os pacientes com
implantes dentarios. No primeiro grupo de pacientes é importante explicar os potenciais
indicadores de risco para a doenga peri-implantar e o fomento de habitos de saude e
higiene oral compativeis com a manutencdo da satide do complexo peri-implantar. E
comum o0s pacientes possuirem a ideia pré-concebida que a restauragdo implanto-
suportada os isenta de habitos de higiene oral como a escovagem ou que os implantes sdo
mais robustos que os dentes naturais. Torna-se importante a equipa clinica rebater essas
ideias pré-concebidas para que o paciente possa tomar a decisdo informada e esclarecida
sobre a realizacdo da rabilitacido implanto-suportada. Este esclarecimento é
particularmente importante nos pacientes com doenga periodontal ou histdria de doenga
periodontal visto que tal como registado na presente tese, a histéria de Periodontite
consistiu simultaneamente num indicador de risco e de mau progndstico para a doenga
peri-implantar. Os habitos tabagicos sdo outro factor importante de ser trabalhado com o
paciente com vista a cessagao tabagica considerando o seu potencial efeito de
confundimento na incidéncia da doenca peri-implantar e o seu efeito independente na

perda 6ssea peri-implantar.

O grupo de pacientes ja reabilitados com implantes dentéarios beneficia do mesmo
tipo de atencdo e trabalho da equipa clinica. No entanto, a discriminag¢do do perfil de risco

do doente assume uma importancia fundamental na manutengao da saude peri-implantar.
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A utilizagao da pontuagdo de risco para previsao da incidéncia da doenga peri-implantar
podera constituir uma boa ferramenta tanto para o clinico de forma a obter uma avaliacdo
quantitativa e qualitativa do perfil de risco como para o paciente compreender a
importancia de manter um perfil de baixo risco para a doenca peri-implantar e deste modo
aumentar a probabilidade de um bom desfecho a longo termo. Em segundo lugar, a
avaliacdo clinica do complexo peri-implantar utilizando indices de baixa invasividade para
o paciente no screening da doenca peri-implantar (permitindo uma monitorizacdo precisa
do estadio de saude do complexo peri-implantar) e biomecanica (ao nivel da oclusdo, sinais
de desgaste da protese, sinais de sobrecarga, desenho da prétese, etc) proporcionam uma
avaliagdo precisa da reabilitagdo implanto-suportada. Em terceiro lugar, uma profilaxia
efetuada aos implantes incluindo a remoc¢do de eventuais depdsitos duros e moles da
protese e implantes, a descontaminagao do complexo peri-implantar, a motivagdao do
paciente, os ensinos sobre auto-cuidado e o planeamento/agendamento da prdxima
consulta de manutengdo tendo em conta o perfil de risco do paciente complementam o

diagndstico previamente efetuado na intervencao.

Prevengdo secundaria- O alvo desta intervengao consiste nos pacientes em alto risco de
doenca peri-implantar. A utilizacdo da pontuacado de risco para previsao da incidéncia da
doenca peri-implantar podera constituir uma boa ferramenta tanto para o clinico, de forma
a obter uma avaliagdao quantitativa e qualitativa do perfil de risco e poder sugerir controlos
(recall) mais apertados como para o paciente compreender a importancia de trabalhar os
potenciais aspetos negativos que levam a um perfil de risco mais grave com o objetivo de
baixar a gravidade do seu perfil de risco e aumentar a probabilidade de um bom desfecho
a longo termo. Em segundo lugar, o diagnodstico precoce assume um papel preponderante
na manutencdo de um estadio de saude do complexo peri-implantar: a utilizacdo de varios
testes clinicos no screening da doenga peri-implantar como a mobilidade, a supuragao, a
hemorragia e a profundidade a sondagem, em conjunto com a avaliacdo radiografica,
permitem a identificacdo de sinais de vulnerabilidade para a doencga peri-implantar com

precisao dado a calibragao da sensibilidade e especificidade de cada um dos testes.

Prevencdo terciaria- O alvo desta intervencdo consiste nos pacientes com doenca peri-
implantar. Nestes pacientes sdao importantes estratégias de intervengdo precoce, de forma

a maximizar a probabilidade de manutenc¢do da reabilitacdo em funcdo. O modelo de
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progndstico desenvolvido nesta tese poderd constituir uma ferramenta util tanto para o
clinico de forma a poder ter uma avaliacdo quantitiativa e qualitativa do progndstico, como
para o doente de modo a ser informado e poder tomar decisdes informadas e conscientes
dos planos de tratamento propostos para a resolucdo do problema. A decisdo pelo
tratamento ndo-cirdrgico, tratamento cirdrgico ou pela remocao do implante sdo as opcoes
geralmente contempladas num plano de tratamento desta natureza. Neste aspeto, a
tomada de decisdo célere relativamente ao plano de tratamento para o implante lesado é
de grande importancia, ndo sendo benéfico prolongar o estadio de cuidados paliativos ao
implante por um periodo longo devido a grande probabilidade de agravamento da
condigao clinica. No entanto, deve ser ressalvado que o modelo de progndstico nao foi
construido para ser usado como pilar na decisdo do plano de tratamento a seguir dado que
0 mesmo apenas atribui uma probabilidade ao desfecho e ndo uma certeza do que
suceder3 clinicamente, servindo apenas como uma ferramenta de apoio que ndo substitui

o julgamento clinico.
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6. Conclusodes gerais da tese

Os resultados desta investigacdo que incluiram um total de 1515 pacientes mostram
que a doenga peri-implantar constitui uma doenga crénica cuja gestdo é complexa dada a
sua origem multifactorial e que a existéncia de algoritmos de previsdao constituem uma

ferramenta util.
De seguida sumarizam-se as conclusdes da presente tese.

- Alincidéncia da doenga peri-implantar na amostra estudada durante um periodo de cinco

anos de seguimento foi de 24.1% utilizando o paciente como unidade de analise.

- Foi possivel a derivagdao de uma pontuagao de risco para a doenga peri-implantar formada
pelas varidveis histéria de periodontite, placa bacteriana, hemorragia, nivel &sseo
localizado no terco médio do implante, desajuste passivo ou desaperto de componentes
protéticos, tipo de material utilizado na restauracdo, a proximidade de outras pecas
dentdrias aos implantes e a interacdo entre a presenca de placa bacteriana e a proximidade

de outras pecgas dentdrias aos implantes que atesta a origem multifactorial da doenga.

- A pontuacdo de risco para a doenca peri-implantar possibilitou a estratificacdo da amostra
em quatro grupos de risco (baixo risco, risco moderado, risco elevado e risco muito

elevado).

- A pontuagdo de risco para a doenga peri-implantar registou uma capacidade
discriminatdria classificada como excepcional na amostra de derivacdo e excelente na

amostra de validacao.

- A supressao da exposigao aos indicadores de risco modificaveis da doenga peri-implantar
poderd proporcionar ganhos de saude significativos dado que resultaria em hipotese

académica numa redugdo de 95% dos casos de doenga peri-implantar.

- O periodo de recall (tempo de intervalo entre consultas de manutencdo) superior a 6
meses ndo registou um efeito ou impacto significativos na incidéncia da doenga peri-
implantar sendo importante equacionar o perfil de risco do doente na gestdo destes

periodos.
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- Foi possivel a derivagao de um modelo de progndstico para a doenga peri-implantar com
a inclusdo das variaveis: idade, historia de periodontite, doenca peri-implantar severa,

comprimento do implante e desenvolvimento precoce da doenga.

- O modelo de prognéstico para a doenca peri-implantar registou uma capacidade

discriminatdria classificada como boa nas amostras de derivagdo e validagao.
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Anexo | — Artigo: “Peri-implant pathology: The prevalence(s) of the condition, the risk
model(s) of the condition”, publicado no Muskuloskeletal Regeneration em maio de

2016.
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Dental implants long term success rely on the establishment of a stable condition. This stability may be
negatively influenced by the coexistence of peri-implant pathology, provoking loss of the supporting bone tissue
around the implant. A large range in the prevalence of this condition is observed when analyzing different
reports in the literature given the different definitions for peri-implant pathology. The background for this
investigation was the assumption that peri-implant pathology is a group of multifactorial situations with several
potential non-sufficient, non-necessary causes and the absence of risk models to aid the decision process in the
maintenance of implant supported restorations. We explored these important aspects and investigated potential
risk factors and statistical models for peri-implant pathology based on a model of sufficient and component
causes. We found that biological and biomechanical factors can be involved as causal mechanisms of
peri-implant pathology. Our study established three different statistical models based on binary conditional
regression analysis, with the representative model presenting high sensitivity, specificity and aceuracy, providing
high positive and negative likelihood ratios. This model will represent a valid tool for the clinician in the
maintenance of implant-supported fixed prosthetic rehabilitations.
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“Peri-implantitis” was defined in 1984 as "the term for factors of biological and biomechanical origin®®): The

inflammatory reactions with loss of supporting bone tissue
surrounding the implant in function" I'!. It is considered to be
the major cause of dental implant failure after the completion
of osseointegration 2/,

Concerning the etiopathogenesis, two distinct pathways
were first described, classical and retrograde, containing

classical pathway was described by a mechanism where
bacterial plaque was the major risk factor, producing an
inflammatory reaction that could result in the breakdown of
the peri-implant complex, and consequent implant failure ©*
41; a retrograde pathway (from the bone to the soft tissue) was
suggested to be associated with overload and occlusal factors
[3]
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Table 1. Statistical measures of performance for the three models: positive and negative likelihood ratios according to the sensitivity and
specificity of the three models at the optimum cut-off values

Modecls  Cut-off value Scnsitivity  Specificity Balanced Accuracy Likelihood Ratio® Likclihood Ratio-
(Sensitivity+Specificity)/2  Sensitivity/(1-Specificity) (1-Sensitivity)/Specificity

1 Optimum (0.33) 0.847 0.909 0.878 9.31 0.168

2 Optimum (0.30) 0.878 0911 0.895 9.87 0.134

3 Optimum (0.31) 0.882 0.909 0.896 9.69 0.129

- Model 1: History of periodontitis; lack of prosthetic fit or non-optimal screw joint, bacterial plaque, bone level, smoking habits, bleeding. - Model
2: History of periodontitis; lack of prosthetic fit or non-optimal screw jeint, bacterial plaque, bone level, smoking habits, type of material used for
restoration, machined implant surface , proximity of other teeth or implants, Interaction between bacterial plaque and proximity of other teeth or
implants. - Model 3: History of periodontitis; lack of prosthetic fit or non-optimal screw joint, bacterial plaque, bone level, smoking habits,
bleeding, type of material used for restoration, proximity of other teeth or implants, Interaction: bacterial plague and proximity of other teeth or

implants.

There is no consensus around, the term “peri-implantitis”,
classical pathogenic mechanisms and their respective causes.

A recent editorial by Zarb er al. '° highlighted the
criticism of the use of the term “peri-implantitis™ since it
implied a disease process similar to periodontitis,
emphasizing that the vacuum created by the incomplete
understanding of the implant-host should not be filled with
the reasonably coherent understanding of the tooth-host
interface. This suggestion for separating periodontitis and
peri-implant pathology was proposed at least one decade ago
17l and was recently supported by genctic investigations 171,
Furthermore, the classical pathogenesis mechanisms for
peri-implant pathology have been recently challenged, with
the proposal of different concepts for the outcome marginal
bone loss. One of the theories comprises the foreign body
reaction to dental implants (the rejection mechanism derived
from an immunological origin} 1% 11 Another theory
suggests the influence of the clinicians performing the
rehabilitation (from a surgical as well as a prosthodontic
perspective) "l Moreover, it is subject of debate which
factors contribute to peri-implant pathology.

The prevalence of peri-implant pathology is reported in
the literaturc with a range between a low prevalence of 5%
and up to a prevalence as high as 56% "%, The reason for
these different figures concerns the different definitions used
for classification, making it difficult to compare between
studies and therefore reinforcing the need for more studies
and consensus on this subject.

Whether other possible risk factors could play a role in the
pathogenesis ol peri-implant  pathology needs 1o be
investigated. This was the background for the
epidemiological methodology developed for investigating
risk factors for peri-implant pathology, based on a sufficient
and component causes model suggested by Rothman and
Greenland ?°!: This methodology considers that the condition
could be caused by more than one causal mechanism; each
composed of several component causes. Our data reflected
this approach, with peri-implant pathology considered as a
group of multifactorial situations with several potential

non-sufficient, non-necessary causes i.c., the incidence
depends on the interaction of multiple factors ('),

To accomplish the objectives of investigating potential
risk factors and creating a model to predict peri-implant
pathology, a sample of 1275 patients was analyzed using a
case-control study design and binary logistic regression.

The rationale for creating more than one model was based
on the proposed outcome of using predictive models for
peri-implant  pathology and considering the  statistical
limitations of inserting too many variables in a single model,
yielding a statistical bias . The first model (Model 1)
tepresented a simpler model with six variables; the second
model allowed the discrimination between the type of
implant surface (machined or anodically oxidized) and higher
specificity (Model 2 with 8 variables and 1 interaction);
while the third model had a higher sensitivity and overall
balanced accuracy (Model 3 with 8 variables and |
interaction) and was chosen as representative (Table 1) 1?1,

Common to the three models, the predictors for
peri-implant pathology were history of periodontitis, lack of
prosthetic fit or non-optimal screw joint, bacterial plaque,
and bone level; common to Models | and 3. the predictor
bleeding; common to Models 2 and 3, the predictors type of
material used in the prosthesis, proximity of the implant to
other teeth or implants, and the interaction between bacterial
plaque and proximity of the implant to other teeth or
implants; and only included in one of the models, the
predictor machined implant surface (Model 2).

Our study established peri-implant pathology as a group of
multifactorial situations caused by more than one
mechanism, with ecach sufficient cause (enough for
peri-implant pathology to manifest itself clinically) being
composed of different component causes. This fact is
illustrated by the analysis of the 10 most prevalent sufficient
causes identified in our data using the variables retrieved
from our model (Figure 1), suggesting different combinations
of component causes in each sufficient cause, representing 77
patients of our sample.
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Ten sufficient causes for peri-implant pathology

399

Acrylic-resin restorations Bacterial plaque

Bone level in implants' coronal third

N=14 cases N=9 cases N=9 cases N=8 cases N=7 cases
N=7 cases N=6 cases N=6 cases N=6 cases N=5 cases
Legend:
® Unknown m History of periodontitis ® Metal-ceramic restorations

Bone level in implants' medium third

| Bleeding
B Smoking habits

Figure 1. The 10 most prevalent sufficient causes identified in our data, with each sufficient cause (enough for peri-implant
pathology to manifest itself clinically) being composed of different component causes retrieved from our risk model.

The model yielded high sensitivity and specificity.
Sensitivity and specificity are important parameters in
clinical epidemiology to allow evaluating a clinical test, as
they are independent of the population of interest subjected
to the test and not influenced by the prevalence of the disease
21, Sensitivity refers to the ability of the test or procedure to
correctly identify those patients with the disease, while
specificity refers to the ability of the test or procedure to
correctly identify those patients without the disease [,
Considering any given clinical test, the ideal situation would
be to have 100% sensitivity (identifying all diseased patients)
and 100% specificity (identifying all disease free patients),
although the situation is unrealistic, and usually to a higher
sensitive test corresponds a lower specificity 1%l Sensitivity
and spccificity cannot be used to estimate the probability of
disease in an individual patient. Nevertheless, the likelihood
ratio (LR) "**! provides clinical information about the number
of times a patient with the disease is more (positive) or less
(negative) likely to have the result when compared to a
patient without the disease **, The three models rendered
different LR+ and LR- values. Considering the LR+ at the
optimum cut-ofT point, a patient with peri-implant patholog
was 9.31 times (Model 1), 9.87 times (Model 2) and 9.69
times (Model 3) more likely to have a positive test compared
to a patient without peri-implant pathology; while

considering the LR- at the same cut-off point, patients
without peri-implant pathology were about 5.95 times
(Model 1), 7.46 times (Model 2) and 7.75 times (Model 3)
more likely to have a negative test than individuals with
peri-implant pathology.

In summary (Figure 1), peri-implant pathology is
characterized by multifactorial situations. Qur data
demonstrate that peri-implant pathology may be influenced
by several risk factors following a model of sufficient and
component causes L. This renders that different models can
be created to modulate peri-implant pathology given the
potential different combinations of risk factors in different
populations. We are currently investigating the process of
updating and strengthening the madel while transforming the
complex statistical regression calculations into risk scorcs
that could represent a valid tool to aid the clinician in the
decision process when maintaining implant supported
rehabilitations.
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Anexo ll: Consentimento informado por escrito.
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CONSENTIMENTO INFORMADO
Contribui¢do para a avaliagdo do prognostico dos implantes dentarios nos doentes com patologia peri-implantar.

Caro participante,

Este documento apresenta-lhe informacio acerca do estudo em que o/a convidamos a participar.

Pede-se que o leia atentamente, coloque as suas diividas a quem lho apresenta no caso de ndo se sentir
totalmente esclarecido(a) e, no caso de pretender participar, assine o documento.

Qual o objectivo do estudo
O objectivo deste trabalho € estudar as varidveis que possam influenciar o aparecimento da patologia peri-
implantar (doenca dos implantes) e seu prognéstico, num universo de pacientes com implantes

Quem € responsivel por conduzir o estudo?

Este estudo esta a ser conduzido pelo Mestre Miguel de Aratijo Nobre, no dmbito da sua tese de
Doutoramento em Ciéncias e Tecnologias da Saide (Epidemiologia) no Centro Académico de Medicina de
Lisboa, sob orientacdo do Professor Doutor Francisco Salvado e Silva do Centro Académico de Medicina de
Lisboa.

Como vai ser conduzido o estudo?

Vai ser pedida a sua autorizaciio para que sejam consultados os seus registos médicos que constam da sua
ficha de paciente na Malo Clinic para que seja possivel analisar alguns dados desde a sua satide geral as
caracteristicas dos seus implantes. que julgamos serem importantes para saber algo mais sobre a patologia
peri-implantar, e que tal representa a totalidade da sua participagio neste estudo.

O que vai acontecer aos dados que eu fornecer?

Os seus dados pessoais obtidos servirdo apenas para serem lratados estatisticamente. Nas publicagtes e
apresentagoes cientificas que resultarem deste trabalho, ndo serdo divulgados dados individuais que possam
identificar os participantes, mas apenas estatisticas de grupo. Os dados serdo guardados apenas durante o
periodo do estudo na Malo Clinic Lisboa, sendo posteriormente destruidos. Os dados seriio acedidos apenas
pelos investigadores, que garantem o seu anonimato ¢ a confidencialidade dos seus dados.

O que acontece se decidir participar?
Nao ird envolver riscos ou custos para si, nem irdo haver gratificacoes ou remuneracdes. Ninguém para além
dos investigadores ird saber se decidiu participar ou nio neste estudo.

O que acontece se decidir nio participar?

Nao sera prejudicado se decidir ndo participar. Ninguém para além dos investigadores ira saber que decidiu
ndo participar. Em qualquer altura agora ou no futuro, pode decidir ndo participar neste estudo, pelo que
bastard comunicar-nos a sua decisdo atraves dos contactos abaixo indicados.

Se subsistirem algumas dividas ou forem necessdrios esclarecimentos suplementares previamente a sua
participacdo, poderd contactar:

Nome [Miguel de Aratjo Nobre |

Local [Malé Clinic, Avenida dos Combatentes, 43, piso 8, 1600-042, Lisboa]
Telefone [217228100, extensio 8670]

e-mail / sire [ mnobre @ maloclinics.com / www.maloclinics.com.pt]

Identificacao completa dos Investigadores e Instituicoes envolvidos.
[Mestre Miguel de Aratijo Nobre; Faculdade de Medicina de Lisboa; Malo Clinic]
[Professor Doutor Francisco Salvado e Silva; Faculdade de Medicina de Lisboa]

(Assinatura do responsdvel pela investigagio)

{(Assinatura do proprio participante)

Sugerimos-lhe que conserve esta capia do documento, ficando a outra copia na posse do responsdvel do
projecro.
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Anexo IlI: Autorizagdo da Comissdo de Etica para a Satde da Malé Clinic

Ethics Committee for Health

Processo N2: 010/2013

O Departamento de Investigacdo e Desenvolvimento notificou esta Comissdo de Etica acerca do
tratamento de dados pessoais com o ojectivo de conduzir um estudo clinico para avaliagdo do

progndstico de implantes dentdrios em doentes com patologia peri-implantar.

A notificagdo encontra-se dentro dos parametros da Deliberagao n2 227/2007 da Comissao Nacional
da Proteccdo de Dados: A informagdo é recolhida de forma legal, com objectivos pré-determinados,

especificos e legitimos, sendo que a informagdo recolhida ndo é excessiva.

O fundamento de legitimidade sera consentido a entidade com a propriedade dos dados (Mald

Clinic).

Desta forma, e tomando em consideragdo os pontos mencionados acima, o Departamento de
Investigagdo e Desenvolvimento da Malo Clinic é autorizado por esta Comissdo de Etica a conduzir a
investigacdo recolhendo os dados pessoais dos pacientes de acordo com a metodologia descrita no

Projecto de Investigacao.

Lisboa, 18 de Novembro de 2013

Ethics Committee for Health

(Dr. Inés Fernandes)

Ethics Committee for Health - approved by the Order of Physicians, ref. 696, March 21° 2013
Address: Avenida dos Combatentes, N2 43, 3, 1600-042 Lisboa, Portugal
Phone: +351 217228100 Fax: +351 217266965 e-mail: ethics@maloclinics.com
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Anexo IV: Autorizagao do Diretor Clinico da Malé Clinic para a realizagdo da investigagao.

Declaracéo

Declaro que tomei conhecimento e aceito a execugdo do projecto de
investigacdo intitulado “Contribuicdo para a avaliagdo do prognéstico dos
implantes dentarios nos doentes com Patologia peri-implantar.”, pelo Mestre
Miguel de Araljo Nobre, no ambito da sua disserta¢do de Doutoramento em
Ciéncias e Tecnologias da Saude (Epidemiologia) no Centro Académico de

Medicina de Lisboa.

Por ser verdade e solicitado pelo executante, firmamos a presente

declaragao

. . MaloClinic ,S.A.
Lisboa, 5 de Maio de 2015 C.N°. 503 411 434

Av. dos Combatentes, 43 - 4°
Edificio Green Park - 1600-042 Lishoa
Tel: 21 7228100 - Fax: 21 726 69 65

2]@ L il e U7
' 7

Professor Doutor Paulo Malé

Director Clinico da Malo Clinic
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Anexo V: Aprovagao do Conselho Cientifico da Faculdade de Medicina de Lisboa.
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Exmo. Senhor

o Dr. Miguel Alexandre de Araujo Nobre
Conselho Cientifico

CC- 120
29 de Abril de 2014

O Conselho Cientifico na reuniao de 28 de Abril de 2015 deu o seu assentimento ao
trabalho que se propoe realizar conducente a Dissertacdo de Doutoramento em
Ciéncias e Tecnologias da Satide (Epidemiologia) subordinada ao titulo “Contribuicdo
para a avaliacao do prognéstico dos implantes dentarios nos doentes com Patologia
peri-implantar”, sob a orientacao do Professor Doutor Francisco Joao Salvado e Silva
(FMUL / Centro Hospitalar de Lisboa Norte), no ambito do Programa Doutoral do
Centro Académico de Medicina de Lisboa (CAML).

Recordo a necessidade de obter a aprovacdo da Comissao de Etica da FMUL.
Com os meus melhores cumprimentos,

., i 3

flor = W {1 T W " M

Prof. Doutor Rui M. M. Victorino
PRESIDENTE DO CONSELHO CIENTIFICO

Faculdade de Medicina de Lisboa - Av. Professor Egas Moniz  » 1649-028 LISBOA - PORTUGAL
Telefones 21 798 51 17« 217985100 - Fax 21798 51 14 - e-malil: ccientifico@fim.ul.pt
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Anexo VI: Autorizac¢do da Comissdo de Etica do Centro Académico de Medicina de Lisboa.

Prof. Doutor Jo@oe Forjaz Lacerda
Prof. Doutor Jodio Lavinha
Prot*. Doutora Maria Do Céu Rueft

Lisboa, 4 Dezembro de 2015

Assunio: - Pfoject_o de Investigacdo "Contribuicido para a avaliacao do prognodstico dos
implantes dentarios nos dentes com patologia peri-implantar”

Relator - Prof% Doutora Mafalda Videra

Pela presente informamos que o projecto citado em epigrafe, a realizar no ambito do
Programa Doutoral do Centro Académico de Medicina de Lishboa conducente a Dissertacdo de

Doutoramento em Ciéncias e Tecnologias da Saude (Epidemiologia), obteve, n:

i

0 Presidente da Comissio de Etica do CAML

TN
Prof. Doutor José Pereira|Miguel

Secretariado: Ana Cristina Pimentel Neves e Patricia Fernandes

Tel. - 21 780 54 05; Fax - 21 780 56 90 Alameda das Linhas de Torres, 117
Av. Professor Egas Moniz 1769-001 LISBOA
1649-035 LISBOA www.chin.pt Tel: 217 548 000 - Fax: 217 548 2
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Anexo VIl — Artigo: “Attributable fractions, modifiable risk factors and risk stratification

using a risk score for peri-implant pathology”, publicado no Journal of Prosthodontic

Research em Janeiro de 2017.
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journal homepage: www.elsevier.com/locate/jpor

Available online at www.sciencedirect.com
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Purpose: This study aimed to estimate the impact of risk factors for peri-implant pathology,
to identify potentially modifiable factors, and to evaluate the accuracy of the risk algorithm,
risk scores and risk stratification.
Methods: This retrospective case-control study with 1275 patients (255 cases; 1020 controls)
retrieved a model according to the predictors: history of Periodontitis, bacterial plague,
bleeding, bone level, lack of passive fit or non-optimal screw joint, metal-ceramic restora-
tion, proximity to other implants/teeth, and smoking habits. Outcome measures were the
attributable fraction; the positive and negative likelihood ratios at different disease cut-off
points illustrated by the area under the curve statistic.
Results: Six predictors may be modified or controlled directly by either the patient or the
clinician, accounting for a reduction in up to 95% of the peri-implant pathology cases. The
positive and negative likelihood ratios were 9.69 and 0.13, respectively; the area under the
curve was 0.96; a risk score was developed, making the complex statistical model useful to
clinicians.
Conclusions: Based on the results, six predictors for the incidence of peri-implant pathology
can be modified to significantly improve the outcome. It was possible to stratify patients per
risk category according to the risk score, providing a tool for clinicians to support their
decision-making process.
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1. Introduction

Peri-implant pathology represents a group of multifactorial
situations that may affect negatively the successful outcome
of implant supported restorations: The biclogical and bic-
mechanical factors seem to play a significant role in the
pathogenesis of this condition [1]. Peri-implant pathology is
currently suggested to be considered as a separate pathologi-
cal entity from Periodontitis based on the differences of
genetic expression [2,3]. Furthermore, current considerations
for peri-implant pathology include different theories that
waive the purely infection-driven mechanism as the only
causal component: Several authors proposed marginal bone
loss to be dependent on different mechanisms such as a
complication of a dis-balanced foreign body reaction that
could be followed by a secondary biofilm-mediated infection
[4,5]; or the combination of numerous background factors,
including patient characteristics together with poorly con-
structed implants placed by untrained clinicians [6]. Compro-
mised implants due to peri-implant pathology can manifest
different features on the clinical aspect, including inflamma-
tory signs of the soft tissue, marginal bone resorption, probing
pocket depths higher than 4 mm, suppuration, bleeding on
probing, or hyperplasia [7-10], with these signs occurring
alone or in combination, sometimes with absence of symp-
tomatology [11,12]. Other pathological features in compro-
mised implants are related to a traumatic process [13-15] such
as a radiographic evidence of periapical or marginal bone
destruction (through micro fractures that lead to a bone
defect) with absence of inflammation atleast in an initial stage
[7,16]. These manifestations of peri-implant pathology are not
to be mistaken with implant failures, that usually present
clinical mobility, inflammatory signs, bleeding on probing,
peri-implant pockets over 4 mm, and fibrous encapsulation or
radiological bone loss present in its apical third (visible at a
radiological level) [17-21].

These potential different features together with the
multifactorial origin may represent a challenge for clin-
icians to correctly diagnose and acknowledge the risk that a
patient is for developing peri-implant pathology. Moreover,
it is important to disclose the specific impact of each risk
factor, especially the risk factors that can be modified or
prevented, in order to increase the probability of a good
outcome.

The attributable fraction (AF) consists in an epidemiologi-
cal tool (an impact measure of effect) to attest the percentage
of situations that could be prevented if the exposure to the risk
factor was eliminated [22]. For peri-implant pathology, the
importance of controlling risk factors for the incidence of the
condition can be illustrated through the estimation of AF of
the cases exposed regarding the risk factors, as some risk
factors may be possible to be controlled either by the clinician
or the patient, and this way decrease risk.

The existence of risk algorithms for disease modeling
assumes an important role in modern Medicine, representing
an important tool for clinicians [23] in the diagnosis and
decision process, furthermore when risk stratification strate-
gies are included. The evaluation of these models can be
performed through the application of a receiver operating

characteristic curve (ROC curve) [24,25] and provides a pure
index of accuracy, by demonstrating the limits of a test’s
ability to discriminate between alternative states of health
over the complete spectrum of operating conditions.

The aims of this study were: (1) to estimate the impact for
each variable identified as a risk factor for the incidence of
peri-implant pathology; (2) to identify factors potentially
modifiable by the clinician or the patient; (3) to evaluate the
accuracy of the risk algorithm, risk scores and risk group
stratification.

2. Materials and methods (method of
research)

This retrospective case—control study was approved by the
National Commission of Data Protection (Portugal) and the
Faculty of Medicine-University of Lisbon Ethical Board
(Process 2237/09, Authorization 1976/2009). Informed consent
was provided by the participants.

2.1.  Participants, setting and context

The study population consisted of patients over 18 years, of
both sexes, rehabilitated with dental implants from the Nobel
Biocare system at the Center for Implantology and Fixed Oral
Rehabilitation — Malo Clinic Lisben.

The participants were selected from a defined list of 346
patients with peri-implant pathology and 1417 patients
without peri-implant pathology. From these, there were 66
cases and 317 controls excluded due to incomplete or missing
records and refusal to participate; 10 cases and 20 controls
were included in a pilot study and excluded from the main
study, and 15 cases and 60 controls excluded in the analytical
phase due to bone level localized on the implants’ apical third.
The sample where the risk algorithm originated, consisted of
1275 individuals of both genders, with 255 patients with peri-
implant pathology (cases) and 1020 patients with healthy peri-
implant complex (controls), matched for age (2 years range),
gender, and follow-up time of implant placement (2 months
range). Peri-implant pathology was defined as the presence of
peri-implant pockets »5 mm; bleeding on probing; concurrent
presence of vertical bone loss visible in the periapical
radiograph compared to the previcus evaluation; attachment
loss >2mm compared to the previous evaluation [26-30].
Healthy patients were defined per denial of peri-implant
pathology. The unit of analysis was the patient, and in the
situation of more than one implant respecting the inclusion
criteria, the implant was selected using a random sequence
generator from www.random.org. The dental implants
inserted in this study were from the Nobel Biocare system
(Branemark system, NobelSpeedy, Nobel Biocare AB, Gothen-
burg, Sweden).

This study is part of a series of exploratory studies for
predictors of peri-implant pathology [26-30]: Patient enrol-
ment took place between January and July 2009, the prelimi-
nary inferential studies [26-29] took place between July 2009
and Qctober 2012, and the final multivariable studies between
October 2012 and February 2015 with the development and
publication of the risk model [30] using conditional logistic
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regression. The risk algorithm derived from the conditional
logistic regression model was the following:

2,943 (history of Periodontitis) +1.271 (bacterial pla-
que) + 2.634 (bone level on the implants’ medium
third) — 0.191 (smoking habits) + 1.069 (bleeding) + 1.382
(metal ceramic prostheses) — 0.911 (metal-acrylic prosthe-
ses) + 0.582 (acrylic-resin prostheses) + 1.771 (lack of pros-
thetic fit or non-optimal screw joint) — 0.822 (proximity of
other teeth or implants) + 1.460 (bacterial plaque * proxi-
mity of other teeth or implants).

2.2 Outcome measures

The primary outcome measure was the estimation of the
attributable fraction (AF) for each risk factor when controlled
for the presence of other risk factors. The AF illustrated the
percentage of cases that could hypothetically be prevented if
the exposure to that specific risk factor could be prevented.

The secondary outcome measure was the calculation of the
positive and negative likelihood ratios for the model in order to
illustrate the estimation of the probability of disease in
individual patients at optimum cut-off value (using the ROC
curve) [23]. These calculations included the development of a
risk score for the individual patient to allow identifying
patients in different degrees of risk for the incidence of peri-
implant pathology. The practical use of the model was
illustrated using 2 real-life clinical situations.

2.3.  Statistical analysis

The estimation of the attributable fraction of the cases
exposed to risk factors for peri-implant pathology was
performed through the following equation according to the
odds ratio of exposure [22]:

Al+ OR-1
AF’M1+ OR

where AF = attributable fraction; Al+=number of disease
among exposed subjects; M1+ = number of disease; OR = odds
ratio.

Positive (LR+) and negative (LR—) likelihood ratios were
calculated according to the sensitivity and specificity values
[31] at optimum cut-off value.

ROC curve analysis was performed, with indication of the
area under the curve and 95% confidence intervals (95% CI}.
Agreement or difference between predicted and observed
events (calibration) was assessed using the Hosmer-Leme-
show chi-square estimates. The level of significance chosen
was 5% (o < 0.05).

For presentation and implementation of this model, we
developed a score chart based on previously described
statistical methods [32-36]: Scores for each predictor were
obtained based on the beta coefficient retrieved from the
prediction model after bootstrapping based on 1000 bootstrap
samples with bias corrected accelerated confidence intervals.
Total scores were calculated respectively, applying the
following rule: the risk factor which had minimum beta
coefficient (acrylic prosthesis: 0.582) was assigned a predict
point 1 and the predict points for the other variables were

based on the ratio of beta coefficient of each variable to the
minimum beta coefficient variable (acrylic prosthesis) [32].

In order to compare the incidence of peri-implant patholo-
gy, the patients were divided into 4 risk groups. No reliable
cutoff points for the incidence of peri-implant pathology risk
estimation were available in the literature. We therefore chose
to apply cutoff points for the 4 risk groups that were multiples
of the pre-analysis risk (matching phase; 1 case/4 con-
trols = 20% incidence), specifically at: half the pre-analysis
risk (10%), the pre-analysis risk (20%), and twice the pre-
analysis risk (40%) [33]. The risk score discrimination was
expressed by the C statistic (95%CI) [33].

Statistics were performed using the SPSS version 17
(Statistical Package for Social Sciences, IBM SPSS, Chicago,
USA).

3. Results (performance)
3.1.  Sample and cases profile

A sample of 1275 patients was included in this study with an
average (standard deviation) age was 55.8 years (10.2), and
62.7% of female patients. The sample had 255 cases with peri-
implant pathology and 1020 controls without peri-implant
pathology.

Considering the 255 cases with peri-implant pathology,
there were 112 different combinaticns of the models’ risk
factors. Table 1 cutlines the 20 condition profiles responsible
for 50% of the cases, each profile sharing at least 4 patients.
Peri-implant pathology was presentin different combinations,
establishing itself as a group of multifactorial situations.

Considering the frequency of predictors, higher frequen-
cies were registered for the cases relative to controls for the
variables history of Periodontitis, smoking habits, lack of
prosthetic fit or non-optimal screw joint, bone level, bacterial
plaque, bleeding, metal-ceramic prosthesis, acrylic-resin
prosthesis, and the interaction between bacterial plaque
and proximity of other teeth or implants; on the other hand,
higher frequencies were registered for the controls compared
to cases for the variable proximity of the implant to other teeth
and implants (Table 2).

3.2, Outcome measures

3.2.1. Attributable fraction (AF)

The AF for the variables included in the risk algorithm is
presentedin Table 3. The variable with a higher AF was history
of Periodontitis (0.74), followed by bone level in the implants’
middle 1/3 (0.31), bacterial plaque (0.31), metal-ceramic
material used in the restoration (0.26), bleeding (0.18), the
interaction between bacterial plaque and proximity of other
implants or teeth (0.15), and lack of prosthetic fit or non-
optimal screw joint (0.05).

3.2.2. LR+, LR—, ROC curve, and risk groups
At the optimum cut-off value, the LR+ was 9.69, while the LR—
was 0.13 (Table 4).

The ROC curve for the regression model with all possible
cutoff points is presented in Fig. 1. The model had an area
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Table 1 - Twenty different cases profiles according to the presence or absence of risk factors for peri-implant pathology

retrieved from the multivariable logistic regression model.

Profile History or Type of Lack of  Bacterial Bleeding Bone level Proximity Smoking Interaction Number
Periodontitis = material prosthetic  plaque according to of other habits  bacterial of cases
used in the fit or implants’  teeth or plague *
prosthesis non-optimal third implants proximity
screw joint of other
implants/
teeth
1 Presence Metal-ceramic Absence Absence Absence Coronal Absence No Absence 14
2 Presence Metal-ceramic Absence Absence  Absence Middle Presence No Absence 9
3 Presence Metal-ceramic Absence Absence Absence Coronal Presence No Absence 9
4 Presence Metal-ceramic Absence Absence Absence Coronal Absence Yes Absence 8
5 Presence Metal-ceramic Absence Absence Absence Middle Presence Yes Absence 7
6 Absence Acrylic-resin Absence Absence Absence Coronal Absence No Absence 7
7 Presence Metal-ceramic Absence Presence Presence Coronal Presence No Presence 6
8 Presence Metal-ceramic Absence Presence Absence Coronal Presence No Presence 6
9 Presence Metal-ceramic Absence Presence Presence Coronal Absence No Absence 6
10 Presence Metal-ceramic Absence Absence Presence Coronal Presence No Absence 5
11 Absence Acrylic-resin Absence Absence Absence Middle Absence No Absence 5
12 Presence Metal-ceramic Absence Presence Absence Coronal Absence Yes Absence 5
13 Presence Acrylic-resin Absence Absence  Absence Coronal Absence No Absence 5
14 Presence Acrylic-resin Absence Absence Absence Coronal Absence Yes Absence 5
15 Presence Metal-ceramic Absence Absence Absence Coronal Presence Yes Absence 4
16 Presence  Acrylic-resin Absence Presence Absence Middle Absence Yes Absence 4
17 Presence Metal-ceramic Absence Presence Presence Coronal Absence Yes Absence 4
18 Presence Metal-ceramic Absence Presence Absence Coronal Absence No Absence 4
19 Presence Acrylic-resin Absence Presence Presence Coronal Absence No Absence 4
20 Presence Acrylic-resin Absence Presence Presence Coronal Absence Yes Absence 4

under the curve equal to 0.96 95% CI: [0.95, 0.98] (p < 0.001).
The optimum cut-off point (Table 3) for the model was 31%.
Patients were divided into 4 risk groups based on multiples
of the pre-analysis risk (20%): low risk (less than half the pre-
analysis risk); moderate risk (half to less than one times the
pre-analysis risk); high risk (one to less than 2 times the pre-
analysis risk); and very high risk (twice or more times the pre-
analysis risk). The observed incidence of peri-implant pathol-
ogy in the low-, moderate-, high-, and very-high-risk groups
was 2%, 12%, 38% and 86%, respectively; with a risk score
discrimination (95% CI) of 0.844 {0.806; 0.883) (Table 5).

38 Model illustration

Two real-life clinical situations were used to demonstrate the
practical use of the risk score (Figs. 2-5). Case 1. A 63 year-old
male non-smoker patient, with a history of Periodontitis,
partially rehabilitated in March 2005 with 2 implants (posi-
tions #14, #16) in immediate function; overcame the osseoin-
tegration period uneventfully, and had clinical maintenance
appointments with a 6 months recall regimen. Peri-implant
pathology was diagnosed after three years of function, on
implant #14 (Fig. 2). On April 2006 (cne year of follow-up; two
years before diagnosis), the patient was on the very-high-risk
category (Fig. 3), a situation that remained unchanged in
October of 2006. On April 2007, the patients’ oral hygiene
improved with absence of bacterial plaque and bleeding, and
the patients’ risk decreased to a high-risk category (Fig. 3). On
October 2007 (6 months before diagnosis) the patient’s oral
hygiene decreased to the levels of the previous year and the
patients’ risk again increased to a very-high-risk category; the
condition was diagnosed 6 months later.

A second patient, a 59 year-old male non-smoker patient,
was partially rehabilitated in May 2001 with 2 implants
(positions #11, #21) in immediate function, overcame the
osseointegration pericd uneventfully, and had clinical main-
tenance appointments with a 6 months recall regimen. Peri-
implant pathology was diagnosed after 6 years and 8 months
of function, on implant #21 (Fig. 4). During the first 4 years of
function, the patient was on a high-risk category (Fig. 5). In
2006, bleeding was registered around the implants and the
patients’ risk increased to a very-high-risk category (Fig. 5). On
February 2007 (11 months before diagnosis) the clinical signs
were maintained, together with an abutment screw loosening
registered in implant #21, which increased even more the
patients’ risk score (Fig. 5). On January 2008, peri-implant
pathology was diagnosed (patient asymptomatic), with a re-
incidence of the abutment screw loosening.

4, Discussion

This study evaluated the impact of risk factors retrieved from a
risk algorithm through the attributable fraction and developed
a risk score that enabled risk stratification to predict peri-
implant pathology.

The attributable fraction estimates in the exposed cases
allowed quantifying the impact that the absence of exposure
to the predictors would have on the incidence of peri-implant
pathology. However, these estimates should be interpreted
with caution since first, it assumes that there are no bias
(nevertheless the potential bias on a case-control study if the
outcome is not rare), and second, that the removal of exposure
to a risk factor for peri-implant pathology would not affect the
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Table 2 - Patients’ characteristics concerning risk factors vs. presence of peri-implant pathology; odds ratio and beta

coefficient retrieved from the multivariable model after bootstrap validation; and risk score points.

Risk factor Peri-implant pathology  p-Value at Multivariable Multivariable Risk score
bivariate odds ratio B coefficient points®
level [95% confidence  after bootstrap
intervals] after validation
bootstrap validation
Yes (n=270) No (n=1080)

Smoking habits

Non-smoker 160 (62.7%) 778 (76.3%) 1.0 (Reference)

Smoker 95 (37.3%) 242 (23.7%) <0.001 0.83 [0.82; 0.84] 0.191 o
History of Periodontitis

No 57 (21.1%) 883 (86.6%) 1.0 (Reference)

Yes 198 (78.9%) 137 (13.4%) <0.001 18.98 [18.75; 19.21] 2,943 5
Proximity of the implant to other teeth and implants

Edentulous 140 (54.9%) 352 (34.5%) 1.0 (Reference)

Adjacent implants or teeth present 115 (45.1%) 668 (65.5%) <0.001 0.44 [0.43; 0.45) 0.822 )
Type of material used in the restoration

Ceramic 31 (12.2%) 445 (43.6%) 1.0 (Reference)

Metal-ceramic 120 (51.0%) 297 (22.3%) <0.001 3.98 [3.91; 4.05] 1.382 2

Metal-acrylic 16 (6.3%) 107 (10.5%) 0.40 [0.39; 0.41] 0.911 2

Acrylic 78 (30.6%) 241 (23.6%) 1.79 [1.76; 1.82] 0.582 1
Lack of prosthetic fit or non-optimal screw joint

No 241 (94.5%) 1006 (98.6%) 1.0 (Reference)

Yes 14 (5.5%) 14 (1.4%) <0.001 5.87 [5.71; 6.04] 1.771 3
Bacterial plaque

Absent 147 (57.6%) 953 (93.4%) 1.0 (Reference)

Present 108 (42.4%) 67 (6.6%) «0.001 3.57 [3.50; 3.63] 1.271 2
Bleeding

Absent 178 (69.8%) 953 (93.4%) 1.0 (Reference)

Present 77 (30.2%) 67 (6.6%) <0001 2.91 [2.87; 2.96] 1.069 2
Bone level

Implants’ coronal third 172 (67.5%) 966 (89.3%) 1.0 (Reference)

Implants’ medium third 83 (32.5%) 54 (5.3%) <0.001 13.93 [13.71; 14.16] 2.634 5
Interaction between presence of - - - 4.31 [4.20; 4.42) 1.460 3

bacterial plaque and proximity
of the implant to other teeth
and implants

 Risk score points were obtained by dividing the g coefficient of each risk factor by the base regression coefficient (the risk factor with the
smallest regression coefficient: acrylic prosthesis). Example: History of Periodontitis risk score = History of Periodontitis g coefficient/acrylic

prosthesis g coefficient = 2.943/0.582 = 5 points.

Table 3 - Estimation of the attributable fraction of peri-implant pathology related to the risk factors. The attributable

fraction represents the potential percentage of cases reduced if the exposure to a risk factor was suppressed.

Risk factors Risk factor  Risk factor Al+/M1+ Odds Attributable
frequency in  frequency ratio fraction
cases in controls (A1 +/M1 +)(OR — 1/OR)
History of Periodontitis 198 137 0.78 18.98 0.74
Lack of prosthetic fit or non-optimal screw joint 14 14 0.06 5.87 0.05
Bacterial plaque 108 67 042 357 0.21
Bone level in implants’ middle third 85 141 032 13.93 0.31
Bleeding 70 71 0.26 291 0.18
Type of material used in the restoration (metal-ceramic) g7 158 0.32 3.98 0.26
Interaction bacterial plaque x proximity of other 49 24 0.18 4.31 0.15

teeth/implants

Al+: number of disease among exposed subjects; M1+ number of disease = 255; OR: odds ratio. Calculation support using bacterial plaque
as example: Al+/M1+ is obtained by dividing the risk factor frequency in cases (Al+=108) by the number of disease in the

sample (M1+=255) & Al+/M1+=108/255=0.42; the bacterial plaque OR=3.57, then OR-1/OR=(3.57

1)/3.57 = 0.72; Therefore, (Al+/

M1+)(OR  1/OR) = (0.42)(0.72) = 0,31 < 31% of the cases that could have been prevented if the exposure to bacterial plaque was suppressed.

other competitor risk factors [22]: for example, part of the
number of patients with bleeding could be directly affected by
the exposure to bacterial plaque. From the risk factors for the
incidence of peri-implant pathology included in the risk

model, there are several exogenous factors that are possible to
control either by the patient or the clinician. From the point of
view of the patient, the effects of bacterial plaque, either
independently or in combination with the proximity of the
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Table 4 - Calculation of the positive and negative likelihood ratios according to the sensitivity and specificity of the model

at the optimum cut-off value.

Optimum Sensitivity (S) Specificity (Sp) Balanced Likelihood Likelihood
cut-off value accuracy ratio+ [S/(1 — Sp)] ratio— [(1 — S)/Sp]”
[(s + Sp)/2]
Model 0.31 0.882 0.909 0.896 9.69 0.13

Model cemponents: History of pericdontitis; bacterial plaque, bone level in the implants’ middle third, smoking habits, bleeding, type of
material used for restoration, lack of prosthetic fit or non-optimal screw joint, proximity of other teeth or implants, Interaction: bacterial
plaque and proximity of other teeth or implants.

* In order to assess the number of times a patient without peri-implant pathology would score negative in the model compared to a patient
with peri-implant pathology, the mathematical fraction should be 1/LR—. For example at the optimum cut-off value, I/LR— + 1/0.13 =7.69.

Table 5 — Observed incidence of peri-implant pathology in the 4 risk categories.

Risk score

(sum of points) estimated from the risk score

Risk group and predicted probability

Observed incidence of
peri-implant pathology

Within group incidence of
peri-implant pathology

<2 <10% - low risk (<0.5 pre-analysis risk) 16/725 = 2.2% 16/1275 = 1.3%
24 10-20% — moderate risk (0.5 to <1 times pre-analysis risk) 22/192 = 11.5% 22/1275=1.7%
5-7 20-40% - high risk (1 to <2 times pre-analysis risk) 71/1189 = 37.6% 71/1275 =5.6%
=7 »40% - very high risk (=2 times pre-analysis risk) 146/169 = 86.4% 146/1275 = 11.5%

C-statistic = 0.844 (0.806; 0.883), p < 0.001.

ROC curve ilustrating the performance of the
model for predicting peri-implant pathology

1,0

0,8

=)
=]
1

Sensitivi

0,21 AUC (95% CI): 0.963 (0.950,0.976)

0,0 T T T
0,0 0,2 04 0,6 0,8 1,0

1 - Specificity

Fig. 1 - Receiver operating characteristic curve illustrating
the performance of the risk algorithm.

implant to other teeth or implants (that can act as a reservoir
of bacteria) [37] and the effect of bleeding, are potentially
modifiable atleast to some extent through a daily and effective
oral hygiene in order to prevent the formation of Bacterial
plague [1,38-40] and consequently bleeding (a clinical mani-
festation of an ongoing inflammatory reaction on the
peri-implant complex) [38,39]. The attributable fraction of
peri-implant pathology accounts for 31%, 15%, and 18% for
the risk factors Bacterial Plaque, the interaction Bacterial
Plaque " Proximity of the implant to teeth and other implants,
and bleeding, respectively. Smoking is another factor that is

Fig. 2 - Periapical radiograph of patient one at diagnosis,
demonstrating bone loss in implant #14, with marginal
bone level located on the 3rd implant thread.

modifiable by the patient, given its potential to negatively
affect the implants’ failure rate, the risk of post-operative
infections and marginal bone loss [41]. From the point of view
of the clinician, the factors related to the lack of prosthetic fit
or non-optimal screw joint, and the type of material used in
the restoration are both potentially modifiable. The lack of
prosthetic fit relates to an error in the manufacture of the
prosthesis, either clinical, laboratorial, or both. The use of
computer assisted designed/computer assisted manufacture
technologies (CAD/CAM) should allow a more uniform passive
fit to the prosthesis [42,43]. The non-optimal screw joint,
translated to a loosening of prosthetic components is one of
the possible signs of occlusal overloading [15], the primary
cause of biomechanical implant complications, positively
associated with bruxism [43]. Its management/prevention
includes a control of the patients’ occlusion by the clinician
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Risk of peri-implant pathology

Date of rehabilitaiton ~1 year of follow-up. Time to event: ~2 years
19-03-2005 19-04-2006

Presence or absence

Predictors of predictors Score points
History of Periodontitis 1 5
Poximity of other teeth or implants 1 -1
Metal-ceramic prosthesis 1 2
Metal-acrylic prosthesis 0 0
Acrylic-resin prosthesis 0 0
Lack of passive fit or non-optimal screw joint 0 0
Bacterial plague 1 2
Bleeding 0 0
Interaction bacterial plaque and proximity of other teeth ar implants il 3
Bone level localized on the implants' medium third? 0 0
Smoking habits 0 0
Total score 11
Risk of peri-implant pathology Very high risk

Date of rehabilitaiton  ~2 years of follow-up. Time to event: ~1 year
19-03-2005 18-04-2007

Presence or absence
Predictors of predictors Score points
History of Periodontitis 1 5

'
=

Poximity of other teeth or implants

Metal-ceramic prosthesis

Metal-acrylic prosthesis

Acrylic-resin prosthesis

Lack of passive fit or non-optimal screw joint

Bacterial plaque

Bleeding

Interaction bacterial plaque and proximity of other teeth or implants
Bone level localized on the implants' medium third?

o Cc o ooocoo K -

Smoking habits
Total score
Risk of peri-implant pathology H

M oOCcoojoo|oo N

gh risk

Date of rehabilitaiton 2.5 years of follow-up. Time to event: 6 months

19-03-2005 17-10-2007
Presence or absence
Predictors of predictors Score points
History of Periodontitis 1 5
Poximity of other teeth or implants il =
Metal-ceramic prosthesis al 2
Metal-acrylic prosthesis 0 0
Acrylic-resin prosthesis 0 Q
Lack of passive fit or non-optimal screw joint 0 0
Bacterial plaque 1 2
Bleeding 0 0
Interaction bacterial plaque and proximity of other teeth or implants 1 3
Bone level localized on the implants' medium third? 0 0
Smoking habits 0 0
Total score 11
Risk of peri-implant pathology Very high risk

Fig. 3 - Risk scores for patient one, at 1-, 2- and 2.5-years of follow-up, with corresponding level of risk for the incidence of
peri-implant pathology. The figure also indicates the date of rehabilitation, the time of follow-up and time to event
(considered the diagnosis of peri-implant pathology).
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Fig. 4 - Periapical radiograph of patient two at disease
diagnosis, demonstrating bone loss in the anterior
implants, together with an abutment screw loosening in
implant #21.,

[15]. The type of material used in the restoration can be
controlled on the basis of a tradeoff between the material
surface roughness, with the ceramic presenting a smoother
surface compared to acrylic resin, potentially reducing the
probability of bacterial plague accumulation; and the capacity
of reducing the concentration of occlusal stress, with acrylic-
resin biomechanically more favorable [44,45]. A retrospective
study [46] to identify the type, frequency and risk factors for
the cccurrence of complications in dental implants, reported
that of three risk factors discovered (smoking, surgical
technique and reconstruction procedures) at least two can
be modified by the clinician, allowing to positively influence
the outcome of the rehabilitation and increasing the odds for
success. Applying the estimated attributable fraction for peri-
implant pathology, potential reductions of 26% and 5% could
be reached when eliminating the exposure to metal-ceramic
prosthesis and to lack of prosthetic fit or non-optimal screw
joint, respectively, accounting for an overall maximum of 31%
potential reduction in disease incidence.

The risk factors history of Periodontitis and bone level, with
an attributable fraction of 74% and 31% respectively, are likely
to be modified only as an academic hypothesis, given that
completely removing the exposure to history of Periodontitis
would represent a decrease in the number of patients
rehabilitated with dental implants in a first place, since
natural teeth would still be present and in function; on the
other hand, the removal of exposure to the variable bone level
could be hypothesized by narrowing the inclusion criteria for
rehabilitation with dental implants. This would mean not
inserting implants in the presence of more challenging

conditions such as extremely atrophic jaws, dehiscences or
fenestrations that would translate in an implant inserted in
low bone quantity. In this clinical scenario, implants would be
inserted virtually only in residual bone which would imply a
much smaller treatment scope in the population, but a
decrease in the probability of complications. The inclusion
of the variable bone level as a risk factor may be subject of
discussion and justifies further explanation as it is imperative
to discriminate between bene level and bone loss: Bone level
symbolizes an end result, defined by the amount of implant
surface covered by bone. Lower bone levels can be the product
of bone loss (for example the product of peri-implant
pathology) or influenced by different situations such as bone
quantity or quality at implant insertion, implant length, or by
physiological marginal bone resorption in the course of follow-
up, none of the latter related to peri-implant pathology [47].
Furthermore, it is important to point out that bone levels were
registered in the absence of peri-implant pathelogy at clinical
appointments that preceded the reference date for cases and
controls [30], in situations of stability derived from non-
pathological events, and therefore enabling the use of this
variable as a potential risk factor from a causality point of
view,

It is clear that although peri-implant pathology constitutes
a group of multifactorial situations as established in the model
and case profiling of our study, there are several factors that
could potentially be modified either through a good planning
or an effective control, and this way reducing the incidence or
at least the severity of disease, increasing the likelihood of a
successful implant supported rehabilitation. Both Moy et al.
[48] and Chuang et al. [49] when dealing with the risk factors
for implant failure, stressed the importance of anticipating
outcomes/controlling risk factors as an essential part of risk
management in implant practice, allowing clinicians to take
informed decisions and refine the treatment plan to enhance
outcomes,

The comparison of the attributable fraction results inferred
from this model with the results of the bivariate analysis
studies [26-29] revealed an average overestimation of the
attributable fraction of the risk factors of about 46% in the
bivariate analysis studies: History of Periodontitis was over-
estimated in about 20% [27], bacterial plaque, bone level,
metal-ceramic prosthesis, and the interaction between bacte-
rial plaque and proximity of other implants or teeth were
overestimated in about 50% [26,28,29], bleeding was over-
estimated in about 60% [28]. These differences can be
explained by the control for the presence of other variables
of interest/confounders (such as smoking and bacterial
plaque) in the risk model using a conditional logistic
regression analysis [50] in addition to matching, which
provided e risk model that yielded more realistic results.
The variable smoking habits was included in the regression
model (and corresponding risk score) in the pre-analysis step
and maintained after the analytical step, despite the signifi-
cant effect in the bivariate analysis (OR = 2.0), and the non-
significant effect in the multivariable analysis. The reason for
this inclusion was due to its potential role as a risk factor and/
or strong confounding factor in association with history of
periodontitis [51] (smoking habits correlating with both peri-
implant pathology and history of periodontitis). The literature
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Risk of peri-implant pathology
Date of rehabilitaiton
05-05-2001 to 27-08-2003

Predictors

History of Periodontitis

Poximity of other teeth or implants
Metal-ceramic prosthesis

~1 year of follow-up. Time to event: ~2 years
2003 to 22-09-2005- 6 months recall regimen

Presence or absence
of predictors Score paoints
0 0

Metal-acrylic prosthesis

Acrylic-resin prosthesis

Lack of passive fit or non-optimal screw joint
Bacterial plaque
Bleeding

Interaction bacterial plaque and proximity of other teeth or implants

Bone level localized on the implants' medium third?
Smoking habits
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Total score
Risk of peri-implant pathology

Date of rehabilitaiton
09-05-2001 to 27-08-2003

Predictors
History of Periodontitis

58-65 months of follow-up. Time to event: 15 months
23-03-2006 to 19-10-2006- 6 months recall regimen

6
High risk

Presence or absence

of predictors Score points
0 0

Poximity of other teeth or implants

&

Metal-ceramic prosthesis
Metal-acrylic prosthesis
Acrylic-resin prosthesis

Lack of passive fit or non-optimal screw joint
Bacterial plaque

Bleeding

Interaction bacterial plaque and proximity of other teeth or implants

Bone level localized on the implants' medium third?
Smoking habits
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Total score
Risk of peri-implant pathology

Date of rehabilitaiton

Predictors

69 months of follow-up. Time to event: 11 months
09-05-2001 to 27-08-2003 14-02-2007- 4 months recall regimen-last appointment

8
Very high risk

Presence or absence
of predictors

Score points

History of Periodontitis 0 0
Poximity of other teeth or implants 1 -1
Metal-ceramic prosthesis 1 2
Metal-acrylic prosthesis 0 0
Acrylic-resin prosthesis 0 0
Lack of passive fit or non-optimal screw joint 1 3
Bacterial plaque 1 2
Bleeding 1 i
Interaction bacterial plaque and proximity of other teeth or implants I 3
Bone level localized on the implants' medium third? 0 0
Smoking habits 0 0
Total score 11
Risk of peri-implant pathology Very high risk

Fig. 5 - Risk score for patient two during the first 4 years of follow-up, between 4 years 9 months and 5 years 3 months of
follow-up, and at 5 years and 9 months of follow-up, with corresponding level of risk for the incidence of peri-implant
pathology. The figure also indicates the date of rehabilitation, the time of follow-up and time to event (considered the

diagnosis of peri-implant pathology}.

demonstrates both these potential roles for smoking habits as
a potential risk factor for implant failure and marginal bone
loss [41]; and for peri-implant patheology, where in a meta-
analysis, a two-fold increase in the risk ratio of peri-implant
pathology was estimated when considering the implant-based

meta-analysis, while a non-significant risk ratioc was estimat-
ed when considering the patient-based meta-analysis [52].
Clinically, likelihood ratios provide a summary of how
many times patients with the condition were more or less
likely to have that particular result than patients without the

280



52 JOURNAL OF PROSTHODONTIC RESEARCH 61 (2017) 43-53

condition [31]. Considering the LR+ of the model at a 31% cutoff
point, a patient with peri-implant pathology was almost ten
times more likely to have a positive test compared to a patient
without peri-implant pathology; while considering the LR—,
patients without peri-implant pathology were almost 8 times
(1/0.13) more likely to have a negative test than individuals with
peri-implant pathology. Illustrating these results, the ROC curve
of the risk algorithm rendered an area under the curve between
0.9 <ROC < 1.0, a situation that could be considered as
potentially achieving an excellent accuracy [53].

Risk scores can be very helpful for both patients and
clinicians. The advantages of the points system were
previously exposed for a different condition, nevertheless
retaining their validity and application for peri-implant
pathology [34]. Risk scores can be used for motivating patients
to change risk factors so as to reduce their peri-implant
pathology risk. Considering the clinicians, the risk score is an
approach for making complex statistical models useful,
simplifying the assessment of the multi-factorial nature of
peri-implant pathology and also the incorporation into clinical
practice. It represents an effort to make available a tool for
clinicians to aid in their decision-making process regarding
treatment and to assist them in motivating patients toward
healthy behaviors.

The limitations of this study included the type of
longitudinal evaluation (retrospective), the study design
(case—control study), which allows only an estimation of
the relative risk in the population; the study conduction in a
single center; and one implant system, which implies that the
extrapolation of results should be made with caution. Also the
number of cases included did not allow to apply analytical
methods in sub samples which would have contributed tc a
higher internal validity, or to discriminate by age and gender.
Larger studies with heterogeneous populations and prospec-
tive design are needed in the future to further refine the model
or create new models with increased external validity.

5. Conclusions

Considering the results, avoiding exposure to modifiable risk
factors such as bacterial plaque and bleeding (by the patient),
and lack of prosthetic fit or non-cptimal screw joint and metal-
ceramic prosthesis (by the clinician), can account for a
potential reduction in the incidence of peri-implant pathology
of up to 72% and 31%, respectively, with significant impact in
public health gains. It was possible to stratify risk into 4 groups
(low, moderate, high and very-high risk) with good discrimi-
nation, based on the risk algorithm for predicting peri-implant
pathology.
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Abstract: Background: There is a need for tools that provide prediction of peri-implant disease.
The purpose of this study was to validate a risk score for peri-implant disease and to assess
the influence of the recall regimen in disease incidence based on a five-year retrospective cohort.
Methods: Three hundred and fifty-three patients with 1238 implants were observed. A risk score
was calculated from eight predictors and risk groups were established. Relative risk (RR) was
estimated using logistic regression, and the c-statistic was calculated. The effect/impact of the
recall regimen (< six months; > six months) on the incidence of peri-implant disease was evaluated
for a subset of cases and matched controls. The RR and the proportional attributable risk (PAR)
were estimated. Results: At baseline, patients fell into the following risk profiles: low-risk (n = 102,
28.9%), moderate-risk (1 = 68, 19.3%), high-risk (1 = 77, 21.8%), and very high-risk (1 = 106, 30%).
The incidence of peri-implant disease over five years was 24.1% (n = 85 patients). The RR for the risk
groups was 5.52 (c-statistic = 0.858). The RR for a longer recall regimen was 1.06, corresponding to a
PAR of 5.87%. Conclusions: The risk score for estimating peri-implant disease was validated and
showed very good performance. Maintenance appointments of < six months or > six months did not
influence the incidence of peri-implant disease when considering the matching of cases and controls
by risk profile.

Keywords: dental implants; peri-implantitis; peri-implant disease; risk; epidemiology

1. Introduction

Peri-implant disease is considered a pathological condition occurring in tissues around dental
implants, characterized by inflammation in the peri-implant connective tissue and progressive loss
of supporting bone [1,2]. The weighted mean prevalence (95% confidence interval) of peri-implant
disease is estimated to be 19.83% (15.38, 24.27) at the patient level and 9.25% (7.57, 10.93) at the implant
level [3].

Recently, a large case-control study was conducted that examined several risk factors for
peri-implant disease: history of periodontitis, bone level, lack of passive fit or non-optimal screw joint,
bacterial plaque, bleeding, type of material used in the restoration, proximity of other implants/teeth
and current smoking [4]. The same study estimated a potential risk score for predicting peri-implant
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disease. However, the risk score was not validated in a different cohort than that from where the data
were originally collected.

Profiling patients according to their risk for a disease is currently a priority in public health
research, with significant efforts being made to introduce prevention and treatment strategies that
account for individual variability [5]. In other medical specialties, profiling a patient’s individual risk
for a particular health-related outcome through a risk score has been previously reported, such as the
prediction of serious bleeding after primary percutaneous coronary interventions [6], risk scores for
predicting adverse reaction to contrast agents for computed tomography [7], or estimation of coronary
heart disease risk [8].

In Dentistry, one prevention strategy in both Periodontal and Implant Dentistry is the
recall regimen, accounting for patients’ signs and symptoms along with patient compliance and
acceptance. Recall regimens are designed to help predict the long-term success of an outcome [9-13].
Specifically, a recall interval of five to six months has been proposed as the minimum required for
successful outcomes in implant dentistry [12-14]. The strength of this recommendation is based on a
“D” classification—the lowest classification based on extrapolation from other categories of evidence,
evidence from expert committee reports or opinions, clinical experience of respected authorities, or a
combination of these categories [14]. Consequently, more research is necessary to produce evidence for
recommending recall regimens.

The primary aim of this study was to validate a risk score for peri-implant disease. The secondary
aim of this study was to investigate the influence of recall regimens on the incidence of
peri-implant disease.

2. Materials and Methods

2.1. Study Design, Study Population, Ethics, Inclusion and Exclusion Criteria

This retrospective cohort study was approved by the Ethical Committee for Health (authorization
010/2013), the Faculty of Medicine, University of Lisbon Ethical Board (Process 270,/2015), and the
Faculty of Medicine-University of Lisbon Scientific Board (Process CC-120), and follows the Helsinki
Declaration of 1975, as revised in 2000. The patients provided their informed consent to participate in
the study. The study was conducted at a private rehabilitation center (Lisbon, Portugal) concerning
patient rehabilitation and follow-up and at the Faculty of Medicine, University of Lisbon, between
March 2015 and August 2017 (data collection, analysis and interpretation).

The study population consisted of male and female patients over 18 years of age who received
a fixed prosthesis supported by dental implants at a private practice (Lisbon, Portugal) between
January and December 2006. The inclusion criterion was patients with rehabilitated dental implants
with at least 5 years of follow-up after the insertion of the rehabilitation, healthy or with a systemic
condition and irrespective of the smoking status. Exclusion criteria were patients not followed by our
team and patients with implants that failed (early complete implant failures during osseointegration,
during the first year of follow-up) [15] or had unresolved biological complications (abscess, infection,
or fistulae) during the first year of follow-up whose signs and symptoms could overlap with the
clinical manifestations of peri-implant disease.

A total of 504 surgery records referring to 479 patients with 1676 implants were reviewed
corresponding to the total number of patients rehabilitated between January and December of 2006
at the private practice. Sixty patients with a total of 206 implants were excluded for the following
reasons: 43 patients (126 implants) were not followed by our team; 12 patients (60 implants) presented
unresolved biological complications during the first year of follow-up; five patients (11 implants)
had failures during the first year of follow-up (in addition to 7 implants from two of these patients
who were considered survivals but were still not included in the analysis). Additionally, 12 patients
(22 implants) had two different surgical interventions for implant rehabilitation in the same year,
but with more than 6 months between them. For these patients, only the implants from the first
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surgical intervention were included in this analysis. Sixty-six patients (18.7%) with 210 implants
(17.0%) were lost to follow-up.

2.2. Sample Size

The final sample included a total of 353 patients (211 female, 142 male) with an average
age of 52.5 years (standard deviation: 11.75 years; age range: 18 to 87 years) and 1238 implants
(Brdnemark system, NobelSpeedy, Nobel Biocare AB, Goteborg, Sweden). The sample size allowed for
the detection of a true relative risk of 1.74 in exposed subjects relative to unexposed subjects, assuming
the probability of exposure among controls of 21% [16] with 80% power and a type I error probability of
5% (power and sample size calculations, version 3.0.34, Dupont WD and Plummer WD Jr, Department
of Biostatistics, Vanderbilt University, Nashville, TN, USA).

2.3. Outcome Measures, Variables

The primary outcome measure was the model’s discrimination capacity for predicting
peri-implant disease. Peri-implant disease (dependent variable) was defined as the presence of
peri-implant pockets >5 mm, bleeding upon probing, the concurrent presence of vertical bone loss
visible in the periapical radiograph compared to the previous evaluation and/or attachment loss
>2 mm compared to the previous evaluation [4]. The current risk score derived from the construction
of a model referred to in a previous publication [16]. In brief, the following steps were taken in the
construction of the model: First, a univariable statistical evaluation was performed between potential
risk factors and peri-implant disease. The following variables were evaluated considering the potential
association with peri-implant disease:

Classification of comorbidities according the American Society of Anesthesiology (ASA)
(ASA I-111); history of head and neck irradiation <6 months; history of chemotherapy <6 months;
smoking habits (non-smoker, smoker); history of periodontitis (periodontitis previous to the implant
rehabilitation or tooth loss due to periodontitis); postmenopausal hormone replacement therapy;
Implant location (mandible, maxilla), Implant position within the jaw (anterior, posterior); implant
orientation (axial, tilted), proximity of the implant to teeth or other implants (absence, presence of a
natural tooth or implant immediately next to the implant); implant length (7, 8.5, 10, 11.5, 13, 15 or
18 mm); implant diameter (3.3-3.5 mm, 3.75-4.3 mm, 5-6 mm); implant surface (machined, oxidized);
cantilevers (absence, 1 or more); implant-crown ratio (2:1, 1:1); type of abutment (straight, angulated
17 degrees, angulated 30 degrees); abutment height (1-5 mm); type of prosthetic restoration
(single tooth, fixed partial restoration or fixed total restoration); type of material used in the restoration

{covramic motal_cpramic motal_ascrvlic acrulio): fractiire af nrogthatic comnonents within tho nrovinug
\WCeramic, metai—Ceramic, metai—acryud, acryiid); iracture of prosinetic cOomponenis witnin tine previous

year of diagnosis, lack of prosthetic fit or non-optimal screw joint (defined as the loosening of prosthetic
screw or the visible gap between prosthetic components); implants in grafted bone; implants inserted
in post-extraction sockets; implants inserted in periodontally compromised sites; phasing of implant
restoration (2-stage: implant insertion in a first surgery, followed by a healing period between
4-6 months, and a second surgery for abutment connection; 1-stage: implant and abutment insertion
on the same surgery; immediate function: implant, abutment and connection of the restoration on
the same day of surgery); presence of bacterial plaque, presence of bleeding, bone level (located on
the implants’ coronal, or medium thirds); time in months between clinical evaluation appointments.
The variables individually associated with the incidence of peri-implant disease were tested in a
multivariable conditional logistic regression model. The variables were introduced following a criterion
of biological plausibility (first) and statistical performance (second). The statistical performance was
evaluated according to the variables’ statistical significance (p < 0.05) and the models’ goodness of fit
(Likelihood ratio test). The exceptions were the variables “bacterial plaque” and “smoking habits” that
were always included in the model given their potential confounder effect, and this way, the effect of
confounding variables was considered to have been reduced by multivariable analysis. Interaction
between variables was performed based on biological plausibility and previous scientific reports
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(bacterial plaque and proximity of the implant to other teeth or implants). The final model was
derived and 3 coefficients were used to transform the risk model in the current risk score. The risk
score was tested for external validation in a different population of patients in the present study.
Considering the risk score, the predictor variables (collected at baseline) were history of Periodontitis
(present or absent}, bone level (located on the implants’ coronal third or implants” middle third), lack of
a passive fit or a non-optimal screw joint (presence or absence of prosthetic passive fit, prosthetic screw
loosening, abutment screw loosening, prosthetic decementations), bacterial plaque (modified plaque
index [17] and recorded as presence or absence), bleeding (modified bleeding index [17] and recorded
as presence or absence), type of material used in the restoration (ceramic, metal-ceramic, metal-acrylic,
acrylic resin), proximity of other implants/teeth (presence or absence) and current smoking status.
Baseline measurements were taken one-year post-surgery. This time point was chosen to prevent
overlap between early implant failures and peri-implant disease. A risk score was calculated from
the sum of the scores for each predictor to estimate the likelihood of peri-implant disease, shown in
Table 1. Risk groups were established using the total score for each patient and separating them into
four categories of risk for peri-implant disease: low risk, moderate risk, high risk, and very high risk
(Table 1).

Table 1. Baseline patient characteristics, risk score points and illustration of the relationship between
the points system and the risk profile groups.

Total (1 = 353) Risk Score

Variable 1 (%) Points *
History of Periodontitis 137 (38.8) 5
Bone level located on the implants” middle third 20 (5.7) 5
Lack of prosthetic fit or non-optimal screw joint (passive misfit abutment 20
. . . . . (5.7) 3
screw loosening, prosthetic screw loosening, prosthetic decementations)
Bacterial plaque 187 (53) 2
Bleeding 175 (49.6) 2
Type of material used in the restoration
Ceramic 79 (22.4) 0
Metal-ceramic 186 (52.7) 2
Metal-acrylic 104 (29.5) -2
Acrylic 42 (11.9) 1
Adjacent implants or teeth present 214 (60.6) -1
Simultaneous presence of bacterial plaque and adjacent 90 :
; (25.5) 3
implants or teeth present
Smoker 83 (23.5) 0

Risk profile groups obtained from the sum of risk score points for each variable

Risk profile Moderate risk High risk
Number of points 2-4 points 5-7 points

* De Aratijo Nobre et al. 2016 [4].

The secondary outcome measure was the effect of the average time interval between maintenance
appointments (<6 months or >6 months) during follow-up on the incidence of peri-implant disease.
This was evaluated for a subset of cases and matched controls using a nested case-control study design.
Cases were defined as patients with peri-implant disease; controls were defined as patients without
peri-implant disease during the 5-year follow-up. Sampling was performed by including all cases
and randomly sampling controls matched for risk category for peri-implant disease (the high- and
very high-risk groups were combined in order to sample from the controls). The average time
interval between maintenance appointments was calculated by dividing the time between the
surgery date and the diagnosis of peri-implant disease by the number of maintenance appointments
in that period (for cases) or by dividing the total time of follow-up (60 months) by the number
of maintenance appointments in that period (for controls). The average time interval between
maintenance appointments was recoded into a dichotomous variable (<6 months or >6 months).
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2.4. Statistical Analyses

Descriptive statistics included means and standard deviations to describe quantitative variables
and frequencies to describe qualitative variables. The prevalence of peri-implant disease was calculated.
Inferential analysis was performed as follows. Relative risk (RR) for peri-implant disease for each
“risk groups” was calculated using logistic regression. Receiver operating characteristic (ROC) curves
were calculated along with their 95% confidence intervals (95% CI). The risk group discrimination was
computed using c-statistics (95% CI).

The effect that maintenance appointments with time intervals of >6 months had on the incidence
of peri-implant disease was evaluated for a subset of cases and matched controls using conditional
logistic regression for estimation of RR with 95% CI. The impact that 6-month or greater time intervals
between maintenance appointments had on the incidence of peri-implant disease was estimated as the
attributable risk percent (ARP) using the RR: ARP = (RR — 1) / RR [18]. The significance level was
set at 5%. Statistics were performed using Statistical Package for Social Sciences (SPSS, version 17.0,
IBM SPSS, New York, NY, USA).

3. Results

3.1. Primary Outcome Measure: Model Discrimination Capacity

The distribution of patients across risk groups was 102 patients with low risk (28.9%), 68 patients
with moderate risk (19.3%), 77 patients with high risk (21.8%), and 106 patients with very high
risk (30%) (Table 2). The incidence of peri-implant disease in the cohort was 24.1% (1 = 85 patients).
The distribution of peri-implant disease according to the groups of risk was two patients with moderate
risk (2.9%), 22 patients with high risk (28.6%), and 61 patients with very high risk (57.5%).

Table 2. Distribution of demographics and predictors according to the risk groups.

Moderate Risk High Risk

Variables Total of Total of
68 Patients 77 Patients

Demographics N (within group %) N (within group %)
Average age in years 2.7 535
Sex
Female 50 (73.5%) 45 (58.4%)
Male 18 (26.5%) 32 (41.6%)
Predictors N (within group %) N {within group %)
History of Periodontitis 13 (19.1%) 43 (55.8%)
Bone level located on the implants’
middle third Ol 2(2.6%
Lack of prosthetic f:it‘or non-optimal 2(2.9%) 2 (2.6%)
screw joint

Bacterial plaque 37 (54.4%) 49 (63.6%)

Bleeding 35 (51.5%) 42 (54.5%)
Type of restoration material

Ceramic 13 (19.1%) 15 (19.5%)
Metal-ceramic 26 (38.2%) 39 (50.7%)
Metal-acrylic 35 (51.5%) 29 (37.7%)

Acrylic 4 (5.9%) 9 (11.7%)

Adjacent implants/teeth present 26 (38.2%) 41 (53.2%)

Interaction presence of bacterial plaque * o ;

adj acerll,t implants/teeth preslintq YR &iez o)
Smoker 12 (17.6%) 22 (28.6%)

“Risk group” was a significant risk factor in the logistic regression model with an RR = 5.52,
(95% CI: 3.64, 8.35) and a high degree of significance (p < 0.001 for the goodness of fit) (Table 3).
The model accuracy was 80.5%, with a sensitivity of 71.8% (61/85), and a specificity of 83.2% (223/268).

The area under the curve (95% confidence interval) was 0.858 (0.820, 0.896) (p < 0.001, c-statistic)
(Figure 1).
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Table 3. Logistic regression model for the association between “risk group” and the incidence of
peri-implant disease.

Standard  Significance Relative 95% Confidence Interval for RR

Variable B ;
Error (p-Va]ue) Risk (RR) Lower Upper
Risk Group 1.71 0.212 p <0.001 5.52 3.64 8.35
Constant —6.41 053 p < 0.001 0.002

R-square = 0.46; Omnibus test: p < 0.001; Hosmer and Lemeshow test: p = 0.139). Model evaluation parameters:
sensitivity, 71.8%; specificity, 83.2%; accuracy, 80.5%.

ROC Curve

1.0

0.8

o
o

Sensitivity

o
-

0.2

0.0 0.2 04 06 08 1.0

1 - Specificity
Figure 1. Receiver operating characteristic curve illustrating the performance of the risk algorithm
{Area under the curve = 0.858, 95% confidence interval [0.820, 0.896], standard error = 0.019, p < 0.001,
cut-off point = 0.14).

Risk scores are presented in Figures 2 and 3. These scores can be used to obtain predictions
for individual patients. As an example, we will examine a 59 year-old female with no history of
periodontitis who was a non-smoker and who was rehabilitated with a three-unit implant-supported
rehabilitation (three implants of 7 mm in length, positions #44-#46) that were restored using
metal-ceramic material. At baseline (one year of follow-up) bacterial plaque and bleeding were
present, and the bone level was located on the implants’ coronal third (Figure 2), which produces a
total score of 8 points and puts her in the very high-risk profile. Peri-implant disease was diagnosed
after 58 months on implant #45 due to the presence of peri-implant pockets of 5 mm and a three thread
marginal bone loss (Figure 3).

3.2. Secondary Outcome Measure: Effect and Impact of Having > Six Months Intervals between
Maintenance Visits

The sub-sample included 85 cases (with peri-implant disease) and 85 controls
(without peri-implant disease), matched by risk group. The distribution of the predictor variable
(average interval between maintenance appointments) was as follows: 62 cases and 64 controls had
intervals between maintenance appointments of < six months (incidence in the non-exposed = 0.49)
while 23 cases and 21 controls had intervals between maintenance appointments > six months
(incidence in the exposed = 0.52). The conditional logistic regression model did not show a significant
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effect of the time interval between maintenance appointments when comparing the two group, with a
RR =1.13, (95% CI: 0.57, 2.21) (Table 4). The impact on the incidence of peri-implant disease assessed
through the attributable risk percent was 5.89%.

Risk of peri-implant disease
Presence or absence of

Predictors predictors Score points

History of Periodontitis 0 [4]

Poximity of other teeth or implants

Metal-ceramic prosthesis

Metal-acrylic prosthesis

Acrylic-resin prosthesis

Lack of passive fit or non-optimal screw joint

Bacterial plaque

Bleeding

Interaction bacterial plague and proximity of other teeth or implants

Bone level localized on the implants' medium third?

Smoking habits

Total score

'
-

oo RrkRroo o R =
0 oo wnnoooN

Risk of peri-implant disease

Figure 2. Baseline periapical radiograph (at one year of follow-up) from a 59 years old female
patient with no history of periodontitis who was a non-smoker, rehabilitated with a three-unit
implant-supported rehabilitation [three implants of 7 mm in length, positions #44—#46; Risk points = —1
due to adjacent implants or teeth present) restored using metal-ceramic material (Risk points = 2).
Bacterial plaque (Risk points = 2) and bleeding (Risk point = 2) were present, and the bone level was
located on the implants’ coronal third. Due to the presence of bacterial plaque and the presence of
adjacent implants or teeth, 3 risk points were added. A total score of 8 points was registered for this
patient which corresponded to the very high-risk group.

Figure 3. Periapical radiograph at 58 months of follow-up with peri-implant disease diagnosed in
implant #45 with the presence of peri-implant pockets of 5 mm and a three threads marginal bone loss.

Table 4. Conditional logistic regression model for the association between the average time interval
between maintenance appointments and the incidence of peri-implant disease.

Standard  Significance Relative 95% Confidence Interval for RR

Variable B Error (p-Value) Risk (RR)

Lower Upper

>6 months between

’ . 0.118 0.344 p=0732 1.13 0.57 221
maintenance appointments

4. Discussion

The current study validated a risk score obtained from a model in a different population of patients,
with a high degree of significance (p < 0.001 for the goodness of fit) as well as an excellent discriminating
ability (c-statistic = 0.858) for indicating which implant-supported rehabilitation patients had a greater
risk for peri-implant disease during a five-year post-surgery follow-up period. This interpretation of
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the c-statistic result is supported by a previous publication that suggested that ROC curves falling on
the diagonal will approach the following c-statistic values for discrimination capacity: 0.5 when there
is no discriminating capacity to diagnose patients; 0.7-0.8 when there is acceptable discrimination;
0.8-0.9 when there is excellent discrimination capacity; and 0.9 or greater when there is outstanding
discrimination [19]. This risk score thus represents a valid tool for aiding clinicians in evaluating
a patient’s risk for peri-implant disease and providing important information at an early stage of
follow-up with the objective of avoiding the condition. The prevalence of peri-implant disease has
been reported across a broad range between 1% and 47% at the implant level, a variation that can
be attributed to differences in the terminology, etiology, and diagnostic criteria of the condition [12].
The currently used terminology of “peri-implantitis” has been challenged previously but is a term
for the use of unknown implant-host interfaces with a relatively good knowledge of the tooth-host
interface (periodontitis) [20]. This condition was assumed for the current investigations [4,16]. The use
of this definition is supported by recent genetic investigations that have revealed differences in
gene expression between patients with peri-implant disease and those with periodontitis [21,22].
The etiology, which is considered to be a pathology largely produced by a bacterial infection of
plaque accumulation [23], was previously refuted [4,16,23-27] after several factors aside from bacterial
plaque emerged as potential risk factors in a multivariable analysis [16,23]. Aside from the risk model
from which the present risk scores were derived [16], Konstantinidis et al. [25] also conducted a
cross-sectional study of 168 patients with 597 implants to evaluate the prevalence of and possible risk
indicators for peri-implant diseases. The study reported no association between high plaque scores
and peri-implant disease. Other theories include bone loss that is a result of a combination of factors
such as poorly manufactured implants, placement by untrained clinicians, and individual patient
characteristics [27]. Alternatively, the condition could be a result of an immunologically derived
rejection mechanism. In this theory, infection is considered to be a secondary event following a
disturbance in the immune system due to a foreign-body, such as the dental implant. The foreign
implant would then lead to immunological and inflammatory responses [28]. Additionally, different
causal models have been proposed that do not include bacterial plaque as a component cause [4,26],
such as the Sander Greenland component causal model [29]. This model states chronic diseases
are generally multifactorial and thus more than one causal mechanism may induce the condition,
with each causal mechanism being a product of the impacts of several component causes (risk factors).
Moreover, the diagnostic criteria for the condition’s clinical manifestation also differ across studies,
which makes it difficult to compare them [12]. Several risk factors included in the current validated
risk score were retrieved from a risk model [16] and were previously highlighted as risk indicators in
other studies using multivariable analysis. Not surprisingly, a history of periodontitis, bleeding, or
bacterial plaque [25,30-32] are all biological risk indicators and are supported by a greater amount
of research. However, other factors related to biomechanical aspects such as the presence of wear
facets on the prosthetic crown were found to be significantly associated with peri-implant disease [32].
Gurgel et al. [31] conducted a cross-sectional study with 155 patients to evaluate the frequency of
peri-implant diseases and factors associated with its occurrence. The study found that medication
use, the existence of two or more implants, and a gingival bleeding index >10% were risk indicators
for peri-implant disease when adjusted for other variables of interest. In a subsequent cross-sectional
analysis, Konstatinidis et al. [25] evaluated the potential risk indicators for peri-implant disease
using multi-level logistic regression models that registered both tooth loss due to periodontitis and
implants in the maxilla as risk indicators. Dalago et al. [32] also conducted a cross-sectional study with
183 patients and 916 implants that aimed to identify systemic and local risk indicators associated with
peri-implant disease. The study found significant associations between history of periodontal disease
(odds ratio = 2.2), cemented restorations (odds ratio = 3.6), total rehabilitations (odds ratio = 16.1),
and the presence of wear facets (odds ratio = 2.4). In contrast, Marrone et al. [30] found that in a
study with 103 patients with 266 implants, there were no significant effects for peri-implant disease
at the patient level using an age >65 years, total edentulism, hepatitis, active periodontitis, dental
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plaque >30%, Diabetes, history of Periodontitis, smoking, and dental visits <1 per year as explanatory
variables. The authors attributed these results to having a lower statistical power relative to the high
number of variables in the model.

Previous authors have addressed the importance of refining treatment plans through the use of
informed decision-making processes to improve the outcomes of implant-supported fixed prostheses.
Controlling risk factors and anticipating outcomes are an essential part of implant dentistry risk
management to prevent implant failure [33,34]. Moreover, controlling for risk would produce health
gains for patients and reduce time spent in a dental chair to resolve any mechanical complications
experienced [35].

The non-significant effect of the time interval between maintenance appointments on the incidence
of peri-implant disease in the present study agree with the results of previous systematic reviews.
Bidra et al. [14] conducted a systematic review to evaluate the evidence on patient recall and the
maintenance of implant-supported restorations. The review concluded that there was minimal
evidence related to recall regimens in patients with implant-supported restorations. This result inferred
a "D” classification (the lowest classification) regarding the level of evidence and the qualitative reserve
of not considering the recommendation as a standard of care [14]. Furthermore, Monje et al. [12]
identified a significant effect of peri-implant maintenance therapy on the incidence of peri-implant
disease, stressing the need to tailor the recall regimen to the patients’ risk profile and not to rely
on the interval between maintenance appointments alone. The modest impact of the recall regimen
registered in the present study (an increase of less than 6%} on the excess risk for peri-implant disease
is corroborated by the finding of Monje et al. [12] and underlines the potential greater importance
of each patients’ risk profile. A recent comment also highlighted this idea, stating that even when
maintenance therapy is provided, biological complications can still occur and that maintenance
therapy should be tailored to a patients’ risk profile [13]. For the avoidance of doubt, the result of
the present study should not be interpreted as labeling the recall regimen irrelevant to the outcome.
Rather, this study is suggesting that recall regimen is one piece of a more comprehensive approach to
preventing peri-implant disease. A previous systematic review highlighted the paramount importance
of individually tailored supportive programs that are based on patient motivation and re-instruction
in oral hygiene measures and combined with professional implant cleaning to prevent peri-implant
disease [11].

Given the implications that the validation of the risk score in the present study have for clinical
practice, the authors propose a comprehensive approach to managing patient risk. This approach
involves the measurement and management of, and communication about, risk. Measuring risk
involves assessing the risk factors for peri-implant disease and using a risk score and risk profile for
each patient. Managing risk is related to examining the implications of a patient’s risk profile result
and the deciding the necessary action(s) that should be taken. This decision should consider the use of
professional cleaning procedures, the maintenance instructions, patient motivation, the recall interval,
or changes in the prosthetic complex. Communicating risk involves sharing information about the risk
score with the patients, holding the patients responsible for their own health, and working together
on short term goals (one recall schedule at a time) that can improve the results of the risk assessment
(not only plaque control improvement but also smoking cessation and /or other lifestyle factors for
example). Ultimately, this could improve the result of the risk profile and recall regimen, via a positive
feedback mechanism. The rules necessary to apply the current risk score for prediction consist in
patients rehabilitated with dental implants, with at least one year of follow-up and with the possibility
of evaluating the patient’s periodontal history, clinical, and radiographic diagnosis. The risk score can
be performed in any evaluation appointment from the one year of follow-up onwards, enabling the
patient and clinician to work on the negative aspects present at that time.

The main strength of this study is that to the authors’ best knowledge, it presents the first risk score
for predicting peri-implant disease that has been validated for patients who were rehabilitated with
implant-supported restorations. Moreover, the predictive risk score had excellent discriminating ability,
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which will enable precise predictions. The limitations of this study included the study conduction
in a single center and one implant system (suggesting caution in extrapolating the results); the
fact that all variables were collected at baseline and their effect accounted for prediction in the
remaining of the follow-up irrespective of the status remaining unaltered or altering (for example:
plaque control; a limitation in every prediction study); and the average time between maintenance
appointments (as they could be unevenly distributed during the follow-up period) that was performed
for standardization and analytical purposes. The multifactorial origin of peri-implant disease presents
a challenge with direct implications in prediction across different populations as different variables
may exert an effect on the risk of incidence, making it impossible to account in a single model and
therefore posing a limitation of this study (such as different implant systems, implant micro and macro
designs, prosthodontic options, or even clinician experience). Despite being validated in a different
sample, studies of the different heterogeneous populations are needed to further strengthen the models’
external validity.

5. Conclusions

Within the limitations of this retrospective study it can be concluded that a tool that enables the
five-year prediction of peri-implant disease in patients with dental implants was validated. This tool
could be used in implant dentistry to improve the prognosis for implant-supported restorations,
providing a base for identifying patients at greater risk of peri-implant disease and enabling a stricter
control. Maintenance appointments of < six months or > six months did not influence the incidence of
peri-implant disease when considering the matching of cases and controls by risk profile.
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A prognostic model for the outcome of dental implants with peri-implant
disease after one year.

ABSTRACT

Background and purpose: This investigation, based on a 1l-year retrospective cohort study,
aimed to estimate and validate a prognostic model for ailing and failing implants due to peri-
implant disease.

Methods: A total of 240 patients (male: 97; female: 143; average age of 57.3 years) with at least
one ailing or failing implant per patient were included: 120 patients for the model derivation set
and 120 patients for the model validation set. The primary outcome measure was the implant
status: success, defined as the arrest of the disease, or failure defined as implant extraction,
prevalence or re-incidence of peri-implant disease). Other variables (collected at baseline) were:
age, gender, systemic conditions, time of follow-up, implant position, implant length, implant
surface, abutment height, bone level, type of rehabilitation, opposing dentition, history of
Periodontitis, mechanical complications, bacterial plaque, bleeding, peri-implant pockets, type
of material used in the restoration, proximity of other implants/teeth, smoking and surgical
intervention. The relative risk (RR) was estimated for the predictors through logistic regression
and the c-statistic (95% confidence interval) was calculated for both the derivation and
validation sets. Significance level was set at 5%.

Results: The risk model retrieved the prognostic factors age (RR = 1.04), history of Periodontitis
(RR = 3.13), severe peri-implant disease status (RR = 3.26), implant length (RR = 3.52), early
disease development (RR = 3.99), with good discrimination in both the derivation set (0.763
[0.679;0.847]) and validation set (0.709 [0.616;0.803]).

Interpretation: Based on the results, several prognostic factors were associated with a poor
outcome of implants with peri-implant disease. A prognostic risk model for estimating the
outcome of implants with peri-implant disease is available, with a good performance considering
the c-statistic evaluation in both the derivation and validation sets.

296



INTRODUCTION

Dental implant treatment as evolved over the years to a predictable outcome in the
long term with high success rates reported irrespective of the type of restoration (single teeth,
fixed partial prosthesis or full-arch).’® Nevertheless, mechanical and biological complications
can occur, threatening long term implant success.? One of such complications is peri-implant

disease.

Defined as the term for inflammatory reactions with loss of supporting bone tissue
surrounding an implant in function,” influenced by biological and biomechanical factors that
negatively affect the outcome of implant supported restorations with presence of inflammatory
signs and loss of supporting bone around an implant in function,>® the prevalence of peri-
implant disease is reported in the literature with a wide range, between 4.7 to 43% at implant
level, and from 1% to >56% at patient level.”*! This observed variability in the prevalence of the
cendition between different studies is at least partly explained by methodological issues related
to heterogeneous case definitions and diagnostic criteria, making it challenging to compare
across studies. Nevertheless, recent systematic reviews and meta-analysis investigating the
frequency of peri-implant diseases reported a frequency/prevalence of 18.8%-22% for peri-

implant disease at patient level #1022

From a causal component mechanism standpoint, as a chronical condition, peri-implant
disease is potentially influenced by multiple risk indicators including: history of Periodontitis,
biological factors such as bacterial plaque, bleeding and bone level, biomechanical factors such
as occlusal overloading, prosthesis lack of passive fit, prosthetic component loosening, type of
material used in the restoration or the proximity of other implants and/or teeth and background
factors related to poorly constructed implants placed and handled by untrained clinicians,
together with patient characteristics and function time.*1%1%18 Considering peri-implant disease

as the major risk for late implant failure, and given that the outcome of therapy of implant-
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supported rehabilitations affected with peri-implant disease is considered unpredictable,” it is
important to develop strategies that can help avoiding the incidence of the disease: In this sense,
primary prevention is paramount,® with patient self-care and clinical maintenance assuming an
Oimportant role as effective preventive measures to manage peri-implant diseases. ®%°
Moreover, the use of risk scores that help identifying patients at a greater risk for the incidence
of disease represent an important tool, simplifying the assessment of the multi-factorial nature

of peri-implant disease for the clinician, while motivating patients to change risk factors in order

to reduce their own risk.®

Nevertheless, when peri-implant disease is diagnosed, the outcome is not predictable
and in the majority of situations it is not possible to arrest progression, with more than 50% of
disease re-incidence or implant failure.?’ The study of prognostic factors in patients already
affected by the disease, especially in multivariable analysis (prognostic models) represent an
important tool used for some time in other specialties of Medicine to increase the predictability
of the outcome or to properly select patients for interventions.?’?> However, models for
patients with peri-implant disease are absent. The aim of this study was to report on the

derivation and validation of a prognostic model for implants with peri-implant disease.

MATERIALS AND METHODS

This article was written following the Strobe (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines.”® This retrospective cohort study was
approved by the Ethical Committee for Health (authorization 010/2013), the Faculty of
Medicine-University of Lisbon Ethical Board (Process 270/2015) and the Faculty of Medicine-
University of Lisbon Scientific Board (Process CC-120), following the Helsinki Declaration of 1975,
as revised in 2000. The patients provided an informed consent in order to participate in the

study.
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The study was conducted at a private rehabilitation centre (Lisbon, Portugal) and at the
Faculty of Medicine, University of Lisbon (University Clinic of Stomatology) between March 2015
and August 2017. The patients were rehabilitated between January 2012 and December 2015
and followed until December 2016; Data collection occurred between January 2016 and

November 2016; Data analysis occurred between November 2016 and August 2017.

The population included patients over 18 years, of both genders, rehabilitated with the
same type of implants at a center for Implantology and Fixed Oral Rehabilitation (Lisbon,
Portugal). The patients were randomly selected from the archives of an epidemiological
surveillance study'® at the private rehabilitation center. Inclusion criteria were patients
rehabilitated with implant supported prostheses with a diagnostic of peri-implant disease, with
a minimum of 1 year post-surgery {cut off value to prevent overlapping between early implant
failure and peri-implant disease); followed at the clinical center and who agreed to participate
through written informed consent. Exclusion criteria were patients who refused or were unable
to give informed consent; whose medical records were incomplete/missing; patients not
followed at the private rehabilitation center; patients presenting with peri-implant pockets > 4
mm in the first year of implant function and patients with bone level located on the implants’
apical third.

Peri-implant disease was defined as the presence of peri-implant pockets = 5 mm,
bleeding on probing and/or suppuration, with concurrent presence of marginal bone loss or
clinical attachment loss = 2 mm comparatively to the previous examination).?* The disease
severity was defined using a threshold for marginal bone loss at the time of diagnosis: a
radiographic image exhibiting a marginal bone loss of more than 1/3 of the implants’ length was
defined as severe peri-implant disease, while a marginal bone loss of less than 1/3 of the

implants’ length was considered as mild peri-implant disease.
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Baseline recordings were set at the diagnosis of peri-implant disease. The patients’
records were reviewed: record sheets, radiographs, medical history and data collection, filling
in the data on a digital form. Examinations were performed by a team of calibrated clinicians
with estimation of inter-examiner reliability.** The dental implants inserted in this study were
from the Nobel Biocare system (Branemark system, NobelSpeedy, Nobel Biocare AB,
Gothenburg, Sweden) and the same team performed implant insertion and surgical treatment

to the implants.

Follow-up and interventions

The patients were followed from baseline (time of diagnosis of the disease) with clinical
observations at the time of disease recurrence or at 2 months, 6 months and one year of post-

diagnosis.

Predictors and model development

The dependent variable was the implant prognostic (remission or failure): The state of
remission was defined as the maintenance of a probing pocket depth £ 4 mm, and absence of
suppuration, mobility or marginal bone loss (evaluated through standardized radiographs)
during the period of one year post-diagnosis; the state of failure was defined as the removal of
the implant; the maintenance, progression or re-incidence of the disease within one year of the
post-diagnostic follow-up, characterized by implant mobility, or the presence of peri-implant
pockets > 4 mm, or suppuration, or additional marginal bone loss (evaluated through

standardized radiographs).

Patient and restoration related characteristics that could be determined easily and

reliably during follow-up appointments were considered for inclusion in the prognostic model.
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If a patient registered two or more implants with peri-implant disease, one implant was
randomly selected. Initially, a set of 20 potential predictor variables associated with good or
bad prognosis of peri-implant disease were examined (all collected at the point of diagnosis).>
%1 The selection of 20 variables a priori for the univariable analysis was performed considering
the fulfillment of a number of criteria for causal inference:*? temporality, (the exposure
preceded the effect), biological plausibility (the cause and effect story made biological sense),
coherence (the cause and effect story made sense considering all knowledge available). These
predictors included demographics (age in life years and gender); history of periodontitis
(presence; absence), comorbidities (presence; absence), smoking habits (non-smoker; current
smoker), implant position per arch (maxilla; mandible); implant position within the arch
(anterior; posterior); proximity of the implants to other teeth or implants (absence of an implant
or natural tooth immediately next to the implant; implant localized next to natural teeth or other
implants); early disease development (time of follow-up in months at the point of diagnostic
recoded to: < 4 years; = 4 years); implant length (measured in millimeters and recoded to : £ 13
mm; > 13 mm); implant surface (machined, anodically oxidized); abutment height (1 mm, 2 mm,
3 mm, 4 mm, 5 mm, 6 mm); type of opposing dentition (removable prosthesis; natural teeth;
fixed prosthesis over natural teeth; implant-supparted prosthesis); type of material used in the
restoration (full ceramic, metal-ceramic, metal-acrylic, full acrylic resin); incidence of mechanical
complications (presence or absence of fractures or prosthetic component loosening); bacterial
plaque based on the modified plague index (mPLI)3® (absence or presence); bleeding based on
the modified bleeding index {(mBI1)3 (absence or presence); peri-implant pocket depth measured
in millimeters using a plastic periodontal probe calibrated to 0.25 N (£ 6 mm; > 6 mm); disease
severity evaluated through marginal bone loss (located at the implants’ coronal third or middle
third); therapeutic approach for the treatment of peri-implant disease (non-surgical treatment
alone; combination of non-surgical and surgical treatments). For the present analysis the

predictors that were related to the outcome were selected based on multivariable analysis
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considering the remaining criteria for causal inference: strength of association, consistency,
specificity, biological gradient, experiment and analogy.*?> The prognostic model was derived
from the first set of patients randomly selected (derivation set) and was again tested in a second

set of patients randomly selected (validation set).

Bias

Strategies to prevent or limit bias included the diagnosis through several clinical and
radiographic criteria and including only implant restorations with at least 1 year of follow-up to
prevent diagnostic error. Primary care patients from the same population were selected (no

referral patients were included), reducing the probability of populaticn bias.

Potential confounding of bacterial plague and smoking was tested statistically evaluating the

association as a prognostic factor and the association with other potential prognostic factors.

Study size

The sample size was calculated using software (Power and Sample size calculation,
v.2.1.30, February 2003),3* considering significance level of 5%; statistical power of 80%; a
probability of failure of 50%%" and a relative risk of failure of 1.54. Considering these calculations,
100 patients should be included. Considering a potential patient lost to follow-up rate of 20%,
120 patients were included. Two sets of patients were selected, a first set of 120 patients to
derive the potential prognostic model and a second set of 120 patients to test the predictive

capacity of the prognostic model.

Statistical methods
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Descriptive statistics and multivariable inferential statistics were performed using the
patient as unit of analysis. The characterization of the sample was performed through
frequencies and descriptive statistics to the demographic variables (age, gender). Univariate
logistic regression analysis was conducted to test the association of potential predictors and
failure. The variables individually associated with the outcome of failure (p<0.05) were tested in
a multivariable logistic regression model. The statistical performance of the final model was
evaluated according to the variables’ statistical significance (p<0.05) and the Omnibus tests of
Model Coefficients (chi-square tests to test the improvement of the model with the
explanatory variables compared to the baseline model). The inclusion of risk indicators in the
model was performed considering the potential statistical limitations of inserting too many
variables, yielding a statistical bias (10 events per variable).®
With this method it became possible to identify the variables that maintained their weight in
association with the prognosis of peri-implant disease when controlled for other factors. For
each variable identified as independent factor, a coefficient B, p-value of the test, and relative
risk (RR) estimate with 95% confidence interval (Cl) were given. The agreement or difference
between predicted and observed event (calibration) was assessed using the Hosmer-Lemeshow
chi-sguare estimates. The level of significance chosen was 5%. Statistical analysis was performed

using the software IBM SPSS version 17 (IBM, Chicago, USA).

Internal and external validation

The discriminatory power of the model in the derivation set (internal validation) was
evaluated through the area under the curve statistic (AUC) using receiver operating
characteristic (ROC) curve. The ROC curves were estimated indicating the AUC and 95%
confidence intervals (95% Cl). The final model was tested in the validation set (external
validation), a new random sample of 120 patients with peri-implant disease. Performance

criteria comprised the discriminatory power measured using the AUC.
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Model presentation

The final model was presented in a score chart, using the scores based on the regression
coefficients (beta values) and the transformation of the logit to probability using a logit
transformation table (p = 1/[1 + e'"&"")]). The relation between risk indicators and outcome

can be calculated from an Excel spreadsheet.

RESULTS

Participants

There were initially 1711 patients diagnosed with peri-implant disease. Of these, 428
patients were excluded due to representing long term prevalent cases and 5 patients with
implants inserted in another center. From the remaining 1278 patients, 49 had the clinical and
radiographical manifestations of the disease during the implants’ first year of follow-up and
were excluded, rendering a final 1229 patients potentially eligible for inclusion. During the
random sampling process, 27 patients registered bone level on the implants’ apical third and
were considered as failures not included in the final 240 patients selected for inclusion in the
present study. Therefore, the current analysis was based on data from 240 patients with 1590

implants (with one implant per patient randomly selected).

Patient characteristics are depicted in Table 1. A total of 73 female and 47 male patients
composed the derivation set, while 69 women and 51 male patients composed the validation
set. The average age of the patients in both the derivation and validation sets was 58.6 years.

One patient from the validation set {0.8%) was lost to follow-up.

Results reported according to disease severity.
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Five patients had five implants removed during follow-up because of persisting peri-
implant disease and 126 additional patients had their implants classified as failures based on the
previously stated criteria. In total, 131 patients (54.6%) showed failure in remission of the
disease. The outcome of peri-implant disease after 1 year of follow-up was characterized by a
failure percentage of 54.2% (n= 65 patients} and 55% (n= 66 patients) in the derivation and
validation sets, respectively. Disease severity significantly influenced the outcome of peri-
implant diseased implants after 1 year of follow-up: Severe disease led to poor prognosis in both
the derivation and validation sets, with 63.6% and 62.1% prevalence of disease, respectively,

compared to 42.6% and 49.2% of mild disease status in derivation and validation sets.

Treatment protocols

The treatment protocol included non-surgical treatment, alone or in combination with
surgical treatment: Non-surgical treatment alone was performed (n = 197 patients; derivation
set: n = 100; validation set = 97 patients) by scaling with an ultrasonic scaler device, irrigating
with 0.2% chlorhexidine gel and prescribing the same solution for the patient to administrate at
home in daily care, followed by a re-evaluation after two months. The surgical treatment was
performed (n = 43 patients; derivation set: n = 20 patients; validation set = 23 patients) through
open flap, removal of granulation tissue, decontamination of the implant surface both
mechanical using an ultrasonic scaler and chemically through a polish using a brush attached to
the contrangle and 0.2% chlorhexidine and saline irrigation. Subsequently, the mucosal flap was
apically positioned, sutured with 4-0 non-resorbable sutures (Braun Silkam non-absorbable 4-0,
Aesculap, Tuttlinged, Germany), and systemic antibiotics were prescribed to the patient
(amoxiciline 875 mg + clavulanic acid 125 mg, Labesfal, Campo de Besteiros, Portugal) starting
three days pre-surgery and extending to five days post-surgery. Suture removal occurred after

10 days and a re-evaluation after two months.
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Prognostic factors

The results of the univariable and multivariable logistic regression analysis are presented
in Table 2. The results of the univariable analysis showed a significant association (p < 0.05)
between the outcome (implant failure or disease progression after 1-year of follow-up) and five
prognostic factors. The RR of the five prognostic factors included in the multivariable prognostic
model were: age (RR =1.04, 95% CI [0.99-1.08], p = 0.105), history of periodontitis (RR = 3.13,
95% Cl [1.15-8.55], p = 0.026), severe peri-implant disease status (RR = 3.26, 95% Cl [1.37-7.81],
p = 0.008), implant length > 13 mm (RR = 3.52, 95% Cl [1.48-8.37], p = 0.004) and early disease
development (RR = 3.99, 95% Cl [1.62-9.82], p = 0.003). The AUC of the model was 0.763 (95%ClI

[0.679;0.847], p<0.001) and is illustrated in Figure 1.

Model Presentation

A simple score chart for the application of the prognostic model is presented in Figures
2-4, which can be used to obtain approximations of the relation between risk indicators and
outcome for individual patients. For example, a 65 years old patient with history of periodontitis,
registering peri-implant disease in an implant of 11.5 mm of length with less than 4 years of
follow-up at diagnostic and bone level located on the implants’ coronal third, has a model score
of 1.299 (log odds). According to Figure 3, this score corresponds to poor prognosis with risk of

unfavorable outcome of approximately 80% at one-year post-diagnosis.

Prognostic model validation

The prognostic model maintained the significance (p= 0.007; Omnibus test of model

coefficients) and calibration (p=0.211; Hosmer and Lemeshow test) in the validation set. The
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discriminatory ability of the model slightly decreased in the validation set, with an AUC of 0.709

(95% Cl [0.616;0.803], p<0.001) as illustrated in Figure 5.

DISCUSSION

This study investigated potential prognostic factors for peri-implant disease. The aim of
this study was not to evaluate the efficacy of surgical interventions in the treatment of peri-
implant disease (considering that there was only one type of surgical intervention and that the
attribution of the surgical intervention depended on several conditions), but to predict a
patient’s prognosis at the time of diagnosis. This paper described the development and
validation process of a prognostic model based on patient and implant characteristics, to predict

the one-year post-diagnostic outcome of implants with peri-implant disease.

The present study has strengths and limitations. The main strength of the present study
is related to the lack of other studies constructing short-term prognostic models for implants
with peri-implant disease. The innovative results can therefore be used to help in the decision-
making process in the attempt to discriminate between good or poor prognosis of implants with
peri-implant disease. Furthermore, the use of a cohort study design; a multivariable approach
to design and analysis (as usually individual risk assessment is poor when based on just one risk
indicator); the well-defined population; reporting the results according to the disease severity
and including disease severity in the prognostic model controlling for the potential bias; the
uniformity with cases from the same center using standardized protocols (for diagnostic,
interventions and follow-up periods) represent further strengths.*¥3® Nevertheless, despite the
standardized protocols, the attribution of a treatment modality (namely surgical intervention)
did not depend only on local factors present at the implant site but also on the patient’s
acceptance, leading to variations in the use of the surgical intervention and representing a

limitation. The formal randomization process during sampling aimed to address this issue, and
12

307



despite the non-significant association between the variable surgical intervention and the
prognosis of the implant this result should be interpreted with cation considering the limitation
described. A further limitation was the fact that the present study was conducted in a
rehabilitation center with several units but at which the majority of patients were Portuguese.
Although validated, prospective studies at multiple centers and with heterogeneous populations
are needed in the future to further refine the model.

Prognosis consists in the estimation of the risk of a future outcome in individuals based
on their clinical and non-clinical characteristics.3” Despite the inclusion of prognosis as a principal
concept of medicine by Hippocrates, prognostic research receive limited attention when
compared with therapeutic and aetiological research,? being virtually inexistent in Implant
Dentistry. Prognostic factors consist in clinical, molecular or pathologic characteristics of a
patient or disease (a starting point) that are associated with a clinical outcome (an end
point).3° Hence, prognostic factors discriminate groups of patients with a different average
prognosis and thus inform and enhance the basic prognosis,*® being used to identify the likely
progression of a patient’s disease.

This is the first study to propose a model to quantitatively estimate the risk of
unfavorable outcome in patients with peri-implant disease through a prognostic model. The
largest amount of prognostic information was contained in the core of the five predictors
included in the model: age, history of periodontitis, disease severity, implant length > 13 mm
and early disease development. The predictors in cur model are consistent with previously
reported predictive markers associated with treatment outcome of implants with peri-implant
disease namely: early disease development (disease diagnosed before four years of follow-up)?’
and bone loss,*%* hoth significantly associated with failure of peri-implant disease treatment.
Charalampakis et al.?” in a follow-up study of 245 patients after treatment of peri-implant
disease, registered a follow-up under 4 years with failure of peri-implant disease treatment,

being the only variable that remained significantly associated with the outcome in multivariable
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analysis. Considering the quantitative analysis of the present study, early disease development
was the most significant prognostic factor based on the relative risk. Lagervall and Jansson,*® in
a retrospective study to investigate the treatment outcome of peri-implantitis and to identify
factors influencing the treatment success rate in 150 patients registered implants with bone loss
exceeding 1/3 of the implant length to be significantly associated with failure of treatment. De
Waal et al.** in a study investigating prognostic indicators for surgical treatment of peri-implant
disease after 12 months in 74 patients, associated an average bone loss of 4 mm at baseline with
a poor outcome. Disease severity was expected to significantly influence the prognostic of
implants with peri-implant disease, as lower bone levels correspend not only to less implant
capacity to respond to treatment but also for sustaining occlusal load, decreasing the probability
of a good outcome. Early diagnosis of peri-implant disease is therefore essential to increase the
probability of a good prognosis.

History of Periodontitis was identified as a prognostic factor in the present study and
was previously reported to be a risk indicator for peri-implant disease.?**? Patients with history
of periodontitis that received dental implants have previously demonstrated a tissue-destructive
inflammatory response in the periodontium, with an exacerbated inflammatory response that
may be activated in the development of peri-implant disease.* This mechanism may explain the
fact that one in every four healthy individuals developed peri-implant disease, compared to 1.7
in each individual with history of periodontitis,* representing a potential predisposing factor.?*
This inflammatory burden may be the mechanism also influencing a poor prognosis of implants
with peri-implant disease.

Implant length (implants >13 mm) were registered as a prognostic factor for poor
outcome. This result should be interpreted within the context of the implants’ macro and micro
designs. Bone loss was measured in a standardized approach using the implant’s coronal, middle
or apical thirds, but this approach might give different absolute values of bone loss between

implants of 7 mm of length (where the implant’s coronal third would comprise up to 2.3 mm)
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and implants of 18 mm of length (where the implant’s coronal third would comprise up to 6
mm). Dental implants with peri-implant disease imply the presence of bone loss and attachment
loss, exposing the implant surface to the oral environment through soft tissue recession or
inducing the formation of peri-implant pockets, both potentially favoring the accumulation of
bacterial plague. In the presence of these conditions, the effective removal of bacterial plaque
might be more difficult. Considering the micro design, the majority of implants in this sample
was of anodically oxidized surface which according to previous studies on prognostic markers
for the treatment of peri-implant disease implies a potential favorable environment for

41 with bacteria

bacterial plague accumulation in the presence of poor oral hygiene habits,
expressing a more virulent and resistant profile in a mechanism of acute infection at early stage
whose remission to healthy levels may be difficult considering the current treatment
alternatives.?’

In the present study, post-hoc analysis revealed that the distribution of bacterial plaque
according to the implant length was significantly different between implants of up to 13 mm of
length and implants of more than 13 mm of length: patients with longer implants exhibited more
plague accumulation, a condition that might negatively influence the prognosis and should be
further investigated in new studies.

Age was significantly associated with a poor prognosis after one year of follow-up on the
univariable analysis but not in the multivariable analysis when controlled for other variables of
interest. The effect of age as a risk indicator for peri-implant disease was previously reported in
clinical studies.'>**% With increased age, a higher incidence of chronical systemic diseases is
commaon with a potential effect of compromising directly or indirectly peri-implant health. This
result may be associated with lower immunity and compromised healing capacity, contributing
to the development of peri-implant disease when associated with history of periodontitis and

cardiovascular disease and increasing the probability of a poor outcome.*® Nevertheless,

considering the prognosis of peri-implant disease, age might have secondary prognostic
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significance when the remaining factors are controlled, judging by the results of studies
evaluating prognostic markers in the treatment of peri-implant disease (age with a non-
significant association with failure),?”** and confirmed by the results of the present study.

There are strengths and limitations in the use of these prognostic factors on the clinical
setting: The strength of these particular prognostic factors rely on their determination being
performed easily and reliably during follow-up appointments. The potential limitations may rely
on the prognostic factor history of periodontitis that in complete edentulous patients is
dependent on the patients’ memory.

Several previously reported risk factors or potential confounders for peri-implant
disease, including smoking and bacterial plague, were also considered in our study, but were
consequently not included in the final model. While bacterial plaque is still considered as an
unproven cause of peri-implant disease,***° previous literature suggested that bacterial plaque
and smoking could potentially be a confounder for the incidence of peri-implant disease as they
related to periodontitis.**** Nevertheless, statistical analysis was performed in the present study
to investigate the hypothesis of a confounding effect with the results failing to demonstrate a
significant association of bacterial plaque or smoking with the outcome or any of the predictors
used in the prognostic model. Furthermore in the current setting, smoking could be considered
a potential predicate factor of treatment response rather than a prognostic factor. Despite the
facts it seems advisable to recommend patients for smoking cessation and improvement of oral
hygiene habits as part of the strategy to resolve peri-implant disease.?’

The prognostic model was validated in a second sample of 120 patients (validation
sample). The results obtained in the prognostic model indicate a high degree of significance
(p<0.001 for the goodness of fit), together with a good discrimination ability for unfavorable
outcome given by the AUC statistic above 70% in both the derivation set (0.7) and validation set
(0.709). This gqualitative interpretation is performed based on the limits of the AUC that range

between 0.5 (no discrimination) and 1.0 (perfect discrimination) of patients with remission of
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the disease or patients with progressive disease. A value of the AUC between 0.7 and 0.8 (as
registered in the present study) implies considering the model to have good discrimination,-5
given that values rarely exceed 0.8 for risk estimation.*® This validation is important for reliable
application of models outside the respective development settings. As this represents the first
prognostic model for implants with peri-implant disease, the model should be tested in other

samples and populations in order to increase its external validity or may serve as a reference for

the comparison of new model evaluating the prognosis of implants with peri-implant disease.

Given that peri-implant disease is a chronic disease, re-treatment may be necessary, and
therefore larger well-designed RCTs with follow-ups longer than 1 year are needed.?® The
authors propose the current prognostic model to aid in the selection of patients for more
efficient design of clinical trials in the investigation of treatment outcemes in patients with peri-
implant disease, for example by excluding both patients with very poor or very good prognosis

while performing covariate adjustment of a treatment effect.

The present study represents the first step of a long term evaluation of the outcome of
peri-implant disease that is planned to be investigated during 5 years post-diagnosis with the
current model estimated to be re-evaluated at 3-years and 5 years post-diagnosis.

Within the limitations of this study, a prognostic model that provided good
discrimination between patients with good and poor outcome of peri-implant disease after 1-
year of diagnosis is available. This model may be useful for providing representative information
to patients with peri-implant disease on outcome expectations, for stratification and covariate

adjustment in clinical trials, or as a topic for evaluating quality of care.
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TABLES

Table 1. Sample characteristics in the derivation and validation sets of patients with Peri-implant disease (total, mild
disease and severe disease thresholds). Percentages are indicated according to columns.

Derivation set (%)

Validation set (%)

Total Mild Severe Total Mild Severe
Variables Sample disease disease sample disease disease
Demographics
Number of patients 120 (100%) 54 (45%) 66 (55%) 120 (100%) 62 (51.7%) 58 (48.3%)
Average age (standard 58.6 (10.5) 56.7 (9.8) 60 (10.9) 58.6 (10.8) 58.6 (11.5) 58.6 (10.1)
deviation)
Gender
Female 73(60.8%) 31(57.4%) 42(63.6%) 69(57.5%) 28(45.2%) 41(70.7%)
Male 47(39.2%) 23 (42.6%) 24(36.4%) 51(42.5%) 34(54.8%) 17(29.3%)
Implant status
Survival 55(45.8%) 31(57.4%) 24 (36.4%) 53 (44.2%) 31 (50.8% 22 (37.9%)
Failure 65 (54.2%) 23 (42.6%) 42 (63.6%) 66(55.0%) 30(49.2%) 36 (62.1%)
History of Periodontitis
Absence 29 (24.2%)  14(25.9%) 15(22.7%) 30(25.0%) 16(25.8%) 14 (24.1%)
Presence 91 (75.8%) 40 (74.1%) 51(77.3%) 90 (75.0%) 46 (74.2%) 44 (75.9%)
Systemic comarbidities
Absence 79 (65.8%)  35(64.8%) 44 (66.7%) 80(66.7%) 41(66.1%) 39 (67.2%)
Presence 41 (34.2%) 19(35.2%) 22 (33.3%) 40(33.3%) 21(33.9%) 19 (32.8%)
Smoking
Non-smoker 77 (64.2%) 37 (68.5%) 40(60.6%) 81(67.5%) 42(67.7%) 39 (67.5%)
Smoker 43 (35.8%)  17(31.5%) 26(39.4%) 39(32.5%) 20(32.3%) 19 (32.8%)
Proximity of implants / teeth
Absence 86 (71.7%) 42 (77.8%) 44 (66.7%) 93 (77.5%) 48 (77.4%) 45 (77.6%)
Presence 34 (28.3%) 12 (22.2%) 22(33.3%) 27 (22.5%) 14 (22.6%) 13 (22.4%)
Type of implant surface
Machined 5(4.2%) 2 (3.7%) 3 (4.5%) 7 (5.8%) 4 {6.5%) 3 (5.2%)
Anodically oxidized 115 (95.8%) 52 (96.3%) 63 (95.5%) 113 (94.2%) 58 (93.5%) 55 (94.8%)
Implant position per arch
Maxilla 66 (55%)  29(53.7%) 37(56.1%)  65(54.2%) 21(33.9%) 34 (58.6%)
Mandible 54 (45%) 25(46.3%) 29(43.9%) 55(45.8%) 41(66.1%) 24 (41.4%)
Implant position in the arch
Anterior 49 (40.8%)  21(38.9%) 28 (42.4%) 42(35.0%) 22 (35.5%) 20 (34.5%)
Posterior 71(59.2%) 33(61.1%) 38(57.6%) 78(65.0%) 40(64.5%) 38 (65.5%)
Time of follow-up at diagnosis*
>/= 4 years 69 (57.5%)  28(51.9%) 41(62.1%) 65 (54.2%) 37(59.7%) 28 (48.3%)
<4 years 51(42.5%) 26(48.1%) 25(37.9%) 55(45.8%) 25(40.3%) 30(51.7%)
Implant length
</=13 mm 62 (51.7%) 27 (50%) 35 (53%) 58 (48.3%) 28(45.2%) 30 (51.7%)
> 13 mm 58 (48.3%) 27 (50%) 31 (47%) 62 (51.7%) 34 (54.8%) 28 (48.3%)
Abutment height
No abutment 11 (9.2%) 8 (14.8%) 3 (4.5%) 7 (5.8%) 2 (3.2%) 5 (8.6%)
1 mm 27 (22.5%)  13(24.1%) 14 (21.2%) 26 (21.7%) 12 (19.4%) 14 (24.1%)
2mm 36 (30.0%) 13(24.1%) 23(34.8%) 36(30.0%) 22(35.5%) 14 (24.1%)
3 mm 27(22.5%) 10(18.5%) 17(25.8%) 23(19.2%) 7 (11.3%) 16 (27.6%)
4 mm 15 (12.5%)  6(11.1%)  9(13.6%)  24(20.0%) 17 (27.4%)  7(12.1%)
5mm 3(2.5%) 3 (5.6%) 0 (0%) 4(3.3%) 2 (3.2%) 2 (3.4%)
6 mm 1 (0.8%) 1(1.9%) 0 (0%) 0(0.0%) 0(0%) 0 (0%)
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Type of rehabilitation

Single tooth 35(29.2%) 18(33.3%) 17 (25.8%) 37(30.8%) 16 (25.8%) 21 (36.2%)
Partial 15 (12.5%) 7 (13%) 8(12.1%)  10(8.3%) 6 (9.7%) 4 (6.9%)
Full-arch 70 (58.3%) 29(53.7%) 41(62.1%) 73(60.8%) 40(64.5%) 33 (56.9%)

Type of material used in the
restoration

Full-ceramic 12 (10.0%) 9 (16.7%) 3 (4.5%) 8 (6.7%) 6 (9.7%) 2 (3.4%)

Metal-ceramic 52(43.3%) 19(35.2%) 33(50.0%) 48 (40.0%)  25(40.3%) 23 (39.7%)

Metal-acrylic resin 44 (36.7%) 17 (31.5%) 27 (40.9%) 44 (36.7%) 22 (35.5%) 22 (37.9%)

Full-acrylic resin 12 (10.0%) 9 (16.7%) 3 (4.5%) 20 (16.7%) 9(14.5%) 11 (19.0%)
Type of opposing dentition

Removable prosthesis 1 (0.8%) 0 (0%) 1(1.5%) 2 (1.7%) 2 (3.2%) 0 (0%)

Natural teeth 57 (47.5%) 29(53.7%) 28(42.4%) 61(50.8%) 34(54.8%) 27 (46.6%)

Fixed prosthesis over

natural teeth 1(0.8%) 0 (0%) 1(1.5%) 3(2.5%) 2 (3.2%) 1(1.7%)

Implant supported fixed

prosthesis 61 (50.8%) 25 (46.3%) 36 (54.5%) 54 (45.0%) 24 (38.7%) 30 (51.7%)
Bacterial plague

Absence 24(20%)  16(29.6%)  8(12.1%) 24 (20%) 9(14.5%)  15(25.9%)

Presence 96 (80%) 38 (70.4%) 58 (87.9%) 96 (80%) 53 (85.5%) 43 (74.1%)
Bleeding

Absence 17 (14.2%) 8 (14.8%) 9(13.6%) 20(16.7%) 8(12.9%) 12 (20.7%)

Presence 103 (85.8%) 46 (85.2%) 57 (86.4%) 100 (83.3%) 54 (87.1%) 46 (79.3%)
Probing pocket depth in
millimeters

</=6 mm 108 (90%) 51(94.4%) 57 (86.4%) 107 (89.2%) 53 (85.5%) 54 (93.1%)

>6 mm 12 (10%) 3 (5.6%) 9 (13.6%) 13 (10.8%) 9 (14.5%) 4 (6.9%)
Bone level at diagnosis

Implants’ coronal third 54 (45%) 54 (100%) 0 {0%) 62 (51.7%) 62 (100%) 0 (0%)

Implants’ middle third 66 (55%) 0 (0%) 66 (100%) 58 (48.3%) 0 (0%) 58 (100%)
Mechanical complications

Absence 115 (95.8%) 52 (96.3%) 63 (95.5%) 115 (95.8%) 59 (95.2%) 56 (96.6%)

Presence 5(4.2%) 2 (3.7%) 3 (4.5%) 5(4.2%) 3 (4.8%) 2 (3.4%)
Therapeutic approach

Non-surgical 100 (83.3%) 48 (88.9%) 52 (78.8%) 97 (80.8%) 55(88.7%) 42 (72.4%)

Surgical 20 (16.7%) 6(11.1%) 14 (21.2%) 23 (19.2%) 7 (11.3%) 16 (27.6%)

* Follow-up of the derivation set: Average (standard deviation): 60 months (+/- 32 months); range: 13 to 162 months.
Follow-up of the validation set: Average (standard deviation): 62 months (+/-31 months); range: 14 to 162 months.
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Table 2. Univariable and multivariable logistic regression analysis for bad prognosis of Peri-implant

disease.
Relative Risk Relative Risk
(RR) Crude (RR) Adjusted Beta

Variables values (95%Cl)  p-value  values (95%Cl)®  p-value value
Age 1.04 (1.01;1.08) p=0.030 1.04(0.99;1.08) p=0.105 0.035
Gender (male) 0.71(0.34;1.48) p=0.357
History of Periodontitis 3.56 (1.46;8.68) p=0.005 3.13(1.15;8.55) p=0.026 1.142
Systemic complications 1.13(0.53;2.40) p=0.760
Smoking 1.49(0.70;3.18) p=0.302
Proximity of implants/teeth 0.67 (0.30;1.48) p=0.327
Implant surface (machined) 5.02 (0.54;46.31) p=0.155
Implant position (maxilla) 1.36 (0.66;2.80) p=0.408
Implant position (posterior) 1.08 (0.52;2.24) p=0.840
Szglgfs)dlsease development (< 4 2.45 (1.16;5.20) 0=0.019 3.99(1.62:9.82) p=0.003 1.383
Implant length (>13mm) 2.84(1.35;5.99) p=0.006 3.52(1.48;8.37) p=0.004 1.258
Abutment height p=0.539

No abutment 1.0 (reference)

1 mm 2.48 (0.54;11.40)

2mm 2.98 (0.68;13.09)

3mm 4.53 (0.97;21.14)

4 mm 5.33 (0.97;29.39)

5mm -

6 mm -
Type of rehabilitation p=0.112

Full-arch 1.0 (reference)

Single tooth 0.59 (0.26;1.35)

Partial 0.31(0.10;1.02)
Type of material used in p=0.287
restoration

Full-ceramic 1.0 (reference)

Metal-ceramic 0.57 (0.16;2.02)

Metal-acrylic resin 1.25(0.34;4.59)

Acrylic resin 1.0 (0.20;5.07)
Type of opposing dentition p=0.660

Implant-supported prosthesis 1.0 (reference)

Removable prosthesis 5

Natural teeth 0.63 (0.30;1.30)

Fixed prosthesis natural teeth -
Bacterial plaque 2.33(0.92;5.86) p=0.071
Bleeding 2.46 (0.84;7.16) p=0.099
Probing pocket depth (>6mm) 2.79(0.72;10.85) p=0.140
Disease severity (severe disease-
biiia sval implant e 173) 2.36(1.13;4.93) p=0.022 3.26(1.37;7.81) p=0.008 1.183
Mechanical complications 1.28 (0.21;7.97) p=0.790
Therapeutic approach (surgical)  1.71(0.63;4.66) p=0.290

? p < 0.001 {Omnibus test); p = 0.350 (Hosmer and Lemeshow test); R2= 0.315;

logit(p)=-4.584 + 0.035 (age in life years) + 1.142 (history of periodontitis) + 1.383 (early disease

development- less than 4 years of follow-up) + 1.258 (implant length > 13 mm) + 1.183 (severe peri-
implant disease status - bone level on implants’ middle third)
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FIGURES
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Diagonal segments are produced by tiss.

Fig. 1. Receiver operating characteristic curve illustrating the performance of the prognostic

model on the derivation set {Area under the curve = 0.763 95%Cl [0.679;0.847], standard error

=0.043, p<0.001).

k
Fig. 2. Baseline periapical radiograph at disease diagnosis of implant #11 with bone level located

on the implant’s 5™ thread.

|

Prediction of 1 year outcome after peri-implant disease

100%
90%
80%

Prognostic factor Coding Value 70%

Age years 65 gg‘: ® Unfavorable
History of Periodontitis 0=no; 1=yes 1 a0% M Favorable
Severe disease (Bone level on the implants' middle third)  0=no; 1=yes 1 3';://:

Early disease development (< 4 years of follow-up) 0=no; 1=yes 1 10

Implant length > 13 mm 0=no; 1=yes 0 0%

Fig. 3. Screenshot illustrating the calculation of probability for the association between the risk
indicators and the outcome. The risk assessment was calculated for a 65 years old patient with
history of Periodontitis, severe disease state with bone level located on the implants” middle
third, early disease development with diagnosis before the 4 years of follow-up, and the implant
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with 11.5 mm of length. The prognostic model yielded an unfavorable prognostic with 80%
probability.

FI. 4. Evaluation periapical radiograph of implant #11 exhibiting further progression of the
disease with the bone level located on the implant’s 9™ thread.

ROC Curve

Sensitivity

0o T T T
00 02 04 06 08 10

1 - Specificity
Diagonal segments are produced by ties.
Fig. 5. Receiver operating characteristic curve illustrating the performance of the prognostic
model on the validation set (Area under the curve = 0.709 95%CI [0.616;0.803], standard error
=0.048, p<0.001).
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