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Abstract

Aim
The aim of the study was to compare peri-implant conditions between fully edentu-
lous (FES) and partially edentulous subjects (PES).

Material and methods
A systematic review was conducted. The MEDLINE, EMBASE and CENTRAL data-
bases were searched for publications up to January 1st 2012. Studies reporting on the 
bleeding tendency of the peri-implant mucosa and/or studies reporting on the preva-
lence of peri-implant mucositis and/or peri-implantitis were considered. 

Results
55 publications describing 46 studies were selected. One study described both FES 
and PES; all other studies described either FES or PES. Subgroup analyses were per-
formed according to dental status (fully/partially edentulous), follow-up time (≥ 5 
years and ≥ 10 years) and study design (prospective/cross-sectional). FES harbored 
more plaque at their implants than PES. Modified bleeding index scores were sig-
nificantly higher in FES, but no differences in bleeding on probing, implant loss and 
probing pocket depth were observed between FES and PES. No meta-analysis could 
be performed on prevalence of peri-implant mucositis and peri-implantitis. Overall 
prevalence of peri-implantitis was 0-3.4% after 5 years and 5.8-16.9% after 10 years 
of implant evaluation.

Conclusion
FES and PES show comparable implant survival rates. However, no conclusion can be 
drawn regarding differences in prevalence of peri-implant mucositis and peri-implan-
titis between FES and PES.

Clinical relevance

Scientific rationale for study
Implant therapy has developed into a successful treatment option, both for full and 
partial edentulism. It is unknown whether differences exist in peri-implant conditions 
between fully edentulous and partially edentulous subjects and whether both groups 
should be regarded similar when evaluating long-term implant treatment. 

Principal finding
Fully edentulous subjects harbored more plaque than partially edentulous subjects. 
No differences in implant loss were found. No comparison on prevalence of peri-
implant mucositis and peri-implantitis could be made.

Practical implications
The long-term implant survival rate of fully edentulous and partially edentulous sub-
jects seems comparable. However, the association between edentulism and preva-
lence of peri-implant disease remains unclear.

Introduction

Implant therapy has developed into a successful treatment option, both for full and 
partial edentulism. High survival rates of dental implants are generally reported  (Ber-
glundh et al. 2002, Pjetursson et al. 2004, Jung et al. 2008). Although implant survival 
rate is often used as primary outcome for evaluation of implant treatment, reporting 
on the clinical condition of surviving implants, i.e. implant success, would be more 
meaningful. A crucial aspect of long-term implant success is the establishment and 
maintenance of healthy peri-implant tissues. Disturbance of the balance between 
the microbiological challenge and host response may result in peri-implant infection. 
Infection limited to the peri-implant mucosa is called peri-implant mucositis. Peri-
implantitis is characterized by the additional loss of supporting bone (Zitzmann & 
Berglundh 2008). If peri-implant infection is left untreated it may ultimately lead to 
implant loss. In addition, inflammation of the oral tissues can be a threat for general 
health (Persson & Persson 2008). 
The prevalence of peri-implant mucositis is reported to be as much as 42% for im-
plants in function for 9 to 14 years (Roos-Jansåker et al. 2006a). Figures on the preva-
lence of peri-implantitis vary considerably, as can be concluded from the systematic 
reviews by Berglundh et al. (2002) (0.31% for single-tooth replacements to 6.47% for 
implants involved in fixed partial dentures after at least five years of follow-up) and 
Zitzmann & Berglundh (2008) (12 to 43% of the implants after at least five years of fol-
low-up). It should be noted that these figures are based on small numbers of studies 
that show large variations in study design, patients/implants included and definitions 
used to define peri-implantitis. 
Established factors that are related to peri-implant disease are poor oral hygiene, 
smoking and a history of periodontitis (Heitz-Mayfield 2008). The increased risk to 
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develop peri-implantitis in patients with a history of periodontitis might be two-fold: 
periodontitis patients generally harbor more putative periodontal pathogens than 
non-periodontitis patients (Van Winkelhoff et al. 2002) and/or they may have a higher 
genetic susceptibility to develop periodontal/peri-implant disease (Laine et al. 2006). 
Full-mouth tooth extraction eliminates caries and periodontal disease and may reduce 
the number of oral putative periodontal pathogens (Danser et al. 1994, Van Assche et 
al. 2009). Patients eligible for full-mouth tooth extraction generally have negative so-
cio-behavioral factors i.e. poor oral hygiene, smoking, low socioeconomic status and/
or high (genetic) susceptibility to destructive periodontal disease (Burt et al. 1990). 
Prevalence of full edentulism increases with age and concomitant declining mental 
and physical health, and divers between geographical regions and between groups 
with various background characteristics and lifestyle factors (Müller et al. 2007).
Many fully edentulous subjects (FES) receive dental implants to support fixed or remov-
able prosthesis. However, most risk factors associated with full edentulism and related 
dental disease continue to be present and cannot be altered. It might be hypothesized 
that FES are at higher risk to develop peri-implant disease and should be regarded 
dissimilar to partially edentulous subjects (PES) when evaluating implant treatment. 
The aim of the study was to compare the peri-implant conditions between fully eden-
tulous (FES) and partially edentulous subjects (PES).

Material and Methods

Focused question
Do FES with dental implant supported reconstructions show a similar prevalence of 
peri-implant disease (i.e. peri-implant bleeding, peri-implant mucositis or peri-implan-
titis) compared to PES with dental implant supported reconstructions?

Eligibility criteria
Type of studies
Prospective studies with follow-up periods of at least five years or cross-sectional stud-
ies with implants in function for at least five years were considered. Retrospective 
studies (studies based on historic data only, in which subjects were not re-examined 
specifically for the purpose of the described study) were not included.  Studies com-
bining data on subjects with five year follow-up and data on subjects with shorter 
follow-up periods were only included if a breakdown of data corresponding to five 
years of observation could be made. Studies were excluded if less than five patients 
were evaluated at the final examination. 

Type of patients
Studies reporting on FES and/or PES who were treated with implant supported re-
constructions were considered. Studies not reporting on dental status or not allowing 
for breakdown of data corresponding to dental status were not included. In addition, 
studies evaluating implant therapy in specifically selected subsets of patients, e.g. 
diabetes patients, were not included.

Type of treatments
Studies describing treatments with titanium endosseous implants were considered. 
Consequently, studies of ceramic, submucosal, blade, transmandibular and zygoma 
implants were not included. In addition, studies evaluating immediate implant place-
ment were not included.    

Type of outcomes
Studies reporting on the bleeding tendency of the peri-implant mucosa using either 
bleeding on probing (BoP, scored on 4 or 6 sites per implant) or the modified bleed-
ing index (mBI) (Mombelli et al. 1987) and/or studies reporting on the prevalence of 
peri-implant mucositis and/or peri-implantitis were considered. Peri-implant mucositis 
was defined as presence of inflammation in the peri-implant mucosa, as indicated by 
bleeding and/or pus on probing, without loss of supporting bone. Peri-implantitis was 
defined as presence of inflammation in the peri-implant mucosa, as indicated by bleed-
ing and/or pus on probing, with loss of supporting bone (Zitzmann & Berglundh 2008).

Search strategy
Studies were identified by searching three electronic databases: MEDLINE (PubMed), 
CENTRAL (Cochrane Central Register of Controlled Trials) and EMBASE. No language 
restrictions were applied. The three databases were searched for studies published up 
to the 1st of January 2012. The search strategy is outlined in Table 1.

Study selection
Titles and abstracts of the identified publications were screened. Full-text articles were 
obtained for all potentially relevant studies and eligibility assessment was performed 
by two independent reviewers (Y.W. and H.S.). In addition, bibliographies of the se-
lected publications and previously published reviews relevant to the present review 
were searched for eligible studies. In case of disagreement between the two review-
ers, consensus was reached by discussion. If the dental status of the patients remained 
uncertain after full-text reading, but all other eligibility criteria were met, the authors 
of the selected studies were contacted for further clarification on dental status.  

Data extraction
Data were extracted, in duplicate and independent by two reviewers, using a data 
extraction form containing the following items:
•	 Dental status (FES/PES);
•	 Number of patients/implants included, number of patients/implants at follow-up, 

drop-outs, follow-up period;
•	 Information regarding the treatment procedure (implant system, maxilla/mandible, 

bone augmentation, one-stage/two-stage implant placement, type of restoration);
•	 Information regarding patient variables (smoking, history of periodontitis, main-

tenance program);
•	 Data regarding the following outcome variables (outcomes were reported on 

subject, implant and/or site level):
•	 Peri-implantitis;
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•	 Peri-implant mucositis;
•	 Bleeding on probing (BoP);
•	 Modified bleeding index (mBI) (Mombelli et al. 1987); 
•	 Presence of plaque (present/absent), scored on four or six sites per implant;
•	 Modified plaque index (mPI) (Mombelli et al. 1987);
•	 Probing pocket depth (PPD);
•	 Implants lost before loading, represented as a percentage of the total num-

ber of implants placed;
•	 Implants lost during function, represented both as a percentage of the total 

number of implants placed and as a percentage of the number of implants 
evaluated at the final examination. Implants lost/removed as a result of frac-
ture were not included in this figure.

Quality assessment 
Methodological quality was assessed by two independent reviewers (Y.W. and H.S.) 
using specific study-design related forms designed by the Dutch Cochrane Collab-
oration. The quality of case series was assessed using the quality-assessment tool 
developed by Den Hartog et al. (2008). Studies scoring five of more ‘plusses’ were 
considered methodologically ‘acceptable’.

Statistical analysis
Agreement between the two reviewers with regard to the study selection procedure 
was calculated using Cohen’s κ statistics. The overall effects of the included studies 
were calculated using weighted rates/weighted mean values (weighted for study size) 
and random effects models. The statistical software package “Meta-analysis” was used 
[Comprehensive Meta-analysis Version 2.2, Biostat, Englewood NJ (2005), www.meta-
analysis.com]. Subgroup analyses were performed according to dental status (FES/PES), 
follow-up time (≥ 5 years and mean follow up ≥ 10 years) and study design (prospective 
and cross-sectional).  Heterogeneity within subgroups was assessed by I2 statistic. 

Results

Study characteristics
The MEDLINE, EMBASE and Cochrane CENTRAL searches resulted in 9022, 1208 
and 605 hits respectively. After extracting duplicate citations, 9757 remained to be 
screened (Figure 1). After screening of titles and abstracts, 440 publications were se-
lected for full-text analysis. Screening of bibliographies of relevant reviews and select-
ed publications revealed 2 additional publications. Of the 442 publications, 387 were 
excluded after full-text analysis and quality assessment. The κ-value for inter-assessor 
agreement was 0.86. Disagreements were easily resolved in a consensus meeting. 
Of the 55 publications included, three, addressing different topics of the same study, 
reported on both FES and PES (Roos-Jansåker et al. 2006a,b,c). The 52 remaining 
publications reported either on FES or PES (Table 2). The results of three (Karoussis 
et al. 2004a,b, Brägger et al. 2005) and two publications (Roccuzzo et al. 2010, 2012) 

respectively, addressing different topics of two studies, were grouped. Eight publica-
tions presented outcomes of the same studies but with different follow-up (Andersson 
et al. 1998b/Bergenblock et al. 2012,  Meijer et al. 2000/Meijer et al. 2004b, Meijer 
et al. 2004a/Meijer et al. 2009b, Visser et al. 2005/Meijer et al. 2009a). The results are 
presented separately according to a follow-up period of ≥ 5 years (17 FES studies and 
19 PES studies) and a mean follow up of ≥ 10 years (4 FES studies, 7 PES studies and 
1 FES/PES study).
A total of 3493 implants in 1541 subjects were followed for ≥ 5 years and 2652 implants 
in 904 subjects had a mean follow-up of ≥ 10 years. The overall dropout rate of patients 
was 11.2% after 5 years of follow-up and 21.5% after a mean follow-up of 10 years.  
In studies reporting on FES treatment mainly consisted of mandibular overdentures 
supported by two or four implants. Only Cordioli et al. (1997) and Gallucci et al. (2009) 
reported on different prosthetic treatments. In PES most implants were placed in the 
maxilla (53.9%) and treatment mainly consisted of implant-supported single crowns 
and fixed partial dentures.
None of the FES had received bone augmentation prior to implant placement, where-
as 5 studies reporting on PES (also) included patients who needed some form of bone 
augmentation (Buser et al. 1996, Buser et al. 2002, Bornstein et al. 2008, Gatti et al. 
2008, Bonde et al. 2010). Most implants were placed using a two-stage procedure 
(65.4%) and a conventional loading procedure (92.4%). 

Table 1. Search strategy 

MEDLINE
[MeSH terms / all subheadings] Dental Implants OR Dental Implantation OR [text words] Dental implants OR 
Dental implantation 
AND 
[MeSH terms / all subheadings] Periodontal Diseases OR [text words] periodontal diseases OR peri-implan-
titis OR periimplantitis OR peri-implant mucositis OR periimplant mucositis OR peri-implant disease OR 
periimplant disease OR complications OR controlled clinical trials OR cohort studies OR case control studies 
OR cross-sectional studies OR longitudinal OR prospective OR retrospective

EMBASE
‘tooth implantation’/exp OR ‘dental implants’ OR ‘dental implantation’
AND
‘periodontal disease’/exp OR ‘periodontal disease’ OR ‘peri-implantitis’ OR periimplantitis OR ‘peri-implant 
mucositis’ OR ‘periimplant mucositis’ OR ‘peri-implant disease’ OR ‘periimplant disease’ OR complications 
OR ‘clinical study’/exp
AND
[embase]/lim

CENTRAL
#1 search [MeSH terms / all subheadings] Dental Implants
#2 search [MeSH terms / all subheadings] Dental Implantation
#3 search ‘dental implants’ OR ‘dental implantation’
#4 search [MeSH terms / all subheadings] Periodontal Disease
#5 search ‘periodontal diseases’ OR ‘peri-implantitis’ OR periimplantitis OR ‘peri-implant mucositis’ OR ‘pe-
riimplant mucositis’ OR ‘peri-implant disease’ OR ‘peri-implant disease’ OR complications
#6 search (#1 OR #2 OR #3) AND (#4 OR #5)
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tions presented outcomes of the same studies but with different follow-up (Andersson 
et al. 1998b/Bergenblock et al. 2012,  Meijer et al. 2000/Meijer et al. 2004b, Meijer 
et al. 2004a/Meijer et al. 2009b, Visser et al. 2005/Meijer et al. 2009a). The results are 
presented separately according to a follow-up period of ≥ 5 years (17 FES studies and 
19 PES studies) and a mean follow up of ≥ 10 years (4 FES studies, 7 PES studies and 
1 FES/PES study).
A total of 3493 implants in 1541 subjects were followed for ≥ 5 years and 2652 implants 
in 904 subjects had a mean follow-up of ≥ 10 years. The overall dropout rate of patients 
was 11.2% after 5 years of follow-up and 21.5% after a mean follow-up of 10 years.  
In studies reporting on FES treatment mainly consisted of mandibular overdentures 
supported by two or four implants. Only Cordioli et al. (1997) and Gallucci et al. (2009) 
reported on different prosthetic treatments. In PES most implants were placed in the 
maxilla (53.9%) and treatment mainly consisted of implant-supported single crowns 
and fixed partial dentures.
None of the FES had received bone augmentation prior to implant placement, where-
as 5 studies reporting on PES (also) included patients who needed some form of bone 
augmentation (Buser et al. 1996, Buser et al. 2002, Bornstein et al. 2008, Gatti et al. 
2008, Bonde et al. 2010). Most implants were placed using a two-stage procedure 
(65.4%) and a conventional loading procedure (92.4%). 

Table 1. Search strategy 

MEDLINE
[MeSH terms / all subheadings] Dental Implants OR Dental Implantation OR [text words] Dental implants OR 
Dental implantation 
AND 
[MeSH terms / all subheadings] Periodontal Diseases OR [text words] periodontal diseases OR peri-implan-
titis OR periimplantitis OR peri-implant mucositis OR periimplant mucositis OR peri-implant disease OR 
periimplant disease OR complications OR controlled clinical trials OR cohort studies OR case control studies 
OR cross-sectional studies OR longitudinal OR prospective OR retrospective

EMBASE
‘tooth implantation’/exp OR ‘dental implants’ OR ‘dental implantation’
AND
‘periodontal disease’/exp OR ‘periodontal disease’ OR ‘peri-implantitis’ OR periimplantitis OR ‘peri-implant 
mucositis’ OR ‘periimplant mucositis’ OR ‘peri-implant disease’ OR ‘periimplant disease’ OR complications 
OR ‘clinical study’/exp
AND
[embase]/lim

CENTRAL
#1 search [MeSH terms / all subheadings] Dental Implants
#2 search [MeSH terms / all subheadings] Dental Implantation
#3 search ‘dental implants’ OR ‘dental implantation’
#4 search [MeSH terms / all subheadings] Periodontal Disease
#5 search ‘periodontal diseases’ OR ‘peri-implantitis’ OR periimplantitis OR ‘peri-implant mucositis’ OR ‘pe-
riimplant mucositis’ OR ‘peri-implant disease’ OR ‘peri-implant disease’ OR complications
#6 search (#1 OR #2 OR #3) AND (#4 OR #5)
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Outcome variables
The outcomes of the studies are listed in Tables 3-6 and are summarized below. 
Weighted rates/mean values and 95% confidence intervals are summarized in Table 7.

Implant loss
No statistically significant differences in early and late implant loss were observed be-
tween FES and PES in ≥ 5 year and ≥ 10 year follow-up studies. However, in prospec-
tive studies, after 10 years of follow-up a significantly higher late implant loss could be 
observed in PES compared to 5 years of follow-up (1.4%, 95% CI [0.8, 2.2] versus 5.2%, 
95% CI [3.5, 7.7]), whereas no significant difference could be observed in FES between 
5 and 10 years of follow-up (1.9%, 95% CI [1.3, 2.9] versus 2.9%, 95% CI [1.3, 6.4]). 

Probing pocket depth
No statistical differences in probing pocket depth were observed between FES and 
PES at both time intervals and within the PES group comparing both time intervals. 
Only for prospective studies on FES a difference could be observed between ≥ 5 year 
and ≥ 10 year follow-up studies (2.81 mm, 95% CI [2.45, 3.17] versus 3.66 mm, 95% 
CI [3.23, 4.09]).

Modified plaque index (mPI) / presence of plaque
After ≥ 5 years of follow-up, FES generally harbored more plaque than PES as indi-
cated both by the mPI (0.65, 95% CI [0.53, 0.78] versus 0.36, 95% CI [0.27, 0.44]) and 
the percentages of sites harboring plaque (49.0%, 95% CI [42.6, 55.5] versus 15.1%, 
95% CI [8.2, 26.2]). The mean mPI could be extracted from 49% of the studies. Al-
though reporting a mean mPI value to represent the four different observations per 
implant is actually not correct (since mPI is an ordinal parameter), it is widely used. 
More meaningful would be to report on the presence of plaque on site, implant and/
or subject level. From some studies data regarding presence of plaque could be re-
calculated from mPI data.

Modified bleeding index (mBI) / bleeding on probing (BoP)
Since mBI is an ordinal variable (see mPI) it is actually not correctly represented by a 
mean value. However, the mean mBI value is often reported. Using this parameter, 
FES showed a higher bleeding tendency of the peri-implant mucosa than PES both in 
prospective studies reporting ≥ 5 years of follow-up (0.61, 95% CI [0.44, 0.79] versus 
0.33, 95% CI [0.25, 0.41]) and studies reporting ≥ 10 years of follow-up (0.57, 95% CI 
[0.28, 0.86] versus 0.19, 95% CI [0.15, 0.23]). Most studies on FES used the mBI to 
quantify the bleeding tendency of the peri-implant mucosa, whereas in PES studies 
BoP score was most frequently used. In most of these studies pocket probing was 
performed at four sites per implant. Only Bonde et al. (2010), Simonis et al. (2010) and 
Rodrigo et al. (2012) measured at six sites per implant. It was assumed that probing at 
four or six sites per implant would not affect outcomes. 
The mBI measures the bleeding tendency after running a periodontal probe through 
the marginal sulcus (1 mm deep) around an implant, whereas BoP scores the bleed-
ing tendency after probing the peri-implant pockets. Although both parameters use 

Figure 1. Study selection procedure
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•	 Follow-up< 5 years or no breakdown of data 
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(n = 155);
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Outcome variables
The outcomes of the studies are listed in Tables 3-6 and are summarized below. 
Weighted rates/mean values and 95% confidence intervals are summarized in Table 7.

Implant loss
No statistically significant differences in early and late implant loss were observed be-
tween FES and PES in ≥ 5 year and ≥ 10 year follow-up studies. However, in prospec-
tive studies, after 10 years of follow-up a significantly higher late implant loss could be 
observed in PES compared to 5 years of follow-up (1.4%, 95% CI [0.8, 2.2] versus 5.2%, 
95% CI [3.5, 7.7]), whereas no significant difference could be observed in FES between 
5 and 10 years of follow-up (1.9%, 95% CI [1.3, 2.9] versus 2.9%, 95% CI [1.3, 6.4]). 

Probing pocket depth
No statistical differences in probing pocket depth were observed between FES and 
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Only for prospective studies on FES a difference could be observed between ≥ 5 year 
and ≥ 10 year follow-up studies (2.81 mm, 95% CI [2.45, 3.17] versus 3.66 mm, 95% 
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After ≥ 5 years of follow-up, FES generally harbored more plaque than PES as indi-
cated both by the mPI (0.65, 95% CI [0.53, 0.78] versus 0.36, 95% CI [0.27, 0.44]) and 
the percentages of sites harboring plaque (49.0%, 95% CI [42.6, 55.5] versus 15.1%, 
95% CI [8.2, 26.2]). The mean mPI could be extracted from 49% of the studies. Al-
though reporting a mean mPI value to represent the four different observations per 
implant is actually not correct (since mPI is an ordinal parameter), it is widely used. 
More meaningful would be to report on the presence of plaque on site, implant and/
or subject level. From some studies data regarding presence of plaque could be re-
calculated from mPI data.
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Since mBI is an ordinal variable (see mPI) it is actually not correctly represented by a 
mean value. However, the mean mBI value is often reported. Using this parameter, 
FES showed a higher bleeding tendency of the peri-implant mucosa than PES both in 
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0.33, 95% CI [0.25, 0.41]) and studies reporting ≥ 10 years of follow-up (0.57, 95% CI 
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different methods, it was assumed that both parameters are more or less interchange-
able. Therefore, whenever possible, data regarding BoP were recalculated from mBI 
data. No differences in BoP were found between FES and PES after ≥ 5 years of follow-
up (20.5% of sites, 95% CI [14.2, 28.7] versus 20.9% of sites, 95% CI [15.3, 27.9]). No 
sufficient data were available for a comparison of the ≥ 10 year follow-up studies. 

Peri-implant mucositis
Two studies reported on the prevalence of peri-implant mucositis (Roos-Jansåker et 
al. 2006c, Rodrigo et al. 2012), both using the criteria of BoP+, PPD ≥ 4 mm and no 
bone loss. Rodrigo et al. (2012) reported a prevalence of peri-implant mucositis in PES 
of 20.6% of the implants after a 5-year observation period. After a mean observation 
period of 10.8 years, Roos-Jansåker et al. (2006c) found a lower prevalence of peri-
implant mucositis in FES than in PES (39.6% versus 52.3%). 

Peri-implantitis
One study reported on the prevalence of peri-implantitis in FES and PES (Roos-Jan-
såker et al. 2006a,b,c). Five other studies reported on the prevalence of peri-implan-
titis in PES only (Brägger et al. 2005, Gatti et al. 2008, Simonis et al. 2010, Roccuzzo 
et al. 2012, Rodrigo et al. 2012). Different criteria were used to define peri-implantitis, 
making a meta-analysis impossible (Table 8). Roos-Jansåker et al. (2006a,b,c) found 
a lower prevalence of peri-implantitis in FES (5.8% of the implants) compared to PES 
(7.2% of the implants). After an observation period of 5 years, Gatti et al. (2008) ob-
served peri-implantitis in 3.4% of the implants in patients with a history of severe peri-
odontitis, whereas no implants were affected in non-periodontitis patients or patients 
with a history of moderate periodontitis. Rodrigo et al. (2012) reported a prevalence 
of peri-implantitis of 2.9% of the implants after 5 years of follow-up. In the study de-
scribed by Karoussis et al. (2004a,b) and Brägger et al. (2005) peri-implantitis occurred 
in 15.4% of the implants after a mean observation period of 10 years. Simonis et al. 
(2010) reported a peri-implantitis prevalence of 16.9% after an observation period of 
10-16 years. They found a remarkable difference between patients with a history of 
periodontitis (37.9%) and patients without a history of periodontitis (10.5%). In con-
trast to the abovementioned studies, Roccuzzo et al. (2012) reported the prevalence of 
peri-implantitis on subject level. It was found that 47.2% of the severely periodontally 
compromised subjects, 27.0% of the moderately periodontally compromised subjects 
and 10.7% of the periodontally healthy subjects required peri-implantitis treatment 
during an observation period of 10 years (Mombelli & Lang 1998). 

FES/PES study
Since Roos-Jansåker et al. (2006a,b,c) was the only study describing both FES and 
PES, this study is considered in more detail. The percentage of subjects with implant 
loss was lower in the FES group than the PES group (6.5% versus 11.5%). No distinc-
tion was made between early and late implant loss. The prevalence of peri-implant 
mucositis and peri-implantitis was lower in FES compared to PES (only implant-based 
data available; peri-implant mucositis: 39.6% versus 52.3%; peri-implantitis: 5.8% ver-
sus 7.2%). The PES group included more smokers than the FES group. After correction 
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different methods, it was assumed that both parameters are more or less interchange-
able. Therefore, whenever possible, data regarding BoP were recalculated from mBI 
data. No differences in BoP were found between FES and PES after ≥ 5 years of follow-
up (20.5% of sites, 95% CI [14.2, 28.7] versus 20.9% of sites, 95% CI [15.3, 27.9]). No 
sufficient data were available for a comparison of the ≥ 10 year follow-up studies. 

Peri-implant mucositis
Two studies reported on the prevalence of peri-implant mucositis (Roos-Jansåker et 
al. 2006c, Rodrigo et al. 2012), both using the criteria of BoP+, PPD ≥ 4 mm and no 
bone loss. Rodrigo et al. (2012) reported a prevalence of peri-implant mucositis in PES 
of 20.6% of the implants after a 5-year observation period. After a mean observation 
period of 10.8 years, Roos-Jansåker et al. (2006c) found a lower prevalence of peri-
implant mucositis in FES than in PES (39.6% versus 52.3%). 

Peri-implantitis
One study reported on the prevalence of peri-implantitis in FES and PES (Roos-Jan-
såker et al. 2006a,b,c). Five other studies reported on the prevalence of peri-implan-
titis in PES only (Brägger et al. 2005, Gatti et al. 2008, Simonis et al. 2010, Roccuzzo 
et al. 2012, Rodrigo et al. 2012). Different criteria were used to define peri-implantitis, 
making a meta-analysis impossible (Table 8). Roos-Jansåker et al. (2006a,b,c) found 
a lower prevalence of peri-implantitis in FES (5.8% of the implants) compared to PES 
(7.2% of the implants). After an observation period of 5 years, Gatti et al. (2008) ob-
served peri-implantitis in 3.4% of the implants in patients with a history of severe peri-
odontitis, whereas no implants were affected in non-periodontitis patients or patients 
with a history of moderate periodontitis. Rodrigo et al. (2012) reported a prevalence 
of peri-implantitis of 2.9% of the implants after 5 years of follow-up. In the study de-
scribed by Karoussis et al. (2004a,b) and Brägger et al. (2005) peri-implantitis occurred 
in 15.4% of the implants after a mean observation period of 10 years. Simonis et al. 
(2010) reported a peri-implantitis prevalence of 16.9% after an observation period of 
10-16 years. They found a remarkable difference between patients with a history of 
periodontitis (37.9%) and patients without a history of periodontitis (10.5%). In con-
trast to the abovementioned studies, Roccuzzo et al. (2012) reported the prevalence of 
peri-implantitis on subject level. It was found that 47.2% of the severely periodontally 
compromised subjects, 27.0% of the moderately periodontally compromised subjects 
and 10.7% of the periodontally healthy subjects required peri-implantitis treatment 
during an observation period of 10 years (Mombelli & Lang 1998). 

FES/PES study
Since Roos-Jansåker et al. (2006a,b,c) was the only study describing both FES and 
PES, this study is considered in more detail. The percentage of subjects with implant 
loss was lower in the FES group than the PES group (6.5% versus 11.5%). No distinc-
tion was made between early and late implant loss. The prevalence of peri-implant 
mucositis and peri-implantitis was lower in FES compared to PES (only implant-based 
data available; peri-implant mucositis: 39.6% versus 52.3%; peri-implantitis: 5.8% ver-
sus 7.2%). The PES group included more smokers than the FES group. After correction 

Ta
b

le
 4

. O
ut

co
m

es
 o

f s
tu

d
ie

s 
re

p
or

tin
g

 o
n 

fu
lly

 e
d

en
tu

lo
us

 s
ub

je
ct

s 
(fo

llo
w

 u
p

 p
er

io
d

 ≥
 1

0 
ye

ar
s)

# 
cl

in
 e

va
lu

at
ed

ou
tc

om
es

au
th

or
s

su
b

j
im

p
l

%
 im

p
l 

lo
st

 b
ef

o-
re

 lo
ad

in
g

%
 im

p
l 

lo
st

 d
ur

in
g

 
fu

nc
ti

on
 

(f
ra

ct
ur

es
 

ex
cl

ud
ed

)

PP
D

(S
D

)
m

PI
(S

D
)

p
re

se
nc

e 
of

 
p

la
q

ue
%

 s
it

es
/i

m
p

l/
su

b
j

m
B

I
(S

D
)

b
le

ed
in

g
 o

n 
p

ro
b

in
g

%
 s

it
es

/
im

p
l/

su
b

j

p
er

i-i
m

p
la

nt
 

m
uc

os
it

is
%

 im
p

l/
su

b
j

p
er

i-i
m

p
la

nt
it

is
%

 im
p

l/
su

b
j

Prospective 
studies

M
ei

je
r 

et
 a

l. 
(2

00
4b

)
25

46
7.

8
6.

3/
7.

3
3.

4 
(1

.0
)

0.
80

 (1
.0

)
N

R
0.

60
 (0

.6
)

N
R

N
R

N
R

28
55

5.
2

1.
7/

1.
7

4.
7 

(1
.8

)
0.

80
 (1

.0
)

N
R

0.
70

 (0
.7

)
N

R
N

R
N

R

M
ei

je
r 

et
 a

l. 
(2

00
9a

)
27

55
1.

7
5.

0/
5.

1
3.

8 
(1

.3
)

0.
40

 (0
.8

)
N

R
0.

50
 (0

.6
)

N
R

N
R

N
R

23
92

0
0/

0
3.

9 
(1

.3
)

0.
60

 (1
.0

)
N

R
1.

00
 (0

.3
)

N
R

N
R

N
R

M
ei

je
r 

et
 a

l. 
(2

00
9b

)
27

54
0

0/
0

3.
3 

(1
.0

)
0.

40
 (0

.7
)

N
R

0.
30

 (0
.6

)
N

R
N

R
N

R

27
54

1.
7

0/
0

3.
0 

(0
.5

)
0.

60
 (0

.9
)

N
R

0.
30

 (0
.5

)
N

R
N

R
N

R

Cross-sectional studies

H
ec

km
an

n 
et

 a
l. 

(2
00

4)
23

46
0

0/
0

2.
15

 
(0

.9
6)

0.
82

 (N
R)

55
.4

/N
R/

N
R

0.
36

 (N
R)

29
.3

/N
R/

N
R

N
R

N
R

Te
lle

m
an

 e
t 

al
. (

20
06

)
38

11
1

0.
9

2.
6/

2.
6

3.
3 

(1
.3

)
N

R
N

R/
N

R/
68

.4
N

R
N

R/
N

R/
71

.1
N

R
N

R

Ro
os

-J
an

så
ke

r 
et

 a
l. 

(2
00

6a
,b

,c
)

62
35

6 
(m

)
34

4 
(p

i)
N

R
N

R
N

R
N

R
N

R
N

R
N

R

39
.6

/N
R 

 
(c

rit
er

ia
: P

PD
 

≥ 
4m

m
 a

nd
 

B
oP

+
)

5.
8/

N
R

(c
rit

er
ia

: B
oP

+
 a

nd
/

or
 s

up
p

ur
at

io
n 

an
d

 b
on

e 
lo

ss
 ≥

 3
 

th
re

ad
s 

b
et

w
ee

n 
1 

ye
ar

 a
nd

 fi
na

l  
ex

am
in

at
io

n)

A
ll 

st
ud

ie
s

m
ea

n 
 (S

D
)

2.
77

(3
.0

4)
1.

67
/2

.2
5

(1
.7

6)
/(

1.
81

)
3.

31
(0

.7
6)

0.
66

(0
.1

7)
55

.4
/ 

- 
/6

8.
4

(-)
/(

-)/
(-)

0.
53

(0
.2

4)
29

.3
/ 

- 
/7

1.
1

(-)
/(

-)/
(-)

39
.6 (-)

5.
8/

 -
(-)

/(
-)

ra
ng

e
0-

7.
8

0-
6.

3/
0-

7.
3

2.
15

-4
.7

0.
40

-0
.8

2
- 

/ 
- 

/ 
-

0.
30

-1
.0

0
- 

/ 
- 

/ 
-

- 
/ 

-
- 

/ 
-

Pr
os

p
ec

tiv
e 

st
ud

ie
s

w
ei

g
ht

ed
 m

ea
n

3.
1

2.
9/

3.
2

3.
66

0.
58

-
0.

57
-

-
-

95
%

 C
I

1.
3-

7.
0

1.
3-

6.
4/

1.
4-

7.
0

3.
23

-
4.

09
0.

44
-0

.7
2

-
0.

28
-0

.8
6

-
-

-

I2
38

.0
26

.6
/2

6.
3

93
.8

54
.9

-
96

.7
-

-
-

C
ro

ss
-s

ec
tio

na
l s

tu
d

ie
s

w
ei

g
ht

ed
 m

ea
n

0.
8

2.
1/

2.
3

2.
73

-
-

-
-

-
-

95
%

 C
I

0.
2-

3.
7

0.
7-

5.
9/

0.
8-

6.
3

1.
60

-
3.

85
-

-
-

-
-

-

I2
0

0/
0

97
.3

-
-

-
-

-
-

cl
in

 e
va

lu
at

ed
 =

 c
lin

ic
al

ly
 e

va
lu

at
ed

; s
ub

j =
 s

ub
je

ct
s;

 im
p

l =
 im

p
la

nt
s;

 (m
) =

 p
er

i-i
m

p
la

nt
 m

uc
os

iti
s 

an
al

ys
is

; (
p

i) 
=

 p
er

i-i
m

p
la

nt
iti

s 
an

al
ys

is
; S

D
 =

 s
ta

nd
ar

d
 d

ev
ia

tio
n;

 9
5%

 C
I =

 9
5%

 c
on

fi-
d

en
ce

 in
te

rv
al

; N
R 

=
 n

ot
 re

p
or

te
d

; P
PD

 =
 p

ro
b

in
g

 p
oc

ke
t d

ep
th

; m
PI

 =
 m

ea
n 

m
od

ifi
ed

 p
la

q
ue

 in
d

ex
 (M

om
b

el
li 

et
 a

l. 
19

87
) m

ea
su

re
d

 a
t 4

 s
ite

s 
p

er
 im

p
la

nt
; m

B
I =

 m
ea

n 
m

od
ifi

ed
 b

le
ed

in
g

 
in

d
ex

 (M
om

b
el

li 
et

 a
l. 

19
87

) m
ea

su
re

d
 a

t 
4 

si
te

s 
p

er
 im

p
la

nt
; m

m
 =

 m
ill

im
et

er
s;

 B
oP

+
 =

 b
le

ed
in

g
 o

n 
p

ro
b

in
g

; i
ta

lic
 =

 v
al

ue
 re

ca
lc

ul
at

ed
 fr

om
 m

od
ifi

ed
 b

le
ed

in
g

 in
d

ex
 d

at
a



sy
st

e
m

a
ti

c
 r

e
v

ie
w

 p
e

r
i-

im
pl

a
n

t 
c

o
n

d
it

io
n

s

Ta
b

le
 5

. O
ut

co
m

es
 o

f s
tu

d
ie

s 
re

p
or

tin
g

 o
n 

p
ar

tia
lly

 e
d

en
tu

lo
us

 s
ub

je
ct

s 
(fo

llo
w

 u
p

 p
er

io
d

 ≥
 5

 y
ea

rs
)

# 
cl

in
. e

va
lu

at
ed

ou
tc

om
es

au
th

or
s

su
b

j
im

p
l

%
 im

p
l 

lo
st

 b
ef

or
e 

lo
ad

in
g

%
 im

p
l l

os
t 

d
ur

in
g

 f
un

c-
ti

on
 (f

ra
ct

ur
es

 
ex

cl
ud

ed
)

PP
D

(S
D

)
m

PI
(S

D
)

p
re

se
nc

e 
of

 
p

la
q

ue
 %

 
si

te
s/

im
p

l/
su

b
j

m
B

I
(S

D
)

b
le

ed
in

g
 o

n 
p

ro
b

in
g

 %
si

te
s/

im
p

l/
su

b
j

p
er

i-i
m

p
la

nt
 

m
uc

os
it

is
%

 im
p

l/
su

b
j

p
er

i-i
m

p
la

nt
it

is
%

 im
p

l/
su

b
j

Prospective studies

B
us

er
 e

t 
al

. (
19

96
)

9
12

0
0/

0
3.

44
 (1

.3
3)

0.
06

 (0
.3

2)
4.

2/
16

.7
/2

2.
2

0.
50

 (0
.7

7)
33

.3
/9

1.
7/

88
.9

N
R

N
R

A
nd

er
ss

on
 e

t 
al

. (
19

98
b

)
49

55
0

1.
5/

1.
8

N
R

N
R

N
R

N
R

N
R/

5.
5/

N
R

N
R

N
R

A
nd

er
ss

on
 e

t 
al

. (
19

98
a)

17
17

0
0/

0
N

R
N

R
N

R
N

R
N

R/
11

.8
/N

R
N

R
N

R

17
17

0
0/

0
N

R
N

R
N

R
N

R
N

R/
 0

/N
R

N
R

N
R

D
e 

Le
on

ar
d

is
 e

t 
al

. (
19

99
)

61
97

0
0/

0
2.

77
 (0

.8
5)

0.
53

 (0
.6

4)
36

.1
/N

R/
N

R
0.

51
 (0

.6
2)

35
.1

/N
R/

N
R

N
R

N
R

W
eb

er
 e

t 
al

. (
20

00
)

41
10

6
0

0.
9/

0.
9

3.
0 

(N
R)

0.
45

 (N
R)

38
.0

/N
R/

N
R

0.
42

 (N
R)

23
.1

/N
R/

N
R

N
R

N
R

M
er

ic
sk

e-
St

er
n 

et
 a

l. 
(2

00
1)

26
26

0
1.

8/
6.

9
3.

3 
(1

.2
)

0.
60

 (0
.5

)
N

R
0.

40
 (0

.5
)

N
R

N
R

N
R

B
us

er
 e

t 
al

. (
20

02
)

37
61

0
0/

0
4.

43
 (1

.2
4)

0.
25

 (0
.2

9)
N

R
0.

25
 (0

.4
3)

N
R

N
R

N
R

D
av

is
 e

t 
al

. (
20

04
)

18
20

0
0/

0
N

R
N

R
10

.0
/N

R/
N

R
N

R
23

.8
/N

R/
N

R
N

R
N

R

G
ot

fr
ed

se
n 

(2
00

4)
20

20
0

0/
0

N
R

N
R

21
.3

/N
R/

N
R

N
R

37
.5

/N
R/

N
R

N
R

N
R

W
en

ns
tr

öm
 e

t 
al

. (
20

04
)

47
13

7
0.

7
0/

0
3.

1 
(0

.8
)

N
R

5.
3/

N
R/

N
R

N
R

4.
9/

N
R/

N
R

N
R

N
R

B
or

ns
te

in
 e

t 
al

. 
(2

00
5)

48
10

0
1.

0
0/

0
4.

02
 (C

I: 
3.

86
-4

.1
8)

0.
26

 (C
I: 

0.
20

-
0.

32
)

N
R

0.
25

 (C
I: 

0.
21

-
0.

29
)

N
R

N
R

N
R

W
en

ns
tr

öm
 e

t 
al

. (
20

05
)

36
40

0
2.

2/
2.

4
3.

5 
(N

R)
N

R
8.

1/
N

R/
N

R
N

R
11

.9
/N

R/
N

R
N

R
N

R

B
or

ns
te

in
 e

t 
al

. (
20

08
)

49
98

0
1.

8/
2.

0
4.

14
 

(S
EM

:0
.1

1)
0.

27
 (S

EM
:0

.0
3)

N
R

0.
29

 (S
EM

:0
.0

4)
N

R
N

R
N

R

G
at

ti 
et

 a
l. 

(2
00

8)

21
67

0
0/

0
N

R
N

R
N

R
N

R
N

R
N

R
0/

0

5
19

0
0/

0
N

R
N

R
N

R
N

R
N

R
N

R
0/

0

24
11

7
0

1.
6/

1.
7

N
R

N
R

N
R

N
R

N
R

N
R

3.
4/

8.
3 

(4
 im

p
la

nt
s 

in
 

2 
su

b
je

ct
s:

 2
 t

re
at

ed
, 2

 
lo

st
. C

rit
er

ia
: P

PD
 >

 5
 

m
m

, p
us

 o
r 

ot
he

r 
si

g
n 

of
 in

fe
ct

io
n,

 b
on

e 
lo

ss
 

>
 2

 m
m

)

Ro
cc

uz
zo

 e
t 

al
. (

20
08

)
27

53
0

0/
0

3.
2 

(1
.0

)
0.

27
 (0

.5
6)

N
R

N
R

28
.8

/N
R/

N
R

N
R

N
R

53
0

0/
0

3.
2 

(1
.0

)
0.

32
 (0

.5
4)

N
R

N
R

32
.1

/N
R/

N
R

N
R

N
R

K
eh

l e
t 

al
. (

20
11

)
17

81
0

0/
0

3.
06

 (0
.8

2)
0.

74
 (1

.0
0)

N
R

N
R

17
.9

/N
R/

N
R

N
R

N
R

17
38

0
0/

0
2.

80
 (0

.6
6)

0.
52

 (0
.8

7)
N

R
N

R
13

.2
/N

R/
N

R
N

R
N

R

Ro
d

rig
o 

et
 a

l. 
(2

01
2)

22
34

0
0/

0
N

R
N

R
20

.0
/N

R/
N

R
6 

si
te

s
N

R
13

.7
/N

R/
N

R
6 

si
te

s

20
.6

/N
R 

(c
rit

er
ia

: 
B

oP
+

, P
PD

 ≥
 

4m
m

, n
o 

si
g

ni
fi-

ca
nt

 b
on

e 
lo

ss
)

2.
9/

N
R 

(c
rit

er
ia

: B
oP

+
, 

PP
D

 ≥
 4

 m
m

, s
ig

ni
fi-

ca
nt

 b
on

e 
lo

ss
)

Cross-sectional 
studies

V
ig

ol
o 

et
 a

l. 
(2

00
4)

9
12

0
0/

0
3.

44
 (1

.3
3)

0.
06

 (0
.3

2)
4.

2/
16

.7
/2

2.
2

0.
50

 (0
.7

7)
33

.3
/9

1.
7/

88
.9

N
R

N
R

Re
nv

er
t 

et
 a

l. 
(2

00
8)

54
23

4
N

R
N

R
N

R
N

R
N

R/
N

R/
87

.0
N

R
N

R/
N

R/
88

.9
N

R
N

R

A
ll 

st
ud

ie
s

m
ea

n 
(S

D
)

0.
21

(0
.5

5)
0.

65
/0

.9
8

(0
.9

2)
/(

1.
75

)
3.

36
(0

.5
9)

0.
38

(0
.2

0)
17

.9
/1

6.
7/

54
.8

(1
2.

5)
/ 

- 
/(

46
.0

)
0.

37
(0

.1
1)

21
.6

/3
4.

2/
89

.3
(1

1.
5)

/(
49

.8
)/

(0
.5

)

20
.6

/ 
-

(-)
/(

-)
2.

4/
3.

6
(0

.6
)/

 (-
)

ra
ng

e
0-

2.
1

0-
2.

6/
0-

6.
9

2.
4-

4.
43

0.
06

-0
.7

4
4.

2-
38

.0
/

- 
/

22
.2

-8
7.

3
0.

25
-0

.5
1

4.
9-

38
.0

/
0-

91
.7

/
88

.9
-8

9.
6

- 
/ 

-
0-

3.
4/

 -

Pr
os

p
ec

tiv
e 

st
ud

ie
s

w
ei

g
ht

ed
 

m
ea

n
1.

0
1.

4/
1.

7
3.

40
0.

36
15

.1
/-

/-
0.

33
20

.9
/1

8.
3/

-
-

-

95
%

 C
I

0.
5-

1.
7

0.
8-

2.
2/

1.
1-

2.
7

3.
06

-3
.7

4
0.

27
-0

.4
4

8.
2-

26
.2

/
-/ -

0.
25

-0
.4

1
15

.3
-2

7.
9/

2.
2-

68
.8

/
-

-
-

I2
0

0/
0

96
.2

82
.5

96
.3

/-
/-

72
.8

93
.3

/8
5.

6/
-

-
-

C
ro

ss
-s

ec
tio

na
l s

tu
d

ie
s

w
ei

g
ht

ed
 

m
ea

n
-

-
-

-
-

-
-

-
-

95
%

 C
I

-
-

-
-

-
-

-
-

-

I2
-

-
-

-
-

-
-

-
-

cl
in

 e
va

lu
at

ed
 =

 c
lin

ic
al

ly
 e

va
lu

at
ed

; 
su

b
j =

 s
ub

je
ct

s;
 im

p
l =

 im
p

la
nt

s;
 S

D
 =

 s
ta

nd
ar

d
 d

ev
ia

tio
n;

 9
5%

 C
I 

=
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

; 
N

R 
=

 n
ot

 r
ep

or
te

d
; 

PP
D

 =
 p

ro
b

in
g

 p
oc

ke
t 

d
ep

th
; 

 S
EM

 =
 s

ta
nd

ar
d

 e
rr

or
 

of
 t

he
 m

ea
n;

 m
PI

 =
 m

ea
n 

m
od

ifi
ed

 p
la

q
ue

 in
d

ex
 (M

om
b

el
li 

et
 a

l. 
19

87
) m

ea
su

re
d

 a
t 

4 
si

te
s 

p
er

 im
p

la
nt

; 
m

B
I =

 m
ea

n 
m

od
ifi

ed
 b

le
ed

in
g

 in
d

ex
 (M

om
b

el
li 

et
 a

l. 
19

87
) m

ea
su

re
d

 a
t 

4 
si

te
s 

p
er

 im
p

la
nt

; 
m

m
 =

  
m

ill
im

et
er

s;
 B

oP
+

 =
 b

le
ed

in
g

 o
n 

p
ro

b
in

g
; i

ta
lic

 =
 v

al
ue

 re
ca

lc
ul

at
ed

 fr
om

 m
od

ifi
ed

 b
le

ed
in

g
 in

d
ex

 d
at

a



sy
st

e
m

a
ti

c
 r

e
v

ie
w

 p
e

r
i-

im
pl

a
n

t 
c

o
n

d
it

io
n

s

Ta
b

le
 5

. O
ut

co
m

es
 o

f s
tu

d
ie

s 
re

p
or

tin
g

 o
n 

p
ar

tia
lly

 e
d

en
tu

lo
us

 s
ub

je
ct

s 
(fo

llo
w

 u
p

 p
er

io
d

 ≥
 5

 y
ea

rs
)

# 
cl

in
. e

va
lu

at
ed

ou
tc

om
es

au
th

or
s

su
b

j
im

p
l

%
 im

p
l 

lo
st

 b
ef

or
e 

lo
ad

in
g

%
 im

p
l l

os
t 

d
ur

in
g

 f
un

c-
ti

on
 (f

ra
ct

ur
es

 
ex

cl
ud

ed
)

PP
D

(S
D

)
m

PI
(S

D
)

p
re

se
nc

e 
of

 
p

la
q

ue
 %

 
si

te
s/

im
p

l/
su

b
j

m
B

I
(S

D
)

b
le

ed
in

g
 o

n 
p

ro
b

in
g

 %
si

te
s/

im
p

l/
su

b
j

p
er

i-i
m

p
la

nt
 

m
uc

os
it

is
%

 im
p

l/
su

b
j

p
er

i-i
m

p
la

nt
it

is
%

 im
p

l/
su

b
j

Prospective studies

B
us

er
 e

t 
al

. (
19

96
)

9
12

0
0/

0
3.

44
 (1

.3
3)

0.
06

 (0
.3

2)
4.

2/
16

.7
/2

2.
2

0.
50

 (0
.7

7)
33

.3
/9

1.
7/

88
.9

N
R

N
R

A
nd

er
ss

on
 e

t 
al

. (
19

98
b

)
49

55
0

1.
5/

1.
8

N
R

N
R

N
R

N
R

N
R/

5.
5/

N
R

N
R

N
R

A
nd

er
ss

on
 e

t 
al

. (
19

98
a)

17
17

0
0/

0
N

R
N

R
N

R
N

R
N

R/
11

.8
/N

R
N

R
N

R

17
17

0
0/

0
N

R
N

R
N

R
N

R
N

R/
 0

/N
R

N
R

N
R

D
e 

Le
on

ar
d

is
 e

t 
al

. (
19

99
)

61
97

0
0/

0
2.

77
 (0

.8
5)

0.
53

 (0
.6

4)
36

.1
/N

R/
N

R
0.

51
 (0

.6
2)

35
.1

/N
R/

N
R

N
R

N
R

W
eb

er
 e

t 
al

. (
20

00
)

41
10

6
0

0.
9/

0.
9

3.
0 

(N
R)

0.
45

 (N
R)

38
.0

/N
R/

N
R

0.
42

 (N
R)

23
.1

/N
R/

N
R

N
R

N
R

M
er

ic
sk

e-
St

er
n 

et
 a

l. 
(2

00
1)

26
26

0
1.

8/
6.

9
3.

3 
(1

.2
)

0.
60

 (0
.5

)
N

R
0.

40
 (0

.5
)

N
R

N
R

N
R

B
us

er
 e

t 
al

. (
20

02
)

37
61

0
0/

0
4.

43
 (1

.2
4)

0.
25

 (0
.2

9)
N

R
0.

25
 (0

.4
3)

N
R

N
R

N
R

D
av

is
 e

t 
al

. (
20

04
)

18
20

0
0/

0
N

R
N

R
10

.0
/N

R/
N

R
N

R
23

.8
/N

R/
N

R
N

R
N

R

G
ot

fr
ed

se
n 

(2
00

4)
20

20
0

0/
0

N
R

N
R

21
.3

/N
R/

N
R

N
R

37
.5

/N
R/

N
R

N
R

N
R

W
en

ns
tr

öm
 e

t 
al

. (
20

04
)

47
13

7
0.

7
0/

0
3.

1 
(0

.8
)

N
R

5.
3/

N
R/

N
R

N
R

4.
9/

N
R/

N
R

N
R

N
R

B
or

ns
te

in
 e

t 
al

. 
(2

00
5)

48
10

0
1.

0
0/

0
4.

02
 (C

I: 
3.

86
-4

.1
8)

0.
26

 (C
I: 

0.
20

-
0.

32
)

N
R

0.
25

 (C
I: 

0.
21

-
0.

29
)

N
R

N
R

N
R

W
en

ns
tr

öm
 e

t 
al

. (
20

05
)

36
40

0
2.

2/
2.

4
3.

5 
(N

R)
N

R
8.

1/
N

R/
N

R
N

R
11

.9
/N

R/
N

R
N

R
N

R

B
or

ns
te

in
 e

t 
al

. (
20

08
)

49
98

0
1.

8/
2.

0
4.

14
 

(S
EM

:0
.1

1)
0.

27
 (S

EM
:0

.0
3)

N
R

0.
29

 (S
EM

:0
.0

4)
N

R
N

R
N

R

G
at

ti 
et

 a
l. 

(2
00

8)

21
67

0
0/

0
N

R
N

R
N

R
N

R
N

R
N

R
0/

0

5
19

0
0/

0
N

R
N

R
N

R
N

R
N

R
N

R
0/

0

24
11

7
0

1.
6/

1.
7

N
R

N
R

N
R

N
R

N
R

N
R

3.
4/

8.
3 

(4
 im

p
la

nt
s 

in
 

2 
su

b
je

ct
s:

 2
 t

re
at

ed
, 2

 
lo

st
. C

rit
er

ia
: P

PD
 >

 5
 

m
m

, p
us

 o
r 

ot
he

r 
si

g
n 

of
 in

fe
ct

io
n,

 b
on

e 
lo

ss
 

>
 2

 m
m

)

Ro
cc

uz
zo

 e
t 

al
. (

20
08

)
27

53
0

0/
0

3.
2 

(1
.0

)
0.

27
 (0

.5
6)

N
R

N
R

28
.8

/N
R/

N
R

N
R

N
R

53
0

0/
0

3.
2 

(1
.0

)
0.

32
 (0

.5
4)

N
R

N
R

32
.1

/N
R/

N
R

N
R

N
R

K
eh

l e
t 

al
. (

20
11

)
17

81
0

0/
0

3.
06

 (0
.8

2)
0.

74
 (1

.0
0)

N
R

N
R

17
.9

/N
R/

N
R

N
R

N
R

17
38

0
0/

0
2.

80
 (0

.6
6)

0.
52

 (0
.8

7)
N

R
N

R
13

.2
/N

R/
N

R
N

R
N

R

Ro
d

rig
o 

et
 a

l. 
(2

01
2)

22
34

0
0/

0
N

R
N

R
20

.0
/N

R/
N

R
6 

si
te

s
N

R
13

.7
/N

R/
N

R
6 

si
te

s

20
.6

/N
R 

(c
rit

er
ia

: 
B

oP
+

, P
PD

 ≥
 

4m
m

, n
o 

si
g

ni
fi-

ca
nt

 b
on

e 
lo

ss
)

2.
9/

N
R 

(c
rit

er
ia

: B
oP

+
, 

PP
D

 ≥
 4

 m
m

, s
ig

ni
fi-

ca
nt

 b
on

e 
lo

ss
)

Cross-sectional 
studies

V
ig

ol
o 

et
 a

l. 
(2

00
4)

9
12

0
0/

0
3.

44
 (1

.3
3)

0.
06

 (0
.3

2)
4.

2/
16

.7
/2

2.
2

0.
50

 (0
.7

7)
33

.3
/9

1.
7/

88
.9

N
R

N
R

Re
nv

er
t 

et
 a

l. 
(2

00
8)

54
23

4
N

R
N

R
N

R
N

R
N

R/
N

R/
87

.0
N

R
N

R/
N

R/
88

.9
N

R
N

R

A
ll 

st
ud

ie
s

m
ea

n 
(S

D
)

0.
21

(0
.5

5)
0.

65
/0

.9
8

(0
.9

2)
/(

1.
75

)
3.

36
(0

.5
9)

0.
38

(0
.2

0)
17

.9
/1

6.
7/

54
.8

(1
2.

5)
/ 

- 
/(

46
.0

)
0.

37
(0

.1
1)

21
.6

/3
4.

2/
89

.3
(1

1.
5)

/(
49

.8
)/

(0
.5

)

20
.6

/ 
-

(-)
/(

-)
2.

4/
3.

6
(0

.6
)/

 (-
)

ra
ng

e
0-

2.
1

0-
2.

6/
0-

6.
9

2.
4-

4.
43

0.
06

-0
.7

4
4.

2-
38

.0
/

- 
/

22
.2

-8
7.

3
0.

25
-0

.5
1

4.
9-

38
.0

/
0-

91
.7

/
88

.9
-8

9.
6

- 
/ 

-
0-

3.
4/

 -

Pr
os

p
ec

tiv
e 

st
ud

ie
s

w
ei

g
ht

ed
 

m
ea

n
1.

0
1.

4/
1.

7
3.

40
0.

36
15

.1
/-

/-
0.

33
20

.9
/1

8.
3/

-
-

-

95
%

 C
I

0.
5-

1.
7

0.
8-

2.
2/

1.
1-

2.
7

3.
06

-3
.7

4
0.

27
-0

.4
4

8.
2-

26
.2

/
-/ -

0.
25

-0
.4

1
15

.3
-2

7.
9/

2.
2-

68
.8

/
-

-
-

I2
0

0/
0

96
.2

82
.5

96
.3

/-
/-

72
.8

93
.3

/8
5.

6/
-

-
-

C
ro

ss
-s

ec
tio

na
l s

tu
d

ie
s

w
ei

g
ht

ed
 

m
ea

n
-

-
-

-
-

-
-

-
-

95
%

 C
I

-
-

-
-

-
-

-
-

-

I2
-

-
-

-
-

-
-

-
-

cl
in

 e
va

lu
at

ed
 =

 c
lin

ic
al

ly
 e

va
lu

at
ed

; 
su

b
j =

 s
ub

je
ct

s;
 im

p
l =

 im
p

la
nt

s;
 S

D
 =

 s
ta

nd
ar

d
 d

ev
ia

tio
n;

 9
5%

 C
I 

=
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

; 
N

R 
=

 n
ot

 r
ep

or
te

d
; 

PP
D

 =
 p

ro
b

in
g

 p
oc

ke
t 

d
ep

th
; 

 S
EM

 =
 s

ta
nd

ar
d

 e
rr

or
 

of
 t

he
 m

ea
n;

 m
PI

 =
 m

ea
n 

m
od

ifi
ed

 p
la

q
ue

 in
d

ex
 (M

om
b

el
li 

et
 a

l. 
19

87
) m

ea
su

re
d

 a
t 

4 
si

te
s 

p
er

 im
p

la
nt

; 
m

B
I =

 m
ea

n 
m

od
ifi

ed
 b

le
ed

in
g

 in
d

ex
 (M

om
b

el
li 

et
 a

l. 
19

87
) m

ea
su

re
d

 a
t 

4 
si

te
s 

p
er

 im
p

la
nt

; 
m

m
 =

  
m

ill
im

et
er

s;
 B

oP
+

 =
 b

le
ed

in
g

 o
n 

p
ro

b
in

g
; i

ta
lic

 =
 v

al
ue

 re
ca

lc
ul

at
ed

 fr
om

 m
od

ifi
ed

 b
le

ed
in

g
 in

d
ex

 d
at

a



sy
st

e
m

a
ti

c
 r

e
v

ie
w

 p
e

r
i-

im
pl

a
n

t 
c

o
n

d
it

io
n

s

A
ll 

st
ud

ie
s

m
ea

n 
(S

D
)

1.
54

(2
.0

4)
5.

10
/6

.1
6

(3
.5

4)
/(

4.
18

)
3.

47
(0

.9
6)

0.
35 (-)

38
.1

/ 
- 

/4
6.

7
(2

0.
4)

/(
-)/

(-)
0.

19 (-)
31

.5
/3

9.
0/

95
.6

(2
1.

2)
/(

47
.9

)/
(-)

52
.3

/ 
-

(-)
/(

-)
13

.2
/2

8.
3

(5
.2

)/
(1

8.
3)

ra
ng

e
0-

5.
5

0-
10

.1
/

0-
11

.7
2.

60
-4

.8
-

- 
/ 

- 
/ 

-
-

10
.2

-6
0.

6/
5.

8-
93

.9
/-

- 
/ 

-
7.

2-
16

.9
/1

0.
7-

47
.2

Pr
os

p
ec

tiv
e 

st
ud

ie
s

w
ei

g
ht

ed
 m

ea
n

1.
0

5.
2/

6.
6

3.
23

0.
32

22
.6

/ 
- 

/-
0.

19
29

.4
/1

1.
0/

-
-

-

95
%

 C
I

0.
3-

3.
3

3.
5-

7.
7/

4.
8-

9.
1

2.
81

-3
.6

6
0.

19
-0

.4
5

16
.4

-3
0.

4/
-/

-
0.

15
-0

.2
3

18
.4

-4
3.

4/
3.

6-
29

.0
/-

-
-

I2
50

.8
48

.6
/2

8.
5

96
.4

82
.7

84
.4

0
97

.8
/6

7.
7/

-
-

-

C
ro

ss
-s

ec
tio

na
l s

tu
d

ie
s

w
ei

g
ht

ed
 m

ea
n

3.
2

4.
3/

4.
8

-
-

-
-

32
.4

/-
/-

-
-

95
%

 C
I

1.
1-

8.
9

0.
5-

29
.9

/
0.

4-
37

.1
-

-
-

-
7.

1-
75

.1
/-

/-
-

-

I2
44

.6
64

.5
/6

9.
2

-
-

-
-

98
.9

/-
/-

-
-

cl
in

 e
va

lu
at

ed
 =

 c
lin

ic
al

ly
 e

va
lu

at
ed

; s
ub

j =
 s

ub
je

ct
s;

 im
p

l =
 im

p
la

nt
s;

 (m
) =

 p
er

i-i
m

p
la

nt
 m

uc
os

iti
s 

an
al

ys
is

; (
p

i) 
=

 p
er

i-i
m

p
la

nt
iti

s 
an

al
ys

is
; S

D
 =

 s
ta

nd
ar

d
 d

ev
ia

tio
n;

 9
5%

 C
I =

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
; 

N
R 

=
 n

ot
 r

ep
or

te
d

;  
PP

D
 =

 p
ro

b
in

g
 p

oc
ke

t 
d

ep
th

; 6
 s

ite
s 

=
 m

ea
su

re
d

 a
t 

si
x 

si
te

s 
ar

ou
nd

 t
he

 im
p

la
nt

s;
 m

PI
 =

 m
ea

n 
m

od
ifi

ed
 p

la
q

ue
 in

d
ex

 (M
om

b
el

li 
et

 a
l. 

19
87

) m
ea

su
re

d
 a

t 
4 

si
te

s 
p

er
 im

p
la

nt
; 

m
B

I =
 m

ea
n 

m
od

ifi
ed

 b
le

ed
in

g
 in

d
ex

 (M
om

b
el

li 
et

 a
l. 

19
87

) m
ea

su
re

d
 a

t 
4 

si
te

s 
p

er
 im

p
la

nt
; m

m
 =

 m
ill

im
et

er
s;

 B
oP

+
 =

 b
le

ed
in

g
 o

n 
p

ro
b

in
g

; p
er

io
 =

 p
er

io
d

on
tit

is
; C

IS
T 

=
 c

um
ul

at
iv

e 
in

te
rc

ep
tiv

e 
su

p
p

or
tiv

e 
th

er
ap

y

Ta
b

le
 6

. O
ut

co
m

es
 o

f s
tu

d
ie

s 
re

p
or

tin
g

 o
n 

p
ar

tia
lly

 e
d

en
tu

lo
us

 s
ub

je
ct

s 
(fo

llo
w

 u
p

 p
er

io
d

 ≥
 1

0 
ye

ar
s)

# 
cl

in
. e

va
lu

at
ed

ou
tc

om
es

au
th

or
s

su
b

j
im

p
l

%
 im

p
l 

lo
st

 
b

ef
or

e 
lo

ad
in

g

%
 im

p
l l

os
t 

d
ur

in
g

 f
un

c-
ti

on
 (f

ra
ct

ur
es

 
ex

cl
ud

ed
)

PP
D

(S
D

)
m

PI
(S

D
)

p
re

se
nc

e 
of

 
p

la
q

ue
%

 s
it

es
/i

m
p

l/
su

b
j

m
B

I
(S

D
)

b
le

ed
in

g
 o

n 
p

ro
b

in
g

%
 s

it
es

/i
m

p
l/

su
b

j

p
er

i-i
m

p
la

nt
 

m
uc

os
it

is
%

 im
p

l/
su

b
j

p
er

i-i
m

p
la

nt
it

is
%

 im
p

l/
su

b
j

Prospective studies

Le
kh

ol
m

 e
t 

al
. (

19
99

)
89

30
4

3.
5

3.
3/

4.
4

N
R

N
R

N
R

N
R

10
.4

/N
R/

N
R

N
R

N
R

G
un

ne
 e

t 
al

. (
19

99
)

20
52

1.
4

10
.1

/1
1.

7
N

R
N

R
N

R
N

R
N

R/
5.

8/
N

R
N

R
N

R

Le
on

ha
rd

t 
et

 a
l. 

(2
00

2)
15

54
0

4.
8/

5.
3

N
R

N
R

N
R/

N
R/

46
.7

N
R

60
.6

/N
R/

N
R

N
R

N
R

K
ar

ou
ss

is
 e

t 
al

. (
20

04
a,

b
), 

B
rä

g
g

er
 e

t 
al

. (
20

05
)

89
16

6
0

5.
0/

7.
3

2.
60

 (0
.4

1)
3.

14
 (1

.3
6)

3.
12

 (1
.0

7)

0.
35

 (0
.4

1)
0.

42
 (0

.3
5)

0.
18

 (0
.2

1)
N

R
0.

19
 (0

.2
8)

0.
19

 (0
.2

7)
0.

21
 (0

.3
4)

38
.1

/N
R/

N
R

51
.8

/N
R/

N
R

45
.6

/N
R/

N
R

N
R

15
.4

/N
R

(c
rit

er
ia

: P
PD

 ≥
 5

m
m

, B
oP

+
, 

ra
d

io
g

ra
p

hi
c 

si
g

ns
 o

f b
on

e 
lo

ss
 b

et
w

ee
n 

1 
ye

ar
 a

nd
 

fin
al

 e
xa

m
in

at
io

n)

B
er

g
en

b
lo

ck
 e

t 
al

. (
20

12
)

47
52

0
1.

5/
1.

8
N

R
N

R
N

R
N

R
10

.7
/1

7.
3/

N
R

N
R

N
R

Ro
cc

uz
zo

 e
t 

al
. (

20
10

, 
20

12
)

28
59

0

6.
8

3.
3

3.
1 

(0
.5

)
N

R
16

.1
/N

R/
N

R
N

R
12

.3
/N

R/
N

R
N

R
N

R/
10

.7

37
88

0
7.

4
3.

5 
(0

.9
)

N
R

29
.0

/N
R/

N
R

N
R

31
.0

/N
R/

N
R

N
R

N
R/

27
.0

36
81

0
10

3.
9 

(0
.7

)
N

R
23

.1
/N

R/
N

R
N

R
30

.9
/N

R/
N

R
N

R

N
R/

47
.2

  
(c

rit
er

ia
: t

re
at

m
en

t 
C

 o
r 

D
 o

f 
C

IS
T 

p
ro

to
co

l =
 B

oP
+

, P
PD

 
>

 5
 m

m
, b

on
e 

lo
ss

)

Cross-sectional studies

Ro
os

-J
an

så
ke

r 
et

 a
l. 

(2
00

6a
,b

,c
)

15
6

64
2 

(m
)

64
3 

(p
i)

N
R

N
R

N
R

N
R

N
R

N
R

N
R

52
.3

/N
R 

(c
rit

er
ia

: P
PD

 
≥ 

4 
m

m
 a

nd
 

B
oP

+
)

7.
2/

N
R

(c
rit

er
ia

: B
oP

+
 a

nd
/o

r 
su

p
-

p
ur

at
io

n 
an

d
 b

on
e 

lo
ss

  
≥ 

3 
th

re
ad

s 
b

et
w

ee
n 

1 
ye

ar
 

an
d

 fi
na

l e
xa

m
in

at
io

n)

B
on

d
e 

et
 a

l. 
(2

01
0)

45
49

5.
5

0/
0

4.
8 

(N
R)

6 
si

te
s

N
R

N
R

N
R

55
.1

/9
3.

9/
95

.6
6 

si
te

s
N

R
N

R

Si
m

on
is

 e
t 

al
. (

20
10

)
55

10
9

1.
9

9.
3/

11
.5

2.
73

 (0
.8

1)
6 

si
te

s
N

R
52

.5
/N

R/
N

R
6 

si
te

s
N

R
15

.8
/N

R/
N

R
6 

si
te

s
N

R

16
.9

/N
R

(c
rit

er
ia

: P
PD

 ≥
 5

 m
m

, B
oP

+
 

an
d

/o
r 

su
p

p
ur

at
io

n,
 r

ad
io

-
g

ra
p

hi
c 

b
on

e 
lo

ss
  

≥ 
2.

5 
m

m
 o

r 
b

on
e 

lo
ss

 e
x-

te
nd

in
g

 ≥
 3

 t
hr

ea
d

s,
 1

0.
5%

 
in

 p
at

ie
nt

s 
w

ith
ou

t 
hi

st
or

y 
of

 p
er

io
, 3

7.
9%

 in
 p

at
ie

nt
s 

w
ith

 h
is

to
ry

 o
f p

er
io

)



sy
st

e
m

a
ti

c
 r

e
v

ie
w

 p
e

r
i-

im
pl

a
n

t 
c

o
n

d
it

io
n

s

A
ll 

st
ud

ie
s

m
ea

n 
(S

D
)

1.
54

(2
.0

4)
5.

10
/6

.1
6

(3
.5

4)
/(

4.
18

)
3.

47
(0

.9
6)

0.
35 (-)

38
.1

/ 
- 

/4
6.

7
(2

0.
4)

/(
-)/

(-)
0.

19 (-)
31

.5
/3

9.
0/

95
.6

(2
1.

2)
/(

47
.9

)/
(-)

52
.3

/ 
-

(-)
/(

-)
13

.2
/2

8.
3

(5
.2

)/
(1

8.
3)

ra
ng

e
0-

5.
5

0-
10

.1
/

0-
11

.7
2.

60
-4

.8
-

- 
/ 

- 
/ 

-
-

10
.2

-6
0.

6/
5.

8-
93

.9
/-

- 
/ 

-
7.

2-
16

.9
/1

0.
7-

47
.2

Pr
os

p
ec

tiv
e 

st
ud

ie
s

w
ei

g
ht

ed
 m

ea
n

1.
0

5.
2/

6.
6

3.
23

0.
32

22
.6

/ 
- 

/-
0.

19
29

.4
/1

1.
0/

-
-

-

95
%

 C
I

0.
3-

3.
3

3.
5-

7.
7/

4.
8-

9.
1

2.
81

-3
.6

6
0.

19
-0

.4
5

16
.4

-3
0.

4/
-/

-
0.

15
-0

.2
3

18
.4

-4
3.

4/
3.

6-
29

.0
/-

-
-

I2
50

.8
48

.6
/2

8.
5

96
.4

82
.7

84
.4

0
97

.8
/6

7.
7/

-
-

-

C
ro

ss
-s

ec
tio

na
l s

tu
d

ie
s

w
ei

g
ht

ed
 m

ea
n

3.
2

4.
3/

4.
8

-
-

-
-

32
.4

/-
/-

-
-

95
%

 C
I

1.
1-

8.
9

0.
5-

29
.9

/
0.

4-
37

.1
-

-
-

-
7.

1-
75

.1
/-

/-
-

-

I2
44

.6
64

.5
/6

9.
2

-
-

-
-

98
.9

/-
/-

-
-

cl
in

 e
va

lu
at

ed
 =

 c
lin

ic
al

ly
 e

va
lu

at
ed

; s
ub

j =
 s

ub
je

ct
s;

 im
p

l =
 im

p
la

nt
s;

 (m
) =

 p
er

i-i
m

p
la

nt
 m

uc
os

iti
s 

an
al

ys
is

; (
p

i) 
=

 p
er

i-i
m

p
la

nt
iti

s 
an

al
ys

is
; S

D
 =

 s
ta

nd
ar

d
 d

ev
ia

tio
n;

 9
5%

 C
I =

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
; 

N
R 

=
 n

ot
 r

ep
or

te
d

;  
PP

D
 =

 p
ro

b
in

g
 p

oc
ke

t 
d

ep
th

; 6
 s

ite
s 

=
 m

ea
su

re
d

 a
t 

si
x 

si
te

s 
ar

ou
nd

 t
he

 im
p

la
nt

s;
 m

PI
 =

 m
ea

n 
m

od
ifi

ed
 p

la
q

ue
 in

d
ex

 (M
om

b
el

li 
et

 a
l. 

19
87

) m
ea

su
re

d
 a

t 
4 

si
te

s 
p

er
 im

p
la

nt
; 

m
B

I =
 m

ea
n 

m
od

ifi
ed

 b
le

ed
in

g
 in

d
ex

 (M
om

b
el

li 
et

 a
l. 

19
87

) m
ea

su
re

d
 a

t 
4 

si
te

s 
p

er
 im

p
la

nt
; m

m
 =

 m
ill

im
et

er
s;

 B
oP

+
 =

 b
le

ed
in

g
 o

n 
p

ro
b

in
g

; p
er

io
 =

 p
er

io
d

on
tit

is
; C

IS
T 

=
 c

um
ul

at
iv

e 
in

te
rc

ep
tiv

e 
su

p
p

or
tiv

e 
th

er
ap

y

Ta
b

le
 6

. O
ut

co
m

es
 o

f s
tu

d
ie

s 
re

p
or

tin
g

 o
n 

p
ar

tia
lly

 e
d

en
tu

lo
us

 s
ub

je
ct

s 
(fo

llo
w

 u
p

 p
er

io
d

 ≥
 1

0 
ye

ar
s)

# 
cl

in
. e

va
lu

at
ed

ou
tc

om
es

au
th

or
s

su
b

j
im

p
l

%
 im

p
l 

lo
st

 
b

ef
or

e 
lo

ad
in

g

%
 im

p
l l

os
t 

d
ur

in
g

 f
un

c-
ti

on
 (f

ra
ct

ur
es

 
ex

cl
ud

ed
)

PP
D

(S
D

)
m

PI
(S

D
)

p
re

se
nc

e 
of

 
p

la
q

ue
%

 s
it

es
/i

m
p

l/
su

b
j

m
B

I
(S

D
)

b
le

ed
in

g
 o

n 
p

ro
b

in
g

%
 s

it
es

/i
m

p
l/

su
b

j

p
er

i-i
m

p
la

nt
 

m
uc

os
it

is
%

 im
p

l/
su

b
j

p
er

i-i
m

p
la

nt
it

is
%

 im
p

l/
su

b
j

Prospective studies

Le
kh

ol
m

 e
t 

al
. (

19
99

)
89

30
4

3.
5

3.
3/

4.
4

N
R

N
R

N
R

N
R

10
.4

/N
R/

N
R

N
R

N
R

G
un

ne
 e

t 
al

. (
19

99
)

20
52

1.
4

10
.1

/1
1.

7
N

R
N

R
N

R
N

R
N

R/
5.

8/
N

R
N

R
N

R

Le
on

ha
rd

t 
et

 a
l. 

(2
00

2)
15

54
0

4.
8/

5.
3

N
R

N
R

N
R/

N
R/

46
.7

N
R

60
.6

/N
R/

N
R

N
R

N
R

K
ar

ou
ss

is
 e

t 
al

. (
20

04
a,

b
), 

B
rä

g
g

er
 e

t 
al

. (
20

05
)

89
16

6
0

5.
0/

7.
3

2.
60

 (0
.4

1)
3.

14
 (1

.3
6)

3.
12

 (1
.0

7)

0.
35

 (0
.4

1)
0.

42
 (0

.3
5)

0.
18

 (0
.2

1)
N

R
0.

19
 (0

.2
8)

0.
19

 (0
.2

7)
0.

21
 (0

.3
4)

38
.1

/N
R/

N
R

51
.8

/N
R/

N
R

45
.6

/N
R/

N
R

N
R

15
.4

/N
R

(c
rit

er
ia

: P
PD

 ≥
 5

m
m

, B
oP

+
, 

ra
d

io
g

ra
p

hi
c 

si
g

ns
 o

f b
on

e 
lo

ss
 b

et
w

ee
n 

1 
ye

ar
 a

nd
 

fin
al

 e
xa

m
in

at
io

n)

B
er

g
en

b
lo

ck
 e

t 
al

. (
20

12
)

47
52

0
1.

5/
1.

8
N

R
N

R
N

R
N

R
10

.7
/1

7.
3/

N
R

N
R

N
R

Ro
cc

uz
zo

 e
t 

al
. (

20
10

, 
20

12
)

28
59

0

6.
8

3.
3

3.
1 

(0
.5

)
N

R
16

.1
/N

R/
N

R
N

R
12

.3
/N

R/
N

R
N

R
N

R/
10

.7

37
88

0
7.

4
3.

5 
(0

.9
)

N
R

29
.0

/N
R/

N
R

N
R

31
.0

/N
R/

N
R

N
R

N
R/

27
.0

36
81

0
10

3.
9 

(0
.7

)
N

R
23

.1
/N

R/
N

R
N

R
30

.9
/N

R/
N

R
N

R

N
R/

47
.2

  
(c

rit
er

ia
: t

re
at

m
en

t 
C

 o
r 

D
 o

f 
C

IS
T 

p
ro

to
co

l =
 B

oP
+

, P
PD

 
>

 5
 m

m
, b

on
e 

lo
ss

)

Cross-sectional studies

Ro
os

-J
an

så
ke

r 
et

 a
l. 

(2
00

6a
,b

,c
)

15
6

64
2 

(m
)

64
3 

(p
i)

N
R

N
R

N
R

N
R

N
R

N
R

N
R

52
.3

/N
R 

(c
rit

er
ia

: P
PD

 
≥ 

4 
m

m
 a

nd
 

B
oP

+
)

7.
2/

N
R

(c
rit

er
ia

: B
oP

+
 a

nd
/o

r 
su

p
-

p
ur

at
io

n 
an

d
 b

on
e 

lo
ss

  
≥ 

3 
th

re
ad

s 
b

et
w

ee
n 

1 
ye

ar
 

an
d

 fi
na

l e
xa

m
in

at
io

n)

B
on

d
e 

et
 a

l. 
(2

01
0)

45
49

5.
5

0/
0

4.
8 

(N
R)

6 
si

te
s

N
R

N
R

N
R

55
.1

/9
3.

9/
95

.6
6 

si
te

s
N

R
N

R

Si
m

on
is

 e
t 

al
. (

20
10

)
55

10
9

1.
9

9.
3/

11
.5

2.
73

 (0
.8

1)
6 

si
te

s
N

R
52

.5
/N

R/
N

R
6 

si
te

s
N

R
15

.8
/N

R/
N

R
6 

si
te

s
N

R

16
.9

/N
R

(c
rit

er
ia

: P
PD

 ≥
 5

 m
m

, B
oP

+
 

an
d

/o
r 

su
p

p
ur

at
io

n,
 r

ad
io

-
g

ra
p

hi
c 

b
on

e 
lo

ss
  

≥ 
2.

5 
m

m
 o

r 
b

on
e 

lo
ss

 e
x-

te
nd

in
g

 ≥
 3

 t
hr

ea
d

s,
 1

0.
5%

 
in

 p
at

ie
nt

s 
w

ith
ou

t 
hi

st
or

y 
of

 p
er

io
, 3

7.
9%

 in
 p

at
ie

nt
s 

w
ith

 h
is

to
ry

 o
f p

er
io

)



sy
st

e
m

a
ti

c
 r

e
v

ie
w

 p
e

r
i-

im
pl

a
n

t 
c

o
n

d
it

io
n

s

43

for variations in smoking no differences in the number of implants affected by peri-
implantitis between FES and PES were observed. In both groups smokers showed a 
substantially higher prevalence of peri-implantitis than never-smokers and ex-smokers 
(FES: smokers 16.1%, ex-smokers 1.5%, never-smokers 3.4%; PES: smokers 15.3%, ex-
smokers 2.0%, never-smokers 4.4%). Thus, smoking appeared to be a substantial risk 
factor for developing peri-implantitis in both FES and PES. No such corrections could 
be made for the prevalence of peri-implant mucositis or implant loss.
The PES group was subdivided in subjects with and without a history of periodontitis. 
This revealed a much higher occurrence of implant loss and much higher prevalence 
of peri-implantitis in the periodontitis patients compared to the non-periodontitis pa-
tients (implant loss: 17.0% versus 3.2%; peri-implantitis: 9.2% versus 2.2%). The occur-
rence of implant loss and the prevalence of peri-implantitis in FES was higher than in 
the non-periodontitis PES group, but lower than the periodontitis PES group.  

Discussion

In this review the clinical outcomes of implant treatment were compared between FES 
and PES. The results of this systematic review were based on one cross-sectional study 
evaluating implant treatment in both FES and PES and 36 prospective studies and 9 
cross-sectional studies evaluating either FES or PES. 
In PES the majority of the implants were placed in the maxilla (53.9%), whereas in FES 
100% of the implants were placed in the mandibula. Higher failure rates (Esposito et 
al. 1998, Berglundh et al. 2002) and a higher prevalence of detectable (but not overt) 
peri-implantitis (Koldsland et al. 2011) have been reported for implants placed in the 
maxilla, which may partly be explained by a lower bone quality generally found in the 
maxilla as compared to the mandible. However, we found no differences regarding 
early implant loss between FES and PES despite the difference in maxilla/mandibula 
ratio. 
The results also indicate that FES generally show higher plaque levels than PES. It 
might be hypothesized that FES are less accustomed in maintaining proper oral hy-
giene levels, because they did not (need to) do so before receiving oral implants. A 
second explanation could be that plaque around implants supporting overdentures 
is more persistent than plaque around implants supporting single crowns and partial 
bridges, because it is less accessible for natural cleaning by tongue, lip, cheek and 
saliva. The higher plaque levels in FES might also partly be explained by the fact that, 
on average, the FES were older than the PES (mean age: 57.7 versus 46.1 years). It 
has been shown that older patients generally have more oral hygiene problems than 
younger patients (Meijer et al. 2001a, Engfors et al. 2004). Older patients generally 
experience higher morbidity and, as a consequence, have a higher daily medicati-
on intake. This might negatively influence the capability of performing oral hygiene 
measures and other factors such as salivary flow, and might thereby increase the risk 
of oral health problems. With this in mind it could be expected that, besides higher 
plaque levels, the generally older FES would also experience more implant loss, show 
higher probing pocket depths, more peri-implant mucosal bleeding and an increased 
prevalence of peri-implantitis. However, this could not be substantiated by this syste-
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for variations in smoking no differences in the number of implants affected by peri-
implantitis between FES and PES were observed. In both groups smokers showed a 
substantially higher prevalence of peri-implantitis than never-smokers and ex-smokers 
(FES: smokers 16.1%, ex-smokers 1.5%, never-smokers 3.4%; PES: smokers 15.3%, ex-
smokers 2.0%, never-smokers 4.4%). Thus, smoking appeared to be a substantial risk 
factor for developing peri-implantitis in both FES and PES. No such corrections could 
be made for the prevalence of peri-implant mucositis or implant loss.
The PES group was subdivided in subjects with and without a history of periodontitis. 
This revealed a much higher occurrence of implant loss and much higher prevalence 
of peri-implantitis in the periodontitis patients compared to the non-periodontitis pa-
tients (implant loss: 17.0% versus 3.2%; peri-implantitis: 9.2% versus 2.2%). The occur-
rence of implant loss and the prevalence of peri-implantitis in FES was higher than in 
the non-periodontitis PES group, but lower than the periodontitis PES group.  

Discussion

In this review the clinical outcomes of implant treatment were compared between FES 
and PES. The results of this systematic review were based on one cross-sectional study 
evaluating implant treatment in both FES and PES and 36 prospective studies and 9 
cross-sectional studies evaluating either FES or PES. 
In PES the majority of the implants were placed in the maxilla (53.9%), whereas in FES 
100% of the implants were placed in the mandibula. Higher failure rates (Esposito et 
al. 1998, Berglundh et al. 2002) and a higher prevalence of detectable (but not overt) 
peri-implantitis (Koldsland et al. 2011) have been reported for implants placed in the 
maxilla, which may partly be explained by a lower bone quality generally found in the 
maxilla as compared to the mandible. However, we found no differences regarding 
early implant loss between FES and PES despite the difference in maxilla/mandibula 
ratio. 
The results also indicate that FES generally show higher plaque levels than PES. It 
might be hypothesized that FES are less accustomed in maintaining proper oral hy-
giene levels, because they did not (need to) do so before receiving oral implants. A 
second explanation could be that plaque around implants supporting overdentures 
is more persistent than plaque around implants supporting single crowns and partial 
bridges, because it is less accessible for natural cleaning by tongue, lip, cheek and 
saliva. The higher plaque levels in FES might also partly be explained by the fact that, 
on average, the FES were older than the PES (mean age: 57.7 versus 46.1 years). It 
has been shown that older patients generally have more oral hygiene problems than 
younger patients (Meijer et al. 2001a, Engfors et al. 2004). Older patients generally 
experience higher morbidity and, as a consequence, have a higher daily medicati-
on intake. This might negatively influence the capability of performing oral hygiene 
measures and other factors such as salivary flow, and might thereby increase the risk 
of oral health problems. With this in mind it could be expected that, besides higher 
plaque levels, the generally older FES would also experience more implant loss, show 
higher probing pocket depths, more peri-implant mucosal bleeding and an increased 
prevalence of peri-implantitis. However, this could not be substantiated by this syste-
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matic review. No differences were found in implant loss and probing pocket depth 
and the outcomes on mucosal bleeding were inconsistent. Although mBI-scores were 
significantly higher in FES, no differences in BoP were observed between FES and 
PES. Due to lack of data, no comparison could be made regarding prevalence of peri-
implant mucositis and peri-implantitis. However, the only study describing both FES 
and PES tended to show favorable results for FES, both with regard to survival rate 
and prevalence of peri-implant mucositis and peri-implantitis. From the abovemen-
tioned, it might be hypothesized that the quantity of the plaque plays a less predomi-
nant role in the development of peri-implant disease than the quality of the plaque, 
i.e. the microbial composition. 
Peri-implant mucositis represents the obvious precursor of peri-implantitis, as does 
gingivitis for periodontitis (Lang et al. 2011). It has been shown that the progression 
from peri-implant mucositis to peri-implantitis is significantly associated with lack of 
preventive maintenance (Costa et al. 2012). Furthermore, attendance in a structured 
maintenance program, as compared to only an annual implant examination, has been 
strongly related to implant survival (Anner et al. 2010). Therefore, prevention and 
treatment of mucositis is mandatory for the prevention of peri-implantitis. In the stud-
ies evaluated in this systematic review maintenance frequency ranged from one to 
four times a year, with most patients being examined once every year. In many studies 
recall frequency was either not reported, not specified or unknown because patients 
were referred back to their general dentist. 
Only six of the evaluated studies reported on the prevalence of peri-implantitis and 
used well defined criteria to diagnose it. Unfortunately these criteria differentiated 
between the studies, making a comparison difficult. Koldsland et al. (2010) showed 
that using different thresholds to define peri-implant disease results in substantial va-
riance in prevalence. They reported, based on a cross-sectional study evaluating im-
plants in function from 1 to 16 years, a peri-implantitis prevalence ranging from 5.4% 
(implant level, 11.3% on subject level, threshold: BoP+, PPD ≥ 6 mm and bone loss ≥ 3 
mm) to 11.4% (implant level, 20.4% on subject level, threshold: BoP+, PPD ≥ 4 mm and 
bone loss ≥ 2 mm) depending on the definition used. In the present systematic review, 
peri-implantitis prevalence reported on implant level ranged from 0% to 3.4% after 
an observation period of 5 years and from 5.8% to 16.9% after an observation period 
of ≥ 10 years. On subject level the prevalence of peri-implantitis ranged from 10.7% 
to 47.2% after 10 years of observation. Apparently, peri-implantitis is not very likely to 
occur within the first five years of implant functioning, whereas after this period it is 
a frequently observed problem.  A higher prevalence is reported in smokers (Roos-
Jansåker et al. 2006b,c) and patients with a history of periodontitis (Roos-Jansåker 
et al. 2006c, Gatti et al. 2008, Simonis et al. 2010, Roccuzzo et al. 2012). FES seem to 
exhibit less peri-implantitis than PES with a history of periodontitis but more than non-
periodontitis PES (Roos-Jansåker et al. 2006c). The latter might by explained by the 
high probability of the FES group containing a substantial number of subjects with a 
history of periodontitis. Although full-mouth tooth extraction might reduce the num-
ber of periodontal pathogens present in the oral cavity (Danser et al. 1994, Van Assche 
et al. 2009) it will not alter the potential genetic susceptibility for periodontal disease 
and lifestyle factors. Figures on the number of FES being ex-periodontitis patients 
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matic review. No differences were found in implant loss and probing pocket depth 
and the outcomes on mucosal bleeding were inconsistent. Although mBI-scores were 
significantly higher in FES, no differences in BoP were observed between FES and 
PES. Due to lack of data, no comparison could be made regarding prevalence of peri-
implant mucositis and peri-implantitis. However, the only study describing both FES 
and PES tended to show favorable results for FES, both with regard to survival rate 
and prevalence of peri-implant mucositis and peri-implantitis. From the abovemen-
tioned, it might be hypothesized that the quantity of the plaque plays a less predomi-
nant role in the development of peri-implant disease than the quality of the plaque, 
i.e. the microbial composition. 
Peri-implant mucositis represents the obvious precursor of peri-implantitis, as does 
gingivitis for periodontitis (Lang et al. 2011). It has been shown that the progression 
from peri-implant mucositis to peri-implantitis is significantly associated with lack of 
preventive maintenance (Costa et al. 2012). Furthermore, attendance in a structured 
maintenance program, as compared to only an annual implant examination, has been 
strongly related to implant survival (Anner et al. 2010). Therefore, prevention and 
treatment of mucositis is mandatory for the prevention of peri-implantitis. In the stud-
ies evaluated in this systematic review maintenance frequency ranged from one to 
four times a year, with most patients being examined once every year. In many studies 
recall frequency was either not reported, not specified or unknown because patients 
were referred back to their general dentist. 
Only six of the evaluated studies reported on the prevalence of peri-implantitis and 
used well defined criteria to diagnose it. Unfortunately these criteria differentiated 
between the studies, making a comparison difficult. Koldsland et al. (2010) showed 
that using different thresholds to define peri-implant disease results in substantial va-
riance in prevalence. They reported, based on a cross-sectional study evaluating im-
plants in function from 1 to 16 years, a peri-implantitis prevalence ranging from 5.4% 
(implant level, 11.3% on subject level, threshold: BoP+, PPD ≥ 6 mm and bone loss ≥ 3 
mm) to 11.4% (implant level, 20.4% on subject level, threshold: BoP+, PPD ≥ 4 mm and 
bone loss ≥ 2 mm) depending on the definition used. In the present systematic review, 
peri-implantitis prevalence reported on implant level ranged from 0% to 3.4% after 
an observation period of 5 years and from 5.8% to 16.9% after an observation period 
of ≥ 10 years. On subject level the prevalence of peri-implantitis ranged from 10.7% 
to 47.2% after 10 years of observation. Apparently, peri-implantitis is not very likely to 
occur within the first five years of implant functioning, whereas after this period it is 
a frequently observed problem.  A higher prevalence is reported in smokers (Roos-
Jansåker et al. 2006b,c) and patients with a history of periodontitis (Roos-Jansåker 
et al. 2006c, Gatti et al. 2008, Simonis et al. 2010, Roccuzzo et al. 2012). FES seem to 
exhibit less peri-implantitis than PES with a history of periodontitis but more than non-
periodontitis PES (Roos-Jansåker et al. 2006c). The latter might by explained by the 
high probability of the FES group containing a substantial number of subjects with a 
history of periodontitis. Although full-mouth tooth extraction might reduce the num-
ber of periodontal pathogens present in the oral cavity (Danser et al. 1994, Van Assche 
et al. 2009) it will not alter the potential genetic susceptibility for periodontal disease 
and lifestyle factors. Figures on the number of FES being ex-periodontitis patients 
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to gather and often not reliable since depending mostly on self-reporting. 
It is desirable that future reports on the prevalence of peri-implant disease clearly 
specify the threshold values used to diagnose peri-implant disease and specify the 
distribution of FES/PES, smokers/non-smokers and patients with/without a history of 
periodontitis (also in FES). 

Conclusions
Within the limits of this systematic review, it can be concluded that:
•	 FES generally harbor more plaque at their implants than PES;
•	 No differences can be observed between FES and PES regarding implant loss 

and mean probing pocket depth. Inconsistent data exists regarding peri-implant 
mucosal bleeding.

•	 As of yet, no comparison on prevalence of peri-implant mucositis and peri-im-
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•	 Peri-implantitis prevalence reported on implant level ranges from 0% to 3.4% af-
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without a history of periodontitis. No data are available to allow for a comparison 
between FES with and without a history of periodontitis;

•	 Smoking seems to be a risk indicator for the development of peri-implantitis both 
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