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Mucosite e Peri-implantite  
Prof. Dr. Michel Messora

Objetivo Geral!

Compreender os fundamentos biológicos da 

Mucosite e Peri-implantite para realização de 

diagnóstico e plano de tratamento apropiados, a 

fim de garantir a manutenção da saúde peri-

implantar a longo prazo. 

 

Objetivos Específicos !

• Conceituar o tema dentro do contexto científico e clínico atual 

• Descrever a prevalência / etiologia / patogênese das doenças peri-implantares 

• Diferenciar Doenças periodontais x Doenças peri-implantares 

• Diagnosticar corretamente as doenças peri-implantares 

• Citar os fatores de risco envolvidos no desenvolvimento das doenças peri-implantares 

• Enumerar os diferentes tratamentos para mucosite e peri-implantite 

Introdução!



Aumento número de 
implantes instalados





Aumento incidência de 
complicações biológicas



• Mucosite “Processo inflamatório reversível nos tecidos 
moles ao redor do implante em função”


Lindhe&Meyle, 2008 J Clin Periodontol

https://www.perio.org/consumer/peri-implant-disease http://prismadental.com/peri-mucositis/

Implantes - complicações!

• Peri-implantite “Presença de inflamação na mucosa peri-

implantar e perda do osso de suporte 

simultaneamente” 
6th European Workshop on Periodontology

J Int Clin Dent Res Organ 2015;7, Suppl S1:48-54 http://drromanmelnyk.com/lapip/

Implantes - complicações!

•  Consensus Report of the Sixth European Workshop on 
Periodontology (2008) 

•  Derks&Tomasi J Clin Periodontol (2015) 


Mucosite: 80%

Peri-implantite: 28% e 56%


Mucosite: 43%
Peri-implantite: 22% 

Epidemiologia! Epidemiologia!
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which has been proposed to be 
the most predictable means to ef-
fectively treat the disease.24 It can 
also help to more accurately deter-
mine the exact prevalence of the 
disease (Table 2). Moreover, with 
a standardized means to commu-
nicate the level of disease severity,  
researchers and clinicians alike may 
better share information and results 
of efforts made to manage peri- 

implantitis. Modification of this 
classification may be required in 
the future as new information be-
comes available. The determination 
of the prognosis for implants with 
peri-implantitis for each of the three 
disease levels along with the rela-
tive effectiveness of treatment algo-
rithms will require future research, 
thus further testing the validity of 
this proposed classification.

Table 2 Prevalence using different parameters to define peri-implantitis

Study Type of study
No. of subjects/

implants
Parameters used to define 

peri-implantitis
Mean time 

(y) Prevalence

Fransson  
et al28

Cross-section to 
determine prevalence 
of peri-implantitis

662/3,413 Progressive bone loss to  
> 3 threads of the implant

Group A: 9.1
Group B: 8.4

27.8% of subjects, 
12.4% of implants

Roos-Jansåker  
et al4

Cross-section 218/1,057 BoP, probing bone level 3 to  
4 threads (3.1–3.7 mm)

10.8 
 (range, 9–14)

16% of subjects,  
6.6% of implants

Koldsland  
et al15

Evaluation of 
prevalence of  
peri-implant disease 
from subjects treated 
at University of Oslo 
1990–2005

49/104 PD ≥ 4 mm, bone loss, 
radiographic bone loss  
> 2.0 mm, BoP

10.2 47.1% of subjects, 
36.6% of implants

12/106 Overt peri-implantitis:  
bone loss, radiographic 
bone loss ≥ 3.0 mm, BoP, 
suppuration at PD ≥ 6 mm

9.5 11.3% of subjects

BoP = bleeding on probing; PD = probing depth.
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•  Efeito da formação do biofilme na resposta inflamatória  


Gengivite 

experimental


Loe et al., 1965 J Periodontol



Mucosite 

experimental


Pontoriero et al., 1994 Clin 
Oral Implants Res



X

Etiologia!
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Etiologia!

•  Relação causa-efeito: formação de biofilme na 

gengivite e mucosite 

Imagem: Heitz-Mayfield & Lang. Periodontol 2000,  2010


•  Shibli et al. Clin Oral Implants Res 2008

•  C o m p a r a r c o m p o s i ç ã o d a 

microbiota supra e subgengival em 

pac ientes com e sem per i -

implantite 

•  Biofilme supra e subgengival foi 

coletado da parte mais profunda 

de cada sítio e analisados por 

checkerboard hibridização DNA-

DNA para 36 microorganismos  

Etiologia!

•  Microbiota subgengival em dente e implante similar 
Agerback et al., 2006 Clin Oral Implants Res 
Botero et al., 2006 J Periodontol
Bower et al., 1989 J Clin Periodontol

Mombelli et al., 1995 J Clin Periodontol

Porphyromonas gingivalis 

Treponema denticola  

Tannerella forsythia

Staphylococcus 
aureus

Renvert et al., 2008 Clin Oral Implants Res 

Shibli et al. Clin Oral Implants Res 
2008

Botero et al., 2006 J Periodontol



Etiologia!

Etiologia!

•  Staphylococcus aureus
•  Staphylococcus epidermidis
•  Enterobacter aero-genes
•  Enterobacter cloace
•  Escherichia coli
•  Helicobacter pylori
•  Peptostreptococcus micra
•  Pseudomonas spp
•  Candida spp fungi

Etiologia!

1274  |   wileyonlinelibrary.com/journal/jcpe J Clin Periodontol. 2017;44:1274–1284.© 2017 John Wiley & Sons A/S. 
Published by John Wiley & Sons Ltd

Accepted: 27 July 2017

DOI: 10.1111/jcpe.12788

E P I D E M I O L O G Y  ( C O H O R T  S T U D Y 
O R  C A S E – C O N T R O L  S T U D Y )

Exploring the microbiome of healthy and diseased peri- implant 
sites using Illumina sequencing

Ignacio Sanz-Martin1  | Janet Doolittle-Hall2 | Ricardo P. Teles3  | Michele Patel4 |  
Georgios N. Belibasakis5 | Christoph H. F. Hämmerle6 | Ronald E. Jung6 | Flavia R. F. Teles3

1Section of Periodontology, Faculty of 

Odontology, University Complutense of 

Madrid, Madrid, Spain

2Department of Dental Ecology, University 

of North Carolina at Chapel Hill School of 

Dentistry, Chapel Hill, NC, USA

3Department of Periodontology, University 

of North Carolina at Chapel Hill School of 

Dentistry, Chapel Hill, NC, USA

4Department of Applied Oral Sciences, The 

Forsyth Institute, Cambridge, MA, USA

5Department of Dental Medicine, Karolinska 

Institute, Stockholm, Sweden

6Clinic of Fixed and Removable 

Prosthodontics and Dental Material 

Science, Center of Dental Medicine, University 

of Zürich, Zürich, Switzerland

Correspondence
Flavia R. F. Teles, Department of 

Periodontology, UNC School of Dentistry, 

Chapel Hill, NC, USA.

Email: fteles@email.unc.edu

Present addresses
Ricardo P. Teles, Department of Periodontics, 

Penn Dental Medicine, University of 

Pennsylvania, Philadelphia.

Email: rteles@upenn.edu

Flavia R. F. Teles, Department of Microbiology, 

University of Pennsylvania, School of Dental 

Medicine, Philadelphia.

Email: fteles@upenn.edu

Funding information
This study was supported in part by an 

ITI Scholarship (to I.S.M.), by the National 

Institutes of Health/National Institute of 

Dental and Craniofacial Research (R03- 

DE021742 and R01- DE024767 to F.R.F.T.) 

and by a pilot grant from Forsyth’s Center for 

Discovery at the Host- Biofilm Interface (to 

F.R.F.T).

Abstract
Aim: To compare the microbiome of healthy (H) and diseased (P) peri- implant sites and 

determine the core peri- implant microbiome.

Materials and Methods: Submucosal biofilms from 32 H and 35 P sites were analysed 

using 16S rRNA sequencing (MiSeq, Illumina), QIIME and HOMINGS. Differences be-

tween groups were determined using principal coordinate analysis (PCoA), t tests and 

Wilcoxon rank sum test and FDR- adjusted. The peri- implant core microbiome was 

determined.

Results: PCoA showed partitioning between H and P at all taxonomic levels. 

Bacteroidetes, Spirochetes and Synergistetes were higher in P, while Actinobacteria pre-

vailed in H (p < .05). Porphyromonas and Treponema were more abundant in P while 

Rothia and Neisseria were higher in H (p < .05). The core peri- implant microbiome con-

tained Fusobacterium, Parvimonas and Campylobacter sp. T. denticola, and P. gingivalis 

levels were higher in P, as well as F. alocis, F. fastidiosum and T. maltophilum (p < .05).
Conclusion: The peri- implantitis microbiome is commensal- depleted and pathogen- 

enriched, harbouring traditional and new pathogens. The core peri- implant microbi-

ome harbours taxa from genera often associated with periodontal inflammation.

K E Y W O R D S

dental implant, DNA, microbiome, peri-implantitis, periodontal, sequencing
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peri- implantitis cases than to that observed in successful implants. The 
impact of the implant system on the local microbiome seemed to be 
less evident (Figure 3c).

Because our results indicated that smoking and implant type 
could be possible confounders when the microbiome of peri- 
implant health and disease was compared, potential interactions 

F I G U R E  2   Relative abundance (%) of pathogenic and health- compatible species in individual implants. Graphs show mean relative 
abundance (%) for (a) well- recognized periodontal pathogens, (b) putative commensals and (c) newly proposed pathogenic taxa. Only species 
that were significantly different between the healthy and peri- implantitis groups (with FDR- adjusted p- values <.05) in more than 98% of the 100 
iterations performed were plotted. Each bar represents one individual healthy (blue) or diseased (red) implant

saúde doença saúde doença saúde doença

saúde doença saúde doença saúde doença
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importance. In fact, that is the tenet of the keystone- pathogen hy-

pothesis, which holds that “certain low- abundance microbial patho-

gens can orchestrate inflammatory disease by remodelling a benign 

microbiota into a dysbiotic one” (Hajishengallis & Lambris, 2012).

In our peri- implantitis samples, we could not confirm reports 

of the presence of bacteria typically detected in infections of im-

planted medical devices (Mombelli & Decaillet, 2011) or species not 

traditionally associated with periodontitis, including Helicobacter py-
lori, Staphylococcus aureus and Staphylococcus anaerobius (Persson 

& Renvert, 2014), although H. influenza was part of the peri- implant 

core microbiome. Our results are also in contrast with those of 

Kumar, Mason, Brooker, and O’brien (2012). Using pyrosequenc-

ing, the authors found that peri- implantitis harboured lower lev-

els of Prevotella and Leptotrichia and higher levels of Actinomyces, 

Peptococcus, Campylobacter, non- mutans Streptococcus, Butyrivibrio 

and Streptococcus mutans than healthy implants. A subsequent paper 

from the same group (Dabdoub, Tsigarida, & Kumar, 2013) reported 

that Staphylococcus was significantly associated with implant infection 

and that red complex pathogens were found in only 37% of the peri- 

implantitis biofilms.

The discrepancies presented above may be, in part, due to the use 

of distinct sample collection methods. While in our study we employed 

curettes, several publications on the peri- implant microbiome have 

used paper points (Dabdoub et al., 2013; Tsigarida, Dabdoub, Nagaraja, 

& Kumar, 2015). However, this method has been demonstrated to 

harbour DNA of its own (Van Der Horst et al., 2013), which can alter 

the representation of the microbiome under study, particularly when 

sensitive sequencing platforms are used. Thus, their use has been dis-

couraged, in favour of curettes (Van Der Horst et al., 2013). The above 

discrepancies may also be due to differences in sequencing platforms 

and bioinformatics pipelines. MiSeq Illumina sequencing has recently 

outperformed pyrosequencing, allowing an inexpensive and deeper 

coverage of the microbiome (Caporaso et al., 2012; Frey et al., 2014; 

Nelson et al., 2014; Smith & Peay, 2014). MiSeq technology has a lower 

error rate compared to pyrosequencing and generates over 10 times as 

many reads as 454 GS FLX (Nelson et al., 2014). Thus, it has become 

the leading sequencing platform, particularly for human microbiome 

sequencing studies (Amarasekara et al., 2015). Furthermore, as our 

goal was to define a core microbiome commonly present on implants, 

and those frequently associated with peri- implant health or disease 

only, we used a very conservative approach to assign taxa as present 

in our samples. For instance, taxa were removed from consideration if 

they did not have at least three reads in at least three samples in both 

the healthy and peri- implantitis groups after rarefication. The goal was 

to “weed out” species belonging to the so- called “rare biosphere.” The 

idea of determining taxa consistently found in human disease condi-

tions or in specific environments, the so- called core microbiome, has 

been adopted by many in microbial ecology (Backhed et al., 2012, 

Human Microbiome Project Consortium 2012; Shade & Handelsman, 

2012). The use of this approach might have also contributed to differ-

ences between our results and those from previous studies.

While the healthy and peri- implantitis cores were rich in health- 

compatible and pathogenic taxa, respectively, we observed that 

the peri- implant microbiome core contained members of genera 

Fusobacterium, Parvimonas and Campylobacter. Interestingly, those 

genera harbour species known to be associated with periodontal 

inflammation (Socransky & Haffajee, 2005), such as F. nucleatum, 

P. micra and C. rectus, all of which are members of the orange complex. 

Hence, it is plausible that implants are colonized by bacterial species 

that predispose the adjacent tissues to inflammation.

F I G U R E  4   Core Microbiome. Taxa that were present with 

≥0.1% relative abundance in ≥50% of all samples according to 
HOMINGS results constitute the core microbiome (blue). Samples 

were divided into those representing healthy or peri- implantitis. 

The core microbiome was subdivided into four groups based on 

the mean relative abundance of the taxa in samples in each clinical 

category. Taxa that were present in ≥50% of samples in a single 
category, but were not part of the core microbiome considering all 

samples, constituted the healthy (green) or peri- implantitis (red) core 

microbiomes. Taxa in those core microbiomes were subgrouped 

based on the mean relative abundance of the taxa in samples in each 

clinical group. Taxa in bold were present in ≥75% of all samples (Core)

1278  |     SANZ- MARTIN eT Al.

Chloroflexi (0.01%) and GN02 (0.001%). These OTUs were further 

classified into 21 classes, 35 orders, 69 families and 94 genera, using 

QIIME. HOMINGS identified 85 genera and 210 species using species- 

specific “probes.” A complete list of species detected in H and P sam-

ples can be found in Table S1.

3.3 | Microbial profiles of healthy and diseased  
peri- implant sites

Diseased peri- implant sites presented higher diversity, compared 

to healthy sites (Fig. S1a). Healthy (H) and diseased (P) peri- implant 

sites presented distinct microbial profiles at all taxonomic levels 

(Figure 1a–c, Fig. S1b). Diseased peri- implant sites were primar-

ily colonized by members of the phyla Bacteroides, Spirochetes and 

Synergistetes, whereas healthy peri- implant sites mostly harboured 

taxa from the Proteobacteria and Actinobacteria phyla (p < .05, 

FDR- adjusted; Figure 1a). The genera Porphyromonas (phylum 

Bacteroidetes), Treponema (phylum Spirochetes), Filifactor (phylum 

Firmicutes), Fretibacterium (phylum Synergistetes) and Tannerella (phy-

lum Bacteroidetes) were abundant in peri- implantitis and were pre-

sent at a higher relative abundance than those found in the H group 

(p < .05, FDR- adjusted). In contrast, Streptococcus (phylum Firmicutes), 

Veillonella (phylum Firmicutes), Rothia (phylum Actinobacteria) and 

Haemophilus (phylum Proteobacteria) had higher relative abundance 

in H sites (p < .05, FDR- adjusted; Figure 1b). Peri- implantitis sites 

harboured higher levels of classic pathogens (Figure 1c), such as 

Tannerella forsythia, Treponema denticola and Porphyromonas gingivalis 

(p < .05, FDR- adjusted), as well as recently described new putative 

pathogens, such as Filifactor alocis, Fretibacterium fastidiosum and 

Treponema maltophilum. Implants adjacent to H sites were enriched 

for Rothia dentocariosa (Figure 1c).

Analysis of the relative abundance of pathogenic and health- 

compatible species in individual implants (Figure 2a–c) showed that 

red complex species (T. forsythia, P. gingivalis and T. denticola) were 

present at high levels in most P samples compared to H samples 

(Figure 2a), whereas the opposite was observed for species consid-

ered compatible with periodontal/peri- implant health, such as R. den-
tocariosa, Streptococcus sanguinis and Veillonella dispar (Figure 2b). 

Furthermore, newly proposed periodontal pathogens, such as 

F. alocis, F. fastidiosum, Eubacterium saphenum and T. maltophilum and 

as- of- yet uncultured taxa Desulfobulbus sp ot 041, Fretibacterium 
sp ot 360 and Peptostreptococcacea sp ot 091 and 369 (Figure 2c) 

followed a colonization pattern similar to that of well- recognized 

periodontal pathogens (T. forsythia, P. gingivalis and T. denticola; 

Figure 2b).

Next, we employed PCoA to assess the impact of peri- implant 

health and disease on the local microbiome. A clear distinction be-

tween the microbial composition of H and P implants at all taxonomic 

levels was observed (Figure 3a–c). Even though it was not the primary 

objective of the present study, we also explored the potential impact 

of smoking status and implant system used on the peri- implant mi-

crobiome. When the smoking status was incorporated in the analysis 

(Figure 3b), it became apparent that the composition of the microbi-

ome of current smokers in the H microbiome was closer to that of 

F I G U R E  1   Box plots of differences in microbial relative abundance (%) between samples from healthy and peri- implantitis (disease) sites 

at the level of phylum (a), genus (b) and species (c). Phylum- , genus-  and species- level data were obtained using HOMINGS. Taxa were sorted 

according to decreasing relative abundance in subjects with peri- implantitis. Only taxa that were significantly different between the healthy and 

peri- implantitis groups (with FDR- adjusted p- values <.05) in more than 95% of the 100 iterations performed were plotted

Etiologia!

A microbiota peri-
implantar é 

bastante 
heterogênea e 

menos complexa do 
que a microbiota 

periodontal. 

Patogênese!

Berglundh et al., 1992 Clin Oral Implants Res 

•  Modelo animal



•  Avaliaram características clínicas e histológicas após acúmulo de 
biofilme por 3 semanas ao redor de dentes e implantes

•  Extensão e a composição do infiltrado celular ao redor de dentes e 
implantes eram idênticos

•  Sugeriram que a resposta inicial do hospedeiro apresenta magnitude e 
intensidade semelhante nas 2 situações

Imagem: Umberto Ramos
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Patogênese!

•  Modelo animal

•  Após período 90 dias de acúmulo de biofilme, foi observado nos tecidos 
peri-implantares:

•  Menor quantidade de fibroblastos 

•  Extensão mais apical do infiltrado inflamatório

•  Menor efetividade da mucosa peri-implantar de prevenir a proliferação 
apical da microbiota

Ericsson et al.,1992 Clin Oral Implants Res

Patogênese!

•  Após 3 semanas acúmulo de placa: infiltrado inflamatório idêntico 

•  Após 3 meses acúmulo de placa: infiltrado inflamatório 3x maior na mucosa peri-
implantar 

Berglundh et al., 1992 
Clin Oral Implants Res 

Ericsson et al.,1992 
Clin Oral Implants Res

Patogênese!

•  6 meses de acúmulo de placa

•  Biópsias dos dentes e implantes obtidas após 1 mês da remoção da ligadura

•  Sinais clínicos e radiográficos de destruição tecidual mais pronunciada em 
implantes

•  Presença de infiltrado inflamatório maior

Lindhe et al., 1992 Clin Oral Implants Res Ligadura ao redor de dentes e implantes

Patogênese!

•  Ligaduras ao redor de 22 implantes em cães

•  Ligadura removida quando 40% do osso de suporte inicial foi perdido

•  Todos implantes foram deixados durante 12 meses para formação de biofilme

•  As imagens radiográficas mostraram que a perda óssea continuou a ocorrer após 
remoção da ligadura

•  A mucosa de todos implantes mostraram lesões inflamatórias apicais ao epitélio da 
bolsa

Zitzmann et al., 2004 J Clin Periodontol Progressão espontânea da peri-implantite experimental


Patogenia peri-implantite


Extensão apical do infiltrado inflamatório mais 

pronunciada
Contato direto com o biofilme na superfície do 

implante
Infiltrado inflamatório - Células PMN e macrófagos

Osteoclastos
Ausência de tecido conjuntivo de proteção entre 

lesão e osso alveolar


Albouy et al., 2009 Clin Oral Implants Res 

Albouy et al., 2008 Clin Oral Implants Res 

Schwarz et al., 2007 Clin Oral Implants Res 

Berglundh et al., 2007 Clin Oral Implants Res 

Zitzmann et al., 2004 J Clin Periodontol 

Berglundh et al., 2011 J Clin Periodontol 

Patogênese!

•  Patogênese da peri-implantite apresenta similaridade com a periodontite 
experimental. No entanto, sua progressão apresentou-se mais rápida



Patogênese!

http://www.yogue.com.br/comentarios-que-veganos-ouvem/

Patogênese!

• Carcuac et al., 2015 J Dent Res  

 

• Avaliou as características histopatológicas 
de lesões de peri-implantite e periodontite 
- Biópsias humanos 

• Lesões de peri-implantite eram 2x maiores  

• Peri-implantite: Mais marcadores para 
células inflamatórias (PMN) por área 

 

Patogênese!

diagnostic ability well to the peri-implant environment
is the nature of the peri-implant soft tissues, which are
different from the periodontal soft tissues. The orien-
tation of the supracrestal gingival fibers of the connec-
tive tissue around implants, which are parallel to the
implant surface, could influence the interpretation of
probing measurements, particularly in sites where the
resistance to probing is low.

Peri-implant mucositis presents as inflammation,
with erythema, swelling and bleeding on probing
around a fixture (38) (Fig. 5). The prevalence of peri-

implant mucositis has been reported in 80% of
subjects and for 50% of implants (59, 60).
Untreated peri-implant mucositis can progress to
peri-implantitis and lead to failure of a dental
implant. Peri-implantitis has been reported in
16–47% of subjects and in 6–36% of implants,
depending on the diagnostic criteria used (32, 59). A
number of factors have been implicated in the

Fig. 2. Schematic illustration of a lesion at a tooth and an
implant (Copyright Renvert-Giovannoli Peri-implantitis,
Quintessence International, 2012 with permission).

Fig. 4. Probing using a flexible plastic probe.

Fig. 1. Schematic illustration of healthy tissues around a
tooth and an implant (Copyright Renvert-Giovannoli Peri-
implantitis, Quintessence International, 2012 with permis-
sion) .

Fig. 5. Peri-implant mucositis demonstrating swelling and
redness of the peri-implant mucosa.

Fig. 3. Bleeding and suppuration following probing.

Treatment of peri-implant pockets

181

Periodontology 2000, Vol. 76, 2018, 180–190

LESÃO MAIS GRAVE  E 
COM PROGRESSÃO 

MAIS RÁPIDA

Peri-Implantite

•  Diferenças anatomia Periodonto X Tecido Peri-implantar

Imagem: Carranza Periodontia Clínica 2012

2mm

1mm
2mm

1,5mm

Vascularização Mucosa peri-implantar
- Periósteo

Vascularização Mucosa periodontal
- Plexo vascular do LP

- Vasos sanguíneos supraperiosteais

Patogênese!
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Patogênese!
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a b s t r a c t

Peri-implant diseases are a cluster of ‘‘contemporary’’ oral infections in humans that have

emerged as a result of the routine application of osseointegrated dental implants in clinical

practice. They are characterized by the inflammatory destruction of the implant-supporting

tissues, as a result of biofilm formation on the implant surface. Peri-implant mucositis and

peri-implantitis are analogous to gingivitis and periodontitis that affect natural teeth. The

aim of this comprehensive review was to provide insights into the infectious aetiology and

immuno-pathology of peri-implant diseases, and to identify similarities and differences

with periodontal diseases. The microbial composition of peri-implantitis-associated bio-

films is mixed, non-specific and very similar to that of periodontitis. A considerable

exception is the frequent presence of high numbers of staphylococci and enteric bacteria

in peri-implantitis. The sequence of immuno-pathological events and the qualitative

composition of the immune cells in peri-implant infections are similar to that of periodontal

infections. The lesions are characterized predominantly by neutrophils, macrophages, T-

and B-cells. Nevertheless, compared to periodontitis, peri-implantitis is marked by a more

extensive inflammatory infiltrate and innate immune response, a greater severity of tissue

destruction and a faster progression rate. This could well account for the structural

differences between the two tissue types, predominantly the lack of periodontal ligament

and Sharpey’s fibres around implants. In order to support the early diagnosis and prevention

of peri-implantitis, it is crucial to explain its fast progression rate by elucidating the

underlying molecular mechanisms. This could be achieved, for instance, by utilizing the

non-invasive collection and analysis of peri-implant crevicular fluid.
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• Características patognomônicas da peri-implantite 
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Etter et al., 2002 Clin Oral Impl Res 571-80 
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A Proposed Classification for  
Peri-Implantitis
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Peri-implantitis was first introduced 
as a term in the 1980s and then 
modified in the 1990s to describe 
an inflammatory disease that results 
in loss of supporting bone around 
an implant.1,2 This entity has clearly 
been differentiated from mucositis, 
in which the inflammation in the 
mucosa around an implant is not 
accompanied by bone loss and is 
reversible.2 The general term peri-
implantitis has been often applied 
to any implant with varying degrees 
of bone loss if accompanied by 
probing depths (PDs) ≥ 4 mm and 
bleeding and/or purulent exudate 
on probing.3,4 However, as noted in 
a literature review by Zitzmann and 
Berglundh,5 the clinical definition of 
peri-implantitis has differed in many 
studies. For example, Berglundh et 
al6 defined peri-implantitis as having 
a PD > 6 mm or attachment loss or 
bone loss of ≥ 2.5 mm.6 Although 
the pathogenesis of peri-implantitis 
has been described as the early le-
sion, established lesion, and ad-
vanced lesion, this peri-implantitis 
staging pertained to a histologic, 
not clinical, differentiation.7 To date, 
there have been no standardized 

The lack of a standardized classification to differentiate the various degrees of 
peri-implantitis has resulted in confusion when interpreting the results of studies 
evaluating the prevalence, treatment, and outcomes of therapy. The purpose of 
this paper is to propose a classification for peri-implantitis based on the severity 
of the disease. A combination of bleeding on probing and/or suppuration, 
probing depth, and extent of radiographic bone loss around the implant is used 
to classify the severity of peri-implantitis into early, moderate, and advanced 
categories. The rationale and method of measurement for the classification 
are presented and discussed. This classification should help in communication 
between researchers and clinicians and thus provide a better understanding 
of peri-implantitis. (Int J Periodontics Restorative Dent 2012;32:533–540.)
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Perda óssea é avaliada através da comparação entre a radiografia mais 
recente e a radiografia tirada logo após instalação da prótese 

Nenhuma das declarações de consenso da European 
Federation of Periodontology (EFP) ou European 

Association for Osseointegration (EAO) relata quaisquer 
dados específicos sobre qual profundidade de sondagem 

devemos considerar para diagnosticar mucosite peri-
implantar ou peri-implantite. 

LINDHE et al., 2008; LANG et al., 2011; VALENTE & ANDREANA, 2016. 

Profunidade de sondagem!
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The healing process following tooth loss leads to dimin-
ished dimensions of the alveolar process/ridge represent-
ing hard- and soft-tissue deficiencies. Larger deficiencies
may occur at sites exposed to the following factors: loss
of periodontal support, endodontic infections, longitudi-
nal root fractures, thin buccal bone plates, buccal/lingual
tooth position in relation to the arch, extraction with addi-
tional trauma to the tissues, injury, pneumatization of the
maxillary sinus, medications, and systemic diseases reduc-
ing the amount of naturally formed bone, agenesis of teeth,
pressure from soft-tissue supported removable prosthesis,
and combinations.

2. What factors are associated with recession of the peri-
implant mucosa?
The principal factors for recession of the peri-implant
mucosa are malpositioning of implants, lack of buccal
bone, thin soft tissue, lack of keratinized tissue, status of
attachment of the adjacent teeth and surgical trauma.

3. Does the presence/absence of keratinized mucosa play a
role in the long-term maintenance of peri-implant health?
The evidence is equivocal regarding the effect of kera-
tinized mucosa on the long-term health of the peri-implant
tissue. It appears, however, that keratinized mucosa may
have advantages regarding patient comfort and ease of
plaque removal.

4. What is the role of the peri-implant bone in giving form to
the peri-implant soft tissues?
The papilla height between implants and teeth is affected
by the level of the periodontal tissues on the teeth adjacent
to the implants. The height of the papilla between implants
is determined by the bone crest between the implants.
Results are equivocal whether the buccal bone plate is nec-
essary for supporting the buccal soft tissue of the implant
in the long-term.

CASE DEFINITIONS AND
DIAGNOSTIC CONSIDERATIONS
The following case definitions and characteristics of peri-
implant health, peri-implant mucositis, and peri-implantitis
should be viewed within context of several potential con-
founding factors.

It is known that there is no generic implant and that there
are numerous implant designs with different surface charac-
teristics, surgical and loading protocols. The degree of physio-
logical remodeling after implant placement may vary and will
determine the crestal level of bone expected in peri-implant
health. The amount of remodeling will also be influenced by
a number of local and systemic factors. Clinicians should be
aware that extensive peri-implant bone loss may also be reflec-
tive of the development of peri-implantitis during the remod-
eling phase.

It is recommended that the clinician obtain baseline radio-
graphic and probing measurements following the completion
of the implant-supported prosthesis. An additional radiograph
after a loading period should be taken to establish a bone level
reference following physiological remodeling. If the patient
presents for the first time with an implant-supported prosthe-
sis the clinician should try to obtain clinical records and pre-
vious radiographs in order to assess changes in bone levels.
How do we define a case of peri-implant health in day-to-day
clinical practice and teaching situations?

Diagnosis of peri-implant health requires:
• Absence of clinical signs of inflammation.
• Absence of bleeding and/or suppuration on gentle probing.
• No increase in probing depth compared to previous exami-

nations.
• Absence of bone loss beyond crestal bone level changes

resulting from initial bone remodeling.
It should be noted that probing depths depend on the height

of the soft tissue at the location of the implant. Furthermore,
peri-implant tissue health can exist around implants with vari-
able levels of bone support.
How do we define a case of peri-implant mucositis in day-to-
day clinical practice and teaching situations?

Diagnosis of peri-implant mucositis requires:
• Presence of bleeding and/or suppuration on gentle probing

with or without increased probing depth compared to pre-
vious examinations.

• Absence of bone loss beyond crestal bone level changes
resulting from initial bone remodeling.
It should be noted that visual signs of inflammation can

vary and that peri-implant mucositis can exist around implants
with variable levels of bone support.
How do we define a case of peri-implantitis in day-to-day clin-
ical practice and teaching situations?

Diagnosis of peri-implantitis requires:
• Presence of bleeding and/or suppuration on gentle probing.
• Increased probing depth compared to previous examina-

tions.
• Presence of bone loss beyond crestal bone level changes

resulting from initial bone remodeling.
In the absence of previous examination data diagnosis of

peri-implantitis can be based on the combination of:
• Presence of bleeding and/or suppuration on gentle probing.
• Probing depths of ≥6 mm.
• Bone levels ≥3 mm apical of the most coronal portion of

the intraosseous part of the implant.

A Classificação atual – peri-implantite!
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margin. Subsequently, a ‘pocket’ was cre-

ated that enabled the establishment of a

subgingival microflora. The ligatures were

exchanged once every 3 weeks and re-

moved when approximately 30% of the

initial bone support was lost based on

evaluation using standardized radiomicro-

graphs (approximately 3 months) (distance

between the implant shoulder and the

marginal bone level). Four weeks after

ligature removal, the defects were ran-

domly instrumented either (a) non-surgi-

cally or (b) surgically (n¼ 15 implants

each) using different treatment approaches

according to a split-mouth design. The

clinical, radiographic, and histologic results

after 3 months of healing will be reported

elsewhere. During open flap surgery and

following removal of granulation tissue in

group b (n¼15 defects), configuration and

defect characteristics of the ligature-in-

duced peri-implant bone loss were re-

corded.

Surgical procedure – dogs

After sedation with acepromazine

(0.17 mg/kg body weight), the dogs were

anesthetized with 21.5 mg/kg thiopental-

sodium. For all surgical procedures, inhala-

tion anesthesia was administered using

oxygen and nitrous oxide and isoflurane.

To maintain hydration, all animals re-

ceived a constant-rate infusion of lactated

Ringer’s solution while anesthetized. In

the first surgery, P2-M1 were carefully

removed after reflection of full-thickness

mucoperiosteal flaps and tooth separation.

After wound closure by means of matress

sutures, the sites were allowed to heal for

4 months. Prophylactic administration of

clindamycine (11 mg/kg body weight,

Cleorobe
s

, Pharmacia Tiergesundheit, Er-

langen, Germany) was performed intra-

and postoperatively for 10 days. In the

second surgery, bilateral vestibular inci-

sions were made and full-thickness muco-

periosteal flaps were elevated to expose the

respective sites for implant placement in

the mandible. Three surgical implant sites

were prepared bilaterally, at a distance of

10 mm apart, using a low-trauma surgical

technique under copious irrigation with

sterile 0.9% physiological saline. Three

sand-blasted and acid-etched (SLA) tita-

nium implants were placed in each side of

the mandible (narrow neck, + 3.3 mm,

length 10 mm, ITI
s

Dental Implant Sys-

tem, Straumann AG) (n¼6 implants per

dog) according to a one-stage procedure and

covered with healing abutments (height:

2 mm, ITI
s

Dental Implant System, Strau-

mann AG). The implants were inserted in

a way so that the borderline between the

bony and transmucosal part (BTB) of the

implant coincided with the bone crest.

Following irrigation, mucoperiosteal flaps

were repositioned and primary wound clo-

sure was achieved with consecutive resorb-

able 5 polyglygolic acid sutures (Resorba,

Nürnberg, Germany). The surgical proce-

dure of phase three will be reported else-

where. In brief, bilateral vestibular

incisions were made and full-thickness

mucoperiosteal flaps were reflected to

expose the respective peri-implant bone

defects.

Configuration assessment of peri-implant
bone defects

During open flap surgery in both humans

and dogs, the following measurements

were carried out by one previously cali-

brated examiner using a periodontal probe

(PCP 12, Hu-Friedy Co., Chicago, Illinois,

USA) (Figs 1 and 2):

s(a-v/o): vertical dehiscence-type

component of the defect, measured as

the linear mid-vestibular/-oral (v/o)

distance from BTB to the alveolar

a

b

e

c

fdd
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Fig. 1. Illustrations of Class I defects. (a) Class Ia – vestibular/oral view; (b) Class Ia – occlusal view; (c) Class Ib – occlusal view; (d) Class Ic – occlusal view; (e) Class Id –

occlusal view; (f) Class Ie – occlusal view. Arrows, s – component; circles, i – components.
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Os Defeitos Ósseos peri-implantares!

•  Classe I - Defeitos infra-ósseos (Schwarz et al., 2006 Clin Oral Imp Res) 

55%

I-eI-dI-c

I-bI-a

•  Classe II- Defeitos supra-ósseos 
(Schwarz et al., 2006 Clin Oral Imp Res)

bone crest;

s(b-v/o): horizontal dehiscence-type

component of the defect, measured as

the maximum linear distance of vestib-

ular/oral (v/o) bone walls;

s(c-v/o): circumferential component of

the defect, measured as the linear mid-

vestibular/-oral (v/o) distance from the

implant surface to the inner surface of

the alveolar bone. In case of a dehis-

cence component, the outer surface of

the alveolar bone served as a landmark

(negative values¼ implant body ex-

ceeded outer surface of the alveolar

bone);

s(c-m): circumferential component of

the defect, measured as the linear dis-

tance from the mesial (m) bone wall of

the defect to the implant surface;

s(c-d): circumferential component of

the defect, measured as the linear dis-

tance from the distal (d) bone wall of

the defect to the implant surface;

i(v/o, m, d): intrabony component of

the defect, measured as the linear dis-

tance from the alveolar bone crest to

the bottom of the defect (v/o, m, d);

and

s(a): supraalveolar component of the

defect, measured as the maximum lin-

ear mesial or distal (m, d) distance from

BTB to the alveolar bone crest.

Statistical analysis

The statistical analysis was performed

using a commercially available software

program (SPSS
s

14, SPSS Inc. Chicago,

IL, USA). The mean values of all para-

meters were calculated. Normal distribu-

tion was looked for by the Kolmogorov–

Smirnow test. The paired t-test was used to

compare s(a-v), s(b-v), s(c-v), s(c-o), s(c-m),

s(c-d), i(v/o, m, d), and s(a) values within

groups. The a error was set at 0.05.

Results

Configuration assessment of peri-implant
bone defects

Individual scores of s(a-v/o), s(b-v/o), s(c-v/

o), s(c-m), s(c-d), i(v/o, m, d), and s(a) in

s(a)

Fig. 2. Illustration of Class II defect – vestibular/oral

view.
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Os Defeitos Ósseos peri-implantares!

both humans and dogs are presented in

Tables 1 and 2. Open flap surgery generally

revealed two different classes of peri-im-

plant bone defects (Figs 1–6). While Class I

defects featured well-defined intrabony

components, Class II defects were charac-

terized by consistent horizontal bone loss,

identifiable as a supra-alveolar exposition

of structured implant surface areas (Figs 1

and 2). The allocation of intrabony compo-

nents of Class I defects regarding the im-

plant body allowed a subdivision of five

different configurations (Fig. 1a–f). In par-

ticular, Class Ia defects featured a com-

bined horizontal and vertical loss of the

adjacent vestibular alveolar bone, leading to

dehiscence-type defect configurations (Fig.

5a and b). In three cases (patients nos. 19

and 21), the implant body exceeded the

outer surface of the alveolar bone, leading

to negative s(c-v) values (Table 1a). Open

flap surgery merely revealed Class Ia de-

fects exhibiting the dehiscence-type com-

ponent at the vestibular aspect of the

alveolar crest (Fig. 1a and b). Class Ib

defects generally exhibited higher s(b-v)

values than Class Ia defects. Additionally,

Class Ib defects were characterized by

clearly identifiable s(c-m) and s(c-d) com-

ponents (Figs 1c, 6a and b). MeasurementFig.5. Clinical and radiological view of ligature-induced peri-implantitis bone defects in dogs. (a, b) Class Ia defect

(No. 2-034); (c, d) combined Class Icþ II defect (No. 1-036); (e, f) combined Class Ieþ II defect (No. 5-046).

Fig. 6. Clinical and radiological view of naturally occurring peri-implantitis bone defects in humans. (a, b) Class Ib defect (No. 9-022); (c, d) combined Class Ieþ II defect

(No. 2-023); (e, f): Combined Class Ieþ II defect (No. 15-047); (g, h) combined Class Ieþ II defect (No. 12-024); (i, j) Class Ie defect (No. 20-021)

Schwarz et al . Peri-implantitis bone defects in humans and dogs
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•  Perda óssea sem origem infecciosa 

•  Saucerização - Remodelação óssea após instalação do pilar protético 

Imagem: Tarnow et al., 2010 J Periodontol

Imagem: Consolaro et al., 2010 Dental Press J Orthod

•  Instalação de implantes muito próximos 

•  Condicionamento do tecido mole - Perda óssea

•  Condicionamento do tecido mole - Profundidade de sondagem maior ou igual a 4mm

Tarnow et al., 2010 J Periodontol


Imagem: Tarnow et al., 2010 J Periodontol


Tarnow et al., 2010 J Periodontol


Diagnóstico Diferencial!
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Fatores de risco!
•  Consensus Report of the Sixth European Workshop on Periodontology 

(2008) 


Fatores de risco peri-implantite


Higiene oral deficiente

Histórico de periodontite
Tabagismo




Evidência limitada 


Consumo de álcool

Diabete - Pobre controle metabólico
Características genéticas

Superfície do implante
Excesso de cimento

Ausência de mucosa ceratinizada


Lindhe&Meyle (2008) J Clin Periodontol
Romano et al., 2015 Dent Clin North Am

Como minimizar o impacto 
desses fatores de risco??

• Tratamento periodontal para eliminação de bolsas 

residuais com sangramento à sondagem e IHO 

•  Cessação do tabagismo   

Fatores de risco!

Berglundh et al., 2015 J Clin Periodontol

• Correta instalação dos componentes protéticos para evitar 
fatores retentivos e excesso de cimento 

 

Fatores de risco - como minimizar?!

Berglundh et al., 2015 J Clin Periodontol

https://doi.org/10.1111/j.1600-0501.2012.02570.x J Periodontal Implant Sci. 2016 Jun;46(3):136-151.

• Para facilitar a higiene bucal, deve-se considerar a quantidade de mucosa 

ceratinizada peri-implantar na região transmucosa 

 

Fatores de risco - como minimizar?!

Berglundh et al., 2015 J Clin Periodontol

Fatores de risco - como minimizar?!

http://arimplantes.com.br/cs4.htm

Fatores de risco - como minimizar?!

Inicial 30 dias P.O.

Fatores de risco - como minimizar?! Fatores de risco - como minimizar?!

• Pacientes diabéticos: Hba1c 

• Informar ao paciente da importância do controle glicêmico  

Fatores de risco - como minimizar?!

•  Paciente diabético controlado: tratamento com implantes é uma 
opção viável 

 

•  Hiperglicemia: prejudica os mecanismos de defesa e reparo do hospedeiro 

•  Aumento AGE’s: Maior liberação de citocinas pró-inflamatórias 

•  Osseointegração prejudicada 
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• A terapia de suporte deve ser estabelecida de acordo com as necessidades 

de cada paciente (ex: 3, 6 ou 12 meses de intervalo das rechamadas)  

• Pacientes com histórico de Periodontite Agressiva: menor intervalo de 

rechamadas 

 

Fatores de risco - como minimizar?!

Berglundh et al., 2015 J Clin Periodontol COMO TRATAR A PERI-IMPLANTITE?!

Dentes e implantes - semelhaças!

• Etiologia 

• Objetivos do tratamento 

Doenças peri-implantares 
 X  

Doenças periodontais

“Papel primário do biofilme bacteriano”
Albrektsson&Isidor, 1994  Quintessence


Eliminar infecção

 


- Instrução de Higiene Oral


- Tratamento de Periodontite pré-existente


- Debridamento mecânico  
 http://dspconnect.net/category/home/page/2/

Foco atual!

• Diferentes abordagens reportadas na literatura 

• Nenhum protocolo de tratamento mostrou-se 
definitivamente efetivo 

• Não existe um tratamento específico que possa ser 
considerado como controle  

Esposito et al., 2012 Eu J Implantol  

Tratamento!

•  Objetivos do tratamento de peri-implantite 


Controle da infecção




Regeneração




Reosseointegração




Contato direto entre osso-implante em uma 

superfície previamente contaminada


diagnosed on 10 patients with a total of 63

implants (57.1%).

Table 3 reports the association between all

the risk factors and the three investigated

triggering factors. Statistical analysis showed

that peri-implantitis surgical-triggered (surgi-

cal risk factor) was associated with oro-ves-

tibular and mesio-distal malpositioned

implants (37/51; P = 0.000) placed in recon-

structed bone (27/51; P = 0.000).

Prosthetically triggered peri-implantitis

(prosthetic risk factor) was associated with

rough implants (28/38; P = 0.01) restored

using screw-retained restorations (28/38;

P = 0.000), in patients experiencing overload-

ing (17/38; P = 0.000).

Purely plaque-induced peri-implantitis

(purely plaque-induced risk factor) was asso-

ciated with smokers (15/36; P = 0.000)

patients presenting systemic conditions (15/

36; P = 0.000), reporting history of periodon-

tal disease (33/36; P = 0.009), with higher

level of plaque around implants

(2.6 ! 1.2 mm), placed in the maxilla (27/36;

P = 0.019), and supporting a cemented-

retained restorations (26/36; P = 0.000).

Predictive profiles for plaque-induced, and
surgically and prosthetically triggered peri-
implantitis

The predictive model developed for three

subtypes of peri-implantitis is depicted in

Fig. 2. The estimated accuracy of the model

was 82.35% and nine parameters and their

corresponding inter-relations were identified

as determinants of peri-implantitis subtypes.

These parameters were malposition, reten-

tion type, bone reconstruction, KWD, FMPI,

periodontal status, occlusal overloading, pres-

ence of prosthetic problems, and diameter.

Discussion

This study showed that different predictive

profiles are associated with surgically and

prosthetically triggered and plaque-induced

peri-implantitis. These subtypes of peri-

implantitis shared uniform clinical picture

and showed a high number of overlapping in

distribution of risk factors. Therefore, only

the mathematical tools for cross-analysis,

with sensitivity higher than routine statisti-

cal methods, were able to identify distin-

guishing predictive profiles. Hence, the

founding hypothesis of the study that differ-

ent predictive profiles were associated with

different subtypes of peri-implantitis was

confirmed.

Main imitation of the present study was

the retrospective nature, which could intro-

duce risk of confounding bias. Additional

limitation was represented by the small sam-

ple size.

Studies reporting distinguishing predictive

profiles associated with plaque-induced, pros-

thetically and surgically triggered peri-

implantitis are lacking in the literature.

In the first part of the analysis, the risk fac-

tors were estimated between all types of

implants with signs of peri-implantitis and

healthy implants. The results of the present

study are in accordance with recently

reported results by de Ara!ujo Nobre et al.

(2015) which study tempted to identify risk

predictors of peri-implant pathology: history

of periodontitis, bacterial plaque, bleeding,

bone level on the medium third of the

implant, lack of prosthetic fit or non-optimal

screw joint, metal–ceramic restorations, and

the interaction between bacterial plaque and

the proximity of other teeth or implants were

reported as predictors of peri-implantitis.

Table 3. Distribution of risk factors within different subtypes of peri-implantitis

Surgically
induced
(n = 51;
40.8%)

Prosthetically
induced
(n = 38;
30.4%)

Purely plaque
induced
(n = 36;
28.8%) P-value

Gender: females (n = 85)/males (n = 40) 35/16 30/8 20/16 0.091
Systemic conditions Y (n = 25)/N (n = 100) 6/45 4/38 15/21 0.000*
Bruxism Y (n = 36)/N (n = 89) 13/38 13/25 10/26 0.665
Maxilla (n = 60)/Mandible (n = 65) 19/35 14/24 27/9 0.019*
Anterior (n = 40)/Posterior (n = 85) 19/32 14/24 7/29 0.161
Screwed (n = 64)/Cemented (n = 61) 26/35 28/10 10/26 0.000*
Malposition (n = 40)/Correct (n = 85) 37/14 3/35 0/36 0.000*
Thin (n = 101)/Thick biotype (n = 24) 43/8 29/9 29/7 0.634
Overloading (n = 27)/(n = 98) 10/41 17/21 0/36 0.000*
Years of loading ≤5 (n = 52)/>5 (n = 73) 15/36 22/16 15/21 0.021*
Diameter ≤4 (n = 112)/>4 (n = 13) 46/5 33/5 33/3 NA
Bone reconstruction Y (n = 46)/N (n = 79) 27/24 17/21 2/34 0.000*
Prosthetic problem Y (n = 71)/N (n = 54) 30/21 26/12 15/21 0.063
Smokers Y (n = 16)/N (n = 109) 0/51 1/37 15/21 0.000*
Rough implants Y(n = 85) N/(n = 40) 40/11 28/10 17/19 0.012*
Controlled periodontitis Y(n = 90)/N (n = 35) 33/18 24/14 33/3 0.009*

*Statistically significant.

Fig. 2. Decision tree for distinction of surgically and prosthetically triggered and plaque-induced subtypes of peri-

implantitis. In case of diseased implant without malposition and with FMPI < 0.32, if the retention was cemented, the

peri-implantitis was prosthetically triggered. In case that retention was screwed and with previous bone reconstruc-

tion, it was prosthetically triggered as well and the same case was if there was no reconstruction but with keratinized

gingival width (KGW) ≤1 mm, while in case of KGW > 1 mm, it was the plaque-induced. In case of no malposition but

with FMPI higher than 0.32 and with previous bone reconstruction if the retention was cement, the cause was surgical,

while if retention was screwed, it was plaque-induced subtype. In case of no malposition, with FMPI higher than 0.32

and without previous bone reconstruction if the periodontal diagnosis was chronic or aggressive periodontitis, it was

the plaque-induced, while in case of healthy periodontium, it was the prosthetically triggered peri-implantitis. In case

of present malposition without prosthetic problems but with occlusal overloading, it was prosthetically triggered peri-

implantitis, while in case without overloading, it was surgically triggered peri-implantitis. In case of implant malposi-

tion and with positive prosthetic problems, if the diameter was up to 3.5, it was surgically triggered, while in case of

diameter more than 3.5 mm, it was prosthetically triggered peri-implantitis.
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Abstract

Objective: To investigate whether specific predictive profiles for patient-based risk assessment/

diagnostics can be applied in different subtypes of peri-implantitis.

Materials and methods: This study included patients with at least two implants (one or more

presenting signs of peri-implantitis). Anamnestic, clinical, and implant-related parameters were

collected and scored into a single database. Dental implant was chosen as the unit of analysis, and

a complete screening protocol was established. The implants affected by peri-implantitis were then

clustered into three subtypes in relation to the identified triggering factor: purely plaque-induced

or prosthetically or surgically triggered peri-implantitis. Statistical analyses were performed to

compare the characteristics and risk factors between peri-implantitis and healthy implants, as well

as to compare clinical parameters and distribution of risk factors between plaque, prosthetically

and surgically triggered peri-implantitis. The predictive profiles for subtypes of peri-implantitis

were estimated using data mining tools including regression methods and C4.5 decision trees.

Results: A total of 926 patients previously treated with 2812 dental implants were screened for

eligibility. Fifty-six patients (6.04%) with 332 implants (4.44%) met the study criteria. Data from

125 peri-implantitis and 207 healthy implants were therefore analyzed and included in the

statistical analysis. Within peri-implantitis group, 51 were classified as surgically triggered (40.8%),

38 as prosthetically triggered (30.4%), and 36 as plaque-induced (28.8%) peri-implantitis. For peri-

implantitis, 51 were associated with surgical risk factor (40.8%), 38 with prosthetic risk factor

(30.4%), 36 with purely plaque-induced risk factor (28.8%). The variables identified as predictors of

peri-implantitis were female sex (OR = 1.60), malpositioning (OR = 48.2), overloading (OR = 18.70),

and bone reconstruction (OR = 2.35). The predictive model showed 82.35% of accuracy and

identified distinguishing predictive profiles for plaque, prosthetically and surgically triggered peri-

implantitis. The model was in accordance with the results of risk analysis being the external

validation for model accuracy.

Conclusions: It can be concluded that plaque induced and prosthetically and surgically triggered

peri-implantitis are different entities associated with distinguishing predictive profiles; hence, the

appropriate causal treatment approach remains necessary. The advanced data mining model

developed in this study seems to be a promising tool for diagnostics of peri-implantitis subtypes.

Peri-implantitis represents the most frequent

biologic complication of dental implants

(Mir-Mari et al. 2012). As peri-implantitis

corresponds to progressive asymptomatic

inflammatory disease, its timely diagnosis

and appropriate treatment planning represent

a key factor for implant survival. Therefore,

knowledge about risk factors is critical not

only for implant treatment planning but also

for clinical decision-making to solve implant

complications. In fact, identification of speci-

fic factor involved in peri-implantitis onset

might be the essential precondition for treat-

ment success.

Although different definitions were pre-

sented in the literature (Levignac 1965; Mom-

belli et al. 1987, 2012; Albrektsson et al.

1994; Mir-Mari et al. 2012; Renvert et al.

2012; American Academy of Osseointegra-

tion 2013), from an etiologic point of view,
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Peri-implantite –  
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However, no significant difference was found between
GBR and GBR combined with bone graft.82 The results
were confirmed by a subsequent study revealing similar
and more detailed histological findings.83

A recent systematic review revealed that GBR could
be used in the management of peri-implant bone
loss, but complete fill of the bony defect was not
predictable.84 Several limitations such as heterogeneity
of the study protocols, missing data, and lack of high-
quality studies were highlighted in the review.84 Previous
reviews too found that regenerative procedures involv-
ing bone grafts with or without barrier membranes
demonstrated varying degrees of defect resolution and
could possibly be one of the more predictable treatment
modality in selected cases of peri-implantitis.85,86 There-
fore, in the proposed guideline, GBR was chosen as the
main treatment modality in the management of peri-
implant bone loss.

DECISION TREE

Current literature discussed numerous techniques used
in the management of peri-implantitis defects. However,
because of limitations in the available systematic
reviews, there is no consensus on the most effective way
to treat peri-implant bone loss.87 The authors thus
propose a decision tree to assist clinicians in deciding the
treatment modality to use when faced with a peri-
implant bone defect (Figure 1). Similar to periodontal
defects, the first step in managing peri-implant defects is
to identify and remove the etiological factors, which can
be classified into biological factors, biomechanical
factors, and a combination of both factors. Unfortu-
nately in some circumstances, elimination of etiological
factors involves removal of the dental implant. For
example, when the implant is placed out of the buccal
bony housing, regeneration of the buccal bone and

APF with
implantoplasty

1 2 3

GBR with either
absorbable or non-

resorbable membranes

Within bony
housing

(Ideal implant
position)

Outside
bony

housing

Remove the
implant and

perform hard and
soft tissue

augmentation

Peri-implant bone loss

Biomechanical

E.g. Wrong position, occlusal
overload or interference

Biological 

E.g. Microbial (peri-implantitis), compression
necrosis, surgical trauma (such as overheating,

overpreparation)

Combination

Defect morphology

Remove etiology

Etiology 

Horizontal Vertical Circumferential 

APF with
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Number of
bony walls

Check occlusion and
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GBR

Figure 1 Decision tree on etiology and management of peri-implant bone loss. APR = apically positioned flap; GBR = guided bone
regeneration.
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The management of peri-implant 
disease is one of the most contro-
versial topics in implant dentistry 
today. There are well respected re-
searchers and clinicians who state 
that peri-implant disease is an oc-
casional occurrence,1 while equally 
respected practitioners argue that 
it is a more significant problem.2 
As the number of implants placed 
each year and the length of time im-
plants have been in place increase, 
and as more dentists with varying 
skills place implants, the number of 
patients with peri-implant disease 
is rising.3,4 

The existing research is confus-
ing. Study methodologies differ. 
Proposed definitions and thresholds 
for the presence of mucositis and 
peri-implantitis are not routinely fol-
lowed.4 Different implant surfaces 
and designs are often combined, 
and some studies equate implant 
survival with implant success.5 There 
are papers evaluating patients with 
peri-implant disease while oth-
ers look at implants with disease.6 
Thus, depending on the study, the 
prevalence of mucositis after 5 years 
of function varied from 80% of pa-
tients and 50% of implants7 to 63.4% 
of patients and 30.7% of implants.6 
The prevalence of peri-implantitis 
varied from 28% to 56% of patients 
and 12% to 43% of implants in one 
paper7 to 18.8% of patients and 
9.6% of implants in another.6 

Paul Fletcher, DDS1/Daniel Deluiz, DDS, PhD2

Eduardo M.B. Tinoco, DDS, PhD3

John L. Ricci, PhD4/Dennis P. Tarnow, DDS5

Justine Monnerat Tinoco, DDS, MS6 

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 

Volume 37, Number 4, 2017

499

 ©2017 by Quintessence Publishing Co Inc.

1 Associate Clinical Professor, Division of Periodontics, Columbia University College of  
Dental Medicine, New York, New York, USA.

2 Postdoctoral Researcher, Faculty of Dentistry, State University of Rio de Janeiro,  
Rio de Janeiro, Brazil.

3 Associate Professor, Faculty of Dentistry, State University of Rio de Janeiro,  
Rio de Janeiro, Brazil.

4 Associate Professor, Director of Masters Program, Department of Biomaterials Science,  
New York University College of Dentistry, New York, New York, USA.

5 Clinical Professor, Director of Implant Education, Division of Periodontics,  
Columbia University College of Dental Medicine, New York, New York, USA.

6 PhD Candidate, Faculty of Dentistry, State University of Rio de Janeiro,  
Rio de Janeiro, Brazil. 
 
Correspondence to: Dr Paul Fletcher, Specialized Dentistry of New York,  
150 E 58th St, Suite 3200, New York, NY 10155, USA. Fax: 212-754-6753.  
Email: pfletcherdds@gmail.com

Human Histologic Evidence of Reosseointegration Around 
an Implant Affected with Peri-implantitis Following 
Decontamination with Sterile Saline and Antiseptics:  
A Case History Report

The treatment of peri-implant disease is one of the most controversial topics in 
implant dentistry. The multifactorial etiology and the myriad proposed techniques 
for managing the problem make successful decontamination of an implant surface 
affected by peri-implantitis one of the more unpredictable challenges dental 
practitioners have to face. This article presents the first known published case 
report demonstrating human histologic evidence of reosseointegration using 
a plastic curette for mechanical debridement and dilute sodium hypochlorite, 
hydrogen peroxide, and sterile saline for chemical detoxification. Guided bone 
regeneration in the infrabony component of the peri-implantitis lesion was 
accomplished using calcium sulfate and bovine bone as grafting materials and 
a porcine collagen barrier for connective tissue and epithelial exclusion. Int J 
Periodontics Restorative Dent 2017;37:499–508. doi: 10.11607/prd.3037

The management of peri-implant 
disease is one of the most contro-
versial topics in implant dentistry 
today. There are well respected re-
searchers and clinicians who state 
that peri-implant disease is an oc-
casional occurrence,1 while equally 
respected practitioners argue that 
it is a more significant problem.2 
As the number of implants placed 
each year and the length of time im-
plants have been in place increase, 
and as more dentists with varying 
skills place implants, the number of 
patients with peri-implant disease 
is rising.3,4 

The existing research is confus-
ing. Study methodologies differ. 
Proposed definitions and thresholds 
for the presence of mucositis and 
peri-implantitis are not routinely fol-
lowed.4 Different implant surfaces 
and designs are often combined, 
and some studies equate implant 
survival with implant success.5 There 
are papers evaluating patients with 
peri-implant disease while oth-
ers look at implants with disease.6 
Thus, depending on the study, the 
prevalence of mucositis after 5 years 
of function varied from 80% of pa-
tients and 50% of implants7 to 63.4% 
of patients and 30.7% of implants.6 
The prevalence of peri-implantitis 
varied from 28% to 56% of patients 
and 12% to 43% of implants in one 
paper7 to 18.8% of patients and 
9.6% of implants in another.6 

Paul Fletcher, DDS1/Daniel Deluiz, DDS, PhD2

Eduardo M.B. Tinoco, DDS, PhD3

John L. Ricci, PhD4/Dennis P. Tarnow, DDS5

Justine Monnerat Tinoco, DDS, MS6 

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 

The International Journal of Periodontics & Restorative Dentistry

502

At this point the platform of 
test implant 3 was sectioned from 
its body to facilitate submerging 
the implant during the healing pro-
cess. The depth of the infrabony 
defect was quantified by counting 
the number of exposed threads 
from the base of the defect to the 
top of the implant. A total of 11 
threads were exposed, 8 of which 
were within the walls of the infrabo-
ny defect. The defect was 6 mm at 
its widest. The screw access open-
ing of the test implant was thor-

oughly detoxified with NaClO but 
was not closed with a cover screw. 
SS was burnished on the surfaces 
of all the implants, and the entire 
surgical site was rinsed again with 
SS (Fig 4c). 

Following mechanical and 
chemical detoxification, three por-
cine membranes (Dynamatrix, Key-
stone Dental) were prepared for 
GBR on implants 1, 3, 4, and 5.  Us-
ing a 4-mm tissue punch, a 4-mm-
diameter hole was made in the 
center of two of the membranes so 

one would precisely fit over implant 
1 and the other over test implant 3. 
The third membrane was centered 
over implants 4 and 5, and small 
holes were placed through it us-
ing an explorer point into the screw 
access openings of the implants. 
These holes were subsequently en-
larged with the 4-mm tissue punch 
so the membrane would accurately 
fit over both implant heads. The 
membranes were set aside and the 
bone-grafting material was pre-
pared. 

Fig 4a A plastic curette is used in a circular direction 
around each implant thread to remove or disrupt the 
plaque and calculus on the implant surface.

Fig 4b A cotton pellet is used to meticulously burnish 
antiseptic on the platform and around and between 
each implant thread to chemically detoxify the 
implant surface.

Fig 4c The implant platform has been sectioned from 
the test implant. The size and shape of the infrabony 
defect can be visualized. A total of 11 implant threads 
are exposed, 8 within the walls of the infrabony 
defect.

a

b c
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4, and 5. After further evaluation of 
a cross-sectional radiograph show-
ing the size and shape of the bony 
defect around implant 3 (Fig 3), the 
patient was asked if he would al-
low us to retain implant 3 and graft 
and treat it similarly to implants 1, 
4, and 5 prior to subsequently re-
moving it for histologic evaluation. 
A study protocol was developed 
at the State University of Rio de Ja-
neiro and approved by the Ethics 
Committee of the University Hospi-
tal Pedro Ernesto (CE-HUPE) in full 
accordance with the World Medical 
Association Declaration of Helsinki. 
The patient accepted it and gave his 
oral and written informed consent 
prior to treatment.   

The patient was placed on 
amoxicillin 250 mg and metronida-
zole 250 mg tid for 10 days begin-
ning 1 day prior to the surgery. He 
was anesthetized at the beginning 
of the procedure using 2% lidocaine 
with 1:100,000 epinephrine (DFL). 
The mandibular restoration was re-
moved and a red, inflamed gingiva 
that bled on probing was visualized 
around all five implants (Fig 1). All 

loose supragingival debris was re-
moved prior to initiating further 
treatment.

A surgical incision was made 
on the crest of the ridge extending 
intrasulcularly around the implants. 
Full-thickness buccal and lingual 
flaps were reflected. Adequate ex-
tension beyond implants 1 and 5 
eliminated the need for vertical inci-
sions, and adequate internal release 
avoided muscle tension on the buc-
cal flap. A large curette (Prichard, 
Hu-Friedy) was used to mechanically 
debride the granulomatous tissue 
from the bony defects around the 
implants. Implant 2 was removed 
at this time. To mechanically clean 
the plaque and calculus present 
on all the implant surfaces, a plas-
tic curette (Implacare II, Hu-Friedy) 
was used to carefully go around and 
into each of the implant threads (Fig 
4a). Once the bony defects and the 
implants were thoroughly debrided 
mechanically, the entire surgical site 
was rinsed with copious amounts of 
SS from an irrigating syringe with 
the tip of the syringe close to the 
threads of the implant. 

Following mechanical debride-
ment, 5 mL of 5% to 6% sodium 
hypochlorite (NaClO) (standard 
household bleach) was combined 
with 125 mL of sterile water, forming 
a 0.25% solution of NaClO. Small 
cotton pellets saturated with the so-
lution were used with firm pressure 
to meticulously clean 360 degrees 
around the implant collar and be-
tween the implant threads (Fig 4b). 
After burnishing for approximately 
1 minute, the solution was rinsed 
off using SS in an irrigating syringe. 
A 1.5% hydrogen peroxide (H2O2) 
solution, formed by mixing equal 
amounts of 3% H2O2 and sterile wa-
ter, was then applied using the same 
protocol. 

Fig 3 Cross-
sectional computed 
tomography scan of 
the test implant.

Fig 1 Preoperative photo of plaque and calculus accumulations and soft 
tissue inflammation around all implants.

Fig 2 Preoperative panoramic radiograph. The test 
implant is marked with the number 3. 

1 32 4 5
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A 1.5% hydrogen peroxide (H2O2) 
solution, formed by mixing equal 
amounts of 3% H2O2 and sterile wa-
ter, was then applied using the same 
protocol. 

Fig 3 Cross-
sectional computed 
tomography scan of 
the test implant.

Fig 1 Preoperative photo of plaque and calculus accumulations and soft 
tissue inflammation around all implants.

Fig 2 Preoperative panoramic radiograph. The test 
implant is marked with the number 3. 

1 32 4 5
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The management of peri-implant 
disease is one of the most contro-
versial topics in implant dentistry 
today. There are well respected re-
searchers and clinicians who state 
that peri-implant disease is an oc-
casional occurrence,1 while equally 
respected practitioners argue that 
it is a more significant problem.2 
As the number of implants placed 
each year and the length of time im-
plants have been in place increase, 
and as more dentists with varying 
skills place implants, the number of 
patients with peri-implant disease 
is rising.3,4 

The existing research is confus-
ing. Study methodologies differ. 
Proposed definitions and thresholds 
for the presence of mucositis and 
peri-implantitis are not routinely fol-
lowed.4 Different implant surfaces 
and designs are often combined, 
and some studies equate implant 
survival with implant success.5 There 
are papers evaluating patients with 
peri-implant disease while oth-
ers look at implants with disease.6 
Thus, depending on the study, the 
prevalence of mucositis after 5 years 
of function varied from 80% of pa-
tients and 50% of implants7 to 63.4% 
of patients and 30.7% of implants.6 
The prevalence of peri-implantitis 
varied from 28% to 56% of patients 
and 12% to 43% of implants in one 
paper7 to 18.8% of patients and 
9.6% of implants in another.6 
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Nanocrystalline calcium sulfate 
(CaSO4) (Nanogen, Orthogen) and 
small-particle bovine bone (BB) 
(Bio-Oss, Geistlich) were used to 
graft the infrabony defects. Equal 
amounts by volume of each were 
combined and hydrated with the 
setting liquid provided with the 
CaSO4. The mix was then incre-
mentally packed with moderate 
density into the apical aspect of the 
defects, with an effort made to ob-
tain close graft-to-implant surface 
approximation 360 degrees around 
the implant. Successive increments 
of bone mix were hydrated and 
layered on top of the first mix and 
also used to graft the socket where 
implant 2 had been removed (Fig 

5a). Once the defects were filled 
and the excess graft material re-
moved, the holes in the porcine 
membranes were carefully placed 
over the heads of the implants and 
the membranes were maneuvered 
apically until they covered the bone 
grafts and rested on the buccal and 
lingual plates and the interimplant 
ridge (Fig 5b).

The buccal and lingual flaps 
were passively replaced and sutured 
to cover the entire test implant and 
the supracrestal threads of the three 
exposed implants. To stabilize the 
blood clot, continuous gentle pres-
sure was applied for 1 minute at the 
point where the buccal and lingual 
gingiva met the implant collar. The 

underside of the restoration was 
recontoured and decontaminated 
and then replaced. The patient was 
instructed to continue with the pre-
scribed antibiotics, brush his maxil-
lary teeth normally, and rinse around 
his lower bridge with salt water rins-
es and an essential oil mouthwash 
(Listerine, Johnson & Johnson) twice 
a day for 30 seconds.

Appointments followed at 1 
week, 2 weeks, 1 month, 2 months, 
and 4 months postoperative. At 
these visits, the exposed implant 
surfaces were debrided, periapical 
radiographs were taken as needed 
(Fig 6), and the patient’s oral hy-
giene was reinforced and modified 
as necessary. 

Fig 6 Postoperative radiographs at (a) 
1 week, (b) 4 months, and (c) 6 months 
showing bone levels around the test 
implant. 

Fig 5a (left) The infrabony defect has been 
filled with a 50:50 mix of nanocrystalline 
CaSO4 and bovine bone.

Fig 5b (right) A porcine collagen 
membrane with a 4-mm-diameter opening 
in the center has been placed over the test 
implant to completely cover the graft. 

a b c
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A reentry procedure was per-
formed 6 months after the initial sur-
gery. After the patient gave verbal 
and written informed consent, pre-
operative radiographs were taken, 
the framework was removed, and 
the patient was anesthetized as be-
fore. A crestal incision over the test 
implant was extended laterally, and 
buccal and lingual mucoperiosteal 
flaps were reflected. The test im-
plant and a circumferential collar of 
bone in contact with the apical as-
pect of the implant was removed us-
ing a piezo (PiezoMed SA-320, W&H 
Dentalwerk) and a trephine with an 
internal diameter of 7 mm. The site 
where the implant was removed was 
grafted with BB and covered with a 
porcine membrane. The supracrest-
al threads of the remaining implants 
were debrided and detoxified, the 
gingival flaps were approximated 
and sutured, and the framework was 
decontaminated and replaced.

The implant/bone core was 
placed in 10% neutral buffered 
formalin, fixed for 24 hours, and 

rinsed and stored in gauze soaked 
in phosphate-buffered saline. It was 
subsequently transferred to differ-
ent alcohol concentrations and then 
sectioned with a low-speed saw 
(IsoMet, Buehler) to separate the 
superosseous portion from the por-
tion that was incorporated in bone. 
The supracrestal section was exam-
ined using an EVO 50 environmental 
scanning electron microscope (SEM) 
(Zeiss) at low vacuum, with no car-
bon or gold coating, and an S3500N 
SEM (Hitachi) using a backscattered 
imaging mode and high contrast.

The portion of the implant in 
bone was embedded in polymethyl 
methacrylate, sectioned, glued on 
a Plexiglas slide, ground down, and 
polished to a thickness of approxi-
mately 100 μm. The sample was car-
bon coated, and SEM images were 
viewed using a backscattered imag-
ing mode with the Hitachi S3500N 
in a high-contrast mode. The his-
tologic slides were prepared by 
wiping off the carbon coating and 
staining the sample with a combina-

tion of Stevenel blue and van Gieson 
picrofuchsin and imaged with a slide 
scanner (ScanScopeGL, Aperio). 

Results

At reentry, a small soft tissue com-
munication that allowed for the in-
sertion of a periodontal probe was 
evident over the top of the test 
implant (Fig 7). Following flap re-
flection, the coronal bone fill in the 
infrabony defect around the test im-
plant was quantified by counting the 
number of exposed threads. Eight 
threads were exposed, 5 within the 
walls of the residual infrabony de-
fect (Fig 8).

A low-power SEM of the su-
perosseous implant surface shows 
the macroanatomy of the implant 
threads. Flattened areas visible 
on the edges of the threads were 
caused by pressure from the beaks 
of an instrument used to stabilize 
the specimen during the sectioning 
process. No organic material is evi-

Fig 7 At the time of reentry, a probe could be inserted through a small 
communication by the head of the test implant.

Fig 8 Bone fill is visible around the test implant on reentry. 
A total of 8 implant threads are now exposed, 5 within the 
confines of the infrabony defect.   
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Discussion

Reosseointegration, defined as his-
tologic evidence of new direct bone-
to-implant contact on a previously 
contaminated implant surface, has 
been demonstrated in experimen-
tally created peri-implantitis defects 
in animals.17–19 While human studies 
for the treatment of peri-implantitis 
have shown radiographic evidence 
of bone fill20 and close bone-to-
implant approximation on clinical 
reentry,21,22 it is important to note 
these findings do not constitute evi-
dence of reosseointegration. One 

human case of histologic reosseo-
integration using titanium granules 
as a graft material and ethylenedi-
amenetetraacetic acid (EDTA) for 
surface decontamination has been 
published,23 and the findings of this 
case report support and expand on 
the results of this research. 

Low-cost, readily available in-
struments and medicaments were 
used in this study. While curettes 
are familiar to all dental profession-
als, their use for mechanical surface 
decontamination can be prob-
lematic. Metal curettes have been 
shown to alter the implant surface 
and damage the oxide layer, affect-
ing surface chemistry and biocom-
patibility.24 The tip of the curette 
should be softer than the implant 
material. While unfilled plastic resin 
curettes are one of the less effective 
means of removing plaque, they 
show the least amount of damage 
to a smooth implant surface25 and 
can disrupt the biofilm colonies to 
facilitate their subsequent removal 
by chemical means. 

The cost to chemically detoxify 
the implant surface with NaClO, 
H2O2, and SS was minimal. Small 
cotton pellets saturated with a so-
lution were used to meticulously 
and firmly burnish the medicament 
onto the surface of the implant, es-
pecially between the threads. After 
the use of each antiseptic and at the 
completion of burnishing with SS, 
the entire peri-implant defect was 
irrigated thoroughly with SS. The 
purpose of this chemical decontam-
ination was to kill the bacteria on the 
implant surface and remove the bio-
film and the remaining bacterial cell 
wall endotoxin. 

NaClO is a highly cytotoxic an-
tiseptic and oxidizing agent that kills 
bacteria by denaturing its organic 
component. It is found naturally in 
macrophages and neutrophils, does 
not corrode titanium, and shows no 
visible effect on periodontal heal-
ing.15 A solution of 0.25% NaClO, 
also known as Milton’s solution, has 
been used for years for decontami-
nation purposes and in periodontics 
for subgingival irrigation.26 

H2O2 is also a widely available 
antiseptic. While it duplicates the 
oxidative effect of NaClO, in vitro 
research indicates it can remove cell 
wall lipopolysaccharide endotoxin13 
and enhance fibrinogen absorption, 
growth of the oxide layer, and de-
position of calcium on the implant 
surface.27 The implant surface ap-
peared to be visually cleaner and 
brighter after its use. 

SS has been shown in animal 
research to detoxify an implant 
surface to an extent that reosseo-
integration occurred.17–19 In a hu-
man case history report following 
surface decontamination with SS, 
close bone-to-implant approxima-
tion was found on reentry.21 Studies 
comparing detoxification agents 
have shown SS to be less effec-
tive than other medicaments, how-
ever.14 Consequently, in this report 
NaClO and H2O2 were used in con-
junction with SS for surface decon-
tamination. 

CaSO4 and BB were used as 
bone-grafting materials. CaSO4 is 
biocompatible, hemostatic, and anti- 
inflammatory; supports angiogene-
sis; and functions as a barrier mem-
brane.28 Its resorption stimulates 
osteoblastic activity as the calcium 

Fig 11 The coronal three threads show 
direct osteocyte-to-implant contact with 
no epithelial or connective tissue cells 
intervening between the bone and the 
implant surface. The density of the new 
bone in the three threads approaches 
100%. No inflammatory cells are evident 
near or away from the implant. The 
particles of residual graft material in the 
SEM image are also visible in this histologic 
section. Scale bar = 500 μm.
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diagnostic ability well to the peri-implant environment
is the nature of the peri-implant soft tissues, which are
different from the periodontal soft tissues. The orien-
tation of the supracrestal gingival fibers of the connec-
tive tissue around implants, which are parallel to the
implant surface, could influence the interpretation of
probing measurements, particularly in sites where the
resistance to probing is low.

Peri-implant mucositis presents as inflammation,
with erythema, swelling and bleeding on probing
around a fixture (38) (Fig. 5). The prevalence of peri-

implant mucositis has been reported in 80% of
subjects and for 50% of implants (59, 60).
Untreated peri-implant mucositis can progress to
peri-implantitis and lead to failure of a dental
implant. Peri-implantitis has been reported in
16–47% of subjects and in 6–36% of implants,
depending on the diagnostic criteria used (32, 59). A
number of factors have been implicated in the

Fig. 2. Schematic illustration of a lesion at a tooth and an
implant (Copyright Renvert-Giovannoli Peri-implantitis,
Quintessence International, 2012 with permission).

Fig. 4. Probing using a flexible plastic probe.

Fig. 1. Schematic illustration of healthy tissues around a
tooth and an implant (Copyright Renvert-Giovannoli Peri-
implantitis, Quintessence International, 2012 with permis-
sion) .

Fig. 5. Peri-implant mucositis demonstrating swelling and
redness of the peri-implant mucosa.

Fig. 3. Bleeding and suppuration following probing.
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ABSTRACT
Purpose: The decontamination procedure is a challenging aspect of surgical regenerative 
therapy (SRT) of peri-implantitis that affects its success. The purpose of the present 
study was to determine the impact of additional topical gaseous ozone therapy on the 
decontamination of implant surfaces in SRT of peri-implantitis.
Methods: A total of 41 patients (22 males, 19 females; mean age, 53.55±8.98 years) with 
moderate or advanced peri-implantitis were randomly allocated to the test group (ozone 
group) with the use of sterile saline with additional ozone therapy or the control group with 
sterile saline alone for decontamination of the implant surfaces in SRT of peri-implantitis. 
Clinical and radiographic outcomes were evaluated over a period of 12 months.
Results: At the 12-month follow-up, the plaque and gingival index values were significantly 
better in the ozone group (P<0.05). Probing depth decreased from 6.27±1.42 mm and 
5.73±1.11 mm at baseline to 2.75±0.7 mm and 3.34±0.85 mm at the end of the 12-month 
observation period in the ozone and control groups, respectively. Similarly, the clinical 
attachment level values changed from 6.39±1.23 mm and 5.89±1.23 mm at baseline to 
3.23±1.24 mm and 3.91±1.36 mm at the 12-month follow-up in the ozone and control groups, 
respectively. According to the radiographic evidence, the defect fill between baseline and 
12 months postoperatively was 2.32±1.28 mm in the ozone group and 1.17±0.77 mm in the 
control group, which was a statistically significant between-group difference (P<0.05).
Conclusions: Implant surface decontamination with the additional use of ozone therapy in 
SRT of peri-implantitis showed clinically and radiographically significant. Trial registry at 
ClinicalTrials.gov, NCT03018795.

Keywords: Decontamination; Heterografts; Ozone; Peri-implantitis

INTRODUCTION

Peri-implant diseases are described as inflammatory processes in the tissues surrounding 
implants in response to predominantly microbial biofilms on the surface of the implants [1]. 
Peri-implant mucositis is defined as an inflammatory reaction triggered by microbial biofilms 
based on the parameter of bleeding on probing (BOP), without any loss of peri-implant bone, 
whereas peri-implantitis is characterized by BOP and/or suppuration with further loss of peri-
implant bone [2].
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scaling and implant debridement. (b) Erbium-doped yttrium aluminium garnet (Er:YAG) laser
debridement/decontamination of the subgingival implant surface. (c) Special beveled tip delivering
direct and angulated laser beams.
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Terapia fotodinâmica Antimicrobiana!

• Aplicação de fotossensitizador (fenotiazina – 10 mg/
mL)  
• Sentido ápico-coronal, por 5 minutos

•  Irrigação com soro fisiológico
• Aplicação de laser diodo 660 nm, 1min./sítio

Protocolo para aplicação clínica
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Abstract

Background: Studies have reported a high prevalence of peri-implantitis. The etiology of peri-

implantitis remains unclear and no available treatments result in total resolution of established

peri-implantitis.

Purpose: To investigate the factors that interfere with osteoblast adhesion to contaminated tita-

nium surfaces after different surface treatments.

Materials and Methods: Grade 4 titanium discs were randomly divided into 5 groups and each

group was divided into 2 subgroups, with one contaminated with Aggregatibacter actinomycetemco-

mitans (A. actinomycetemcomitans), and the other contaminated with Porphyromonas gingivalis

(P. gingivalis). Group 1 did not receive bacterial inoculation or surface debridement and served as a

control. Group 2 received A. actinomycetemcomitans or P. gingivalis inoculation, separately. Group

3 received bacterial inoculation and titanium curette debridement, followed by normal saline irriga-

tion. Group 4 received bacterial inoculation, curette debridement, normal saline irrigation, and

ultrasonication. Group 5 received bacterial inoculation, curette debridement, normal saline irriga-

tion, and placement in 0.12% chlorhexidine. After various surface treatments, the surface

roughness and hydrophilicity of the titanium surface were measured, the number of adhered

osteoblast cells was calculated, and the amount of residual lipopolysaccharide (LPS) was quantified.

Results: A. actinomycetemcomitans and P. gingivalis biofilms noticeably reduced surface hydrophi-

licity. Groups 3-5 showed decreased hydrophilicity and fewer adhered osteoblast cells compared

with the control group. Although ultrasonication was more effective in removing LPS than curette

debridement and chlorhexidine, cell adhesion was not as high as with clean titanium discs.

Conclusions: The non-surgical treatment used in this study was not effective in removing LPS

from titanium surfaces and increasing osteoblast adhesion. A more effective method to remove

LPS completely is required to enhance the treatment outcome of peri-implantitis.

K E YWORD S

hydrophilicity, lipopolysaccharide, peri-implantitis, osteoblast adhesion, surface roughness,

ultrasonication

1 | INTRODUCTION

Several studies have reported a high prevalence of peri-implantitis with

radiographic findings of marginal bone loss.1–3 Patients with a history

of periodontitis are associated with an increased risk for peri-

implantitis, which may represent loss of osseointegration.4–6 Peri-

implantitis is considered to be a polymicrobial anaerobic infection with

an increased number of anaerobic gram-negative bacteria, resulting in

Clin Implant Dent Relat Res. 2018;1–9. wileyonlinelibrary.com/journal/cid VC 2018Wiley Periodicals, Inc. | 1
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provides evidence that residual bacterial products on implant surfaces

may reduce hydrophilicity and further interfere with the attachment of

osteoblasts. To achieve clinical success as well as reduce the probing

depth, the role of fibroblast attachment to implant surfaces may be

more crucial than direct bone-to-implant contact.

Titanium curettes or carbon fiber curettes are commonly used in

mechanical debridement to treat peri-implantitis, although the results

are not promising.26,37 Compared with the screw-shaped design of

implants, titanium discs are flatter and more easily debrided. However,

the rough surfaces (Figure 1A,F) tend to accumulate bacteria that can-

not be completely removed using titanium curettes. Other adjunctive

tools, such as ultrasonic devices (eg, Vector System, LM-Instruments

Oy, Pargas, Finland), have been proposed to enhance the efficacy of

curettes. Studies have shown that using ultrasonic devices cannot com-

pletely remove inflammatory lesions and reduce the growth of

osteoblast-like cells on titanium discs.26,30,37 The energy or power out-

put of ultrasonic devices used in previous studies cannot be compared

with the output used in this study (40 kHz, 56 W for 10 minutes)

because the literature does not provide such details for these devices.

Nevertheless, we suspect that the energy output used in this study

was much higher and ultrasonication was the most effective method

for eliminating LPS (Figure 6) and achieving cell reattachment (Figure 5).

However, this method is currently impractical because it cannot be used

in clinical treatment because the higher output may be harmful to

implant stability.

In addition, 0.12% chlorhexidine is also a frequently used antiseptic

for treatment of peri-implantitis. Previous studies have shown that its

use did not significantly reduce LPS on contaminated titanium surfa-

ces53 or removed only 37.1% of LPS from contaminated plasma-

sprayed implant surfaces.54 In this study, treatment of 0.12% chlorhexi-

dine in Group 5 was intentionally prolonged to 24 hours, but it still

failed to remove LPS and few cells grew on the contaminated titanium

discs. The results indicated that curette debridement plus 0.12% chlo-

rhexidine was not effective in removing LPS.

The results of this study demonstrated that removal of bacteria

and LPS is a great challenge that is yet to be overcome. Although ultra-

sonication was more effective in removing LPS than curette debride-

ment and chlorhexidine, cell adhesion was not as high as with clean

FIGURE 5 Quantification of cells adhered to the titanium discs
after the different surface treatments. The number of adhered cells
was similar in the A. actinomycetemcomitans (A) and P. gingivalis
(B) groups. The number of adhered cells increased with increasing
culture time (Group 1). Adhered cells were detected in Group 4 for
24, 72, and 120 hours of culture but the number significantly
decreased compared with that of Group 1

FIGURE 6 Quantification of residual LPS on the titanium discs
after the different surface treatments. The highest amount of LPS
was found in Group 2, followed by Groups 3 and 5 in both the A.
actinomycetemcomitans (A) and P. gingivalis (B) groups. Group 4
exhibited significantly lower LPS. *P< .05
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Cirurgia 
ressectiva

Cirurgia 
Regenerativa

Acesso e descontaminação apenas

Imagens: Figuero et al., 2014 Periodontology 2000 
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Cirurgia de acesso 
 

 

•  Acesso para descontaminação do implante 

 

•  Defeitos discretos, regiões estéticas 

 

Devo sempre regenerar os 
defeitos???

Cirurgia Ressectiva 
 

•   Acesso para descontaminação + 

superfície implante exposta 

 

•   Defeito supraósseo em áreas sem 

demanda estética 

 

•  Implantoplastia 
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Imagens: Figuero et al., 2014 Periodontology 2000 
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solution and a plastic syringe. The implants were dried with pressur-
ized air and replaced in their original packages. Any maneuver that 
could affect their newly polished surfaces was avoided.

2.2 | Implant surface evaluation

One random side of the polished section of all the implants was as-
sessed by scanning electron microscopy (SEM; Superscan SSX- 550, 
Shimadzu Corporation, Tokyo, Japan) to determine their surface 
quality semi- quantitatively. The presence of impurities, fractures, 

deformation, scuffing, cracks, or fissures was examined at a working 
length of 17 mm.

2.3 | Surface roughness evaluation

3D images of each region of interest were obtained with a confo-
cal optical microscope (μsurf® custom, NanoFocus AG, Oberhausen, 
Germany) with a green lens (800 × 800 μm) and 20 ×  magnification 
(Figures 2b- e), with the pinhole placed perpendicular to the analyzed 
surfaces. The images were processed using μSoft Analysis Premium 

F IGURE  1 Macroscopic appearance of the original implant (a), test implant after using the tungsten carbide bur (b, c), and after using the 
silicon polishers (d- g). Macroscopic measurements before (a) and after implantoplasty (g). PD, platform diameter; ND, neck diameter; IBD, inner 
body diameter; OBD, outer body diameter

(a) (b) (c) (d) (e) (f) (g)

F IGURE  2  (a) Regions of interest for surface roughness analysis: cervical polished area (CV1- CV6), tip of the thread (T), valley between 
threads (V), apical chamber (AC), and apex (A). 3D images of CV (b), AC (c), T (d), and V (e) for roughness analysis, obtained with the confocal 
optical microscope

(a) (b) (c)

(d) (e)
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resective surgery
A 3-year clinical trial on rough screw-shaped oral

implants. Part I: clinical outcome

Eugenio Romeo
Marco Ghisolfi
Nicola Murgolo
Matteo Chiapasco
Diego Lops
Giorgio Vogel

Authors’ affiliation:
Eugenio Romeo, Marco Ghisolfi, Nicola Murgolo,
Matteo Chiapasco, Diego Lops, Giorgio Vogel,
Department of Medicine, Surgery and Dentistry,
University of Milano, Milan, Italy

Correspondence to:
Dr Eugenio Romeo
Clinica Odontostomatologica
Via Beldiletto
1/3-20142 Milan
Italy
Tel.: þ39 2 50319000
Fax: þ39 2 50319040
e-mail: Eugenio.Romeo@unimi.it

Key words: dental implants, implantoplasty, peri-implantitis, resective surgery, rough

surface, therapy

Abstract: The purpose of this randomized clinical trial was to compare the clinical outcome

of two different surgical approaches for the treatment of peri-implantitis. Seventeen

patients with ITIs implants were included consecutively over a period of 5 years. The

patients were randomized with a lottery assignment. Ten patients were treated with

resective surgery and modification of surface topography (test group). The remaining seven

patients were treated with resective surgery only (control group). Clinical parameters

(suppuration, modified plaque index – mPI, modified bleeding index – mBI, probing pocket

depth – PPD, pseudopocket – DIM, mucosal recession – REC, probing attachment level – PAL)

were recorded at baseline, as well as 6, 12, 24 and 36 months after treatment. The

cumulative survival rate for the implants of the test group was 100% after 3 years. After 24

months, two hollow-screw implants of control group were removed because of mobility.

Consequently, the cumulative survival rate was 87.5%. The recession index in the control

group was significantly lower than in the test group at 24 months (Student’s t-value of

"2.14). On the contrary, control group showed higher PPD, PAL and mBI indexes than test

group (Student’s t-values of þ5.5, þ2.4 and þ9.61, respectively). The PPD and mBI indexes

for the implants of the control group were significantly higher at baseline than 24 months

later (Student’s t-values of þ3.18 and þ3.33, respectively). Recession and PAL indexes

resulted in values significantly lower than baseline (Student’s t-values of "4.62 and "2.77,

respectively). For the implants of the test group PPD and mBI indexes were significantly

higher at baseline than 36 months after (Student’s t-values of þ11.63 and þ16.02,

respectively). Recession index resulted in values significantly lower at baseline (Student’s

t-value of "5.05). No statistically significant differences were found between PAL index

measurement at baseline and 36 months later (Student’s t-value of þ0.89). In conclusion,

resective therapy associated with implantoplasty seems to influence positively the survival

of oral implants affected by inflammatory processes.

Peri-implantitis surrounding oral implants

is defined as an inflammatory process af-

fecting the soft and hard tissues resulting in

rapid loss of supporting bone and associated

with bleeding and suppuration (Albrekts-

son & Isidor 1994; for a review see Mom-

belli 1999).

The etio-pathogenesis of late peri-im-

plantitis is less well understood and seems

to be related to the peri-implant envi-

ronment and to the soft tissues–implant

interface (Vogel 1999), to patient-related

factors (smoke, systemic diseases, plaque

control) and to host-parasite equilibrium

(Tonetti & Schmid 1994). However, wide

scientific evidence demonstrates a direct

correlation between oral microbiota and

peri-implant mucositis or peri-implantitisCopyright r Blackwell Munksgaard 2004
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! 12 months after treatment: PPD, PAL

and mBI indexes in control group were

significantly higher than in test group.

PPD values were 5.91mm in control

group and 3.43mm in test group (Stu-

dent’s t-value of " 5.14). PAL values

were 7.3mm in control group and

5.69mm in test group (Student’s t-

value of þ 4.13). mBI values were

2.68 in control group and 0.37 in test

group (Student’s t-value of þ20.5).

Recession index in control group was

significantly lower than in test group

(1.39 and 2.3mm, respectively; Stu-

dent’s t-value of " 3.49).

Table 3. Modified plaque index (mPI) evaluated for the test and control groups

mPI – control group Time mPI – test group

Implants Sites X (mm) s (mm) Implants Sites X (mm) s (mm)

16 16 1.5 0.73 Baseline 19 19 1.53 0.77
16 16 1.19 0.54 6 months 19 19 0.94 0.55
16 16 1.29 0.61 12 months 19 19 0.85 0.53
14 14 1 0.63 24 months 19 19 0.88 0.33
– – – – 36 months 19 19 0.86 0.37

X, mean; s, standard deviation.

Table 4. Probing pocket depth (PPD) index evaluated for the test and control groups

PPD – control group Time PPD – test group

Implants Sites X (mm) s (mm) Implants Sites X (mm) s (mm)

16 64 6.52 1.62 Baseline 19 76 5.79 1.69
16 64 5.41 2.09 6 months 19 76 3.38 0.89
16 64 5.91 2.53 12 months 19 76 3.43 0.94
14 56 5.5 1.47 24 months 19 76 3.58 1.06
– – – – 36 months 19 76 3.21 0.56

X, mean; s, standard deviation.

Table 5. Pseudopockets (DIM) evaluated for the test and control groups

DIM – control group Time DIM – test group

Implants Sites X (mm) s (mm) Implants Sites X (mm) s (mm)

16 64 0.78 0.86 Baseline 19 76 0.79 0.87
16 64 0 0 6 months 19 76 0 0
16 64 0 0 12 months 19 76 0 0
14 56 0 0 24 months 19 76 0 0
– – – – 36 months 19 76 0 0

X, mean; s, standard deviation.

Table 6. Mucosal recession (REC) evaluated for the test and control groups

REC – control group Time REC – test group

Implants Sites X (mm) s (mm) Implants Sites X (mm) s (mm)

16 64 0.23 0.84 Baseline 19 76 0.5 0.91
16 64 1.03 1.44 6 months 19 76 2.25 1.26
16 64 1.39 1.46 12 months 19 76 2.3 1.29
14 56 1.64 1.29 24 months 19 76 2.3 1.45
– – – – 36 months 19 76 1.96 1.42

X, mean; s, standard deviation.

Table 7. Probing attachment level (PAL) index evaluated for the test and control groups

PAL – control group Time PAL – test group

Implants Sites X (mm) s (mm) Implants Sites X (mm) s (mm)

16 64 5.95 1.56 Baseline 19 76 5.5 1.49
16 64 6.36 2.12 6 months 19 76 5.63 1.65
16 64 7.30 2.33 12 months 19 76 5.69 1.74
14 56 7.04 1.67 24 months 19 76 5.89 2.02
– – – – 36 months 19 76 5.18 1.49

X, mean; s, standard deviation.

Romeo et al . Therapy of peri-implantitis with resective surgery

14 | Clin. Oral Impl. Res. 16, 2005 / 9–18
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Cirurgias  regenerativas 
 

•   Acesso para descontaminação + 

regeneração e reosseointegração 

 

•  Defeitos circunferenciais ou infraósseos 

 

• Biomaterial 
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Imagens: Figuero et al., 2014 Periodontology 2000 
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Abstract

Aim: To assess the clinical and radiographic outcomes applying a combined resective and

regenerative approach in the treatment of peri-implantitis.

Materials and methods: Subjects with implants diagnosed with peri-implantitis (i.e., pocket

probing depth (PPD) ! 5 mm with concomitant bleeding on probing (BoP) and ! 2 mm of

marginal bone loss or exposure of !1 implant thread) were treated by means of a combined

approach including the application of a deproteinized bovine bone mineral and a collagen

membrane in the intrabony and implantoplasty in the suprabony component of the peri-implant

lesion, respectively. The soft tissues were apically repositioned allowing for a non-submerged

healing. Clinical and radiographic parameters were evaluated at baseline and 12 months after

treatment.

Results: Eleven subjects with 11 implants were treated and completed the 12-month follow-up.

No implant was lost yielding a 100% survival rate. At baseline, the mean PPD and mean clinical

attachment level (CAL) were 8.1 " 1.8 mm and 9.7 " 2.5 mm, respectively. After 1 year, a mean

PPD of 4.0 " 1.3 mm and a mean CAL of 6.7 " 2.5 mm were assessed. The differences between the

baseline and the follow-up examinations were statistically significant (P = 0.001). The mucosal

recession increased from 1.7 " 1.5 at baseline to 3.0 " 1.8 mm at the 12-month follow-up

(P = 0.003). The mean% of sites with BoP+ around the selected implants decreased from

19.7 " 40.1 at baseline to 6.1 " 24.0 after 12 months (P = 0.032).The radiographic marginal bone

level decreased from 8.0 " 3.7 mm at baseline to 5.2 " 2.2 mm at the 12-month follow-up

(P = 0.000001). The radiographic fill of the intrabony component of the defect amounted to

93.3 " 13.0%.

Conclusion: Within the limits of this study, a combined regenerative and resective approach for

the treatment of peri-implant defects yielded positive outcomes in terms of PPD reduction and

radiographic defect fill after 12 months.

Implant therapy is considered a successful

and predictable treatment modality for the

rehabilitation of partially and totally edentu-

lous patients (Adell et al. 1981; Albrektsson

et al. 1986; Berglundh et al. 2002; Buser et al.

2008). Several studies reported good long-

term results, with an implant survival rate

>90% and >95% after 10 years of follow-up

in subjects with and without previous history

of periodontitis, respectively (Matarasso et al.

2010; Roccuzzo et al. 2010, 2012; Buser et al.

2012; Pjetursson et al. 2012).

In a recent consensus report, Lindhe &

Meyle (2008) suggested that the incidence of

peri-implant mucositis and peri-implantitis

could be estimated around 80% and 28–56%,

respectively. Success rates <70% were reported

in high-risk groups such as in subjects with a

previous history of treated periodontitis and

smokers (Karoussis et al. 2003; Aglietta et al.

2011; Levin et al. 2011; Roccuzzo et al. 2012).

As a consequence, the treatment of peri-

implantitis has become a challenge. Longitudi-

nal studies have shown that peri-implant

health at sites affected by peri-implantitis may

not be easy to reestablish, especially in cases

that develop disease early (Charalampakis

et al. 2011). In contrast to periodontitis,

mechanical non-surgical debridement alone

failed to predictably arrest the progression of

peri-implantitis (Karring et al. 2005; Renvert

et al. 2009a,b), and several surgical approaches
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•  24 pacientes
•  Debridamento não cirúrgico dos implantes com peri-implantite

•  4 semanas após o debridamento não cirúrgico ‒ tratamento cirúrgico
Ø  Uso adjuvante de AMX (500 mg) + MTZ (400 mg) 3x dias por 7 dias
Ø  Digluconato de clorexidina 2 x ao dia por 4 semanas
Ø  Profilaxias profissionais  aos 3 e 6 meses nos primeiros 12 meses

•  Terapia de Suporte a cada 6 meses após o primeiro ano

Sucesso =  ausência de PD > 5mm com SS ou supuração e nenhuma perda óssea adicional 

Results

Baseline: 12 months following surgical peri-
implantitis treatment

All 24 patients who were treated by the anti-

infective surgical protocol completed the 12-

month re-evaluation, which represents the

baseline for the present study. Clinical exam-

ination showed 100% survival of the 36 trea-

ted implants. Twelve months following

treatment, 79% (N = 19) of patients had a

successful treatment outcome (as defined

above), while 21% (N = 5) had persistence or

recurrence of disease, that is probing depths

≥5 mm with concomitant bleeding or suppu-

ration on probing and/or progression of bone

loss (Fig. 1a). Implant-based data are pre-

sented in Fig. 2a.

3-year re-evaluation

Three years following surgical intervention,

22 patients (32 treated implants) were avail-

able for examination. Two patients (4 trea-

ted implants) had relocated and were

therefore lost to follow-up (LTF; Fig. 1b and

2b).

At 3 years, 75% of patients (Fig. 1b) and

69% of implants (Fig. 2b) had a successful

treatment outcome with no recurrence of

peri-implantitis (i.e. no PD ≥5 mm with con-

comitant bleeding/suppuration on probing,

and no additional bone loss).

Four patients (17%) were diagnosed with

recurrent peri-implantitis: two patients had

one implant removed and were therefore

exited from the study, while two patients

received further active treatment (non-surgi-

cal debridement + systemic antimicrobials).

Therefore, the survival rate of implants fol-

lowed for 3 years was 94%.

5-year re-evaluation

At 5 years, two additional patients were lost

to follow-up. Between the 3- and 5-year re-

evaluations, two patients had one implant

removed due to recurrent peri-implantitis

and progressive bone loss (Fig. 1c). At the 5-

year follow-up, the majority of remaining

treated implants had PDs <5 mm with

absence of bleeding on probing, or 1 or 2 sites

which bled on probing. *Nevertheless, one

patient had two implants with one site with

a PD of 6 mm and suppuration on probing in

addition to one implant lost, and one patient

had one implant with one site with PD of 7

mm and bleeding on probing.

*[Correction added on December 15 2017,

after first online publication: The sentence

has been updated]

Therefore, at 5 years the majority of

patients (63%, 15 of 24; Fig. 1c) and implants

(53%, 19 of 36; Fig. 2c) were considered to be

successfully treated and did not require fur-

ther intervention other than continued sup-

portive peri-implant therapy.

Table 1a and b shows clinical probing mea-

surements before surgical peri-implantitis

treatment and at 12 months, 3 and 5 years

following treatment and supportive therapy.

There was a significant reduction in mean

probing depths at the treated implants at

12 months, which remained stable at 3 and

5 years following regular supportive peri-

implant therapy. Similarly, the number of

implants and patients with suppuration on

probing is described in Table 2a and b,

respectively, during the 5 years of supportive

peri-implant therapy. There were no

(a) (b) (c)

Fig. 1. Pie diagrams representing the percentage and number of patients with a successful outcome at (a) 12 months, (b) 3 and (c) 5 years following anti-infective surgical treat-

ment and supportive peri-implant therapy. Success is defined as implant survival with the absence of a probing depth PD ≥5 mm with concomitant BoP or suppuration, and no

further bone loss. The percentage of patients who lost implants had recurrence of peri-implantitis or who were lost to follow-up (LTF) is also shown.

(a) (b) (c)

Fig. 2. Pie diagrams representing the percentage and number of implants with a successful outcome at (a) 12 months, (b) 3 and (c) 5 years following anti-infective surgical treat-

ment and supportive peri-implant therapy. Success is defined as implant survival with the absence of a probing depth PD ≥5 mm with concomitant BoP or suppuration, and no

further bone loss. The percentage of implants lost, with recurrence of peri-implantitis or lost to follow-up (LTF), is also shown.
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statistically significant differences in the

mean PD, buccal recession, % sites with

bleeding or suppuration on probing between

12 months after surgical peri-implantitis

therapy and 5 years.

Figure 3 illustrates the percentage of

implants with sites that bled on probing at

the various time points. There was a signifi-

cant reduction in the number of sites, which

bled on probing following surgical peri-

implantitis treatment, and this was main-

tained over 5 years of SPIT. At 5 years, 42%

of implants (N = 15) had absence of bleeding

on probing at all sites, corresponding to a

complete resolution of peri-implantitis. A

further 42% (N = 15) of the implants had

only 1 or 2 sites that bled on probing at

5 years.

Full mouth and local plaque scores were

low (<20%) throughout the 5-year period

(Table 3). No teeth or non-treated implants

were lost during the 5-year study period. One

patient who lost one implant was able to

continue to function with the existing modi-

fied prosthesis. One patient who lost one

implant was re-treated with placement of an

additional implant following healing.

The mean mucosal buccal recession was

1.8 mm (SD 1.6 mm) at 5 years (Table 1a).

None of the patients required any interven-

tion for management of the peri-implant

mucosal recession.

Logistic regression analyses

The relationship between success at 5 years

and variables that individually produced a P-

value suggestive of an association (P < 0.15)

are presented in Table 4 (patient-based analy-

ses) and Table 5 (implant-based analyses).

When multivariate logistic regression

analyses were performed, including the inde-

pendent variables in Tables 4 and 5, none

were found to be statistically significant.

In summary, of the 24 patients with peri-

implantitis who received anti-infective surgi-

cal treatment followed by regular supportive

peri-implant therapy, two-thirds had a suc-

cessful treatment outcome at 5 years.

At 12 months, there was 100% survival of

the implants. Four patients (8 treated

implants) were lost to follow-up at 5 years.

Furthermore, at 5 years, four implants in four

patients had been removed due to recurrent

peri-implantitis and progressive bone loss.

These four implants, which were removed,

were those with more advanced bone loss

(>5 mm) prior to surgery.

Discussion

Supportive periodontal/peri-implant therapy

involves regular monitoring using a periodon-

tal probe, removal of supra- and subgingival/

mucosal plaque and calculus deposits and

provision of individualised oral hygiene

instructions (Salvi & Zitzmann 2014).

The effectiveness of supportive therapy fol-

lowing treatment of peri-implantitis has been

scarcely documented. This is in contrast to

supportive periodontal care following active

periodontal therapy, which has been shown

to be effective in maintaining clinical attach-

ment levels in longitudinal studies (Axelsson

& Lindhe 1981; Lindhe & Nyman 1984;

Lindhe et al. 1984; Axelsson et al. 2004).

Numerous methods have been documented

for non-surgical debridement at implants and

teeth including curettes (Renvert et al. 2009),

ultrasonic devices (Karring et al. 2005), lasers

(Nd:YAG, Er:YAG; Schwarz et al. 2006; Ren-

vert et al. 2011), diode laser (Roncati et al.

2013; Mettraux et al. 2015), photodynamic

therapy (Bassetti et al. 2014) and air-powder

abrasive devices with glycine or erythritol

powder (Heitz-Mayfield & Mombelli 2014;

John et al. 2015). The topography and surface

structure of dental implants differ signifi-

cantly from that of the root surface of a natu-

ral tooth, posing challenges for biofilm

removal and maintenance of healthy peri-

implant conditions. While a pocket of

>5 mm at a natural tooth may be accessible

for root surface debridement, a deep probing

depth associated with an implant may be dif-

ficult to access. In addition, recent studies

have shown that once exposed to the oral

environment, the titanium surface of an

implant will be subject to corrosion resulting

in greater bacterial colonisation (Gil et al.

2012; Yu et al. 2015).

Table 1. Probing measurements (SD) before surgical peri-implantitis treatment and at 12 months,
3 and 5 years following treatment and supportive peri-implant therapy (a) Implant level (b)
Patient level

(a) Before treatment 12 months 3 years 5 years
N = 36 36 30 26

Mean PD mm 5.3 (1.8) 2.9 (0.8) 2.8 (0.8) 3.2 (1.0)
Deepest PD mm 6.9 (2.2) 3.7 (1.1) 3.5 (1.1) 4.1 (1.3)
Labial recession mm – 1.0 (0.9) 1.8 (1.5) 1.8 (1.6)

(b) Before treatment 12 months 3 Years 5 Years
N = 24 24 20 16

Mean PD mm 5.4 (1.8) 2.8 (0.6) 2.8 (0.9) 2.9 (0.9)
Deepest PD mm 7.3 (2.3) 3.5 (1.1) 3.4 (1.2) 3.9 (1.4)
Labial recession mm – 1.2 (1.0) 2.0 (1.8) 1.9 (1.7)

Table 2. Suppuration before surgical peri-implantitis treatment and at 12 months, 3 and 5 years
following treatment and supportive peri-implant therapy (a) Implant level (b) Patient level

(a) Before treatment 12 months 3 years 5 years
N = 36 36 30 26

Suppuration 21 (58%) 2 (5.6%) 2 (6.7%) 5 (21%)

(b) Before treatment 12 months 3 years 5 years
N = 24 24 20 16

Suppuration 15 (63%) 2 (8%) 2 (10%) 3 (19%)

Fig. 3. Percentage of treated implants with 0, 1, 2, 3 or 4 sites which bled on probing before surgical peri-implanti-

tis treatment, and at 12 months, 3 and 5 years after treatment and supportive peri-implant therapy. Absence of

bleeding on probing correlates with resolution of peri-implantitis.
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F I G U R E  2   (a)	Line	chart	of	mean	changes	in	clinical	attachment	and	probing	depth	for	treated	implants	and	implants	with	no	history	of	
peri‐implantitis	between	baseline	and	each	follow‐up	time	point.	The	test	group	is	represented	by	the	blue	line	and	the	control	group	by	
the	red	line.	The	significance	of	differences	within	each	group	over	time	was	assessed	by	repeated	measures	ANOVA	and	Tukey's	multiple	
comparison	tests	(different	letters,	A	and	B,	indicate	p	<	0.05	for	this	analysis).	The	significance	of	differences	between	the	two	groups	at	
each	time	point	was	assessed	by	ANCOVA	adjusted	to	baseline	mean	values	and	treatment	center	(*p	<	0.05).	(b)	Line	chart	of	mean	changes	
in	Plaque	Index,	Gingival	Index,	and	Bleeding	on	Probing	for	treated	implants	and	implants	with	no	history	of	peri‐implantitis	between	
baseline	and	each	follow‐up	time	point.	The	test	group	is	represented	by	the	blue	line	and	the	control	group	by	the	red	line.	The	significance	
of	differences	within	each	group	over	time	was	assessed	by	repeated	measures	ANOVA	and	Tukey's	multiple	comparison	tests	(different	
letters,	A	and	B,	indicate	p	<	0.05	for	this	analysis)	[Colour	figure	can	be	viewed	at	wileyonlinelibrary.com]

Treated implants  Implants with no history of  
peri-implantitis 

Implants with no history of  
peri-implantitis 

Treated implants  

∆  0.55 mm 

Testgroup Controlgroup

Treated implants  Treated implants  Treated implants  

Implants with no history of peri-implantitis Implants with no history of peri-implantitis Implants with no history of peri-implantitis 

Testgroup Controlgroup
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were	 observed	 between	 the	 two	 toothpaste	 groups	 for	 the	 im‐
plants	with	no	history	of	peri‐implantitis,	the	control	group	had	an	
increase	in	the	mean	percentage	of	sites	loosing	≥2	mm	of	CA	from	
baseline	to	3	months	and	from	baseline	to	24	months	(p	<	0.05).

Table	5	presents	the	effects	of	both	treatments	in	the	percent‐
age	of	residual	sites	around	treated	implants.	The	mean	percentage	
of	sites	with	PD	≥5	mm	was	reduced	in	both	groups	over	the	course	
of	the	study,	but	only	the	test	group	exhibited	a	statistically	signifi‐
cant	reduction	in	the	mean	number	of	sites	with	PD	≥6	mm	and	PD	
≥7	mm	(p	<	0.05)	(Table	5).

The	mean	proportions	of	the	microbial	complexes	are	represented	
in	Figure	4.	The	proportions	of	the	red	complex	pathogens,	P. gingiva-
lis,	T. denticola, and T. forsythia decreased	significantly	from	baseline	
to	24	months	in	the	test	group,	for	treated	implants	(Figure	4).

4  | DISCUSSION

The	data	of	this	RCT	showed	that	a	toothpaste	containing	0.3%	triclosan	
and	 2%	Gantrez™	was	more	 effective	 than	 a	 regular	 fluoride	 tooth‐
paste	in	maintaining	the	peri‐implant	tissue	stability	of	implants	treated	
for	peri‐implantitis	and	enrolled	 in	a	regular	professional	maintenance	

program.	 In	 addition,	 the	 toothpaste	 containing	 0.3%	 triclosan	 also	
led	to	a	reduction	in	BOP	and	PD	around	implants	with	no	history	of	
peri‐implantitis.

After	24	months,	the	group	that	brushed	with	the	triclosan	tooth‐
paste	showed	CA	stability	around	treated	implants,	while	the	con‐
trol	group	exhibited	some	attachment	loss.	The	difference	between	
groups	 for	 CA	 change	 from	 baseline	 to	 24	months	 was	 0.55	mm	
(p	<	0.05)	(primary	outcome,	Figure	2a),	meaning	that	the	test	tooth‐
paste	was	47%	more	effective	than	the	control	dentifrice	 in	main‐
taining	the	clinical	stability	around	treated	implants.	In	addition,	the	
mean	percentage	of	sites	gaining	≥2	mm	of	CA	at	24	months	around	
treated	 implants	was	 higher	 in	 the	 test	 group	 than	 in	 the	 control	
group	 (p	<	0.05).	The	test	group	also	showed	bone	height	stability	
over	the	course	of	the	study,	while	the	control	group	exhibited	bone	
loss.	Interestingly,	the	toothpaste	containing	triclosan	also	benefited	
the	implants	with	no	history	of	peri‐implantitis	by	reducing	mean	PD	
and	the	mean	percentage	of	sites	with	BOP.

In	 agreement	with	 the	 clinical	 features,	 the	 toothpaste	 contain‐
ing	0.3%	triclosan	also	yielded	a	beneficial	change	in	the	subgingival	
biofilm	composition	around	treated	 implants.	While	the	proportions	
of	 red	 complex	 pathogens	 stayed	 stable,	 ~9%,	 from	 baseline	 to	
24	months	in	the	control	group,	a	statistically	significant	reduction	in	

F I G U R E  3  Line	chart	of	the	mean	
Bone	Height	over	the	course	of	the	study	
and	mean	changes	in	this	parameter	from	
baseline	to	all	follow‐up	time	points.	The	
blue	line	represents	the	test	group,	and	
the	red	line	represents	the	control	group.	
The	significance	of	differences	within	
each	group	for	mean	levels	of	bone	height	
and	the	changes	between	baseline	and	
the	other	time‐points	was	assessed	by	
repeated	measures	ANOVA	and	Tukey's	
multiple	comparison	tests	(different	
letters,	A	and	B,	indicate	p	<	0.05	for	this	
analysis)	[Colour	figure	can	be	viewed	at	
wileyonlinelibrary.com]
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Abstract
Objective:	To	evaluate	the	effects	of	a	toothpaste	containing	0.3%	triclosan	in	volun‐
teers	that	have	been	treated	for	peri‐implantitis	and	were	enrolled	in	a	maintenance	
program.
Material and methods:	Subjects	presenting	at	least	one	implant	with	peri‐implantitis	
were	selected.	They	received	anti‐infective	surgical	therapy,	and	sixty	days	post‐sur‐
gery	(baseline)	were	randomized	into	two	groups,	brushing	twice/day	for	2	years	(a)	
with	 a	 toothpaste	 containing	 0.3%	 triclosan+2.0%	 PVM/MA	 copolymer	
(GantrezTM)+1,450	ppm	fluoride	(test)	or	(b)	with	a	toothpaste	containing	1,450	ppm	
fluoride	(control).	They	received	clinical	and	microbiological	monitoring	at	baseline,	3,	
6,	12,	18,	and	24	months,	and	professional	maintenance	every	3	months.
Results:	 A	 total	 of	 102	 subjects	were	 enrolled	 (test:	 48;	 control:	 54).	 The	 control	
group	 showed	 loss	 of	 clinical	 attachment	 (CA)	 around	 treated	 implants	 over	 the	
course	of	the	study	(p	<	0.05),	while	the	test	group	was	stable	for	this	parameter.	The	
difference	between	groups	(0.55	mm)	for	CA	change	between	baseline	and	24	months	
(primary	outcome	variable)	was	statistically	significant	(p	<	0.05).	Red	complex	path‐
ogens	were	only	reduced	in	the	test	group	at	24	months.	The	implants	with	no	his‐
tory	of	peri‐implantitis	in	the	test	group	had	a	significant	reduction	in	the	percentage	
of	sites	with	bleeding	on	probing	and	in	mean	probing	depth,	throughout	the	study	
(p	<	0.05).	This	improvement	was	not	observed	in	the	control	group.
Conclusion:	A	toothpaste	containing	0.3%	triclosan	was	more	effective	than	a	tooth‐
paste	without	 triclosan	 in	maintaining	 a	 healthy	 peri‐implant	 environment	 around	
treated	 implants	 and	 implants	 with	 no	 history	 of	 peri‐implantitis	 during	 a	 2‐year	
maintenance	program	(ClinicalTrials.govNCT03191721).
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course	of	study.	The	results	have	direct	clinical	applicability,	as	they	
might	benefit	patients	in	the	daily	clinical	practice.	One	limitation	
of	this	study	was	the	Index	used	to	evaluate	plaque	accumulation	

(Quigley	 &	 Hein,	 1962;	 Turesky,	 Gilmore,	 &	 Glickman,	 1970).	
Although	quite	effective	for	natural	teeth,	this	index	showed	some	
limitations	 for	 implants	 and	 implants‐supported	 restoration,	 due	

Variable Time‐point

Groups
ANCOVA 
p‐valueTest Control

PD	≥	5	mm Baseline 2.92	±	5.25a 3.52	±	5.47a 0.573

3	months 2.54	±	4.73a 2.24	±	3.23a 0.706

6	months 1.56	±	4.04a 2.13	±	3.10b 0.426

12	months 1.77	±	4.41a 1.59	±	2.78b 0.805

18	months 0.81	±	1.66b 1.44	±	2.64b 0.157

24	months 1.04	±	2.40b 1.91	±	2.67b 0.090

PD	≥	6	mm Baseline 1.31	±	4.27a 1.48	±	2.97 0.815

3	months 0.94	±	2.36a 1.11	±	2.13 0.701

6	months 0.85	±	3.53a 0.90	±	1.78 0.990

12	months 0.98	±	3.07a 0.85	±	1.76 0.795

18	months 0.23	±	0.63b 0.80	±	1.73 0.034

24	months 0.42	±	1.35b 1.00	±	1.99 0.090

PD	≥	7	mm Baseline 0.71	±	3.63a 0.59	±	1.55 0.831

3	months 0.62	±	2.28a 0.35	±	1.05 0.431

6	months 0.40	±	1.14a 0.46	±	1.27 0.781

12	months 0.19	±	1.04b 0.37	±	0.10 0.368

18	months 0.04	±	0.20b 0.35	±	0.93 0.026

24	months 0.08	±	0.40b 0.57	±	1.67 0.049

Note.	The	significance	of	differences	within	each	group	over	time(i.e.,	between	time	points)	was	as‐
sessed	by	repeated	measures	ANOVA	and	Tukey’s	multiple	comparison	tests	(different	letters,	a	and	
b,	 represent	p	<	0.05),	 and	between	 the	 two	groups	 at	 each	 time	point	 by	ANCOVA	adjusted	 for	
baseline	mean	values	and	treatment	center.	(bold	values	indicate	p<	0.05)
SEM:	standard	errors	of	the	mean;	%:	percentage.

F I G U R E  4  Pie	charts	of	the	mean	
proportions	of	each	microbial	complex	in	
the	subgingival	plaque	samples	for	treated	
implants.	Different	colors	represent	
the	microbial	complexes	described	by	
Socransky	et	al.	(1998).	The	grey	color	
(“Others”)	represents	species	that	did	not	
fall	into	any	complex,	and	Actinomyces spp 
are	represented	in	blue.	Significance	of	
differences	in	mean	proportions	between	
baseline	and	24	months	was	sought	using	
Wilcoxon	test	(**p	<	0.001)	and	between	
groups	at	each	time	point	using	the	
Mann–Whitney	U	test	(p	>	0.05)	[Colour	
figure	can	be	viewed	at	wileyonlinelibrary.
com]

TA B L E  5  Mean	(±	SEM)	%	of	sites	
for	treated	implants	in	different	Probing	
Depth	(PD)	categories	over	the	course	
of	the	study
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Manutenção em Implantodontia!

! Poor bone quality at the implant area,
! Systemic diseases and drug therapies, which inhibit

bone modulations according to “Wolff ’s law” (bone
density and strength increase with stress - and vice
versa).

Thus, implants of more than 10 mm length in square
thread design show higher success rates than shorter
implant lengths or shapes without thread or buttress
thread [48,49]. Also rough implant surfaces of more
than 2 microns seem to feature better osseointegration
than smooth (<0.5 microns) or moderate surfaces (1–2
microns) [17].
Development of strengths in the temporomandibular

joint of more than 1300 Newton may shift the implants
in the first few months of healing up to 100 microns by
presence of sagittal forces acting from an average of 50
Newton [46]. These average reference forces even in-
crease to 87 Newton when articulation angles up to 60°
in horizontal axis.
In addition to patient training sessions for optimal oral

hygiene, preventive strategies such as professional tooth
and implant cleaning as well as individually continuous
peri-implant examinations (probing status) should be
considered in order to prevent peri-implant diseases
(Table 2) [6]. Attention has to be paid, in particular, to
the reduction of the above-mentioned risk factors such
as heavy smoking or diabetes mellitus.
As part of a holistic therapy, so-called reference pa-

rameters (“hour zero”) and clearly determined control
procedures have to be assessed with adequate docu-
mentation. Radiographs should be taken pre-, intra-
and post operatively in order to get information about
the implantation site in which peri-implant inflamma-
tion will be detectable as brightening zones indicating
increased bone resorption [6].
Prevention of peri-implant disease starts with a suf-

ficient and structured planning including individual
evaluation and minimization of risk factors (smoking,
compliance, oral hygiene, periodontal disease, systemic
diseases), establishment of optimal soft and hard tissue
conditions, the choice of the correct implant design
followed by a maximally atraumatic approach and
regular clinical examinations with a periodontal prob-
ing status.

Therapy
The treatment of peri-implant infections comprises con-
servative (non-surgical) and surgical approaches. De-
pending on the severity of the peri-implant disease
(mucositis, moderate or severe peri-implantitis) a non-
surgical therapy alone might be sufficient or a step-wise
approach with a non-surgical therapy followed by a sur-
gical treatment may be necessary.

Therapy of mucositis
One of the main aims of peri-implant therapy is to de-
toxify the contaminated implant surface. In the presence
of peri-implant mucositis, non-surgical methods are ap-
propriate and sufficient for detoxification. These include
mechanical implant cleaning with titanium or plastic-
curettes, ultrasonics or air polishing. Moreover, photo-
dynamic therapy as well as local antiseptic medication
(chlorhexidinglukonate, hydrogen peroxide, sodium per-
carbonate, povidone-iodine) may support the antimicro-
bial therapy.
In two randomized clinical trials Heitz-Mayfield et al.

and Hallström et al. were not able to prove any benefits
in reduction of pocket depth, plaque index or purulency
when adjuvant antimicrobial therapy (chlorhexidine and
azithromycine) was used in addition to mechanical ther-
apy only [50,51]. Reductions of the bleeding index were
explained by the general improvement of oral hygiene
with reference to the potential importance of guidelines
and treatment protocols [50-52]. The establishment of
an adequate oral hygiene should, therefore, be consid-
ered as key issue of the prevention of peri-implant infec-
tions. Besides, a maintenance program with regular
evaluation of the peri-implant probing depths, support-
ive professional implant cleaning and oral hygiene train-
ing should be integral part of every post-operative care
after implant insertion [2,6].

Therapy of peri-implantitis
Most of the published strategies for peri-implantitis
therapy are mainly based on the treatments used for
teeth with periodontitis. The reason is that the way of
bacterial colonization of dental and implant surfaces fol-
low similar principles, and it is commonly accepted that
the microbial biofilm plays an analogous role in the de-
velopment of peri-implant inflammation [53]. For the

Table 2 Numbers of check-ups (cu) annually for different patient collectives
cu = 1 cu = 2 cu > 3

Oral hygiene and hygienic ability of the implant well middle bad

Smoking status / in history in presence

Periodontitis, mucositis (with history) / / in presence

Other risk factors / / e.g. systemic diseases, history of an non-successful implant insertion
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peri-implantitis – a review
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Abstract

Peri-implant inflammations represent serious diseases after dental implant treatment, which affect both the
surrounding hard and soft tissue. Due to prevalence rates up to 56%, peri-implantitis can lead to the loss of the
implant without multilateral prevention and therapy concepts. Specific continuous check-ups with evaluation and
elimination of risk factors (e.g. smoking, systemic diseases and periodontitis) are effective precautions. In addition
to aspects of osseointegration, type and structure of the implant surface are of importance. For the treatment of
peri-implant disease various conservative and surgical approaches are available. Mucositis and moderate forms of
peri-implantitis can obviously be treated effectively using conservative methods. These include the utilization of
different manual ablations, laser-supported systems as well as photodynamic therapy, which may be extended by
local or systemic antibiotics. It is possible to regain osseointegration. In cases with advanced peri-implantitis surgical
therapies are more effective than conservative approaches. Depending on the configuration of the defects, resective
surgery can be carried out for elimination of peri-implant lesions, whereas regenerative therapies may be applicable
for defect filling. The cumulative interceptive supportive therapy (CIST) protocol serves as guidance for the treatment of
the peri-implantitis. The aim of this review is to provide an overview about current data and to give advices regarding
diagnosis, prevention and treatment of peri-implant disease for practitioners.

Keywords: Peri-implantitis, Peri-implant disease, Review, Periodontal disease, Mucositis, Peri-implantitis therapy,
Epidemiology, Etiology

Introduction
Dental implants have become an indispensable estab-
lished therapy in dentistry in order to replace missing
teeth in different clinical situations. Success rates of
82,9% after 16 years follow-up have been reported [1].
Under care and attention of indications, anatomical and
intra-individual limiting factors, insertion of dental im-
plants seems to represent a “safe” treatment option.
Nevertheless, in the last decades increasing evidence
raised on the presence of peri-implant inflammations
representing one of the most frequent complications af-
fecting both the surrounding soft and hard tissues which
can lead to the loss of the implant. Therefore, strategies
for prevention and treatment of peri-implant disease
should be integrated in modern rehabilitation concepts in
dentistry. The present review gives an updated overview

on the pathogenesis, etiology, risk factors and prevention
of peri-implantitis, but also on actual recommendations in
treatment and therapy options.

Review
Definition und pathogenesis
In analogy to gingivitis and periodontitis affecting the
periodontium of natural teeth, an inflammation and de-
struction of soft and hard tissues surrounding dental im-
plants is termed as mucositis and peri-implantitis [2-4].
Thereby, transitions are often fluent and not clinically
clearly separable [5].
Mucositis describes a bacteria-induced, reversible in-

flammatory process of the peri-implant soft tissue with
reddening, swelling and bleeding on periodontal probing
(Figure 1) [2-6]. These are typical signs, but they are
sometimes not clearly visible. Furthermore, bleeding on
probing (BOP) might be an indicator for peri-implant
disease, but sufficient evidence according to the predict-
ive value of BOP is still lacking [7].
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Qual o número de consultas por ano?

Em suma…!
•  Fatores etiológicos e de risco da mucosite/peri-implantite são 

comparáveis aos da gengivite/periodontite.

•  A peri-implantite é mais grave e possui progressão mais rápida que a 
periodontite. 

•  Diagnóstico: sangramento à sondagem e perda óssea radiográfica 
progressiva.

•  Tratamento das doenças peri-implantares: Mucosite ‒ debridamento 
não cirúrgico, controle de infecção, IHO. Peri-Implantite ‒ acesso 
cirúrgico para descontaminação da superfície do implante e terapias 
ressectivas e regenerativas dependendo da morfologia do defeito peri-
implantar.

•  Abordagem não cirúrgica apenas não é efetiva no tratamento da peri-
implantite. Nenhum método adjuvante se mostrou superior a outro.

Em suma….!

• Não há método de desinfecção ideal para a superfície do 
implante. A associação de 2 métodos (químico e mecânico) deve 
ser considerada nos acessos cirúrgicos.

• Há necessidade de mais ensaios clínicos aleatorizados para 
avaliar a eficácia das abordagens regenerativas.

• TFDa, L-PRF e Probióticos ‒ potenciais abordagens terapêuticas.

• Terapia de suporte com rechamadas em intervalos regulares ‒ 
única forma de manter saúde peri-implantar.


