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ABSTRACT
Peri-implant disease is a serious problem that plagues today's dentistry, both in terms 
of therapy and epidemiology. With the expansion of the practice of implantology and an 
increasing number of implants placed annually, the frequency of peri-implant disease 
has greatly expanded. Its clinical manifestations, in the absence of a globally established 
classification, are peri-implant mucositis and peri-implantitis, the counterparts of gingivitis 
and periodontitis, respectively.
However, many doubts remain about its features. Official diagnostic criteria, globally 
recognized by the dental community, have not yet been introduced. The latest studies 
using metagenomic methods are casting doubt on the assumption of microbial equivalence 
between periodontal and peri-implant crevices. Research on most of the features of peri-
implant disease remains at an early stage; moreover, there is not a commonly accepted 
treatment for it. In any case, although the evidence so far collected is limited, we need to 
be aware of the current state of the science regarding this topic to better understand and 
ultimately prevent this disease.
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INTRODUCTION

Dental implant placement has been recognized for more than 30 years as a predictable, 
long-term option in the treatment of edentulous areas. Through the years, the validity of this 
treatment option has been confirmed by several long-term studies [1,2].

Nonetheless, the possible complications arising from this therapeutic option have attracted 
the attention of research from early on. Researchers have focused their attention on the 
effects of plaque accumulation and sustained bacterial infection around implants [3-5].

Peri-implant disease has become a main focus in terms of prevention and treatment, and 
has come to the attention of the major international dental associations in the field. In fact, 
two consecutive consensus conferences have been organized by the European Federation 
of Periodontology (EFP), in 2008 and 2011, to discuss the disease. At the first conference, 
researchers focused on the definition, diagnosis, prevalence, risk factors, and surgical and 
non-surgical treatment of peri-implant disease, and, at the second, they discussed more 
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thoroughly the similarities and differences between peri-implant mucositis/peri-implantitis 
and gingivitis/periodontitis, the relationships between tooth and implant biofilms, and the 
influence of surface characteristics on implant biofilm formation [6,7]. The third European 
Association for the Osseointegration (EAO) Consensus Conference in 2012 outlined the 
most recent evidence regarding prevalence, the role of occlusal overload, and the outcomes 
of surgical and non-surgical treatment [8]. More recently, in 2013, the American Academy 
of Periodontology (AAP) released its official statement regarding the diagnosis and clinical 
implications of peri-implant mucositis and peri-implantitis [9].

ETIOLOGY AND DIAGNOSIS

None of the consensus statements from the EFP or EAO report any specific data regarding 
a determined probing depth by which we can make a diagnosis of peri-implant mucositis or 
peri-implantitis, but, rather, they refer to the presence of bleeding on probing (BOP) for peri-
implant mucositis and progressive bone loss for peri-implantitis [6,7]. The AAP guidelines, 
conversely, refer to the diagnostic findings of BOP and bone loss at a probing depth (PD) 
of ≥4 mm [9]. Mombelli and Lang [10] state that pockets of 5 mm or more may serve as 
protected habitats for the putative pathogens of peri-implant disease, though they do not 
imply that a PD ≥5 mm is a diagnostic criterion for peri-implantitis. Indeed, they observe that 
peculiarity in the implant’s design and surface characteristics can make probing impossible 
or increase resistance to probe penetration, and that marginal tissue recessions can lead to 
misinterpretation of the PD as an indicator of bone loss. For these reasons, attachment level 
relative to a fixed reference point on the implant or its suprastructure should be used as a 
reference for diagnostic implant probing.

The onset of peri-implant disease is caused by an imbalance between the bacterial load and 
the host defense. The microbiota responsible for the disease and the factors that can sustain 
and increase its detrimental potential will be discussed later in this chapter.

The criteria for a correct diagnosis of peri-implant disease have been clearly defined by 
Heitz-Mayfield in a review edited in the context of the 6th EFP Consensus [11]. According to 
this review, probing and radiographic assessment are the primary diagnostic means. Probing 
should be performed using a force of 0.25 N in order not to damage the peri-implant tissues 
and aims at assessing the presence of BOP, which indicates the presence of inflammation 
in the peri-implant mucosa. It is a predictor for the loss of tissue support. PD should be 
assessed regularly for the detection of BOP and possible suppuration, and to determine any 
increase in depth over time, which is usually associated with the loss of attachment and 
supporting bone.

Radiographs should also be taken regularly to assess the possible increase in bone loss. Thus 
far there has not been a settled, official classification distinguishing different degrees of 
severity of peri-implant disease, such as the classification we have for periodontal disease, 
but, in 2012, a classification was proposed by Froum and Rosen [12] (Table 1).

This classification uses, as diagnostic criteria, a dichotomous method based on PD and bone 
loss, dividing the disease into three clinical stages: early, with PD ≥4 mm and bone loss of less 
than 25% of the implant length; moderate, with PD ≥6 mm and bone loss between 25% and 
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50% of the implant length; and advanced, with PD ≥8 mm and bone loss of more than 50% of 
the implant length.

A considerable advantage of this classification is the assessment of bone loss in terms of 
percentage of the total length, rather than in millimeters (since every implant has a different 
length and every implant system has a different shape).

Diagnostic prerequisites for this classification are the presence of inflammation and 
progressive bone loss. Clinical inflammation was defined as the presence of BOP, or 
suppuration at two out of six areas around the implant. Bone loss was defined as that seen 
and measured on radiographs that have been taken regularly.

A classification of the peri-implant defect configuration has been proposed by Schwarz 
et al. [13] after examining 40 implants affected by peri-implantitis in human subjects and 
after inducing peri-implantitis in 15 implants placed in five beagle dogs. The defects were 
classified as Class I when featuring a clear intrabony component (Figure 1 and 2), and Class 
II when the bone resorption was horizontal suprabony (Figure 3). Class I defects were further 
classified into five sub-categories (a-e) according to the configuration of the intrabony 
component (Table 2).

However, a new and commonly accepted classification system for peri-implant disease is 
expected from a workshop to be held in 2017 by the AAP and EFP [14].

THE MICROBIOTA ASSOCIATED WITH PERI-IMPLANTITIS

The subgingival microbial flora of diseased implants has generally been considered to have 
quite common characteristics. An early study from Rams et al. [15] showed that, while 
the microbial population surrounding healthy implants had high rates of coccoid gram-
positive cells and few spirochetes, there was an inversion of this tendency with increasing 
PD and gingival inflammation. In most of the human studies assessing peri-implant 
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Table 1. Classification of peri-implant disease

Types Characteristics
Early PD ≥ 4 mm (bleeding and/or suppuration on probing)

Bone loss < 25% of the implant length
Moderate PD ≥ 6 mm (bleeding and/or suppuration on probing)

Bone loss 25% to 50% of the implant length
Advanced PD ≥ 8 mm (bleeding and/or suppuration on probing)

Bone loss > 50% of the implant length
PD, probing depth.

Table 2. Classification of periodontal bony defects

Types Characteristics
Class I a Combined horizontal and vertical loss of the adjacent vestibular alveolar bone, leading to a dehiscence-type defect.

b Higher dehiscence values than Class Ia defects and clearly identifiable mesial and distal circumferential component.
c Additional circumferential component measured as the linear mid-oral distance from the implant surface to the inner surface of the 

alveolar bone components, without resulting in a dehiscence-type defect on the oral aspect.
d Clear mesial and distal component with oral and vestibular dehiscence.
e Clear mesial, distal, vestibular, and oral component without a dehiscence-type defect.

Class II Consistent horizontal bone loss, identifiable as supra-alveolar exposition of the implant.
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Figure 2. Class I-e peri-implant defect.

Figure 3. Class II peri-implant defect.

Figure 1. Class I-c peri-implant defect.



microbiota, there is a consistently high incidence of Prevotellaceae (P. intermedia, P. buccae, 
P. oralis, P. melaninogenica, P. denticola, P. nigrescens), Porphyromonas gingivalis, Fusobacterium 
nucleatum, Tannerella forsythia, and Treponema denticola in diseased implants, as well as coccoid 
gram positive cells in healthy implants [16-22]. These findings have been confirmed by 
experimental studies on ligature-induced peri-implantitis on animal models, in which the 
characteristic shift in the microbial flora has been confirmed [23-26].

The finding of Aggregatibacter actinomycetemcomitans is inconstant with the findings of the other 
studies; this might be due to the individual composition of the oral microflora of the patients 
included in the studies [17,18].

The colonization of the implant’s surface by microbial species starts already 30 minutes 
after implant placement, and the bacteria load stays the same for the first week. Between the 
first and the twelfth week after surgery, the bacterial load becomes significantly higher for 
several species, among which are P. gingivalis, T. forsythia, and T. denticola [22]. At 12 months, 
the bacterial load appears to be significantly higher for some species, in particular T. forsythia 
and, to a lesser extent, P. gingivalis [21].

According to the studies cited above, the bacterial composition of the peri-implant biofilm 
closely resembles that of the neighboring teeth, which implies that the microbial flora on 
natural teeth serve as the reservoir for the biofilm formation around implants. In the same 
way, the qualitative composition of the biofilm microflora in peri-implantitis resembles that 
of periodontitis, which explains why patients with active periodontal disease are at higher 
risk for peri-implantitis. In support of this theory, a study conducted by Kočar et al. [27] on a 
population of partially edentulous and fully edentulous patients found that the peri-implant 
and periodontal sulci of partially edentulous patients had no differences in the microflora, 
sharing the same periodontopathogenic species, but none of these bacteria were found in the 
peri-implant sulci or the alveolar gingiva of completely edentulous patients. Moreover, a few 
studies on humans have shown the presence of non-periodontal microbial species, such as 
Pseudomonas aeruginosa, Candida albicans, Staphylococcus aureus, and Staphylococcus Warneri, around 
diseased implants [18,19,28]. In particular, Albertini et al. [19] found, in two patients out of 
33, a complete absence of periodontal microorganisms commonly found in periodontitis.

However, all the above-mentioned studies have the limitation of using culture-dependent 
or molecular methods to detect bacteria around implants. The culture-dependent methods 
initially used are time consuming and limited only to the cultivable species. Molecular 
methods, such as PCR or DNA-DNA hybridization, are faster, but have the disadvantage of a 
need to pre-select DNA probes for the specific bacterial taxa investigated, thus creating a sort 
of bias. In fact, most of the knowledge of peri-implant microbiota derives from periodontitis. 
In recent years, the latest sequencing technologies, such as the 16S rRNA sequencing, have 
been able to overcome the limitations of both the methods mentioned above and have 
introduced a new concept of the “microbiome,” intended to refer to the full collection of 
genes of all the microbes in a community [29]. These culture-independent metagenomic 
methods are potentially able to identify previously undetected and uncultivable bacteria, as 
well as different strains of known bacteria, allowing the analysis of genetic material harvested 
directly from the oral microbial environment. The Human Oral Microbiome Database 
(HOMD) includes 619 taxa in 13 phyla, as follows: Actinobacteria, Bacteroidetes, Chlamydiae, 
Chloroflexi, Euryarchaeota, Firmicutes, Fusobacteria, Proteobacteria, Spirochaetes, SR1, 
Synergistetes, Tenericutes, and TM7. Fifty-four percent are officially named, 14% unnamed 
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(but cultivated) and 32% are known only as uncultivated phylotypes [30].

There are only a few studies thus far that have used metagenomic methods of investigation, 
but the results are interesting and pave the way to a paradigm shift in the understanding 
of peri-implantitis disease. Kumar et al. [31] found a unique microbial population in peri-
implant sulci (both healthy and diseased) compared to periodontal-associated biofilm, 
with lower levels of Prevotella, non-mutans Streptococcus, Lactobacillus, Selenomonas, Leptotrichia, 
and Actinomyces, and higher levels of Peptococcus, Mycoplasma, Eubacterium, Campylobacter, 
Butyrivibrio, S. mutans, and Treponema. In a subsequent study, they also concluded that local 
proximity of teeth to the implant is not sufficient to determine colonization, in contrast with 
the previous theory based on culture-based and molecular methods [32]. Sixty percent of 
subjects analyzed in the aforementioned study shared less than 50% of all species between 
their periodontal and peri-implant biofilms, and 85% of individuals shared less than 8% 
of abundant species between tooth and implant. Consistent with these results, a study by 
Koyanagi et al. [33] found 192 and 148 bacterial taxa in peri-implant and periodontal sites, 
respectively, and the microbial composition of peri-implantitis was more diverse when 
compared with that of periodontitis. The microbial diversity of peri-implantitis was also 
detected in a study by van der Horst et al. [34], but clinical parameters such as probing depth 
and dentate status were determinant for the composition of the submucosal microbiome.

Zhang et al. [35] found that Catonella, Desulfovibrio, Mogibacterium, Peptostreptococcus, and 
Propionibacterium were present in greater abundance in chronic periodontitis subjects, while 
implant subjects had higher proportions of Brevundimonas and Pseudomonas species. Zheng 
et al. [36] noted that putative pathogens associated with peri-implantitis were present at a 
moderate level relative to their abundance in peri-implant mucositis and that Eubacterium 
minutum levels were greater at peri-implantitis locations.

Synergistetes—a bacterial phylum of gram-negative curved rods recently associated with 
chronic periodontitis—necrotizing gingivitis, and endodontic infections have been detected 
in two recent studies [37,38]. Belisabakis et al. [37] found that Spirochaetes of the Treponema 
groups I–III, but not group IV, and Synergistetes of cluster A were highly associated with 
peri-implantitis and that these latter species appear to display a stronger association with 
peri-implantitis than Spirochaetes. Yu et al. [38] investigated the presence of Synergistetes 
in healthy and diseased periodontal and peri-implant sites and found 25 of oral cluster A and 
one of oral cluster B, belonging to the species of Fretibacterium fastidiosum and Pyramidobacter 
piscolens, and the results showed that diverse Synergistetes populations inhabit both diseased 
and healthy periodontal and peri-implant niches.

HOST-RESPONSE IN PERI-IMPLANT DISEASE

After an initial focus on the etiology and microbiology of peri-implantitis, the attention of 
research since the late 90s has shifted towards the host-response and inflammatory mediators 
involved in the disease. A study from Salcetti et al. [39] has shown the significantly elevated 
levels of PGE2, IL-1β, and PDGF in the crevicular fluid of implants affected by peri-implantitis, 
as compared to mouths with healthy control implants. Plagnat et al. [40] showed how levels 
of alkaline phosphatase activity, elastase activity, and α2-macroglobulin, markers commonly 
associated with periodontitis, were significantly higher in crevicular fluid collected around 
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implants with peri-implantitis, as compared to crevicular fluid from healthy implants.

More recently, Duarte et al. [41] have assessed, using quantitative polymerase chain reaction, 
the gene expression of inflammation-related factors such as interleukin (IL)-12, tumor necrosis 
factor-α (TNF-α), IL-4, and IL-10, and osteoclastogenesis-related factors such as receptor 
activator of NF-kB ligand (RANKL) and osteoprotegerin (OPG) in gingival biopsy from healthy 
implants and implants showing mucositis, initial peri-implantitis, and severe peri-implantitis. 
The results showed that, regarding the inflammation-related factors, IL-12 and TNF-α mRNA 
levels were significantly higher in severe peri-implantitis, followed by initial peri-implantitis, 
and mucositis, while IL-4 was higher in healthy implants, followed by mucositis, severe, and 
initial peri-implantitis. Concerning osteoclastogenesis-related factors, OPG mRNA levels were 
higher in healthy implants, followed by initial peri-implantitis, severe peri-implantitis, and 
mucositis, whereas RANKL increased as the severity of peri-implantitis increased.

Several studies have focused their attention on the correlation between IL-1β gene 
polymorphism and peri-implantitis. IL-1 genotype-positive patients strongly overproduce 
the inflammatory mediator interleukin-1, making them more prone to develop periodontitis. 
The results of these studies are so far contradictory and have been summarized in a review 
by Bormann et al. [42] There, the results were categorized as follows: IL-1 polymorphism is 
not related to periimplantitis; the influence of IL-1 polymorphism on peri-implantitis is not 
clear; a correlation exists between IL-1 polymorphism and peri-implantitis; a correlation 
exists between IL-1 polymorphism and peri-implantitis given certain risk factors; further 
examination and consideration of interleukin-1 polymorphism and implants is needed to 
clarify this correlation.

PROGRESSION

As mentioned previously, a key principle in the detection of peri-implantitis is the 
progressive bone loss around the titanium fixture, which is even more important in light of 
the inadequate reliability of PD alone for diagnosis. In order to be able to correctly identify 
pathologic progressive bone destruction, it is necessary to understand the process of bone 
remodeling around an implant. In a three-year prospective longitudinal study on implants 
placed in edentulous patients, Adell et al. [3] observed that a mean of 0.9 mm of marginal 
bone was lost during the first year after loading and about 0.05 mm annually for the following 
two years. In addition, the peri-implant bone gradually becomes more radiopaque, indicating 
successive load-related remodeling.

In a study aimed at assessing the spontaneous progression of experimental peri-implantitis, 
Zitzmann et al. [43] induced the disease around 22 osseointegrated implants placed in five 
beagle dogs, placing ligatures and allowing plaque accumulation until about 40% of the 
marginal bone was lost, after which the ligatures were removed without reinstating any plaque 
control measures for an additional 12 months. In the ligature period, all the implants lost a 
comparable amount of marginal bone; after removal, the bone loss continued with different 
degrees of severity for each implant, with five implants showing no changes, 10 implants 
showing 0 to 1 mm of further loss, two implants showing 1 to 2 mm and four implants 
showing more than 2 mm of additional bone loss. Histologically, the mucosa of all implant 
sites harbored inflammatory lesions extending apically to the pocket epithelium, separated 
from the marginal bone by a zone of apparently normal connective tissue. The authors state 
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that the variability in the severity of bone loss might be due to differences between implant 
sites in terms of local microbiota, or the quality of the host’s response to the infection.

In a different study that used exactly the same protocol of the study described above, 
Beglundh et al. [44] induced peri-implantitis in five beagle dogs using two different implant 
surfaces, sandblasted acid-etched surface (SLAS) or a polished surface (PS). Radiographic 
analysis showed similar amounts of bone loss at SLAS and PS implants during the ligature 
period, while the progression of bone loss was greater at SLAS than at PS implants after 
ligature removal. Furthermore, the histological examination showed that both bone loss and 
the size of the inflammatory lesion in the connective tissue were greater in SLAS than in PS 
implant lesions.

In a similar study, Martins et al. [45] induced the same experimental peri-implantitis around 
36 implants placed in six mongrel dogs, with the difference that, after 60 days of disease 
induction, ligatures were removed but a plaque control regimen was reinstated, thus creating 
a condition, as designated by the authors, of experimental chronic peri-implantitis. The 
implants had four different surfaces but no statistically significant differences between 
the surfaces were noted in the progression of the disease prior to and following ligature 
removal. Clinical attachment loss showed a statistically significant increase both after 
ligature placement and after ligature removal, with a decrease after ligature removal that was 
statistically significant compared to the “acute” phase (the first 60 days). Bone loss increased, 
with statistical significance observed, after ligature placement, and continued after ligature 
removal. In any case, a statistically significant decrease in bone resorption, compared to the 
acute phase, was observed.

Fransson et al. [46] performed a radiographic analysis of 419 implants diagnosed with 
peri-implantitis, from 182 subjects, between the first year follow-up and the endpoint 
examination, which varied between 5 and 23 years. After the first year of loading, the bone 
loss was 1.68 mm with 32% of the implants showing ≥2 mm of bone loss. The bone loss 
showed a non-linear pattern and an increase in rate over time. They further noted that the 
pattern of bone loss around implants was similar within the same subject.

RISK INDICATORS

Placement of implants in the maxilla, in males, and in those with a history of periodontitis 
have been identified as risk indicators [47-49]. Several other risk factors have been associated 
with the development of peri-implant disease and will be described here. The role of occlusal 
overload as a single risk factor is not clearly determined, despite the indications from some 
studies that suggest that overload per se is not associated with tissue destruction and peri-
implant disease in absence of plaque. Occlusal overload may play a role when associated with 
plaque accumulation or pre-existing inflammation. However, the data is not clear [50-52].

History of periodontitis
A history of periodontitis seems to affect the outcomes of the implant therapy and increase 
the risk of peri-implantitis. In a prospective study with follow-up at 10 years on 53 patients 
receiving 112 ITI implants, the survival rate was 90.5% in patients with a previous history of 
periodontitis and 96.5% in patients with no history of periodontitis. The incidence of peri-
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implantitis was 28.6% in patients with a history of periodontitis, and 5.8% in those patients 
without a history of the disease [53].

A meta-analysis by Sgolastra et al. [54] showed that patients who were periodontally 
compromised had an increased risk of a higher plaque index (PI) when compared with 
patients without periodontitis. The same meta-analysis showed a higher and significant risk 
for both implant loss and implant bone loss in patients with periodontitis than in those who 
were periodontally healthy.

In a 10-year prospective cohort study, Roccuzzo et al. [55] showed that patients with a history 
of periodontitis have a higher rate of implant loss and sites with ≥6 mm PD around implants.

Smoking
Though a smoking habit is commonly considered to be detrimental for implant survival, 
Koldsland et al. [47] could not find an association between smoking and peri-implant 
disease. Roos-Jansåker et al. [48,49] also did not find a significant relationship between 
smoking habits and implant loss, although they indicated smokers as having more mucositis, 
bone level at ≥3 threads, and peri-implantitis. A different meta-analysis by Sgolastra et al. 
[56] showed, in the implant-based results, that smokers have a higher and significant risk 
of peri-implantitis compared with nonsmokers, but the patient-based meta-analysis did not 
reveal any significant differences in risks of peri-implantitis for smokers. No evidence of 
significant heterogeneity was detected for the two analyses.

Concerning the microbiological aspect, it has been shown that current smokers harbor more 
periodontal pathogens in the peri-implant sulci, thus implying a potential risk for the onset 
of peri-implant disease [28].

In conclusion, the evidence that smoking is a risk factor for peri-implantitis is limited, and 
more studies are needed to confirm this assumption.

Oral hygiene and supportive periodontal therapy
Oral hygiene plays a key role the in implant survival rate. The hygiene of the implants and 
implant-supported prosthesis must be maintained with daily home care and with the patient 
adhering to a supportive maintenance program. A study on 23 patients, for a total of 109 
implants showing signs of peri-implantitis, has demonstrated that, despite a higher plaque 
index commonly associated with the disease, a very high rate (48%) of implants showing 
signs of peri-implantitis had no accessibility for proper oral hygiene measures, while 
accessibility was rarely associated with peri-implant disease (4%) [57].

In a study by Pjetursson et al. [58], differences in the prevalence of peri-implantitis at follow-
up visits, were seen between the patients that had been incorporated into a well-organized 
supportive periodontal therapy (SPT) program both at the university where the study was 
conducted and by their referring private practitioners. However, these differences did not 
reach statistical significance. In this study, only 12 patients out of 70 were enrolled in a SPT 
program at a private practice, and the authors did not have data about the actual attendance 
of these patients, so the conclusions are based only on the assumption that those few 
patients receiving SPT outside the university might have had less consistent attendance.
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In a 10-year prospective cohort study, Roccuzzo et al. [55] showed that patients with 
inconsistent attendance at an SPT program showed worse results in terms of their PI, BOP, 
mean PD, number of teeth lost during SPT, and mean deepest PD at the 10-year examination, 
as well as mean deepest PD registered during follow-up, with the difference in these 
parameters being statistically significant when compared with patients adhering to the SPT.

Excess of cementum
In a retrospective analysis on 77 patients with 129 implants referred for mechanical or 
biological complications, cement remnants were found in 11 of 32 implants affected by 
mechanical complications, and in 62 of 97 implants that had biological complications, for a 
total of 73 implants out of 129 (56%) with complications [59]. Peri-implant disease developed 
in 62 of the 73 implants with cement remnants (85%). Early peri-implant disease occurred 
in seven implants (12%) and delayed disease developed in 55 cases (88%) (Figure 4). All the 
patients with a previous history of periodontitis that had implants with extracoronal cement 
residuals developed peri-implantitis.

PREVALENCE

A study conducted in 1999 at the Brånemark clinic in Gothenburg, Sweden on patients with 
implants that had at least 5 years of follow-up showed that, analyzing all the implants that 
showed bone loss to a level of ≥3 threads and that had progressive bone loss defined as bone-
level alterations occurring between the first year examination and the ≥5-year follow-up, 
184 (27.8%) of 662 subjects had one or more implants with progressive bone loss, and 423 
implants (12.4%) out of the 3,413 implants demonstrated progressive bone loss [60].

Roos-Jansåker et al. [61] showed that, during an observation period of 9–14 years on 218 
patients and 999 implants, 48% of the implants and 76.6% of the patients demonstrated 
probing depths ≥4 mm with BOP, and 7% of the implants and 18.3% of the patients had 
probing depths ≥6 mm with BOP. They observed that 16.0% of the implants and 48% of 
the patients had pockets ≥4 mm and BOP, but no concomitant bone loss. The diagnosis of 
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Figure 4. Implant removed for advanced peri-implantitis with a clear cement remnant visible on the prosthetic 
crown.



peri-implantitis in this study was done with bone loss ≥3 threads (a minimum bone loss 
of 1.8 mm) following the first year in function combined with BOP and/or pus on probing. 
According to this definition, 16% of the patients and 6.6% of the implants were diagnosed 
with peri-implantitis during the observation period.

In a different study, Koldsland et al. [62], assessed the prevalence of mucositis and peri-
implantitis in 99 patients and 351 implants. They defined mucositis as the presence of 
inflammation without detectible bone loss and peri-implantitis as detectible peri-implant 
bone loss with inflammation. An interesting aspect of this study is that the analysis was 
carried out on four different levels of severity of the disease: radiographic peri-implant bone 
loss ≥2.0 mm and BOP/suppuration at PD ≥4 or ≥6 mm; and radiographic peri-implant bone 
loss ≥3.0 mm and BOP/suppuration at PD ≥4 or ≥6 mm. Mucositis was detected in 27.3% 
of implants and 39.4% of patients. Peri-implantitis, according to the categories mentioned 
previously, was found in 20.4%, 15.1%, 11.7%, and 11.3% of patients, and 11.4%, 7.7%, 6.0%, 
and 5.4% of implants, respectively.

It is clearly noticeable from the few studies mentioned above that, regardless of the way the 
study is conducted, the definition of peri-implant disease varies. It is reasonable to assume 
that such variability could affect the results in terms of prevalence, since a single millimeter 
of difference in the diagnosis of peri-implantitis can include or exclude a great number of 
subjects from the total count.

The problem presented by this limitation was evidenced and reported by Zitzmann and 
Berglundh [63] in a review. In their report, they define peri-implantitis as the presence of 
BOP and concomitant bone loss, regardless of any specific amount measured in millimeters 
or threads, and categorize as “peri-implant disease” all those studies reporting data on BOP 
without information on bone loss. Despite these relatively lax inclusion criteria, only nine 
studies, related to six different subject samples, were included, and only two studies had data 
clearly specifying the presence of mucositis and/or peri-implantitis. The frequencies reported 
by the review, then, were those obtained by the only two study samples available, which are 
the already-mentioned Fransson et al. [60] and Roos-Jansåker et al. [61].

A more recent systematic review by Atieh et al. [64] including a larger number of studies 
after the application of selection criteria, applies a definition of peri-implant mucositis as an 
inflamed mucosa with a bleeding index of ≥2 and/or suppuration, but without bone loss. Peri-
implantitis is defined as the presence of inflamed mucosa with a positive BOP, PD ≥5 mm, 
and cumulative bone loss of ≥2 mm and/or ≥3 threads of implant. The nine papers included in 
the meta-analysis of this review included a total of 6,283 implants and 1,497 patients followed 
during an observation period ranging from five years to more than 10 years. At the patient 
level, the overall frequency of peri-implant mucositis and peri-implantitis was 63.4% and 
18.8%, respectively. At the implant level, the overall frequency of peri-implant mucositis and 
peri-implantitis was 30.7% and 9.6%.

In conclusion, it does not seem possible to clearly define the prevalence of peri-implantitis as 
long as commonly accepted diagnostic criteria for peri-implant disease have not been adopted.
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PERI-IMPLANTITIS VS. PERIODONTITIS

Periodontal and peri-implant tissues are obviously extremely different, and the most evident 
difference is the presence of a ligament around a tooth compared to the ankylosed state of an 
implant. At a microscopic level, already in 1984, Gould et al. [65] demonstrated the presence 
of a hemidesmosomal attachment at the epithelium–implant surface in contrast to the 
fibrous junctional epithelium of the periodontium. We have already shown in this discussion 
how the peri-implant microbiota closely resemble, in health and in disease, the microbiota 
of the periodontium, and that the inflammatory mediators involved are the same in peri-
implant and periodontal disease. Most of the risk factors previously discussed, except for 
excess of cementum, relate to those involved in periodontitis.

Several animal studies in the early 90s have compared the initiation and progression of peri-
implant disease and then compared that to periodontal disease. One of the first studies using 
a canine model showed that tissue destruction proceeds more slowly around implants than 
around natural teeth [51]. This finding was later contradicted by subsequent animal studies. 
Lindhe et al. [4], using a dog model, induced peri-implantitis and showed that signs of tissue 
destruction were more pronounced in dental implants than in natural teeth. Using both 
clinical signs and radiographs, they showed that the size of the soft tissue lesions were larger 
surrounding dental implants than around natural teeth. Interestingly, the lesions around 
dental implants extended into the bone marrow, but those around natural teeth did not. 
Lang et al. [5], using a cynomolgus monkey model, showed that development of peri-implant 
infections progressed at a similar rate to the development of a periodontal lesion.

Chambrone et al. [52], using a similar model, induced peri-implantitis and periodontitis 
around ankylosed teeth and control teeth. They demonstrated that loss of bone height 
was significant, and limited to implants and ankylosed teeth, and that it did not occur in 
normal teeth used as controls. Bone loss around implants was significantly greater than that 
observed around ankylosed teeth.

The results of these early animal studies have been confirmed by studies on human subjects. 
In a study on 275 implants in 50 subjects, Karoussis et al. [53] concluded that, over a period 
of 30 months post-loading, the peri-implant mucosa demonstrated a significantly greater 
likelihood of having elevated inflammation and plaque when compared to the gingiva around 
natural teeth. Sgolastra et al. [54] compared peri-implant disease initiation in 15 healthy 
subjects. He measured plaque accumulation and inflammatory parameters, inflammatory 
mediators, and microbiota around implants and teeth over a period of three weeks of 
undisturbed plaque accumulation. He then introduced three weeks of subsequent plaque 
control. He found a significant increase in plaque and gingival indices in implant sites, 
compared to natural teeth. He found a significantly higher increase of MMP-8 at implant 
crevicular fluid, but no differences in levels of IL-1β, and no differences in the detection of 
putative periodontal pathogens between implant and natural tooth sites.

CONCLUSION

Current knowledge, although limited, suggests that peri-implant disease is a condition that, 
while having several traits in common with periodontal disease, is probably much more 
complex and with unique and distinctive features that need to be thoroughly investigated. 
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A history of periodontitis, lack of maintenance, and cement remnants are certainly factors 
that play a significant role in the development of the disease and should be addressed from 
the beginning.

Recent discoveries in microbiology open a completely new perspective on the etiology of 
peri-implant disease and the further development of metagenomics might open the way to 
thoroughly new therapeutic approaches. A complete knowledge of oral and peri-implant 
microbiota in health and disease in their full genomic composition could potentially lead to 
the development of a microbiota transplant therapy, as has been developed and successfully 
used in other fields of medicine, for example fecal transplant in gastroenterology [66].

The development of a globally accepted classification system, expected from the future 2017 
workshop, will help not only in diagnosis but in all epidemiological investigations on the 
prevalence, incidence, and distribution of this disease.

Treatment of peri-implant disease is not the object of this review but, in absence of any clearly 
defined therapy supported by evidence, we believe that a thorough knowledge of this disease, 
supported by the concepts introduced here, will allow the clinician to better understand and 
prevent its occurrence and arrest its progression.
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