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Abstract

The objective of this review is to identify case definitions and clinical criteria of peri-

implant healthy tissues, peri-implant mucositis, and peri-implantitis. The case defi-

nitions were constructed based on a review of the evidence applicable for diagnostic

considerations. In summary, the diagnostic definition of peri-implant health is based

on the following criteria: 1) absence of peri-implant signs of soft tissue inflammation

(redness, swelling, profuse bleeding on probing), and 2) the absence of further addi-

tional bone loss following initial healing. The diagnostic definition of peri-implant

mucositis is based on following criteria: 1) presence of peri-implant signs of inflam-

mation (redness, swelling, line or drop of bleeding within 30 seconds following prob-

ing), combined with 2) no additional bone loss following initial healing. The clinical

definition of peri-implantitis is based on following criteria: 1) presence of peri-implant

signs of inflammation, 2) radiographic evidence of bone loss following initial healing,

and 3) increasing probing depth as compared to probing depth values collected after

placement of the prosthetic reconstruction. In the absence of previous radiographs,

radiographic bone level ≥3 mm in combination with BOP and probing depths ≥6 mm

is indicative of peri-implantitis.
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INTRODUCTION

Osseointegrated dental implants have become an increasingly

popular modality of treatment for the replacement of absent

or lost teeth. Dental implants have high rates of long-term

survival (≥10 years) when used to support various types of

dental prostheses. However, the long-term success of den-

tal implants is not the same or as high as their survival, as

functional implants and their restorations may be subject to

mechanical and biological complications.1

It is recognized that there are also unusual peri-implant

problems (e.g., peri-implant peripheral giant-cell granuloma,

pyogenic granuloma, squamous cell carcinoma, metastatic

carcinomas, malignant melanoma) or other conditions such

© 2018 American Academy of Periodontology and European Federation of Periodontology

as implant fractures that may mimic or share certain clinical

features with biofilm-associated peri-implant diseases. With

such context in mind, the reader is to be reminded that this

manuscript focuses solely on biofilm-induced inflammatory

lesions around dental implants.

Biological complications associated with dental implants

are mostly inflammatory conditions of the soft tissues and

bone surrounding implants and their restorative compo-

nents, which are induced by the accumulation of bacte-

rial biofilm. Such conditions, which have been named peri-

implant mucositis and peri-implantitis, need to be clearly

defined and differentiated from a state of peri-implant health,

so that the clinician may assign a proper diagnosis and select

a proper treatment modality in cases where disease is present.
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In a survey of registered specialists in periodontology in

Australia and the United Kingdom about the etiology, preva-

lence, diagnosis and management of peri-implant mucosi-

tis and peri-implantitis, there appears to be no consensus on

treatment standards for the management of peri-implant

diseases.2 An American survey that examined the practi-

tioners’ understanding of the etiology of peri-implant dis-

eases and the management of peri-implant mucositis and peri-

implantitis by periodontists in the United States revealed the

absence of a standard therapeutic protocol to treat these condi-

tions and a significant variation in the empirical use of thera-

peutic modalities that result in moderately effective treatment

outcome.3 Accordingly, there is a need to establish applicable

clinical guidelines for the diagnosis of peri-implant mucositis,

and peri-implantitis. Additionally, there is a need to develop

criteria for peri-implant mucositis and peri-implantitis appli-

cable in not only in for clinical practice but also for clinical

and epidemiological research studies.

The objective of this manuscript is to define peri-implant

health, peri-implant mucositis and peri-implantitis based

on their clinical and radiographic parameters. The case

definitions herein described were constructed based on a

systematic review of the scientific evidence that currently

correlates clinical and radiographic findings with the three

diagnostic entities. The scientific evidence for peri-implant

health, peri-implant mucositis and peri-implantitis has been

summarized in other manuscripts in this volume.4–6 The

case definitions proposed in this paper are intended to

apply to situations in which there are reasons to believe

that the presence of biofilm on implant surfaces is the

main etiological factor associated with the development of

peri-implant mucositis and peri-implantitis. It is obvious

from previous manuscripts in this volume that there are major

patient-specific differences in inflammatory responses to the

microbial challenge of bacterial communities that reside on

implants and its restorations.5,6

PERI-IMPLANT HEALTH

While peri-implant health shares many common clinical fea-

tures with periodontal health around natural teeth, it is clear

that there are major structural differences between the two

scenarios, particularly with respect to their relationship with

surrounding tissues and biological attachment. The review

by Araujo and Lindhe4 describes the different anatomical

and histological characteristics associated with the soft and

hard tissues around natural teeth and dental implants and

the authors further described how such differences may be

responsible for the distinct biological mechanisms involved

in host response and tissue homeostasis observed between the

two entities.

Araujo and Lindhe4 also concluded that peri-implant health

requires the absence of clinical signs of inflammation (i.e. ery-

thema and swelling) including no bleeding on probing. This

determination is true to evidence from the periodontal liter-

ature that the absence of bleeding on probing is consistent

with periodontal health.4,7 In clinical health, the peri-implant

mucosa forms a tight seal around the trans-mucosal compo-

nent of the implant itself, the abutment or the restoration. The

height of the soft tissue around the implant following place-

ment influences the initial probing depth. In general, however,

the probing depth associated with peri-implant health should

be ≤5.0 mm.4 It should also be noted that peri-implant tissue

health can exist following treatment of peri-implantitis with

variable levels of bone support.

It has been proposed that the soft tissue cuff around

implants exhibits less resistance to probing than the gingiva at

adjacent teeth sites.8,9 This property of the implant mucosal

seal may lead to mechanically induced bleeding on prob-

ing on dental implants that are clinically healthy.9 The clin-

ical relevance of such phenomenon is that the presence of

a local bleeding dot may, therefore, represent a traumatic

episode rather than a sign of biofilm-induced inflammation.

Such trauma-induced bleeding on probing may not only be

the result of excessive probing forces, but can also be the con-

sequence of clinical difficulties in aiming the dental probe

at the sulcus/pocket around the implant, which can occur

because of the implant-restoration spatial relationship and

contours. It has been suggested that the absence of a peri-

odontal ligament around implants and the prosthetic design

makes assessments of pocket probing depth measurements at

dental implants difficult to perform and interpret.10 Recogniz-

ing the above described issue, a modified bleeding index has

been proposed using a grading scale of the extent of bleeding

at dental implants,11 where a score of “0” represents healthy

conditions, and a score of “1” representing an isolated dot of

bleeding.

What clinical and radiographic findings and
what clinical examination steps are necessary to
detect the presence of peri-implant health?

1. Clinical evaluation of the soft tissue conditions around

implants should include registration of oral hygiene in gen-

eral, with specific focus on the presence of biofilm on

implants and their restorations;

2. Dental implants should be visually evaluated and probed

routinely and periodically (at least once per year) as part

of comprehensive oral exams, similar to natural teeth;

3. Pocket probing on dental implants should be conducted

with a light force (approximately 0.25 N); peri-implant

pocket depths should in general be ≤5 mm;

4. Bleeding on probing should not occur at implant sites

defined as being healthy. Bleeding on probing should be

assessed carefully using light forces (0.25 N) to avoid

possible effects of trauma caused by the process. It is diffi-
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cult to differentiate between biofilm-induced peri-implant

inflammation and mechanically-induced trauma; bleeding

“dots” should be interpreted carefully as this may represent

bleeding due to tissue trauma and not bleeding associated

with tissue inflammation;

5. Intra-oral radiographic evaluation of changes in bone

levels around implants (preferably using a standardized

film holder) is necessary to discriminate between health

and disease states. A prerequisite for the radiographic

evaluation should be an image taken at baseline (supra-

structure in place) that clearly allows for identification of

an implant reference point and distinct visualization of

implant threads, for future reference as well as assessment

of mesial and distal bone levels in relation to such refer-

ence points; and

6. Absence of bone loss beyond bone level changes resulting

from initial bone remodeling. Alveolar bone remodeling

following the first year in function may be dependent on

the type and position of the implant, but change (loss) of

alveolar bone starting after the implant was placed in func-

tion should not exceed 2 mm.12–14 Changes ≥2 mm at any

time point during or after the first year should be consid-

ered as pathologic.

Peri-implant health: Case definitions
for day-to-day clinical practice

The diagnosis of peri-implant health requires:

1. Visual inspection demonstrating the absence of peri-

implant signs of inflammation: pink as opposed to red, no

swelling as opposed to swollen tissues, firm as opposed to

soft tissue consistency;

2. Lack of profuse (line or drop) bleeding on probing;

3. Probing pocket depths could differ depending on the height

of the soft tissue at the implant location. An increase

in probing depth over time, however, conflicts with peri-

implant health; and

4. Absence of further bone loss following initial healing,

which should not be ≥2 mm.

PERI-IMPLANT DISEASES

The scientific literature has provided the evidence to define

the diagnosis of peri-implant conditions and diseases, and the

reviews by Heitz-Mayfield and Salvi,5 and Schwarz et al.6

were used as the basis for the present report. In addi-

tion, two recent systematic reviews reporting on the preva-

lence of peri-implant mucositis and peri-implantitis were also

evaluated.15,16 Through these reports, we identified 33 articles

defining clinical and radiographic criteria for the diagnosis of

peri-implant mucositis and peri-implantitis (Table 1).

The American Academy of Periodontology has defined

peri-implant mucositis as a disease that includes inflamma-

tion of the soft tissues surrounding a dental implant, without

additional bone loss after the initial bone remodeling that may

occur during healing following the surgical placement of the

implant.17 The etiology of peri-implant mucositis is the accu-

mulation of a bacterial biofilm around the implant.5

Peri-implantitis has been defined as an inflammatory lesion

of the mucosa surrounding an endosseous implant and with

progressive loss of supporting peri-implant bone.6,17–20 It is

generally perceived that following implant installation and

initial loading, some crestal bone height is lost (between 0.5

and 2 mm) in the healing process.12,13 Any additional radio-

graphic evidence of bone loss suggests peri-implant disease.

The conversion from an inflammatory process identified

as peri-implant mucositis (without evidence of bone loss) to

peri-implantitis (with bone loss) remains an enigma. It is,

however, generally agreed that both peri-implant mucositis

and peri-implantitis have an infectious etiology through the

development of biofilm composed of a plethora of bacteria

with known pathogenicity.21–24

PERI-IMPLANT MUCOSITIS

Case definitions of peri-implant mucositis were identified in

22 out of 33 articles listed in Table 1. Bleeding on probing

without any other criteria was identified in three out of 22

articles. Bleeding on probing combined with no radiographic

evidence of bone level changes could be identified in seven

out of 22 articles as the definition of peri-implant mucosi-

tis. Three of these articles accounted for remodeling of the

marginal alveolar bone adjacent to the implant as a result of

the surgical procedure. The remaining reports also included

probing pocket depths and/or bone loss assessments. In addi-

tion to bleeding on probing, one study allowed up to 3 mm

of bone loss from the implant platform to define peri-implant

mucositis.25

The diagnosis of peri-implant mucositis should be based

on clinical signs of inflammatory disease. In routine clini-

cal examinations, signs of inflammation should be screened

for. In addition, radiographic images should be evaluated to

exclude bone level changes consistent with the definition of

peri-implantitis, as described later in the manuscript.

What clinical and radiographic findings and
what clinical examination steps are necessary to
detect the presence of peri-implant mucositis?

1. Visually, local swelling, redness, and shininess of the soft

tissue surface are classical signs of clinical inflammation.

A common symptom reported by patients is soreness;
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T A B L E 1 Criteria used for the case definitions of peri-implantitis and peri-implant mucositis from studies selected in the review

Study Case definition of peri-implantitis Case definition of peri-implant mucositis

Fransson et al. (2005)29 Bone level change > 3 threads after first year

in function

ND

Roos-Jansåker et al. (2006)31 Bone level change > 1.8 mm after first year in

function + BOP

BOP + PD > 4 mm + no bone loss after first

year on function

Ferreira et al. (2006) 32 PD > 5 mm + BOP and/or suppuration (SUP) BOP

Gatti et al. (2008)33 Bone level change > 2 mm from last

radiographic assessment + Pus/ BOP +

PD > 5 mm

ND

Maximo et al. (2008)34 Bone level change ≥3 threads + BOP and/or

SUP + PD ≥5 mm

BOP + absence of radiographic bone loss and

no SUP

Koldsland et al. (2010)35 Bone level change ≥2 mm from platform +

BOP + PD ≥4 mm

BOP + no bone loss from platform

Koldsland et al. (2010)35 Bone level change ≥2 mm from platform +

BOP + PD ≥6 mm

BOP + no bone loss from platform

Koldsland et al. (2010)35 Bone level change ≥3 mm from platform +

BOP + PD ≥4 mm

BOP + no bone loss from platform

Koldsland et al. (2010)35 Bone level change ≥3 mm from platform +

BOP + PD ≥6 mm

BOP + no bone loss from platform

Simonis et al. (2010)36 Bone level change > 2.5 mm (or ≥3 threads)

from platform + BOP and/or SUP + PD

≥5 mm

ND

Wahlström et al. (2010)37 Bone level change > 2 mm after first year in

function + BOP and/or SUP + PD ≥4 mm

BOP + PD < 4 mm + no bone loss after first

year on function

Zetterqvist et al. (2010)38 Bone level change > 5 mm from the platform

+ BOP/SUP + PD > 5mm

ND

Pjetursson et al. (2012)39 Bone level change ≥2 mm after bone

remodeling equals marginal bone levels of

≥5 mm below the implant shoulder

Level 1: BOP + PD > 5 mm

Level 2: BOP + PD > 6 mm

Mir-Mari et al (2012)40 Bone level change > 2 threads from platform

+ BOP and or suppuration

BOP + bone level change < two threads from

platform

Swierkot et al. (2012)41 Bone level change > 0.2 mm annually after

first year in function, + PD ≥5 mm with or

without BOP

BOP + PD > 5 mm + no bone level change

Fardal and Grytten (2013)42 Bone level change > 3 threads after bone

remodeling + BOP or suppuration

ND

Marrone et al. (2013)43 Bone level change > 2 mm from the platform

+ BOP + PD > 5 mm

BOP + bone level change ≤2 mm from

platform. PPD ≤5 mm

Cecchinato et al. (2014)44 Progressive bone loss > 0.5 mm +BOP + PD

≥4 mm

BOP

Martens et al. (2014)45 Bone level change > 2 mm from the platform

+ PD > 4 mm

ND

Meijer et al. (2014)46 Bone level change ≥2 mm from the platform

+ BOP

BOP + bone level change < 2 mm from

platform

Passoni et al. (2014)47 Bone level change > 2 + BOP and/or SUP +

PD ≥ 5 mm

BOP + no bone level change

Renvert et al. (2014)48 Bone level change ≥2 mm from the platform

+ PD ≥ 4 mm + BOP and or suppuration

BOP + bone level change < 2 mm from

platform

Aguirre-Zorzano et al. (2015)49 Bone level change > 1.5 mm after 6 months

in function + often associated with

suppuration, increased probing depth and

bleeding on probing

BOP + no bone loss

��������	
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T A B L E 1 Continued.

Study Case definition of peri-implantitis Case definition of peri-implant mucositis

Canullo et al. (2015)50 Bone level change > 3 mm following implant

integration

ND

Daubert et al. (2015)51 Bone level change > 2 mm after remodeling

+ BOP and or SUP + PD ≥4 mm

BOP and/or gingival inflammation + no bone

level change after remodeling

Ferreira et al. (2015)52 Bone level change > 2 mm after remodeling

+ BOP and/or + PD ≥4 mm

BOP and no bone loss

Frisch et al. (2015)53 Bone level change ≥2 mm after remodeling +

BOP +PD ≥5 mm

BOP

Konstantinidis et al. (2015)54 Bone level change > 2 mm from the platform

(at tissue level implants > 2 mm from the

polished collar+ BOP + PD > 4 mm

BOP

Rinke et al. (2015)55 Bone level change ≥ 3.5 mm from platform ND

Papantonopoulos et al. (2015)56 Bone level change ≥3 mm from platform +

BOP and/or SUP +PD ≥5 mm

ND

Trullenque-Eriksson et al. (2015)25 Bone level change ≥3 mm from the platform

+ BOP and/or SUP + PD ≥ 5 mm

BOP + bone level change < 3 mm from

platform level

van Velzen et al. (2015)57 Bone level change > 1.5 mm after first year in

function + BOP

ND

Derks et al. (2016)1
Bone loss > 0.5 mm after up to 24 months +

BOP/suppuration.

In addition, bone level change > 2 mm +

BOP was considered moderate/severe

peri-implantitis

BOP + no bone loss

Dalago et al. (2017)58 Bone level change > 2 mm from abutment

installation + PD > 5 mm + BOP/SUP

ND

Rokn et al. (2017)59 Bone level change > 2 mm from platform

level + BOP and/or SUP

BOP and/or SUP + bone level change ≤2 mm

from platform level

Tenenbaum et al. (2017)60 Bone level change > 4.5 mm from platform +

BOP + PD ≥5 mm

BOP + no bone level change from platform

BOP = bleeding on probing, PD = probing depth, SUP = suppuration, ND = not defined.

2. A local dot of bleeding resulting from probing may be the

result of a traumatic (probing) injury that should not be

considered, in the absence of other inflammatory changes,

a definitive criterion to characterize a peri-implant soft

tissue lesion;

3. Any bleeding on probing that is combined with visual

inflammatory changes of the tissues at the site of probing;

4. Clear evidence of bleeding such as a line of bleeding or

drop bleeding should be used as an indication of an inflam-

matory peri-implant soft tissue lesion;

5. Suppuration upon clinical examination (e.g., application of

light pressure to the tissues or following probing); and

6. Intra-oral radiographic evaluation of bone levels around

implants should always be included in the presence of clin-

ical signs of inflammation. In addition, a pre-requisite for

the evaluation is that a radiograph be taken at baseline

(supra-structure in place) and used for future assessment

of mesial and distal bone levels in relation to defined ref-

erences. Accounting for the remodeling process of alveo-

lar bone during the first year after installation, the change

in bone level since the placement of the prosthetic supra-

structure should not be > 2.0 mm. Presence of bone loss

beyond crestal bone level changes resulting from the intial

remodeling process of alveolar bone after implant instal-

lation suggests either progressive peri-implant infection,

or other local factors such as excess cement and loose-

ness/fracture of implant components.

Peri-implant mucositis: Case definitions
for day-to-day clinical practice

The diagnosis of peri-implant mucositis requires:

1. Visual inspection demonstrating the presence of peri-

implant signs of inflammation: red as opposed to pink,

swollen tissues as opposed to no swelling, soft as opposed

to firm tissue consistency;
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2. Presence of profuse (line or drop) bleeding and/or suppu-

ration on probing;

3. An increase in probing depths compared to baseline; and

4. Absence of bone loss beyond crestal bone level changes

resulting from the intial remodeling.

PERI-IMPLANTITIS

To assign a diagnosis of peri-implantitis, most reports listed in

Table 1 (30 out of 33) require bleeding on probing in addition

to bone loss. Following the initial healing, additional bone

loss 0.5 mm to 5 mm – as assessed from radiographs – was

a necessary criterion for the diagnosis of peri-implantitis in

13 reports.

Without accounting for the initial (remodeling-associated)

bone loss, the remaining articles identified bone loss using the

implant platform level as reference. Bone loss requirements

varied between 1.8 to 4.5 mm to diagnose the implant as hav-

ing peri-implantitis. Different cut-off levels for probing pocket

depth around implants were also required in 20 of the arti-

cles to define a diagnosis of peri-implantitis. It is clear from

the data summarized in Table 1 that there is a large varia-

tion in the requirements to define a case as having either peri-

implant mucositis or peri-implantitis. Such variation in the

application of individual clinical judgement is confirmed by

Ramanauskaite et al.26 who concluded that there is currently

no single uniform definition of peri-implantitis, or parameters

that could be used to define peri-implant disease entities.

Understanding the wide heterogeneity in defining peri-

implantitis, the most uniform consensus in characterizing

peri-implantitis is as follows; 1) peri–implantitis lesions

present with the same clinical signs of inflammation as peri-

implant mucositis and 2) the distinctive difference between a

diagnosis of peri-implant mucositis and peri-implantitis is the

presence of bone loss in peri-implantitis, as identified from

dental radiographs.6

During the last 10 to 15 years, there has been a gen-

eral agreement that following the first year in function,

bone loss around dental implants ≥2 mm represents peri-

implantitis.14,27,28 Recent data suggest that the pattern of bone

loss in general is not linear.1,29 Typically, the development of

peri-implantitis appears within the first few years after which

the implant is in function. This suggests that it is impor-

tant to carefully monitor changes that may occur around den-

tal implants in the early post-restorative phase, with focus

on bleeding on probing/suppuration and in combination with

radiographic evidence of bone loss. From the clinical per-

spective, it is important to recognize that there is no pre-

dictable model or algorithm to predict the progression of

peri-implantitis based on diagnostic methodologies currently

available in daily practice.

Furthermore, experiences from the knowledge about the

progression of periodontitis can only be extrapolated to peri-

implantitis with extreme care. For decades, it has been rec-

ognized that the progression of periodontitis is unpredictable,

as lesions alternate phases of dormancy and bursts of disease

activity, which may be slow or rapid.30 Based on this knowl-

edge and in attempting to extrapolate it to peri-implantitis, any

bone loss greater than the measurement error (≥2 times its

standard deviation) or approximately 2 mm is indicative of

peri-implantitis.28

What clinical and radiographic findings and
what clinical examination steps are necessary to
detect the presence of peri-implantitis?

1. The visual inspection with assessment of the presence of

classical signs and symptoms of inflammation, i.e. redness,

swelling, pain, and bleeding on probing (characteristics of

the latter, described for peri-implant mucositis, also apply

to the diagnosis of peri-implantitis);

2. The differential diagnosis between peri-implant mucosi-

tis and peri-implantitis is based on evidence that alveo-

lar bone loss following initial healing and bone remodel-

ing has occurred and requires a radiographic evaluation of

the bone level around dental implants over time. This is

in addition to the presence of inflammatory changes and

bleeding on probing on a given site;

3. Presence of bone loss beyond crestal bone level changes

resulting from the intial remodeling in conjunction with

BOP after the implant has been placed in function

should be considered as a marker for peri-implantitis;

and

4. Radiographs should be taken based on clinical judge-

ment after findings. Standardized radiographs should be

taken and compared to reference radiographs when the

implant(s) was placed in function.

Peri-implantitis: Case definitions
for day-to-day clinical practice

The diagnosis of peri-implantitis requires:

1. Evidence of visual inflammatory changes in the peri-

implant soft tissues combined with bleeding on probing

and/or suppuration;

2. Increasing probing pocket depths as compared to measure-

ments obtained at placement of the supra-structure; and

3. Progressive bone loss in relation to the radiographic bone

level assessment at 1 year following the delivery of the

implant-supported prosthetics reconstruction; and

4. In the absence of initial radiographs and probing depths,

radiographic evidence of bone level ≥3 mm and/or
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probing depths ≥6 mm in conjunction with profuse bleed-

ing represents peri-implantitis.

For day to day clinical practice it may be valuable to assess

the yearly rate of bone loss. This can be calculated if it is

known when the implant was placed in function.

CRITERIA TO BE USED IN

EPIDEMIOLOGIC (SURVEILLANCE)

STUDIES

The same criteria used to define peri-implant health and peri-

implant mucositis in day-to-day practice should be applied

in epidemiological studies. In epidemiological studies, radio-

graphic and clinical information from the time point when

the supra-structure was placed may not be available. Under

such circumstances a distance from the implant platform

to bone contact ≥3 mm, and in conjunction with bleed-

ing on probing would be required for the diagnosis of

peri-implantitis.

ACKNOWLEDGMENTS AND DISCLOSURES

This paper was self-funded by the authors and their institu-

tions. The authors report no conflicts of interest related to this

case definition paper.

R E F E R E N C E S

1. Derks J, Schaller D, Hakansson J, Wennstrom JL, Tomasi C,

Berglundh T. Effectiveness of implant therapy analyzed in a

Swedish population: prevalence of peri-implantitis. J Dent Res.

2016;95:43–49.

2. Mattheos N, Collier S, Walmsley AD. Specialists' management

decisions and attitudes towards mucositis and peri-implantitis. Br

Dent J. 2012;212:E1.

3. Papathanasiou E, Finkelman M, Hanley J, Parashis AO. Preva-

lence, etiology and treatment of peri-implant mucositis and peri-

implantitis: a survey of periodontists in the United States. J Peri-

odontol. 2016;87:493–501.

4. Araujo MG, Lindhe J. Peri-implant health. J Periodontol.

2018;89(Suppl 1):S249–S256.

5. Heitz-Mayfield LJA, Salvi GE. Peri-implant mucositis. J Periodon-

tol. 2018;89(Suppl 1):S257–S266.

6. Schwarz F, Derks J, Monje A, Wang H-L. Peri-implantitis. J Peri-

odontol. 2018;89(Suppl 1):S267–S290.

7. Armitage GC. Clinical evaluation of periodontal diseases. Peri-

odontol 2000. 1995;7:39–53.

8. Lang NP, Wetzel AC, Stich H, Caffesse RG. Histologic probe pen-

etration in healthy and inflamed peri-implant tissues. Clin Oral

Implants Res. 1994;5:191–201.

9. Abrahamsson I, Soldini C. Probe penetration in periodontal and

peri-implant tissues. An experimental study in the beagle dog. Clin

Oral Implants Res. 2006;17:601–605.

10. Serino G, Turri A, Lang NP. Probing at implants with peri-

implantitis and its relation to clinical peri-implant bone loss. Clin

Oral Implants Res. 2013;24:91–95.

11. Mombelli A, van Oosten MA, Schurch E, Jr, Land NP. The micro-

biota associated with successful or failing osseointegrated titanium

implants. Oral Microbiol Immunol. 1987;2:145–151.

12. Lindquist LW, Carlsson GE, Jemt T. A prospective 15-year follow-

up study of mandibular fixed prostheses supported by osseointe-

grated implants. Clinical results and marginal bone loss. Clin Oral

Implants Res. 1996;7:329–336.

13. Cochran DL, Nummikoski PV, Schoolfield JD, Jones AA, Oates

TW. A prospective multicenter 5-year radiographic evaluation of

crestal bone levels over time in 596 dental implants placed in 192

patients. J Periodontol. 2009;80:725–733.

14. Gholami H, Mericske-Stern R, Kessler-Liechti G, Katsoulis J.

Radiographic bone level changes of implant-supported restorations

in edentulous and partially dentate patients: 5-year results. Int J Oral

Maxillofac Implants. 2014;29:898–904.

15. Lee CT, Huang YW, Zhu L, Weltman R. Prevalences of peri-

implantitis and peri-implant mucositis: systematic review and meta-

analysis. J Dent. 2017;62:1–12.

16. Derks J, Tomasi C. Peri-implant health and disease. A systematic

review of current epidemiology. J Clin Periodontol. 2015;42(Suppl

16):S158–171.

17. Peri-implant mucositis and peri-implantitis: a current understand-

ing of their diagnoses and clinical implications. J Periodontol.

2013;84:436–443.

18. Albrektsson T, Isidor F. Consensus report of session IV. In: Lang

NP, Karring T, eds. Proceedings from the 1st European Workshop

on Periodontology. London: Quintessence, 1994:365–369.

19. Zitzmann NU, Berglundh T. Definition and prevalence of peri-

implant diseases. J Clin Periodontol. 2008;35:286–291.

20. Lindhe J, Meyle J. Peri-implant diseases: consensus report of the

Sixth European Workshop on Periodontology. J Clin Periodontol.

2008;35:282–285.

21. Zitzmann NU, Berglundh T, Marinello CP, Lindhe J. Expression

of endothelial adhesion molecules in the alveolar ridge mucosa,

gingiva and periimplant mucosa. J Clin Periodontol. 2002;29:

490–495.

22. Charalampakis G, Leonhardt A, Rabe P, Dahlen G. Clinical and

microbiological characteristics of peri-implantitis cases: a retro-

spective multicentre study. Clin Oral Implants Res. 2012;23:1045–

1054.

23. Persson GR, Renvert S. Cluster of bacteria associated with peri-

implantitis. Clin Implant Dent Relat Res. 2014;16:783–793.

24. Lafaurie GI, Sabogal MA, Castillo DM, et al. Microbiome and

microbial biofilm profiles of peri-implantitis: a systematic review.

J Periodontol. 2017;88:1066–1089.

25. Trullenque-Eriksson A, Guisado Moya B. Retrospective long-term

evaluation of dental implants in totally and partially edentulous

patients: part II: periimplant disease. Implant Dent. 2015;24:217–

221.

26. Ramanauskaite A, Daugela P, Juodzbalys G. Treatment of

peri-implantitis: meta-analysis of findings in a systematic lit-

erature review and novel protocol proposal. Quintessence Int.

2016;47:379–393.

 1
9
4
3
3
6
7
0
, 2

0
1
8
, S

1
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://aap
.o

n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/JP

E
R

.1
7
-0

5
8
8
 b

y
 S

o
u
th

 A
frican

 M
ed

ical R
esearch

, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [2
3

/0
7

/2
0

2
5

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d
-co

n
d

itio
n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se



RENVERT ET AL. S311

27. Adell R, Eriksson B, Lekholm U, Branemark PI, Jemt T. Long-

term follow-up study of osseointegrated implants in the treat-

ment of totally edentulous jaws. Int J Oral Maxillofac Implants.

1990;5:347–359.

28. Sanz M, Chapple IL. Clinical research on peri-implant dis-

eases: consensus report of working group 4. J Clin Periodontol.

2012;39(Suppl. 12):202–206.

29. Fransson C, Lekholm U, Jemt T, Berglundh T. Prevalence of sub-

jects with progressive bone loss at implants. Clin Oral Implants Res.

2005;16:440–446.

30. Claffey N, Kelly A, Bergquist J, Egelberg J. Patterns of attach-

ment loss in advanced periodontitis patients monitored follow-

ing initial periodontal treatment. J Clin Periodontol. 1996;23:523–

531.

31. Roos-Jansåker AM, Lindahl C, Renvert H, Renvert S. Nine- to

fourteen-year follow-up of implant treatment. Part II: presence of

peri-implant lesions. J Clin Periodontol. 2006;33:290–295.

32. Ferreira SD, Silva GLM, Cortelli JR, Costa JE, Costa FO. Preva-

lence and risk variables for peri-implant disease in Brazilian sub-

jects. J Clin Periodontol. 2006;33:929–935.

33. Gatti C, Gatti F, Chiapasco M, Esposito M. Outcome of dental

implants in partially edentulous patients with and without a history

of periodontitis: a 5-year interim analysis of a cohort study. Eur J

Oral Implantol. 2008;1:45–51.

34. Maximo MB, de Mendonca AC, Alves JF, Cortelli SC, Peruzzo DC,

Duarte PM. Peri-implant diseases may be associated with increased

time loading and generalized periodontal bone loss: preliminary

results. J Oral Implantol. 2008;34:268–273.

35. Koldsland OC, Scheie AA, Aass AM. Prevalence of peri-implantitis

related to severity of the disease with different degrees of bone loss.

J Periodontol. 2010;81:231–238.

36. Simonis P, Dufour T, Tenenbaum H. Long-term implant survival

and success: a 10-16-year follow-up of non-submerged dental

implants. Clin Oral Implants Res. 2010;21:772–777.

37. Wahlström M, Sagulin GB, Jansson LE. Clinical follow-up of uni-

lateral, fixed dental prosthesis on maxillary implants. Clin Oral

Implants Res. 2010;21:1294–1300.

38. Zetterqvist L, Feldman S, Rotter B, et al. A prospective, mul-

ticenter, randomized-controlled 5-year study of hybrid and fully

etched implants for the incidence of peri-implantitis. J Periodontol.

2010;81:493–501.

39. Pjetursson BE, Helbling C, Weber HP, et al. Peri-implantitis sus-

ceptibility as it relates to periodontal therapy and supportive care.

Clin Oral Implants Res. 2012;23:888–894.

40. Mir-Mari J, Mir-Orfila P, Figueiredo R, Valmaseda-Castellon E,

Gay-Escoda C. Prevalence of peri-implant diseases. A cross-

sectional study based on a private practice environment. J Clin Peri-

odontol. 2012;39:490–494.

41. Swierkot K, Lottholz P, Flores-de-Jacoby L, Mengel R. Mucosi-

tis, peri-implantitis, implant success, and survival of implants in

patients with treated generalized aggressive periodontitis: 3- to 16-

year results of a prospective long-term cohort study. J Periodontol.

2012;83:1213–1225.

42. Fardal O, Grytten J. A comparison of teeth and implants during

maintenance therapy in terms of the number of disease-free years

and costs – an in vivo internal control study. J Clin Periodontol.

2013;40:645–651.

43. Marrone A, Lasserre J, Bercy P, Brecx MC. Prevalence and risk fac-

tors for peri-implant disease in Belgian adults. Clin Oral Implants

Res. 2013;24:934–940.

44. Cecchinato D, Parpaiola A, Lindhe J. Mucosal inflammation and

incidence of crestal bone loss among implant patients: a 10-year

study. Clin Oral Implants Res. 2014;25:791–796.

45. Martens F, Vandeweghe S, Browaeys H, De Bruyn H. Peri-implant

outcome of immediately loaded implants with a full-arch implant

fixed denture: a 5-year prospective case series. Int J Periodontics

Restorative Dent. 2014;34:189–197.

46. Meijer HJ, Raghoebar GM, de Waal YC, Vissink A. Incidence of

peri-implant mucositis and peri-implantitis in edentulous patients

with an implant-retained mandibular overdenture during a 10-year

follow-up period. J Clin Periodontol. 2014;41:1178–1183.

47. Passoni BB, Dalago HR, Schuldt Filho G, et al. Does the number

of implants have any relation with peri-implant disease? Journal of

applied oral science: revista FOB. 2014;22:403–408.

48. Renvert S, Aghazadeh A, Hallstrom H, Persson GR. Factors related

to peri-implantitis – a retrospective study. Clin Oral Implants Res.

2014;25:522–529.

49. Aguirre-Zorzano LA, Estefania-Fresco R, Telletxea O, Bravo

M. Prevalence of peri-implant inflammatory disease in patients

with a history of periodontal disease who receive support-

ive periodontal therapy. Clin Oral Implants Res. 2015;26:1338–

1344.

50. Canullo L, Penarrocha-Oltra D, Covani U, Rossetti PH. Microbio-

logic and clinical findings of implants in healthy condition and with

peri-implantitis. Int J Oral Maxillofac Implants. 2015;30:834–842.

51. Daubert DM, Weinstein BF, Bordin S, Leroux BG, Flemming

TF. Prevalence and predictive factors for peri-implant disease

and implant failure: a cross-sectional analysis. J Periodontol.

2015;86:337–347.

52. Ferreira CF, Buttendorf AR, de Souza JG, Dalago H, Guenther

SF, Bianchini MA. Prevalence of peri-implant diseases: analyses of

associated factors. Eur J Prosthodont Restor Dent. 2015;23:199–

206.

53. Frisch E, Ziebolz D, Vach K, Ratka-Kruger P. The effect of ker-

atinized mucosa width on peri-implant outcome under supportive

postimplant therapy. Clin Implant Dent Relat Res. 2015;17(Suppl

1):e236–244.

54. Konstantinidis IK, Kotsakis GA, Gerdes S, Walter MH. Cross-

sectional study on the prevalence and risk indicators of peri-implant

diseases. Eur J Oral Implantol. 2015;8:75–88.

55. Rinke S, Rasing H, Gersdorff N, Buergers R, Roediger M. Implant-

supported overdentures with different bar designs: a retrospective

evaluation after 5–19 years of clinical function. J Adv Prosthodont.

2015;7:338–343.

56. Papantonopoulos G, Gogos C, Housos E, Bountis T, Loos BG. Peri-

implantitis: a complex condition with non-linear characteristics. J

Clin Periodontol. 2015;42:789–798.

57. van Velzen FJJ, Ofec R, Schulten EAJM, ten Bruggenkate CM.

10-year survival rate and the incidence of peri-implant disease of

374 titanium dental implants with a SLA surface: a prospective

 1
9
4
3
3
6
7
0
, 2

0
1
8
, S

1
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://aap
.o

n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/JP

E
R

.1
7
-0

5
8
8
 b

y
 S

o
u
th

 A
frican

 M
ed

ical R
esearch

, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [2
3

/0
7

/2
0

2
5

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d
-co

n
d

itio
n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se



S312 RENVERT ET AL.

cohort study in 177 fully and partially edentulous patients. Clin Oral

Implants Res. 2015;26:1121–1128.

58. Dalago HR, Schuldt Filho G, Rodrigues MA, Renvert S, Bianchini

MA. Risk indicators for peri-implantitis. A cross-sectional study

with 916 implants. Clin Oral Implants Res. 2017;28:144–150.

59. Rokn A, Aslroosta H, Akbari S, Najafi H, Zayeri F, Hashemi

K. Prevalence of peri-implantitis in patients not participating in

well-designed supportive periodontal treatments: a cross-sectional

study. Clin Oral Implants Res. 2017;28:314–319.

60. Tenenbaum H, Bogen O, Severac F, Elkaim R, Davideau JL,

Huck O. Long-term prospective cohort study on dental implants:

clinical and microbiological parameters. Clin Oral Implants Res.

2017;28:86–94.

How to cite this article: Renvert S, Persson GR,

Pirih FQ, Camargo PM. Peri-implant health, peri-

implant mucositis, and peri-implantitis: Case defini-

tions and diagnostic considerations. J Periodontol.

2018;89(Suppl 1):S304–S312. https://doi.org/10.1002/

JPER.17-0588

 1
9
4
3
3
6
7
0
, 2

0
1
8
, S

1
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://aap
.o

n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/JP

E
R

.1
7
-0

5
8
8
 b

y
 S

o
u
th

 A
frican

 M
ed

ical R
esearch

, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [2
3

/0
7

/2
0

2
5

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d
-co

n
d

itio
n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se

https://doi.org/10.1002/JPER.17-0588
https://doi.org/10.1002/JPER.17-0588

