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Abstract

Objectives: This narrative review provides an evidence-based overview on peri-implantitis for

the 2017 j! orkshop on Classification of Peri-implant Diseases.

Material : A literature review was conducted addressing the following topics: 1)
I

definition eri-implantitis; 2) conversion from peri-implant mucositis to peri-implantitis, 3)

onset andfpat of disease progression, 4) characteristics of peri-implantitis, 5) risk

factors/indicators for peri-implantitis, and 6) progressive crestal bone loss in the absence of

soft tissue ation.

Conclusions: s

1) Peri-inglantitis is a pathological condition occurring in tissues around dental implants,

characteri inflammation in the peri-implant connective tissue and progressive loss of
supportin

2) The histo logical and clinical conditions leading to the conversion from peri-implant
mucosi plantitis are not completely understood.

3) The ons of Reri—implantitis may occur early during follow-up and the disease progresses in

a non-line celerating pattern.

itis sites exhibit clinical signs of inflammation and increased probing depths

ine measurements.

4b) At theghi ical level, compared to periodontitis sites, peri-implantitis sites often have

larger infl y lesions.
4c) Sur ry at peri-implantitis sites often reveals a circumferential pattern of bone loss.

5a) There is strong evidence that there is an increased risk of developing peri-implantitis in
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patients who have a history of chronic periodontitis, poor plaque control skills and no regular

maintenance care after implant therapy. Data identifying "smoking" and "diabetes" as potential

risk factorl,malcators for peri-implantitis are inconclusive.

5b) Ther mited evidence linking peri-implantitis to other factors such as: post-
I
restorativ!presence of submucosal cement, lack of peri-implant keratinized mucosa and

positioninwants that make it difficult to perform oral hygiene and maintenance.

6) Evidenmsts that progressive crestal bone loss around implants in the absence of
f

clinical sig tissue inflammation is a rare event.

Introdu;

Biologicalmations affecting osseointegrated implants are a topic of major interest in

contempo ntistry. Such complications mainly refer to inflammatory conditions associated

with a llenge.13 Two clinical varieties may be distinguished: peri-implant mucositis
and peri-implantitis. While the presence of an inflammatory lesion is a feature both conditions

have in coh,)nly the latter form presents with loss of supporting bone.* It is anticipated

that mucoedes peri-implantitis.3

This revieSaEEresses the following topics: 1) definition of peri-implantitis; 2) conversion from

peri-implaat mugesitis to peri-implantitis, 3) onset and pattern of disease progression, 4)

Character: peri-implantitis, 5) risk factors/indicators for peri-implantitis, and 6)

progressi bone loss in the absence of soft tissue inflammation.

<
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Q
Methodh
O

Search st%nd data extraction
An electronic and manual search was conducted for each of the addressed topics. The PubMed

database m National Library of Medicine, the Excerpta Medica database (Embase) by
Elsevier, a eb of Knowledge of Thomson Reuters were screened for relevant articles (i.e.
experimental studies in animals and humans/ observational studies, randomized/ controlled

clinical stadi stematic reviews/ meta-analyses, consensus reports). Data from identified
and rel ations were extracted and, if indicated, presented in evidence tables. Overall
findings we arized in a narrative manner.

Observ@and Discussion

Currenﬂn of peri-implantitis

Peri-imW pathological condition occurring in tissues around dental implants, characterized

by inﬂamnmlhe peri-implant mucosa and progressive loss of supporting bone.1 4

In the clinic ing, soft tissue inflammation is detected by probing (bleeding on probing,
BOP), w ressive bone loss is identified on radiographs. Studies on peri-implantitis
require case definitions and threshold values to distinguish (i) health from disease and (ii)

This article is protected by copyright. All rights reserved.



mucositis from peri-implantitis. It should be noted that, while case definitions for peri-

implantitis vary considerably between studies,> the definition of the disease remains.

ript

C

Conversion fTom peri-implant mucositis to peri-implantitis

S

Mirroring thie pfogression of gingivitis to periodontitis, peri-implant mucositis is assumed to

U

precede peri-implantitis.3 Currently, features or conditions characterizing the conversion from

peri-impl sitis to peri-implantitis have not been identified.

N

The peri-i oft tissue reactions to plaque formation have been extensively evaluated in

d

both animt d human studies.1#16 Thus, plaque formation consistently resulted in an

inflam of the peri-implant soft tissues,1416 associated with clinical signs of inflammation,

such a ss and edema.”

M

Zitzmann g al. (2002) examined human biopsies after a plaque formation period of 21 days.

The histological analysis revealed the establishment of a B and T cell-dominated inflammatory

cell infiltrg in the soft tissue lateral to the barrier epithelium, occupying an area of

approxf "

SimilarWre made in animal studies, presenting with a varying apical extension of the
inflammat n.7. 9 10, 12 At most of the implant sites investigated, the lesion was located

lateral to the Dbarrier epithelium and separated from the crestal bone by a zone of healthy

connectis e. However, at some sites in one study, the subepithelial connective tissue was

infiltrated with inflammatory cells (i.e. CD68 positive cells), thus decreasing the zone of healthy
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connective tissue above the peri-implant bone.” At 16 weeks of plaque formation, the distance
between the apical extension of the ICT and the crestal bone varied between 1.0 and 1.9 mm. At
only one lmlant site did the ICT reach the crestal bone.” The exact histopathological

in apical extension of the ICT and associated crestal bone loss have yet to

C
O

Clinically, ersion from mucositis to peri-implantitis was evaluated in one retrospective

observation@Pstiidly including 80 patients initially suffering from peri-implant mucositis.1” Over
5 years, the inSdence of peri-implantitis was lower in subjects enrolled in a regular
maintenan am (18%) than among patients without regular maintenance care (43%). In
the “maintc

oup, “BOP+ at >50% of all implant sites” (OR 37) and “Probing Depth (PD) >4

mm at >5‘m’ (OR 20) were associated with peri-implantitis. In the “not maintained” group, the

associated factors were Probing Depth (OR 26) and the presence of periodontitis (OR 11). In the
entire patien , the conversion to peri-implantitis was correlated with BOP (OR 18) and PD
scores Wehe lack of regular maintenance therapy (OR 6), as well as the presence of

periodont!’ is (OR9).

The histo ical and clinical conditions leading to the conversion from peri-implant
mucositis t -iImplantitis are not completely understood.
Onset an of disease progression.

Progression of experimentally induced peri-implantitis
The so-called®digature model" is often used to study experimental peri-implantitis in animals.!8.

19 The protocol comprises a phase of active tissue breakdown around osseointegrated implants,
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including plaque formation and placement of ligatures in a submucosal position.2? The ligature
breaks the mucosal seal to the implant and promotes submucosal bacterial biofilm formation.
The enstatory lesion initiates tissue destruction, including bone loss. Also after the
removal o tures and under continuous plaque formation, progression of disease may
occur.2THIS®A®del thus mimicks naturally occurring peri-implantitis. When compared to
experimerhuced periodontitis, lesions associated with experimental peri-implantitis
demonstrage larger inflammatory cell infiltrates and more rapid and pronounced bone loss.2!

After a i f several weeks of plaque formation subsequent to ligature removal,

SC

spontanoues progression of peri-implantitis was associated with severe inflammation and

tissue destructiom#? Disease progression was influenced by implant surface characteristics with

more pro:Eoreakdown at implants with modified than with non-modified surfaces.21 23

Clinical 1 nset and progression of peri-implantitis
Prospecti les evaluating onset and progression of naturally occurring peri-implantitis

could not be identified and are for obvious ethical reasons not feasible. However, retrospective
observati(&l studies employing multilevel growth curve models provided statistical estimates

on onset mrn of peri-implantitis associated bone loss.2* 25 Fransson et al. evaluated 182
wi

patients tal of 419 implants (machined/turned surfaces, no bone grafting procedures,
fixed restogations) that presented with progressive bone loss.25 For these implants, bone levels
were aMg intra-oral radiographs obtained between the 1-year examination and a

follow-up period§of 5 - 23 years (mean: 11.1 years). The average bone loss was 1.7 mm and

cumulative percentages of implants with bone loss 21 mm, =2 mm, or 23 mm were 68%, 32%

ectively. A multilevel growth curve model revealed that the pattern of bone loss

was non-linear, accelerating and demonstrating an increased variance over time that was
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attributed to subject heterogenity. This was confirmed in a retrospective analysis by Derks et

al..2¢ Results indicated that the onset of peri-implantitis may occur early, as the majority of

|

implants demonstrated first signs of bone loss (>0.5 mm) already after the second (52%) and

D

third yea n function.2* At the subject level, these calculations amounted to 70% and

81%, ré8p

When evalgatingythe above studies, it must be kept in mind that the onset of peri-implantitis

Gl

was estim the basis of radiographic bone loss alone, not considering other clinical

parameten§.24%> Nevertheless, these analyses suggest that peri-implantitis may commence early

S

during fol nd that the progression of peri-implantitis appears to be faster than what is

observed i ontitis.26-28

N

The conceRto tentially early onset of peri-implantitis is further supported by findings from

a

studies peri-implant conditions already after comparatively short follow-up periods

(=2 year ss-sectional analysis of 238 patients with a total of 512 implants revealed that

\%

peri-implantitis (case definition: BOP+ and changes in radiographic bone level compared to

1

baseline) frequently noted in all implant age groups investigated.z® At the implant level, its

frequency ed to n=18 at 1-12 months of follow-up, n=34 at 12-48 months and n=12 at

>48 months, ectively. For the diagnosis of peri-implant mucositis, the number of affected

O

implants respective age groups was n=25, n=157 and n=32, respectively. Becker et al.

N

recentl e incidence of biological complications at zirconia implants over a 2-year

t

period in 3nts.30 BOP values significantly increased from 21% at baseline (i.e. 10-12
weeks after imp

ant placement) to 38% and 64% at 6 and 12 months, respectively. Based on the

ition (BOP+ and changes in the radiographic bone level compared to baseline),

18 patients were diagnosed with initial peri-implantitis between 12 and 24 months.30
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CharactegyiStics 6f peri-implantitis

G

Histopath haracteristics of naturally occurring peri-implantitis

S

The histol ical features of naturally occurring peri-implantitis lesions have been

u

extensivel ed in human biopsy materials.31-39

When co with peri-implant mucositis, the lesions at peri-implantitis sites (case

definition: uppuration, radiographic bone loss) harbored more neutrophil granulocytes

«

ah

and larger ortions of B cells (CD19+)”.35 Similar to periodontitis, the lesions at peri-

implantitis si re also dominated by plasma cells and lymphocytes,33. 34 36 but characterized
by larg ns of polymorphonuclear leukocytes and macrophages.3® 38 Recently, it was
also shown that the size of peri-implantitis lesions (case definition: interproximal implant sites
with BOP+ and PD =7 mm) was more than twice as large as that noted at periodontitis sites (3.5

mm? Vvs. .39 Moreover, peri-implantitis lesions were characterized by larger area

o

proportion$; ers and densities of plasma cells, macrophages and neutrophils, as well as a

h

higher ascular structures outside and lateral to the cell infiltrate.3° Another study

{

using im chemical analysis of harvested soft tissue biopsies showed that IL-1a was a

U

dominant st activating cytokine at peri-implantitis sites.3” It must be emphasized that
the abov ses of human peri-implant tissue biopsies did, for ethical reasons, not include

the osseous nent of the sites.

A
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Microbiolqical a,i immunological characteristics of naturally occurring peri-implantitis

Using con @ | DNA probe and cultural analyses, common periodontopathogenic bacteria

P

have bgengisglated at both healthy and diseased implant sites,* and the distribution of the
detected shid not markedly differ by clinical implant status (i.e. healthy, peri-implant
mucositis,@)lantitis).41 However, when compared with healthy implant sites alone, peri-
implantitis sociated with higher counts of 19 bacterial species, including Porphyromonas
gingivalis nerella forsythia.*2 Moreover, observational studies have indicated that peri-
implantitis was SOre frequently linked with opportunistic pathogens such as Pseudomonas
aeruginos phylococcus aureus (S. aureus),*3 +* fungal organisms (e.g. Candida albicans,
Candida boitdimiimBenicillum spp., Rhadotorula laryngis, Paelicomyces spp.),*3 45 46 and viruses (i.e.
human cyto % ovirus, Epstein-Barr virus)*’, thus pointing to a rather complex and
heterOj::::ig E’;Ezﬁonﬁ& 49 It should be emphasized that the submucosal microbiota of peri-
implantitis les have not been extensively studied using culture-independent techniques.

Thus, t

picture associated with peri-implantitis should be regarded as incomplete.

Most receatic reviews have focused on the correlations between various cytokines (i.e.

proinflam anti-inflammatory/ osteoclastogenesis-related) and chemokines measured in
the pe evicular fluid (PICF) and the clinical condition at implant sites.50 51 Most of

the incluah stuaies focused on the assessment of IL-18 and tumor necrosis factor alpha (TNF-

d

a). Based on a meta-analysis,5° the release of IL-13 was reported to be significantly increased at
mucositis a -implantitis sites, when compared with healthy implant sites. However, no
significan ence in IL-1p levels was noted between peri-implant mucositis and peri-

implantitis sites. Peri-implantitis sites were also associated with a significant increase in TNF-a
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levels over healthy implant sites.5% In contrast, the majority of included studies failed to identify
any significant differences in the levels of either IL-4, IL-10 or osteoclastogenesis-related
(RANKIMS between healthy and peri-implantitis sites.5! Accordingly, the systematic
reviews in @ hat the assessment of proinflammatory cytokines (mainly IL-1) in the PICF

might Be BfF@AEficial value to differentiate between peri-implant health and disease, but
Clinical chmtics of naturally occurring peri-implantitis

inappropr termine the onset of peri-implantitis.

Clinical si flammation including redness, edema, mucosal enlargement, BOP+ with or
without 51gpuration along with increases in PD and radiographic bone loss are commonly used

in case definitions for peri-implantitis.3%.33-39

Implant si gnosed with peri-implantitis commonly show increased PD. In a study
evaluating tients with 2277 implants after a function time of 9 years, a PD 26 mm was
record of all implants presenting with moderate/severe peri-implantitis (case

definition: BOP+ and bone loss >2 mm).52 Out of the implants classified as healthy (case
definition: r diagnosed with mucositis (case definition: BOP+ but no bone loss >0.5 mm),

3% and 1¢ @ ed PD =6 mm, respectively. It was also noted that the frequency of implants

demonstrﬁ% mm increased with increasing severity of peri-implantitis.

In a crosssgectional analysis, Schwarz et al. evaluated a total of 238 patients (n=512 implants)
after a m ction time of 23 months (1-80 months).29 At peri-implant mucositis sites

(Case defi ®BOP+ on at least one aspect of the implant), the frequency of BOP scores
mainly{t\:een 33% and 50%, while the peak was 67% at peri-implantitis sites (Case
definition:_BO d/or suppuration and changes in the radiographic bone level compared to
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baseline). Diseased implant sites were associated with higher frequencies of 4-6 mm PD than
implants with a healthy peri-implant mucosa, with an equal distribution between mucositis and
peri-immg. PD values of 27 mm were only observed at one implant diagnosed with
peri-impl
I

In this corSXt, it must be realized that the determination of what constitutes a physiological PD
at implant gitesfig difficult. A recent analysis described a high degree of variation in the vertical
mucosal th s measured at healthy implant sites, ranging from 1.6 mm to 7.0 mm (i.e.
mucosal rw the crestal bone level).53 One cross-sectional analysis also evaluated and
compared izontal mucosal thickness (hMT) at healthy and diseased implant sites.
Median h e significantly increased at diseased-, when compared with healthy implant

sites (1.1 Mm), but were similar at mucositis and peri-implantitis sites (i.e. 1.7mm vs. 1.6 mm),

2

respectivemgroups investigated, these values did not markedly differ by implant location

(i.e., upper aws) or position (i.e., anterior/posterior sites).54
Several conse statements pointed towards suppuration as a common finding at sites
diagno eri-implantitis.. 4 One study examined 197 implants in 97 patients

demonstrating progressive bone loss on radiographs.ss 56 The authors compared these implants
with 285 i ts in the same patients not exhibiting bone loss. It was observed that, while
94% of tmts presenting with bone loss also were positive for BOP, suppuration on
probingwﬂﬁed at 19%. Only 5% of implant sites without bone loss showed suppuration.

ClinicalMo reported on the configuration of peri-implantitis defects.575% In 79% of all
sites investiga aturally occurring peri-implantitis lesions featured a combined supra- (Class

II) and intra-bony (Class I) defect configuration.’8 The intrabony component most frequently

(55%) BX ﬂ[& d circumferential bone loss with maintenance of the buccal and lingual contours

of the supporting crestal bone (i.e. Class Ie). This was followed by buccal dehiscence-type
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defects revealing a semicircular defect to the middle of the implant body (i.e. Class Ib) (16%),
and buccal dehiscence-type defects with circular bone resorption in the presence (i.e. Class Ic)
(13%),Msence (i.e. Class Id) (10%) of the lingual bone plate. The lowest frequency was
noted for @ buccal dehiscence-type defects (i.e. Class Ia) (5%).58 Similar intraoperative
finding8#EFe®aIs8 reported by Serino et al.5” The majority (66%) of the implants investigated
(n=59) exha uniform bone loss at all four aspects.5” The remaining peri-implantitis
defects majnly featured a more advanced bone loss at the buccal site. These data were recently
confirmedws-sectional analysis, also pointing to an uniform bone loss at all four implant
aspects with a high frequency of Class Ie defects (15/46, 33%).5° Based on the above studies, it

is assumed th eri-implantitis lesions commonly progress circumferentially around the

3

affected i

N

Studies re imgdon clinical characteristics of implants diagnosed with peri-implantitis are

d

summarizedi le 1.

M

Periapical peri-implantitis

I

Apart fro plant infections at sites with deepened probing depths, a number of case

series als dfed on the occurrence of periapical peri-implantitis lesions. The affected

implants monly characterized by a periapical radiographic radiolucency with or

i

withou nt clinical signs of inflammation, such as redness, edema, fistula and/ or

|

abscess mation.6%-72 These clinical and radiographic signs of inflammation were noted

9

between 2 - 8 wegks68 71 and up to 4 years®s after implant placement. The majority of the studies
reported a correlation between retrograde peri-implantitis and the existence of

periapica ntic lesions at adjacent teeth.61-63, 65,67, 68,70, 72

A
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Oral-mu-cog Testons mimicking peri-implantitis

Case repoyfs ha escribed a variety of oral-mucosa lesions at dental implants that may mimic

peri-implant diseases. Such lesions include primary malignant tumors (i.e. oral squamous cell

Carcinomawvnetastases77 as well as giant cell and pyogenic granuloma.?8-86

While these Eat§logic conditions share several clinical features with peri-implant diseases,

they reveac differences to a nonspecific inflammation at the histopathological level.86

Risk factors in;icators for peri-implantitis
Interventi dies of longitudinal design are required to identify true risk factors for a

disease. Observational studies, cross-sectional or retrospective in nature, may only describe risk

indicatorss.
In the follt, potential risk factors/indicators with substantial evidence are addressed

in dedrns, while factors with limited evidence are summarized under "Areas of
future

History of periodedtitis

Periodonti common disease. Its severe form ranks 6th among the most prevalent

disorders.8” In a recent survey carried out in the US, Eke et al. reported that roughly 50% of the
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adult population (aged =30 years) presented with periodontitis.88 In individuals 265 years of

age, the corresponding number was 68%. Studies reporting on the potential association

{

between history of periodontitis (chronic or aggressive) and peri-implantitis are described in

Table 2.

|
In two 104ear longitudinal studies, peri-implantitis was assessed and correlated with a history

of periodoggitisMaroussis et al. provided implant therapy to 45 patients without a history of

E

periodonti total of 8 patients were treated with implants after having successfully

complete odéntal therapy. The 10-year incidence of peri-implantitis (case definition: PD

S

25 mm, B annual bone loss >0.2 mm) in the non-periodontitis group was 6% (implant

U

level) com’ 0 29% in subjects with a history of periodontitis. Roccuzzo et al. followed 101

patients pgovided with dental implants after having been categorized as (i) periodontally not

A

compromi iid moderately compromised and (iii) severely compromised.?®. 91 The authors

cl

reported that the frequency of implant sites demonstrating PD 26 mm (2%, 16%, 27%,

respectl d bone loss 23 mm (5%, 11%, 15%, respectively) differed significantly between

groups esults also showed that treatment of peri-implantitis was more time consuming in

]

patients with a history of periodontitis. In a follow-up study of 80 patients presenting with

[

mucositis ne, the incidence of peri-implantitis over 5 years was assessed by Costa et

al.’” The 3 @ pbserved an overall incidence of peri-implantitis of 31%. Patients suffering

from perio itis at the final examination had significantly higher odds to also have developed

peri-i it en compared to individuals without periodontitis (OR 9).

{

A numbe s-sectional studies reported on prevalence of peri-implantitis and analyzed

associatio ilfeither a history of periodontitis or current periodontitis. In a study including

U

216 pat -14 years after implant therapy, Roos-Jansdker et al. reported that implants

A

placed in pa with a history of periodontits had significantly higher odds (OR 5) for peri-
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implantitis when compared to implants in patients without.?2 93 Koldsland et al. reported similar
findings after examining 109 subjects with 1 to 16 years of follow-up.9* 9 Thus, patients with a
historyMntitis were found to be at higher risk for peri-implantitis (OR 6). Several
subseque @ s confirmed this association with varying degrees of strength.?6-100 Qther
studies™ cGFFEIE®Ed current periodontitis with peri-implantitis, also reporting strong
associatioh02 In fact, Daubert et al. found that severe periodontitis at follow-up was the
strongest Mdicat@r for peri-implantitis of all variables examined, presenting with an unadjusted
risk ratio merks et al, in a 9-year follow-up including 588 patients reported an odds ratio

of 4 for patients with current periodontitis.>52

While the;y of publications is in general agreement when examining the association
between griodontitis and peri-implantitis, it should also be noted that conflicting reports
exist.29, 103- , Marrone et al. examined 103 patients with implant-supported restorations

in function ast 5 years.103 Neither current periodontitis nor history of periodontitis were

statistic ionificant predictors for peri-implantitis. Also Rokn et al., in a cross-sectional study
on 134 ts failed to demonstrate a higher risk for peri-implantitis in patients with a history

of periodontitis.10¢ Disagreement between studies may be explained by differences in case

definitionhﬂstory of) periodontitis and (ii) peri-implantitis (see Table 2).

Conclusio @ s strong evidence from longitudinal and cross-sectional studies that a history

of periodo stitutes a risk factor/indicator for peri-implantitis.

uth

Smoking

Smoki een strongly associated with chronic periodontitis, attachment loss as well as

)

tooth loss,107. tudies reporting on the potential association between smoking and peri-
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implantitis are described in Table 3.

Lindquist It al. rsorted that smokers presented with substantially more crestal bone loss than

non-smok line with this observation, several subsequent studies observed a strong
associatio moking and peri-implantitis. In a 10-year cohort study, Karoussis et al.
H I

found thatfit 8% of all implants in smokers developed peri-implantitis, while only 6% of implants
in non-squere affected.8® Three cross-sectional studies confirmed these findings,

reporting o ios of 32110, 330 and 593, respectively.

The majormblications, however, failed to identify smoking as a risk factor/indicator for
peri-implantitis. ;uirre—Zorzano et al. examined 239 implant-carrying individuals after a mean
follow-up t bout 5 years and found an overall prevalence of peri-implantitis of 15%.111

Smokers at higher risk. Results from other cross-sectional studies confirmed their

findings.258°6. ®9-18, 103-106 [t should be observed that three different studies reported on an
en smoking and peri-implantitis in their respective initial univariate
analyses.52 97, wever, in the following calculations with adjustments for confounding and
ariate analyses), smoking was not retained as a relevant predictor for peri-
implantiti!This indicates that smoking may be confounded by other background variables, e.g.

history of periodontitis. The reasons for the conflicting findings and the apparent weak

associatio en smoking and peri-implantits are currently not understood but may be

related to es in categorization of smokers and non-smokers. Thus, criteria for the factor

"smoking”_varied_considerably from study to study. Furthermore, all of the identfied studies

relied soleﬁient—reported information for the assessment of smoking status.

Conclusio{W‘e is currently no conclusive evidence that smoking constitutes a risk

factor/indicator for peri-implantitis.
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Diabetes I '
Diabetes mprises a group of metabolic diseases where type 1 describes an

autoimpguge destruction of insulin-producing f-cells and type 2 is characterized by insulin
resistancewlobal prevalence of diabetes in the adult population is estimated at around

8%,113, 114 ‘nd th,disorder has been identified as a risk factor for periodontitis.115 116 Table 4

summarizms on its potential association with peri-implantitis.

A number rs have indicated that diabetic patients are at higher risk for peri-implantitis.
Thus, Ferngi l. recorded peri-implantitis in 24% of individuals who either medicated for
glycaemic Sontro! or presented with fasting blood sugar 2126 mg/dl at the final examination 117

In contrast, onlf 7i0: of non-diabetic patients were diagnosed accordingly. The authors reported

an OR o cent findings from a study involving 96 patients with 225 implants
demon ’ r a mean follow-up of 11 years, a 3-fold risk (Risk ratio 3, implant level) for
peri-im 5 1n subjects who were diagnosed with diabetes at time of implant placement.101

This analysis, however, was not adjusted for potential confounding. Tawil et al. followed 45

diabetic p& nts for a mean of 42 months (range 1-12 years).118 In subjects with a mean HbAlc

level <7% ants were diagnosed with peri-implantitis. In patients with elevated HbAlc
levels (7% - , 6 out 141 implants developed peri-implantitis.

A number s failed to identify diabetes as a risk for peri-implantitis. In the retrospective
study by al,, diabetic patients diagnosed with mucostis were not at higher risk to

develo plantitis when compared to non-diabetics.l? Similarly, a lack of assocation
between peri-intPlantitis and diabetes was reported in the majority of available cross-sectional
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studies.52 93, 98-100, 103, 104, 106 [t should be pointed out that the assessment of diabetes in all but
three studies!”. 102 118 was solely based on patient-reported information. In two of the three

reports antssoaation was found between diabetes!92 or HbA1lc levels!!® and peri-implantitis.

Conclusiohble evidence is inconclusive as to whether diabetes is a risk factor/indicator

for peri-iniplantit]s.

SC

Poor plaquzl/lack of regular maintenance therapy

As demorsrated in classical studies on periodontal diseases, lack of regular maintenance

therapy is ted with tooth mortality and clinical attachment loss at teeth.119-123 These
findings havle lighted the importance of self-performed and professionally-administered
infection measures in the prevention of periodontal diseases. Studies on the potential
associ n poor plaque control or lack of regular maintenance therapy and peri-

implantitis are presented in Table 5.

L

Results fro longitudinal study including patients diagnosed with mucositis indicated the
importanc ue control in the prevention of peri-implantitis.l” The analysis showed that
the inci(kE peri-implantitis over a 5-year period was lower in patients attending
maintena*e the?py (18%) when compared to individuals without supportive care (44%).
These findji in aggreement with Roccuzzo et al.?° The authors reported that patients who,

during a eriod, failed to adhere to the recommended maintenance therapy required
substar¢ treatment for peri-implantitis (41%) than those attending the follow-up
visits (27%). ts from a cross-sectional study are also in agreement. Patients complying to
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maintenance therapy following implant therapy during a mean obersvation time of 3.8 years
were less likely to be diagnosed with peri-implantitis than non-compliers (OR 0.14).124
Cross-sgetignalreports assessing self-performed plaque control and its association with peri-

implantitihstrated a strong correlation. In four studies, poor plaque control at the final

examinati@n was fhe strongest statistical predictor for peri-implantitis with ORs ranging from 5

G

to 14.29 102 104 1 more modest assocation (ORs 3 to 4) was described by one additional cross-

S

sectionall9&@#d @e case-control study.9’

U

Contradic have also been reported. A total of four publications were identified that

failed to ofserve correlations between cross-sectional assessments of plaque scores and peri-

N

implantitis.?3 95 103, 106 [n this context, it should be considered that a one-time assessment of

d

plaque ma essarily reflect the long-term level of self-performed plaque control.

Other fact ted to oral hygiene measures at implants may also be considered. Recently,

WY

Souza ed that brushing at implant sites with keratinized mucosa (KM) <2 mm was

associated with considerably more discomfort when compared to brushing at sites with KM 22

I

mm.125 Th s also noted higher scores for plaque and bleeding at sites with reduced KM.

Serino and rvaluated the accessibility of implant-supported restorations for oral hygiene

measures i ients diagnosed with peri-implantitis.126 The authors noted that only few sites

1

with a | hygiene were affected (18%), while 65% of the non-cleansable sites showed

1

peri-implaftitis.

U

Conclusion® is evidence that poor plaque control and lack of regular maintenance therapy

constit actors/indicators for peri-implantitis.

A
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Areas of future research

Keratinizei muco,

The evide there is a need of a keratinized mucosa (KM) to maintain peri-implant health

P

is still limited 122128 Previous systematic reviews have indicated that a KM of <2 mm was
associateMore plaque accumulation and peri-implant soft tissue inflammation when

compared@vith imiplants that were surrounded by a KM of 22 mm.128 129 [n particular, a meta-

C

analysis p to statistically significant differences in terms of plaque scores, modified

S

gingival ind&%] ni¥cosal recession and attachment loss in favour of sites with a wider KM.129

U

These findi re also supported by recent observational studies.105 125 130-132 [n a cross-

sectional @halysis, Ladwein et al. evaluated 211 patients (n=967 implants) after a mean

N

observation period of 8 years.132 Implant sites lacking KM were associated with significantly

a

higher pl es, marginal bleeding and BOP scores than sites with KM. However, no

signific ces were noted with regard to PD and radiographic bone levels.

Anothe

M

ional analysis of 36 patients (n=110 implants) after an observation period of
at least 6 months also pointed to significantly more plaque, marginal bleeding and mucosal
inflammat ell as greater mucosal recession at sites where KM was <2 mm.!3! Souza et al.

observed @ ant sites with a KM of <2 mm had significantly higher plaque and BOP scores

Or

and were jated with an increased brushing discomfort than implant sites with a KM of 22

N

mm.125 g was also supported by data from another cross-sectional analysis (n=60

t

patients) 1Adicating that implants with a KM of <2 mm revealed a significantly higher levels of

plaque accumulagion as well as increased BOP+ and PD values when compared with implant

U

sites with of 22 mm.130 Canullo et al. reported that periodontally healthy patients

diagnose eri-implantitis (53 out of 534 patients) had higher plaque and BOP scores as

A

well as higher percentages of implants with a KM of <2 mm.105 Recently, in a cross-sectional
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analysis at 10 years after implant placement, Rocuzzo et al. reported that, even in patients with

a sufficient oral hygiene, the absence of KM was associated with higher plaque scores.133

g

Conclusio studies suggest that the absence or a reduced width of KM may negatively
affect sel oral hygiene measures, there is limited evidence that this factor
I I

constitutes risk for peri-implantitis.

Excess cenién

SC

Several o

U

nal studies have reported on a correlation between excess cement and
the preval peri-implant diseases. Employing a variety of different case definitions, it

was suggédsted that the presence of excess cement was closely linked to the occurrence of

A

either peri-implant mucositis or peri-implantitis.134'138 However, the proportions of
diseased @ites showing showing excess cement varied considerably among studies
and range en 9% and 81%. Accordingly, several implant sites showing excess cement
exhibit se.lg“"138 Furthermore, cement-retained restorations were not found to
be at highergisk*for peri-implantitis when compared to screw-retained reconstructions. 2
101, 103,§

eless, a systematic review emphasized that the rough surface structure of

- . - . 140
cement remnants may facilitate retention and biofilm formation.
Conclusiort: uggested that excess cement is a potential risk factor/indicator for peri-

implantiti

nor

{

Genetic

U

Gene poly s may affect gene expression, protein production and cytokine secretion.1#

Several o 1onal studies have addressed the potential association between various gene

A

polymorphi d the occurence of peri-implantitis, with the majority focussing on IL-1.142-146

Based on a cross-sectional analysis, Gruica et al. reported that 64 out of 180 patients revealed a
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positive IL-1 composite gene polymorphism (IL-la +4845; IL-1B +3954) and a total of 34
patients (51 implants) were associated with biological complications (unclear case definition) at
8-15 yeMmplant therapy.1*3 An association between a positive IL-1 composite gene
polymorp @ 1 the occurrence of biological complications was, however, observed only in a
subgro® BMAEEA smokers (220 cigarettes per day). In another cross-sectional analysis, Laine
et al. id a significantly higher prevalence of IL-1 receptor antagonist (IL-1RA)

polymorpRisms j#¥ patients that were diagnosed with peri-implantitis (case definition: BOP+

Cr

and/or sugpu n, bone loss >3 threads at machined implants) when compared with patients

US

showing healthy control implants (57% vs. 33%; OR 3).142 Similar findings were reported by
Hamdy & Ebr , showing that a positive IL-1 composite gene polymorphism (IL-1a -889; IL-

1B +3954 nificantly higher among patients suffering from peri-implantitis.145 However,

I

this asso as not confirmed in other cross-sectional analyses.l44 146 147 Recent

observatighal ies have also pointed to a potential association with gene polymorphisms of

d

osteop 1149 [1L-6,150 CD14-159 C/T and TNFa -308 A/G.151

Conclu #While prospective clinical studies and studies with sufficient sample size are still

M

lacking, the available evidence points to a potential influence of various gene polymorphisms in

I

the patho f peri-implantitis.

O

Systemic c@uditions

th

The assocfation of systemic conditions (other than diabetes) with peri-implantitis has rarely

been studied andlis therefore unclear. A cross-sectional study reported a higher risk for peri-

U

implantitis j nts diagnosed with cardiovascular disease (OR 9) and rheumatoid arthritis

(OR 7)1 nd et al. evaluated cardiovascular disease but failed to observe an association

A

with peri-implantitis.?5 Roos-Jansaker et al.93, Casado et al.% and Canullo et al.105 combined
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different systemic diseases into one parameter and found no elevated risk for peri-implantitis in
their respective analyses. Other studies considered osteoporosis19. 106 gsteopenial®0 106, thyroid
disease‘)s' t, He patitis?9. 103, BMI100 a5 well as radiation and chemotherapy.?’ No association with

peri-impl as observed. It may be questioned whether existing studies evaluating risk

factors Jiin 8f@a@¥sI for peri-implantitis are adequately powered to detect associations with rare

disorders.

Conclusiorunce suggesting systemic conditions (other than diabetes) to be a risk

factor/indicat@r f@r peri-implantitis is limited.

latrogenic factors

US

The Conséhnus report of the 7t European Workshop on Periodontology recognized that the

N

onset and progression of peri-implantitis may be influenced by iatrogenic factors such as

a

“inadequa ration-abutment seating, overcontouring of restorations or implant-
malpo It appears reasonable that the implant position and design of the
suprastr ould facilitate access for self-performed oral hygiene and professionally

administered plaque removal.3 However, studies examining the role of iatrogenic factors in the

developm f peri-implant diseases are still scarce.

In a res @ ve analysis, it was suggested that peri-implantitis was linked with
malpositioji 48) and bone augmentation (OR 2).153 The potential association between
bone a procedures and peri-implantitis was also addressed in two cross-sectional
studies.Mullo et al. reported that in patients (n=53) diagnosed with peri-implantitis
(case definition: 5)P+ and/or suppuration, PD 24 mm, radiographic bone level >3 mm), 18% of
the disease ants had received a bone grafting procedure at installation while the
percenta althy implants sites with a history of bone augmentation was significantly

smaller (7%).105
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In another cross-sectional study, Schwarz et al. evaluated the impact of the outcome of guided
bone regeneration in dehiscence-type bone defects on peri-implant health.15 The residual
defect m assessed 4 months following grafting. After 4 years of follow-up, it was
observed ants with residual defects of >1 mm were at a higher risk of developing peri-
implanfiliSeasenm-

Conclusioh absence of sufficient data, it appears reasonable to suggest that implant

position @gn of the suprastructure may influence the access for home care- and
N/

professioministered plaque removal.
Occlusal o;

In the prec plaque, the potential influence of excessive occlusal overload!>s and lateral
static load#p¢ ri-implantitis has been addressed in animal studies. In particular, employing
the hg::::ig ;EE? in dogs, Kozlovsky et al. subjected titanium abutments connected to
machined imp to either a supra- (i.e. overload), or infra-occlusion (i.e. unloaded) over a
period ks.155 At control sites (i.e. implants with plaque control), overload was
associatedgith an improved osseointegration over unloaded implants. No data on changes of
crestal bone lexels were presented. In the study by Gotfredsen et al., implants with mucositis

screws.156 as no difference in terms of bone level changes between loaded and unloaded

and exper peri-implantitis were exposed to lateral static load by means of expansion

implants. Lateral_load did not induce bone loss at mucositis sites. These findings were

supportedﬁ-Mayfield et al.17, since in their study occlusal overload at implant sites with

plaque co he dog did not result in increased PD or BOP scores over unloaded (i.e. no

crowns implants at 8 months.
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A cross-sectional analysis revealed that clinical signs of occlusal overload (e.g. abutment
fracture, loss of retention, chipping, dynamic occlusal measurements) were identified at 3 out of
207 impatsﬁl healthy peri-implant conditions, whereas the ratio changed to 27/125 at
peri-impla gites (OR 19).153 It should be noted that only patients diagnosed with peri-
implanfiti S¥WeFe®@onsidered in the analysis. In a population of 183 patients with a total of 916
implants, t al.?? identified that wear facets on the implant supported crowns were

associated@with peri-implantitis (OR 2).

Conclusiow is currently no evidence that occlusal overload constitutes a risk

factor/ indSr the onset or progression of peri-implantitis.

Titanium particle
In an analy;s nrchive material of human biopsies, it was reported that the inflammatory cell

i-implantitis sites occasionally (i.e. 7 out of 36 biopsies) revealed residues of

titanium peaks in the energy dispersive x-ray spectroscope.3? Similar
findings were also reported by Fretwurst et al.1s8, since metal particles (i.e. titanium and iron)

were idenh) out of 12 human hard and soft tissue biopsies taken at peri-implantitis sites.

Both studver, were lacking tissue biopsies retrieved from clinically healthy implant
sites (ering the removal of malpositioned or fractured implants).

In a cytolggical amalysis of oral smears taken from the peri-implant mucosa of 30 patients,
Olmedo e ified metal-like particles at both healthy and diseased (i.e. peri-implantitis)

implant siEEs! owever, the titanium concentration appeared to be higher in patients

sufferi(eri-implantitis.
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Conclusion: At the time being, the available evidence does not allow for an evaluation of the role

of titanium or metal particles in the pathogenesis of peri-implant diseases.

pt

A numbgr gfadditional factors have been associated with peri-implantitis in case reports, finite-
element ahr pre-clinical research (e.g. bone compression necrosis!¢0161, over-heating!62,

micro-motion!é3 dhd bio-corrosionté4). The importance of such factors should be evaluated in

C

future reseaic

nus

Does pro

€0

crestal bone loss around implants occur in the absence of soft tissue

inflammagio

It is i t to distinguish between initial physiological bone remodeling and progressive

crestal plant bone loss, with the latter implying that a pathological process is ongoing.

M

The initial remodeling of the crestal bone is considered to be a physiological process following

[

implant t1 This process is influenced by a variety of biological (e.g. mucosal

thickness! @ ical (e.g. prosthetic connections!66) and surgical (e.g. implant positioning!67.

168) factors.

Observ ies have indicated that crestal bone level changes at implants are commonly

{

U

associate inical signs of inflammation. In a retrospective analysis, Fransson et al.

evaluated alence of subjects with progressive bone loss (bone level >3 threads and

bone loss m with year 1 as baseline) at machined/turned implants.5¢ Between 5 and 23

A

years after , the prevalence of progressive bone loss amounted to 28% at the subject-

and 12% at the implant level. In an analysis of a subgroup of these patients, clinical signs of
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inflammation (i.e. BOP+, suppuration, PD >6 mm) were more frequent at sites demonstrating

“progressive bone loss”.55 In particular, the percentages of BOP+, suppuration and PD 26 mm at

|

implant sifes without progressive bone loss were 91%, 5% and 12% compared to 94%, 19%

and 35% t sites with progressive bone loss.

[ |
In anotheffcross-sectional analysis including 427 patients, Derks et al. observed that, over a 9-

year periog@bofig loss (>0.5 mm) had occured at 629 (40%) out of 1578 implants.52 Of these

G

629 impla (63%) also presented with soft tissue inflammation (BOP+) at the final

examinati@n. At implants presenting with more pronounced bone loss (>1 mm, >2 mm, >3 mm,

S

>4 mm), B recorded at 72%, 80%, 87% and 88%, respectively.

U

Similarly, ctive analysis of implants with a modified surface over a period of 10 years

1

indicated, stal bone level changes (>0.5 mm; >1.0 mm; >2.0 mm) were commonly

associatediwvi ical signs of inflammation (BOP+).169.170

a

Conclu ce suggests that progressive crestal bone loss around implants in the

absence al signs of soft tissue inflammation is a rare event.

Author M
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T

1) Periimplantte is defined as a pathological condition occurring in tissues around dental
implants, characterized by inflammation in the peri-implant connective tissue and progressive

loss of sup i one.

S

2) The hi ogical and clinical conditions leading to the conversion from peri-implant

mucositis Eo persl\plantitis are not completely understood.

3) The on i-implantitis may occur early during follow-up and the disease progresses in

a non-line celerating pattern.

4a) Peri-ims sites exhibit clinical signs of inflammation and increased probing depths

compa aseline measurements.
4b) At ical level, compared to periodontitis sites, peri-implantitis sites often have

larger inﬂgmatory lesions.

4c) Surgic@t peri-implantitis sites often reveals a circumferential pattern of bone loss.

5a) Thrg evidence that there is an increased risk of developing peri-implantitis in

patient a history of chronic periodontitis, poor plaque control skills and no regular

maintenan€e care after implant therapy. Data identifying "smoking" and "diabetes" as potential

risk factors/indicators for peri-implantitis are inconclusive.
5b) Th<ome limited evidence linking peri-implantitis to other factors such as: post-
restorative pr ce of submucosal cement, lack of peri-implant keratinized mucosa and
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positioning of implants that make it difficult to perform oral hygiene and maintenance

6) Ev1den

sts that progressive crestal bone loss around implants in the absence of

clinical sig stue inflammation is a rare event.

t
I

Tables O
Table 1. Clmaracterlstlcs of peri-implantitis

200556 & 2008

Cross-sectional
5-20 years

mean: 9.4 years

197 implants identified
with progressive bone
loss

285 implants with no
progressive bone loss

24 patients

Type of Case definition/
tud Study sample Findings
study Inclusion criteria
Clinical examination
82 patients

Progressive bone loss

Bone level 23 threads &
bone loss >0.6 mm

Case definition

PD =26 mm/Suppuration (%
of implants)

No progressive bone loss:
12%/5%

Progressive bone loss:
35%/19%

Cross-sectional

40 implants diagnosed

Intrao perative assessment

peri-implantitis

PD >6 mm Combination of intrabony
with and supracrestal defects;
BOP/SUP+ circumferential-type
moderate to advanced intrabony defects most
peri-implantitis Bone loss frequent (55.3%).
29 patients Case definition Clinical examination and
ntraoperative assessment
Serino . 89 implants diagnosed PD>4mm
2 Cross-sectional with BOP/SUP+ Circumferential-type bone

Bone loss 22 mm

defects most frequent
(66.0%).
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Der Cross-sectional

2016

9 years

588 patients

137 patients diagnosed
with mucositis

62 patients diagnosed
with moderate/severe
peri-implantitis

Case definition
BOP/SUP+

Bone loss >2 mm

Clinical examination
PD 26 mm (% of implants)
Healthy: 3%
Mucositis: 16%

Moderate/severe peri-
implantitis: 59%

Garcia-Garcia e

Cross-sectional

25 patients

46 implants diagnosed
with

peri-implantitis

Case definition
BOP/SUP+

Bone level >2 mm

Radiographic and
intraoperative assessment

Circumferential-type
intrabony defects most
frequent (32.6%).

Cross-sectional

60 patients

229 implants diagnosed
with moderate to
advanced peri-implantitis

Case definition
BOP/SUP+

Bone loss

Clinical assessment with
validated ultrasonic A-
sacnner

Horizontal mucosal
thickness (median)

Healthy sites 1.1 mm
Mucositis: 1.7 mm

Peri-implantitis: 1.61 mm

Cross-sectional

Schwarz et al.

1 month - 6.7
years

mean: 2.2 years

238 patients

216/512 implants
diagnosed with mucositis

46/512 implants
diagnosed with peri-
implantitis

Case definition
BOP/SUP+

Changes in the
radiographic bone level
compared to baseline (i.e.
prosthesis installation)

Clinical examination

Higher BOP scores at peri-
implantitis sites when
compared to mucositis sites.
Similar PD scores.
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Table 2. History of periodontitis and peri-implantitis

Study sample

History of
periodontitis

Peri-
implantitis

Association

al. 2003%°

53 patients

8 patients with
history of
periodontitis

45 patients with no
history of
periodontitis

Case definition for
periodontitis not
specified.

Successfully treated
prior to implant
therapy.

Case definition
PD 25 mm
BOP+

Annual bone loss
>0.2 mm

10-year incidence
of peri-implantitis
(implant level)

History of
periodontitis:
28.6%

No history of
periodontitis: 5.8%

Cross-
sectional

0.5-5 years

212 patients

30 patients with
current periodontitis

182 patients with no
current periodontitis

Case definition

>4 teeth with PD 24
mm and CAL 23 mm

(at final examination)

Case definition
PD =5 mm
BOP/SUP+

Bone level (no
threshold)

0dds for peri-
implantitis (patient

level

Periodontitis: OR
31

216 patients

Number of patients

Case definition

% remaining teeth
with bone loss 24 mm

Case definition

BOP/SUP+

0dds for peri-
implantitis
(implant level)

T B
mean: 11.0 P 124 Bone loss 21.8 mm periodontitis: OR
ears reported 47
M Categories: 0-30% and '
31-100%
113 patients
33 edentulous
atients initi
Cross- p Case definition Lot duliition . -
1onal Peri-implantitis
sectiona 21 patients with no PD =5 mm most common in
Cos . Number of quadrants . .
Maxim history of . patients presenting
1 year . showing crestal bone . .
200810 periodontal bone loss BOP/SUP+ with periodontal
mean: 3.4 loss bone loss in all 4
T . X i Bone level 23 quadrants_
years (at final examination)
threads

59 patients with
history of
periodontal bone
loss
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Dvorak et al.

Costa et
201

28 patients not
periodontally
compromised

37 patients
moderately
compromised

36 patients severely
compromised

Case definition for
periodontitis not
specified. Based on
clinical examination at
baseline. Periodontally
compromised patients
categorized according
to number and depth
of periodontal pockets.

not reported.
Number of sites
with increased PD
and bone loss as
well as patients
treated for peri-
implantitis by
means of systemic
antibiotics and/or
surgery are
presented.

Type of History of Peri- . .
Study yp Study sample . y .. . .. Association
study periodontitis implantitis
Case definition for
103 patients current periodontitis
24 patients with 22 teeth with PD 25
p. mm, BOP % bone loss . .
S- history of -6 mm Case definition 0dds for peri-
ectional periodontitis - implantitis
KOldSI!l (at final examination) PD 24 mm L v ]
al. 2010° 1-16 years (6 patients with
20119 ean: 8.4 ?u;reriltt. Definition for history BOP/SUP+ _H;sto?lt.of OR
: periodontitis) of periodontitis periodontitis:
years ! Bone loss 22 mm 6.2
77 pz;]t.letnts Wlfth no Tooth loss due to
I_S gryto_t_ periodontitis and bone
perlocontitis loss 24 mm at 230% of
remaining teeth.
X Case definition for
10 patients peri-implantitis .
Association

between (i) % of
sites with PD 26
mm, (ii) % of sites
with bone loss 23
mm, (iii) % of
patients treated for
peri-implantitis
and baseline
periodontal status.

Cross-
sectional

1-24 years

mean: 6.0
years

203 patients

Number of patients
with/without history
of periodontitis not
reported

Case definition for

periodontitis not

specified. Patient-
reported.

Case definition
PD >4 mm
BOP/SUP+

Bone loss/level
(no threshold)

No association.

Cohort study

years

80 patients with
mucositis

28 patients with
current periodontitis

52 patients with no
current periodontitis

Case definition

>4 teeth with PD >4
mm and CAL =3 mm

(at final examination)

Case definition
PD =5 mm
BOP/SUP+

Bone level (no
threshold)

0dds for peri-
implantitis (patient

level

Periodontitis: OR
9.2
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Study

Study sample

History of
periodontitis

Peri-
implantitis

Association

Marrone e
2013103

215 patients

88 with history of
periodontitis

127 with no history
of periodontitis

Case definition

Bone loss and PD =24
mm at 230% of
remaining sites

(prior to implant
therapy). Patient
records.

Case definition
BOP+

Annual bone loss
>0.2 mm (1 mm for
first year)

0dds for peri-
implantitis (patient

level

History of
periodontitis: OR
4.0

103 patients

62 patients with
history of
periodontitis (15
patients with current
periodontitis)

41 patients with no
history of
periodontitis

Case definition for
current periodontitis

BOP 225% & PD =5
mm

(at final examination).

Definition for history
of periodontitis not
reported.

Case definition

PD >5 mm

BOP+

Bone level >2 mm

No association.

270 patients

137 with history of
periodontitis

133 with no history
of periodontitis

Case definition for
periodontitis not
specified. Based on
patient records,
interview and clinical
examination.

Case definition
PD =24 mm
BOP/SUP+

Bone level >2 mm

0dds for peri-
implantitis (patient

level

History of
periodontitis: OR
45

96 patients

Severe periodontitis
defined as the
presence of

Case definition

Risk for peri-
implantitis

Daubert et al. 9.15 years Number of patients periodontitis with PD 24 mm (implant level)
101 ) with current severe attachment loss =5
2015 periodontitis not mm BOP/SUP+ Severe
mean: 10.9 periodontitis: RR
reported
years . L Bone loss 22 mm 7.3
(at final examination)
1275 patients
Case definition 0dds for peri-
198/255 cases with implantitis (patient
de Arauj . history of
Nobre Case-control e:isog(r)}rllgtis Tooth loss due to PD 25 mm level
201597 1year ’ periodontitis. BOP+ History of
57/1020 controls periodontitis: OR
with history of Bone loss =2 mm 19.0
periodontitis

<
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Study

Study sample

History of
periodontitis

Peri-
implantitis

Association

534 patients

140 patients with
current periodontitis

394 patients with no
current periodontitis

Case definition

>30% of remaining
teeth with BOP,
presence of PD 24 mm
and bone loss

(at final examination)

Case definition
PD 24 mm
BOP/SUP+

Bone level >3 mm

No association.

Derks et
201652

588 patients

140 patients with
current periodontitis

352 patients with
not current
periodontitis

96
edentulouspatients

Case definition

22 teeth exhibiting
BOP/SUP+,
attachment loss 22
mm and PD 26 mm

(at final examination)

Case definition
BOP/SUP+

Bone loss >2 mm

0dds for peri-
implantitis (patient

level

Periodontitis: OR
4.1

2016104

134 patients

17 patients with
history of
periodontal
treatment

117 patients with no
history of
periodontal
treatment

Case definition for
periodontitis not
specified.

Case definition
BOP/SUP+

Bone level >2 mm

No association.

Dalago et
2017%°

183 patients

33 patients with
history of
periodontitis

150 with no history
of periodontitis

Case definition

Tooth loss, bone loss
>5 mm, mobility
degree Il and/or PD
>4 mm

(prior to implant
therapy)

Case definition
PD >5 mm
BOP/SUP+

Bone level >2 mm

0dds for peri-
implantitis
(implant level)

History of
periodontitis: OR
2.2

2017%

238 patients

39 with history of
periodontitis

199 with no history
of periodontitis

Case definition for
periodontitis not
specified.

Case definition
BOP/SUP+

Changes in the
radiographic bone
level compared to

baseline (i.e.
prosthesis
installation)

No association.
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Table 3. Smoking and peri-implantitis

Type of . Peri- -
Study Study sample Smoking . .. Association
study implantitis
Case definition Incidence of peri-
| . . implantitis
Patient- ted
Cohort study 53 patients atient-reporte PD =5 mm blant level
Karoussi
8o 41 non-smokers Smoker: smoking at BOP+ Non-smokers:
al. 2003 -12 years time of implant 6.0% .
12 smokers installation. o
Annual bone loss
>0.2 mm Smokers: 17.9%
Cross- 216 patients
ectional Patient-reported Case definition 0dds for peri-
Roos-Jans “ Number of P BOP/SUP —p—imllantlitisl
et al. 200692 93 years smokers/former Smoker: smoking at / * “Lpanl o
k i ination.
ean: 11.0 smo erts EOt final examination Bone loss 21.8 mm Smoking OR 4.6
years reported.
Cross- 113 patients Case definition
Maxi sectional 60 never-smokers Patient-reported PD 25 mm
aximo e
21 year . No association.
200810 32 former smokers Smoker: smoking at BOP/SUP+
mean: 3.4 final examination.
) Bone level 23
years 21 smokers threads
Cross- Case definition
Koldsl ectional 103 patients Patient-reported S
al.2010% & 1-16 years 87 non-smokers ) No association.
Smoker: smoking at
2011° ' o BOP/SUP+
mean: 8.4 16 smokers final examination.
years Bone loss 22 mm
Cross- Patient-reported Case definition
ectional 89 patients 0dds for peri-
Smoker: smoking at PD 24 mm implantitis (patient
-11 years 72 non-smokers ) o level
final examination and BOP+
f k
ean: 5.7 17 smokers orrrtl'er sin50 ers Smoker: OR 31.6
years (cessation <5 years). Bone loss 23.5 mm
Cross- Case definition
ectional 203 patients Patient-reported PD >4 mm
Dvorak e o
2011106 -24 years Number of smokers Smoker: smoking at BOP/SUP+ No association.
mean: 6.0 not reported. final examination.
T Bone loss/level (no
years threshold)
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Cross-
sectional
Casado et al.

2013° 1-8 years

mean: 5.6
years

215 patients

194 non-smokers

21 smokers

Patient-reported

Smoker: smoking at
final examination.

Case definition
BOP+

Annual bone loss
>0.2 mm (1 mm for
first year)

No association.

sectional

||
Marrone et al.
5-18 years

103 patients

83 non-smokers

20 smokers

Patient-reported

Smoker: smoking at
final examination.

Case definition
PD >5 mm
BOP+

Bone level >2 mm

No association.

201310
mean: 8.5
years
Renvert e@lal
t reported

201498

-

270 patients

155 non-smokers

110 smokers

Patient-reported

Smoker: smoking at
final examination and
former smokers

(cessation <10 years).

Case definition
PD 24 mm
BOP/SUP+

Bone level >2 mm

Signficant
association in
unadjusted but not
in adjusted
analysis.

Cross-
sectional

Aguirr
Zorzano et al.
201511

onths- 17
years

ean: 5.3

239 patients

164 non-smokers

75 smokers

Patient-reported

Smoker: smoking at
final examination.

Case definition
BOP+

Bone loss >1.5 mm

No association.

years
Patient-reported at
time of implant
Cross- installation and final Case definition No association
ectional 96 patients examination. between peri-
Daubert et al. PD =24 mm implantitis and (i)
201510 9-15 years 89 non-smokers Smoker: smoking at smoking status at
initial/final BOP/SUP+ initial/final
ean: 10.9 7 smokers examination. examation, (ii)
years Bone loss 22 mm pack/years.

Calculation of
pack/years.

Case-control

20152 21 year

1275 patients

95/255 cases are
smokers

242/1020 controls
are smokers

Patient-reported

Smoker: smoking at
final examination.

Case definition

PD =5 mm

BOP+

Bone loss 22 mm

No association.

Cross-
Canullo et ectional
201 mean: 5.1
years

534 patients
393 non-smokers

141 smokers

Patient-reported

Smoker: smoking at
final examination.

Case definition
PD 24 mm
BOP/SUP+

Bone level >3 mm

No association.
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Derks et al.
201652

Cross-
sectional

9 years

588 patients

467 non-smokers

121 smokers

Patient-reported

Smoker: smoking at
time of implant
installation.

Case definition
BOP/SUP+

Bone loss >2 mm

Signficant
association in
unadjusted but not
in adjusted
analysis.

1-11 years

134 patients

126 non-smokers

Patient-reported

Smoker: smoking at
final examination.

Case definition

BOP/SUP+

No association.

mean: 4.4 8 smokers Bone level >2 mm
years
Cross- 183 paticnts Patient-reported PD 5
Dalago et al. sectional mm L
162 non-smokers . No association.
20179 Smoker: smoking at BOP/SUP+
-14 years final examination.
21 smokers
Bone level >2 mm
Case definition
Cross-
i BOP/SUP+
ectional 238 patients Patient-reported / 0dds for peri-
Schwarz e onth - 6.7 ‘ Changes in the implantitis (patient
204 non-smokers Smoker: smoking at . . level
201729 years ) ) radiographic bone
time of implant
. : level compared to .
34 smokers installation. L Smoking: OR 2.7
ean: 2.2 baseline (i.e.
years prosthesis
installation)
Table &nd peri-implantitis
e of . Peri- -
Study yp Study sample Diabetes . . Association
study implantitis
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Ferreira et al.
200

200692.93

Cross-
sectional

-5 years

mean: 3.5

212 patients

183 non-diabetic
patients

29 diabetic patients

Fasting blood sugar
2126 mg/dl or intake
of anti-diabetic
medicine

(at final examination)

Case definition
PD =5 mm
BOP/SUP+

Bone level (no
threshold)

Peri-implantitis
(patient level)

Diabetes: OR 1.9

Roos-
Jansaker e 14 years

ean: 11.0
years

216 patients

Number of patients
with/without
diabetes not
reported.

Patient-reported
(at final examination)
Diabetes considered in

factor "General
disease"

Case definition
BOP/SUP+

Bone loss 21.8 mm

No association.

113 patients

111 non-diabetic
patients

2 diabetic patients

Patient-reported

(at final examination)

Case definition
PD =5 mm
BOP/SUP+

Bone level 23
threads

No association.

mean: 3.5
years

45 diabetic patients
patients

22 patients with
HbAlc level <7%

22 patients with
HbAlclevel 7% -
9%

1 patient with
HbA1lc level >9%

Regular assessments
of

HbA1lc levels during
pre- and postoperative
period.

Case definition for
peri-implantitis
not reported.

Peri-implantitis
(implant level)

HbA1c level <7%:
0%

HbA1clevel 7% -
9%: 4.3%

HbA1c level >9%:
9.1%

Dvorak et
201110

Cross-
ectional

24 years

mean: 6.0
years

203 patients

Number of patients
with/without
diabetes not
reported.

Patient-reported

(at final examination)

Case definition
PD >4 mm
BOP/SUP+

Bone loss/level (no
threshold)

No association.

Costaetal.

Cohort study

years

80 patients with
mucositis

69 non-diabetic
patients

11 diabetic patients

Fasting blood sugar
2126 mg/dl or intake
of anti-diabetic
medicine

(at final examination)

Case definition
PD =5 mm
BOP/SUP+

Bone level (no
threshold)

No association.

This article is protected by copyright. All rights reserved.




Marrone et al.
201310

Cross-
sectional

5-18 years

mean: 8.5
years

103 patients

96 non-diabetic
patients

7 diabetic patients

Patient-reported

(at final examination)

Case definition

PD >5 mm

BOP+

Bone level >2 mm

No association.

Renver!e
20149%

Daubert e
201510%

Not reported

270 patients

259 non-diabetic
patients

11 diabetic patients

Patient-reported

(at final examination)

Case definition
PD 24 mm
BOP/SUP+

Bone level >2 mm

Association in
unadjusted (OR
6.1, p=0.09) but
not in adjusted

analysis.

Case definition

Risk for peri-

96 patients Patient implantitis
Patient- .
' ' records/Patient: PD >4 mm (implant level)
91 non-diabetic reported
-15 years . . .
patients Diabetic at
. . BOP/SUP+ .
can: 10.9 (prior to implant baseline: RR 3.0
5 diabetic patients therapy) Bone loss >2 mm (unad)u?ted
analysis)
pati Patient
588 patients . Case definition
records/Patient-
254 non-diabetic reported

BOP/SUP+

No association.

patients
(prior to implant
. . . Bone loss >2 mm
14 diabetic patients therapy)
134 patients
Case definition
130 non-diabetic Patient
1-11 years patients records/Patient- BOP/SUP+ No association.
) ) ) reported
mean: 4.4 4 diabetic patients Bone level >2 mm
years
183 patients Patient Case definition
Cross- Patient-
rc.)ss . ' records/Patient PD >5 mm
ectional 167 non-diabetic reported -
. No association.
patients BOP/SUP+

16 diabetic patients

(prior to implant
therapy)

Bone level >2 mm
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Table 5. Poor plaque control/lack of regular maintenance therapy and peri-implantitis

Study Type of Study sample Plaque control/ Peri- Association
study implantitis
Maintenance
I ' therapy
Ferreira e Cross- 212 patients Plaque score Case definition 0dds for peri-
200610 ectional implantitis (patient
43 patients with (at final examination) PD 25 mm level
.5-b years good plaque control
| BOP/SUP+ Poor plaque

mean: 3.5
years

2006°%

123 patients with
poor plaque control

46 patients with
very poor plaque
control

Bone level (no
threshold)

control: OR 3.8

Very poor plaque
control: OR 14.3

216 patients

Number of patients

with/without good

plaque control not
reported.

Presence of plaque at
implant level

(at final examination)

Case definition
BOP/SUP+

Bone loss 21.8 mm

No association.

103 patients

10 patients with
plaque score 230%

93 patients with
plaque score <30%

Plaque score and
presence of plaque at
implant level

(at final examination)

Recall visits

Patient-reported

Case definition
PD =4 mm
BOP/SUP+

Bone loss 22 mm

No association.

Rinke et al. Cross- 89 patients Maintenance therapy Case definition 0dds for peri-
201011 sectional implantitis (patient
58 patients PD =4 mm level
11 years attending
recommended BOP+ Regular
ean: 5.7 maintenance visits maintenance
years Boneloss 23.5mm | therapy: OR 0.09
31 patients not
attending
recommended
maintenance visits
Dvora Cross- 177 patients Presence of plaque at Case definition No association.
sectional implant level
20117 Number of patients PD >4 mm
24 years with/without good (at final examination)
plaque control not BOP/SUP+
ean: 6.0 reported.
years Bone loss/level (no

threshold)
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Costa etal.
201217

Cohort study

5 years

80 patients with
mucositis

39 patients with
maintenance
therapy

41 patients without
maintenance
therapy

Maintenance therapy

Patient-reported and
patient records

Plaque index

(at final examination)

Case definition
PD =5 mm
BOP/SUP+

Bone level (no
threshold)

0dds for peri-
implantitis (patient

level

No maintenance
therapy: OR 1.8

201290

Roccuzz(ﬁt Cohort study
al. 2010°¢

10 years

101 patients

79 patients adhering
to maintenance
therapy

22 patients not
adhering to
maintenance
therapy

Maintenance therapy

Case definiton for
peri-implantitis
not reported.

Treatment for peri-
implantitis
(surgery and/or
systemic
antibiotics).

Treatment for peri-
implantitis (patient

level

Adherence to
maintenance
therapy: 27%

Non-adherence to
maintenance
therapy: 41%

103 patients

16 patients with
plaque score 230%

87 patients with
plaque score <30%

Plaque index

(at final examination)

Case definition

PD >5 mm

BOP+

Bone level >2 mm

No association.

mean: 5.3

years

239 patients

50 patients with
plaque score 225%

189 patients with
plaque score <25%

Plaque index

(at final examination)

Case definition

BOP+

Bone loss >1.5 mm

0dds for peri-
implantitis
(implant level)

Plaque 225%: OR
5.4

20157

se-control

1275 patients

Plaque present in
108/255 cases

Plaque present in
67/1020 controls

Presence of plaque at
patient level

(at final examination)

Case definition

PD =5 mm

BOP+

Bone loss =2 mm

0dds for peri-
implantitis (patient

level

Plaque: OR 3.6

534 patients

Number of patients

with/without good

plaque control not
reported.

Plaque index

(at final examination)

Case definition
PD 24 mm
BOP/SUP+

Bone level >3 mm

0dds for peri-
implantitis (patient
level

Plaque >30%: OR
3.4

Cross-
sectional

588 patients

474 patients
attending annual

Recall visits

Patient records

Case definition

BOP/SUP+

No association.
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maintenance visits

101 patients not
attending annual
maintenance visits

Bone loss >2 mm

Rokn et
201610

134 patients

Number of patients

with/without good

plaque control not
reported.

Plaque index

(at final examination)

Case definition
BOP/SUP+

Bone level >2 mm

0dds for peri-
implantitis
(implant level)

Plaque index
(categorization not
reported): OR 5.4

Schwarz eglal.
201729

238 patients

Number of patients

with/without good

plaque control not
reported.

Plaque index

(at final examination)

Case definition
BOP/SUP+

Changes in the
radiographic bone
level compared to

baseline (i.e.
prosthesis
installation)

0dds for peri-
implantitis (patient

level

Plaque 233%: OR
9.3

Monje et
201712

153 patints

Patients categorized
according to
frequency of

maintenance visits

Plaque index
(at final examination)
Recall visits
Patient records on

early marginal bone
loss

Case definition
BOP/SUP+

Changes in the
radiographic bone
level (22 mm)
compared to
baseline (i.e.
prosthesis
installation)

Alternative case
definitions were
further explored
(i.e. 23 mm and 24
mm with signs of
inflammation)

Prevalence of peri-
implantitis:

Regular compliers:
72.7% were
healthy, 4.5% had
peri-implantitis.

53.5% were
healthy, and 23.9%
had periimplantitis

(OR=0.14)

This article is protected by copyright. All rights reserved.




Refer

Manuscript

1. Lan@ NP, Berglundh T, Working Group 4 of Seventh European Workshop on P.
Per diseases: where are we now?--Consensus of the Seventh European
n Periodontology. Journal of Clinical Periodontology 2011;38 Suppl 11:178-

I

Autho

This article is protected by copyright. All rights reserved.



10.

11.

12.

13.

Sanz M, Chapple IL, Working Group 4 of the VEWoP. Clinical research on peri-implant
diseases: consensus report of Working Group 4. Journal of Clinical Periodontology
2012;39 Suppl 12:202-206.

Berglundh T, Genco R, et al. Primary prevention of peri-implantitis: managing
aht mucositis. Journal of Clinical Periodontology 2015;42 Suppl 16:5S152-157.

Jepsen

Lindhe |i Meyle ], Group DoEWOoP. Peri-implant diseases: Consensus Report of the Sixth
ugopean Workshop on Periodontology. Journal of Clinical Periodontology 2008;35
Sub-ZBS.

Tomhasi ClDerks ]. Clinical research of peri-implant diseases-quality of reporting, case
d and methods to study incidence, prevalence and risk factors of peri-implant
disgasg®Wwurnal of Clinical Periodontology 2012;39:207-223.

SC

Berglindh T, Lindhe ], Marinello C, Ericsson I, Liljenberg B. Soft tissue reaction to de
no e formation on implants and teeth. An experimental study in the dog. Clinical
ts Research 1992;3:1-8.

Or

3

Sc , Mihatovic I, Golubovic V, Eick S, Iglhaut T, Becker ]J. Experimental peri-
im ucositis at different implant surfaces. Journal of Clinical Periodontology
2014;41:513-520.

ScRou Imstrup P, Stoltze K, Hjorting-Hansen E, Fiehn NE, Skovgaard LT. Probing
around 1mplants and teeth with healthy or inflamed peri-implant mucosa/gingiva. A
ogic comparison in cynomolgus monkeys (Macaca fascicularis). Clinical Oral
search 2002;13:113-126.

> Berglundh T, Marinello C, Liljenberg B, Lindhe ]. Long-standing plaque and
gingivitis at implants and teeth in the dog. Clinical Oral Implants Research 1992;3:99-

10!.
Ericss Persson LG, Berglundh T, Marinello CP, Lindhe ], Klinge B. Different types of
i @ ry reactions in peri-implant soft tissues. Journal of Clinical Periodontology

5-261.

Lafig NP, Wetzel AC, Stich H, Caffesse RG. Histologic probe penetration in healthy and
ri-implant tissues. Clinical Oral Implants Research 1994;5:191-201.

Xglaﬁamsson I, Berglundh T, Lindhe ]. Soft tissue response to plaque formation at

dim\plant systems. A comparative study in the dog. Clinical Oral Implants

98;9:73-79.

U, Abrahamsson I, Berglundh T, Lindhe ]. Soft tissue reactions to plaque
on at implant abutments with different surface topography. An experimental
gs. Journal of Clinical Periodontology 2002;29:456-461.

This article is protected by copyright. All rights reserved.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Salvi GE, Aglietta M, Eick S, Sculean A, Lang NP, Ramseier CA. Reversibility of
experimental peri-implant mucositis compared with experimental gingivitis in humans.
Clinical Oral Implants Research 2012;23:182-190.

!i ann RIU, Berglundh T, Marinello CP, Lindhe J. Experimental peri-implant mucositis
in L

rnal of Clinical Periodontology 2001;28:517-523.

Coga FO,’akenaka-Martinez S, Cota LO, Ferreira SD, Silva GL, Costa JE. Peri-implant
subjects with and without preventive maintenance: a 5-year follow-up.

dis
]omlinical Periodontology 2012;39:173-181.
Ro S,*€ostich ER, Gordon HA. The influence of bacteria and irritation in the initiation

of tal disease in germfree and conventional rats. Journal of Periodontal Research
1966:1:198-204.
Li

i > Berglundh T, Ericsson |, Liljenberg B, Marinello C. Experimental breakdown of
pe t and periodontal tissues. A study in the beagle dog. Clinical Oral Implants

Research 1992;3:9-16.
Sc Sculean A, Engebretson SP, Becker ], Sager M. Animal models for peri-implant

mucositis and peri-implantitis. Periodontology 2000 2015;68:168-181.

Carc Abrahamsson [, Albouy JP, Linder E, Larsson L, Berglundh T. Experimental
i titis and peri-implantitis in dogs. Clinical Oral Implants Research 2013;24:363-

Albouy JP, Abrahamsson I, Persson LG, Berglundh T. Spontaneous progression of
li induced peri-implantitis at implants with different surface characteristics. An

g
exal study in dogs II: histological observations. Clinical Oral Implants Research
20 @ 6-371.

Alb brahamsson I, Berglundh T. Spontaneous progression of experimental peri-
im@lantitis at implants with different surface characteristics: an experimental study in
al of Clinical Periodontology 2012;39:182-187.

i’el!s |, !challer D, Hakansson ], Wennstrom JL, Tomasi C, Berglundh T. Peri-implantitis
05 pattern of progression. Journal of Clinical Periodontology 2016; 43:383-388.

Fransson C, Tomasi C, Pikner SS, et al. Severity and pattern of peri-implantitis-associated
bo . Journal of Clinical Periodontology 2010;37:442-448.

, Lindhe ]. Effect of controlled oral hygiene procedures on caries and
periodontal disease in adults. Journal of Clinical Periodontology 1978;5:133-151.

This article is protected by copyright. All rights reserved.



27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Loe H, Anerud A, Boysen H, Smith M. The natural history of periodontal disease in man.
The rate of periodontal destruction before 40 years of age. Journal of Periodontology
1978;49:607-620.

Schatzle M, Loe H, Lang NP, et al. Clinical course of chronic periodontitis. IIl. Patterns,

and risks of attachment loss. Journal of Clinical Periodontology 2003;30:909-

gc arz !, Becker K, Sahm N, Horstkemper T, Rousi K, Becker J. The prevalence of peri-
im iseases for two-piece implants with an internal tube-in-tube connection: a
cro@'onal analysis of 512 implants. Clinical Oral Implants Research 2017;28:24-28.

Be ohn G, Becker K, Mainusch S, Diedrichs G, Schwarz F. Clinical performance of
twefpi irconia implants in the posterior mandible and maxilla: a prospective cohort
st vely2 years. Clinical Oral Implants Research 2017;28:29-35.

Be T, Zitzmann NU, Donati M. Are peri-implantitis lesions different from
peri is lesions? Journal of Clinical Periodontology 2011;38 Suppl 11:188-202.

Wm Jr., Valderrama P, Burbano M, et al. Foreign bodies associated with peri-

im itis human biopsies. Journal of Periodontology 2015;86:9-15.
Sa ndez ], Lazaro P, Calvo JL, Quirynen M, van Steenberghe D. Histo-pathologic
ch@ra ics of peri-implant soft tissues in Branemark implants with 2 distinct clinical

and radiological patterns. Clinical Oral Implants Research 1991;2:128-134.

Corn bR, Artese L, Rubini C, et al. Vascular endothelial growth factor and microvessel
around healthy and failing dental implants. The International Journal of Oral &
I Implants 2001;16:389-393.

Gugini F, Berglundh T. Immunohistochemical characteristics of inflammatory lesions at

im urnal of Clinical Periodontology 2003;30:14-18.
B @ joroni M, Goteri G, Rubini C, Battino M. Immunohistochemical analysis of soft
tisste implants with healthy and peri-implantitis condition, and aggressive
perj itis. Clinical Oral Implants Research 2004;15:553-559.

i YT, Lappalainen R, Laine P, Kitti U, Santavirta S, Teronen O.

Immunohigtochemical evaluation of inflammatory mediators in failing implants. The
ntérnational Journal of Periodontics & Restorative Dentistry 2006;26:135-141.

Berglunds T, Gislason O, Lekholm U, Sennerby L, Lindhe ]. Histopathological
observatigns of human periimplantitis lesions. journal of Clinical Periodontology

1341-347.

Berglundh T. Composition of human peri-implantitis and periodontitis
lesions. Journal of Dental Research 2014;93:1083-1088.

This article is protected by copyright. All rights reserved.



40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

51.

Casado PL, Otazu IB, Balduino A, de Mello W, Barboza EP, Duarte ME. Identification of
periodontal pathogens in healthy periimplant sites. Implant dentistry 2011;20:226-235.

Roos-Jansaker AM, Lindahl C, Renvert H, Rutger Persson G. Infection at
titanjum_implants with or without a clinical diagnosis of inflammation. Clinical Oral

Im esearch 2007;18:509-516.

Persson GR, Renvert S. Cluster of Bacteria Associated with Peri-Implantitis. Clinical
mplant Dentistry and Related Research 2013.

t A, Renvert S, Dahlen G. Microbial findings at failing implants. Clinical Oral
psearch 1999;10:339-345.

bellipA, Decaillet F. The characteristics of biofilms in peri-implant disease. Journal of
Clidicdll Pegiodontology 2011;38 Suppl 11:203-213.

&

Sc Becker K, Rahn S, Hegewald A, Pfeffer K, Henrich B. Real-time PCR analysis of
fungal organisms and bacterial species at peri-implantitis sites. International Journal of
entistry 2015;1:9.

u

Im

AlRertini M, Lopez-Cerero L, O'Sullivan MG, et al. Assessment of periodontal and
tic flora in patients with peri-implantitis. Clinical Oral Implants Research

N O
o T

JankévieB§, Aleksic Z, Dimitrijevic B, Lekovic V, Camargo P, Kenney B. Prevalence of
megalovirus and Epstein-Barr virus in subgingival plaque at peri-implantitis,
nd healthy sites. A pilot study. International Journal of Oral and Maxillofacial
011;40:271-276.

Rakic M, Grusovin MG, Canullo L. The Microbiologic Profile Associated with Peri-
Implantitis in Humans: A Systematic Review. The International Journal of Oral &
M jal Implants 2016;31:359-368.

i

Pa @ ina M, Lopez-Martinez ], O'Valle F, Galindo-Moreno P. Microbial Profiles and
gfTechniques in Peri-Implant Diseases: a Systematic Review. Journal of Oral and

Maxi ial Research 2016;7:e10.

U
[ EQCD.

cimento GG, Bielemann AM, Campao TD, Leite FR, Quirynen M. Can peri-
implant cgevicular fluid assist in the diagnosis of peri-implantitis? A systematic review
and meta-analysis. Journal of Periodontology 2015;86:631-645.

|

Duarte PM, Serrao CR, Miranda TS, et al. Could cytokine levels in the peri-implant

4

crevicular fluid be used to distinguish between healthy implants and implants with peri-
s? A systematic review. Journal of Periodontal Research 2016.

A

This article is protected by copyright. All rights reserved.



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Derks ], Schaller D, Hiakansson ], Wennstréom JL, Tomasi C, Berglundh T. Effectiveness of
Implant Therapy Analyzed in a Swedish Population: Prevalence of Peri-implantitis.
Journal of dental research 2016;95:43-49.

t mucosal thickness by site. Clinical Oral Implants Research 2016.

Fuct' gami K, Munakata M, Kitazume T, Tachikawa N, Kasugai S, Kuroda S. A diversity of
pe

-Schwarz F, Claus C, Becker K. Correlation between horizontal mucosal thickness and
prabing depths at healthy and diseased implant sites. Clinical Oral Implants Research
20

Frahsson @ Wennstrom ], Berglundh T. Clinical characteristics at implants with a history
of sive bone loss. Clinical Oral Implants Research 2008;19:142-147.

Frahsgon €, Lekholm U, Jemt T, Berglundh T. Prevalence of subjects with progressive
boneTosS"at implants. Clinical Oral Implants Research 2005;16:440-446.

Serino G, Burri A, Lang NP. Probing at implants with peri-implantitis and its relation to
cli ri-implant bone loss. Clinical Oral Implants Research 2013;24:91-95.

ScRwarz F, Herten M, Sager M, Bieling K, Sculean A, Becker ]. Comparison of naturally
oc and ligature-induced peri-implantitis bone defects in humans and dogs.

Climl Implants Research 2007;18:161-170.

Gartia-@@rcia M, Mir-Mari ], Benic GI, Figueiredo R, Valmaseda-Castellon E. Accuracy of
adiography in assessing bone level in implants affected by peri-implantitis: a
ional study. Journal of Clinical Periodontology 2016;43:85-91.

carano A, Piattelli M, Podda G. Implant periapical lesions: clinical, histologic,
and histochemical aspects. A case report. The International journal of periodontics &

resgrative dentistry 1998;18:181-187.

Ayangco I, Sheridan PJ. Development and treatment of retrograde peri-implantitis
site with a history of failed endodontic and apicoectomy procedures: a series
The International journal of oral & maxillofacial implants 2001;16:412-417.

Flgitagan D. Apical (retrograde) peri-implantitis: a case report of an active lesion. Journal
lantology 2002;28:92-96.

w/l, Vogels R, Alsaadi G, Naert I, Jacobs R, van Steenberghe D. Predisposing
co for retrograde peri-implantitis, and treatment suggestions. Clinical Oral
Implants Research 2005;16:599-608.

) Chee LF, Peng LL, Lung HH. Management of retrograde peri-implantitis: a
case report. Journal of Oral Implantology 2006;32:308-312.

Tozum
treatment of a large periapical implant lesion associated with adjacent natural tooth: a

Sencimen M, Ortakoglu K, Ozdemir A, Aydin OC, Keles M. Diagnosis and

This article is protected by copyright. All rights reserved.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

case report. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontics
2006;101:132-138.

Wschof M, Pujol O, Houriet R, Samson ], Lombardi T. Starch-induced implant
periapical lesion: a case report. The International Journal of Oral & Maxillofacial Implants

20 @ D01-1006.

Steiner DR. The resolution of a periradicular lesion involving an implant. Journal of
gdodontics 2008;34:330-335.

ed |B, Alam MN, Singh G, Chandrasekaran SC. The management of retrograde
dhtitis: a case report. Journal of Clinical Diagnostic Research 2012;6:1600-1602.

Wagasd ], Reynolds M. Nonsurgical treatment of retrograde peri-implantitis: a case
rem International Journal of Oral & Maxillofacial Implants 2010;25:831-833.

Ch ang HL, Bashutski JD, Edwards PC, Fu JH, Oh TJ. Retrograde peri-implantitis:
a case report introducing an approach to its management. Journal of Periodontology
20T158271080-1088.

Peﬁrrocha—Diago M, Maestre-Ferrin L, Penarrocha-Oltra D, Canullo L, Piattelli A,
Pe -Diago M. Inflammatory implant periapical lesion prior to osseointegration: a

cams study. The International Journal of Oral & Maxillofacial Implants
20W3; 8-162.

enc T, Tozum TF. Treatment of Refractory Apical Peri-Implantitis: A Case
Rep rnal of Oral Implantology 2016;42:104-109.

Karbach ], Kunkel M, Wagner W. Oral squamous cell carcinoma in the vicinity
of dental implants. Clinical Oral Investigations 2014;18:277-284.

M&' i EI Spink M]J, Messina AM. Peri-implant primary squamous cell carcinoma: a case
report with 5 years' follow-up. Journal of Oral and Maxillofacial Surgery : official journal
of @ ican Association of Oral and Maxillofacial Surgeons 2013;71:322-326.

Czern i R, Kaplan I, Almoznino G, Maly A, Regev E. Oral squamous cell carcinoma
ar ental implants. Quintessence International 2006;37:707-711.

guia del Valle A, Martinez-Conde Llamosas R, Lopez Vicente ], Uribarri Etxebarria A,
izar JM. Primary oral squamous cell carcinoma arising around dental

0s ated implants mimicking peri-implantitis. Medicina Oral, Patologia Oral y
Cirugia Bugal 2008;13:E489-491.

r C, Lindenmuller IH, Lugli A, Filippi A, Kuhl S. Metastases and primary
around dental implants: A literature review and case report of peri-implant
metastasis. Quintessence International 2012;43:563-570.

This article is protected by copyright. All rights reserved.



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Hirshberg A, Kozlovsky A, Schwartz-Arad D, Mardinger O, Kaplan I. Peripheral giant cell
granuloma associated with dental implants. Journal of Periodontology 2003;74:1381-
1384.

dental implant: case report]. Revue Belge de Medicine Dentaire (1984)
58.

¥Ie anaez G, Lopez-Pintor RM, Torres |, de Vicente JC. Clinical outcomes of peri-implant
L giant cell granuloma: a report of three cases. Journal of Periodontology

pe
20@84—1191.
Sca , lezzi G, Artese L, Cimorelli E, Piattelli A. Peripheral giant cell granuloma

asmwith a dental implant. A case report. Minerva Stomatologica 2008;57:529-
53

associated with dental implant treatment. Oral Surgery Oral Medicine Oral
Pathology Oral Radiology and Endodontology 2007;103:618-622.

Clm Charles M, Carmichael RP, Sandor GK. An analysis of peripheral giant cell
gr

Bi edir R, Lombardi T. Peripheral giant cell granuloma associated with a dental
implant. The International Journal of Oral & Maxillofacial Implants 2004;19:295-299.

0z Ozden B, Kurt M, Gunduz K, Gunhan O. Peripheral giant cell granuloma
associated with dental implants: a rare case report. The International Journal of Oral &
ofacial Implants 2009;24:1153-1156.

cha-Diago MA, Cervera-Ballester ], Maestre-Ferrin L, Penarrocha-Oltra D.
giant cell granuloma associated with dental implants: clinical case and
literature review. Journal of Oral Implantology 2012;38 Spec No:527-532.

Kahirshberg A, Shlomi B, et al. The importance of histopathological diagnosis in
the zpam@agement of lesions presenting as peri-implantitis. Clinical Implant Dentistry and
Re @ earch 2015;17 Suppl 1:¢126-133.

Kas NJ, Bernabe E, Dahiya M, Bhandari B, Murray CJ], Marcenes W. Global burden
of §evere periodontitis in 1990-2010: a systematic review and meta-regression. Journal
search 2014;93:1045-1053.

EE! Bl, l!ye BA, Wei L, et al. Update on Prevalence of Periodontitis in Adults in the United
St@NES 2009 to 2012. Journal of Periodontology 2015;86:611-622.

Karoussis K, Salvi GE, Heitz-Mayfield L], Bragger U, Hammerle CH, Lang NP. Long-term
i rognosis in patients with and without a history of chronic periodontitis: a 10-
ospective cohort study of the ITI Dental Implant System. Clinical Oral Implants
03;14:329-339.

This article is protected by copyright. All rights reserved.



90. Roccuzzo M, Bonino F, Aglietta M, Dalmasso P. Ten-year results of a three arms
prospective cohort study on implants in periodontally compromised patients. Part 2:
clinical results. Clinical Oral Implants Research 2012;23:389-395.

91. Roccuzzo M, De Angelis N, Bonino L, Aglietta M. Ten-year results of a three-arm
pr @ e cohort study on implants in periodontally compromised patients. Part 1:
img nd radiographic bone loss. Clinical Oral Implants Research 2010;21:490-

1O o

92. Rohker AM, Lindahl C, Renvert H, Renvert S. Nine- to fourteen-year follow-up of

implantRgreatment. Part II: presence of peri-implant lesions. journal of Clinical
PeRiodontglogy 2006;33:290-295.

93. Ro ker AM, Renvert H, Lindahl C, Renvert S. Nine- to fourteen-year follow-up of
atment. Part III: factors associated with peri-implant lesions. Journal of

Clinical Periodontology 2006;33:296-301.

94. Ko C, Scheie AA, Aass AM. Prevalence of peri-implantitis related to severity of
the disease with different degrees of bone loss. Journal of Periodontology 2010;81:231-
238

95. Koldsland OC, Scheie AA, Aass AM. The association between selected risk indicators and
se f peri-implantitis using mixed model analyses. Journal of Clinical
Pe ogy 2011;38:285-292.

96. , Pereira MC, Duarte ME, Granjeiro JM. History of chronic periodontitis is a
dicator for peri-implant disease. Brazilian Dental Journal 2013;24:136-141.

97. Nobre M, Mano Azul A, Rocha E, Malo P. Risk factors of peri-implant

pathology. European Journal of Oral Sciences 2015;123:131-139.

98. RehAghazadeh A, Hallstrom H, Persson GR. Factors related to peri-implantitis - a
retr ive study. Clinical Oral Implants Research 2014;25:522-529.

99. Da@ Schuldt Filho G, Rodrigues MA, Renvert S, Bianchini MA. Risk indicators for
Peri. titis. A cross-sectional study with 916 implants. Clinical Oral Implants
ReSearch 2017;28:144-150.

100. M;’ imo W de Mendonca AC, Alves JF, Cortelli SC, Peruzzo DC, Duarte PM. Peri-implant
1S€ases may be associated with increased time loading and generalized periodontal

bo reliminary results. Journal of Oral Implantology 2008;34:268-273.
101. Dauber M, Weinstein BF, Bordin S, Leroux BG, Flemming TF. Prevalence and
predi factors for peri-implant disease and implant failure: a cross-sectional

Journal of Periodontology 2015;86:337-347.

This article is protected by copyright. All rights reserved.



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Ferreira SD, Silva GL, Cortelli JR, Costa JE, Costa FO. Prevalence and risk variables for
peri-implant disease in Brazilian subjects. jJournal of Clinical Periodontology
2006;33:929-935.

Malrr ne A, Lasserre ], Bercy P, Brecx MC. Prevalence and risk factors for peri-implant
diian adults. Clinical Oral Implants Research 2013;24:934-940.
Rokn A, Aslroosta H, Akbari S, Najafi H, Zayeri F, Hashemi K. Prevalence of peri-

Tm antitis in patients not participating in well-designed supportive periodontal
tr : a cross-sectional study. Clinical Oral Implants Research 2016;Epub, ahead of

pri
Ca y Penarrocha-Oltra D, Covani U, Botticelli D, Serino G, Penarrocha M. Clinical
n

a i iological findings in patients with peri-implantitis: a cross-sectional study.
Cli Oxal Implants Research 2016;27:376-382.

rnhart C, Heuberer S, Huber CD, Watzek G, Gruber R. Peri-implantitis and

D A
la“:mt failures in postmenopausal women: a cross-sectional study. Journal of
Clinical Periodontology 2011;38:950-955.

Ax@ Paulander ], Lindhe ]. Relationship between smoking and dental status in 35-
, 50-, 65-, and 75-year-old individuals. Journal of Clinical Periodontology 1998;25:297-

, Asma S. Smoking-attributable periodontitis in the United States: findings from
[II. National Health and Nutrition Examination Survey. jJournal of
Periodong@logy 2000;71:743-751.

Tomar

W, Carlsson GE, Jemt T. A prospective 15-year follow-up study of mandibular
fixed prostheses supported by osseointegrated implants. Clinical results and marginal
bos loss. Clinical Oral Implants Research 1996;7:329-336.

Rink Ohl S, Ziebolz D, Lange K, Eickholz P. Prevalence of periimplant disease in
pa dentulous patients: a practice-based cross-sectional study. Clinical Oral
Imp Research 2011;22:826-833.

Agllirre-Zorzano LA, Estefania-Fresco R, Telletxea O, Bravo M. Prevalence of peri-
ammatory disease in patients with a history of periodontal disease who

portive periodontal therapy. Clinical Oral Implants Research 2015;26:1338-

13
Vej nger R. Diabetes: A smart insulin patch. Nature 2015;524:39-40.
Sh , olcree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010

0. Diabetes Research and Clinical Practice 2010;87:4-14.

Global report on diabetes. World Health Organization. 2016.

This article is protected by copyright. All rights reserved.



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Genco R], Borgnakke WS. Risk factors for periodontal disease. Periodontology 2000
2013;62:59-94.

w, Borgnakke WS. Periodontal disease: associations with diabetes, glycemic
con nd complications. Oral Diseases 2008;14:191-203.
Fe

ilva GL, Cortelli JR, Costa JE, Costa FO. Prevalence and risk variables for
ieri-im lant disease in Brazilian subjects. Journal of Clinical Periodontology

[ diabetic patient: surgical protocol and long-term clinical results. The
al Journal of Oral & Maxillofacial Implants 2008;23:744-752.

Am, Lindhe ]. Effect of controlled oral hygiene procedures on caries and
periodorttal disease in adults. Journal of Clinical Periodontology 1978;5:133-151.

Axelsson P, Lindhe ]. The significance of maintenance care in the treatment of
pe al disease. Journal of Clinical Periodontology 1981;8:281-294.

Axﬁsson P, Nystrom B, Lindhe ]. The long-term effect of a plaque control program on
t ality, caries and periodontal disease in adults. Results after 30 years of

0
m e. Journal of Clinical Periodontology 2004;31:749-757.

Int

WilS6n9&, Jr., Glover ME, Malik AK, Schoen JA, Dorsett D. Tooth loss in maintenance
a private periodontal practice. Journal of Periodontology 1987;58:231-235.

Bec , Becker BE, Berg LE. Periodontal treatment without maintenance. A
jve study in 44 patients. Journal of Periodontology 1984;55:505-509.

Monje A, Wang HL, Nart J. Association of Preventive Maintenance Therapy Compliance
an@{Peri-implant Diseases: A Cross-Sectional Study. Journal of Periodontology 2017:1-19.

Tormena M, Matarazzo F, Araujo MG. The influence of peri-implant
mucosa on brushing discomfort and peri-implant tissue health. Clinical Oral
Implar esearch 2016;27:650-655.

Wi JL, Derks ]. Is there a need for keratinized mucosa around implants to
maintain sealth and tissue stability? Clinical Oral Implants Research 2012;23 Suppl
6:

L, Avila-Ortiz G, Sohrabi K, Wang CW, Karimbux N. The effect of keratinized

width on peri-implant health: a systematic review. The International Journal of
Oral & illofacial Implants 2013;28:1536-1545.

This article is protected by copyright. All rights reserved.



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Lin GH, Chan HL, Wang HL. The significance of keratinized mucosa on implant health: a
systematic review. Journal of Periodontology 2013;84:1755-1767.

Wagano T, Watanabe T, Shirakawa S, Yashima A, Gomi K. Effect of the
Keratinized Mucosa Width on the Health Status of Periimplant and Contralateral
Pessues: A Cross-sectional Study. Implant dentistry 2016;25:796-801.

-Esfahanizadeh N, Daneshparvar N, Motallebi S, Akhondi N, Askarpour F, Davaie S. Do we

eratinized mucosa for a healthy peri-implant soft tissue? General Dentistry
0 -55.
ein

ne

2

Lag i ’ Schmelzeisen R, Nelson K, Fluegge TV, Fretwurst T. Is the presence of
ker d mucosa associated with periimplant tissue health? A clinical cross-sectional

anm;ernationaljournal of Implant Dentistry 2015;1.
Ro v/ , Grasso G, Dalmasso P. Keratinized mucosa around implants in partially
m posterior mandible: 10-year results of a prospective comparative study.

ed
Cli I Implants Research 2016;27:491-496.
Ko

Y Obst U, Walther W. Cement-associated peri-implantitis: a retrospective

cli servational study of fixed implant-supported restorations using a
methacrylate cement. Clinical Oral Implants Research 2014;25:797-802.

Ko®sc alther W. Peri-Implantitis Associated with Type of Cement: A Retrospective
Analysis of Different Types of Cement and Their Clinical Correlation to the Peri-Implant
tnical Implant Dentistry and Related Research 2015;17 Suppl 2:434-443.

, Walther W, Bartols A. Cement-associated peri-implant mucositis. A 1-year
fter excess cement removal on the peri-implant tissue of dental implants.
Clinical Implant Dentistry and Related Research 2017.

Wih, Jr. The positive relationship between excess cement and peri-implant

dise a prospective clinical endoscopic study. Journal of Periodontology
20 88-1392.

Lin

T, Puisys A, Vindasiute E, Linkeviciene L, Apse P. Does residual cement
nd implant-supported restorations cause peri-implant disease? A retrospective case
inical Oral Implants Research 2013;24:1179-1184.

Rotagls !!A, Zhang L, Gaillard P, Raedel M, Walter MH, Konstantinidis IK. Investigation

of ciation Between Cement Retention and Prevalent Peri-Implant Diseases: A
Crosss onal Study. Journal of Periodontology 2016;87:212-220.

Sta , Walter C, Schmidt JC, Weiger R, Zitzmann NU. Excess cement and the risk of
‘ﬂ plant disease - a systematic review. Clinical Oral Implants Research 2016.

This article is protected by copyright. All rights reserved.



141. Hart TC, Kornman KS. Genetic factors in the pathogenesis of periodontitis.
Periodontology 2000 1997;14:202-215.

142. Leonhardt A, Roos-Jansaker AM, et al. IL-1RN gene polymorphism is
associated with peri-implantitis. Clinical Oral Implants Research 2006;17:380-385.

143. Gr HY, Lang NP, Buser D. Impact of IL-1 genotype and smoking status on the
grognosis of osseointegrated implants. Clinical Oral Implants Research 2004;15:393-400.

144. Ga&'a-Delaney C, Sanchez-Garces MA, Figueiredo R, Sanchez-Torres A, Gay-Escoda C.
Clinjcal significance of interleukin-1 genotype in smoking patients as a predictor of peri-
'm@ A case-control study. Medicina Oral, Patologia Oral y Cirugia Bucal

2 37-743.

i
0
H Ebrahem MA. The effect of interleukin-1 allele 2 genotype (IL-1a(-889) and
IL-TH(+3954)) on the individual's susceptibility to peri-implantitis: case-control study.
a

Jo ral Implantology 2011;37:325-334.
L

145.

146. S, Kimmerle-Muller E, Axmann D, Scheideler L, Weber H, Haas R. Associations

be peri-implant crevicular fluid volume, concentrations of crevicular
inmry mediators, and composite IL-1A -889 and IL-1B +3954 genotype. A cross-
tudy on implant recall patients with and without clinical signs of peri-
Clinical Oral Implants Research 2007;18:212-223.

sectional
i

147.

Melo RF, Lopes BM, Shibli JA, Marcantonio E, Jr.,, Marcantonio RA, Galli GM. Interleukin-
and interleukin-6 expression and gene polymorphisms in subjects with peri-

implan ease. Clinical Implant Dentistry and Related Research 2012;14:905-914.

adeh M, Tabari ZA, Ardakani MR, Ebadian AR, Brook A. Analysis of

osteoprotegerin (OPG) gene polymorphism in Iranian patients with chronic

pefiiodontitis and peri-implantitis. A cross-sectional study. European Journal of Oral
I y 2012;5:381-388.

m
149. Zh@ao Y. Osteoprotegerin Gene (OPG) Polymorphisms Associated with Peri-
0

148.

im Susceptibility in a Chinese Han Population. Medical Science Monitor

2 71-4276.

150. Villas-Boas R, de Mello W, Duarte ME, Granjeiro JM. Peri-implant disease and
Miodontitis: is interleukin-6 gene promoter polymorphism the common risk

fa i Brazilian population? The International Journal of Oral & Maxillofacial
Implants 5;13;28:35-43.

151. Rakic etkovic-Curcin A, Struillou X, Matic S, Stamatovic N, Vojvodic D. CD14 and
a single nucleotide polymorphisms are candidates for genetic biomarkers of

lantitis. Clinical Oral Investigations 2015;19:791-801.

This article is protected by copyright. All rights reserved.



152. Renvert S, Aghazadeh A, Hallstrom H, Persson GR. Factors related to peri-implantitis - a
retrospective study. Clinical Oral Implants Research 2014;25:522-529.

153. Tallarico M, Radovanovic S, Delibasic B, Covani U, Rakic M. Distinguishing
predictive profiles for patient-based risk assessment and diagnostics of plaque induced,
su prosthetically triggered peri-implantitis. Clinical Oral Implants Research
208 2d3-1250.

154. gc arz !, Sahm N, Becker ]. Impact of the outcome of guided bone regeneration in
de -type defects on the long-term stability of peri-implant health: clinical
observatiigns at 4 years. Clinical Oral Implants Research 2012;23:191-196.

155. Ko A, Tal H, Laufer BZ, et al. Impact of implant overloading on the peri-implant
bowamed and non-inflamed peri-implant mucosa. Clinical Oral Implants Research
2007478:001-610.

al peri-implantitis and static load. A study in the dog. Journal of Clinical
Periodontology 2002;29:144-151.

156. Gom K, Berglundh T, Lindhe ]. Bone reactions at implants subjected to
experi

157. Helgz- ield LJ, Schmid B, Weigel C, et al. Does excessive occlusal load affect
osseointegration? An experimental study in the dog. Clinical Oral Implants Research

158.  Fretwurst T, Buzanich G, Nahles S, Woelber JP, Riesemeier H, Nelson K. Metal elements

sue with dental peri-implantitis: a pilot study. Clinical Oral Implants Research
2016; 78-1186.
, Nalli G, Verdu S, Paparella ML, Cabrini RL. Exfoliative cytology and titanium

159.
dental implants: a pilot study. Journal of Periodontology 2013;84:78-83.

160. BaMD, D'Silva NJ, Wang HL. Implant compression necrosis: current understanding
an eport. Journal of Periodontology 2009;80:700-704.

161. Tr rardini M, Falco A, Podaliri Vulpiani M, Perfetti G. Insufficient irrigation
i

nd ri-implant bone resorption: an in vivo histologic analysis in sheep. Clinical
Org Implants Research 2014;25:696-701.

162. Eri’ sson 'R, Albrektsson T, Albrektsson B. Heat caused by drilling cortical bone.
emperature measured in vivo in patients and animals. Acta Orthopaedica Scandinavica

19?9-631.
163. Trisl P, Perfetti G, Baldoni E, Berardi D, Colagiovanni M, Scogna G. Implant micromotion
is to peak insertion torque and bone density. Clinical Oral Implants Research

1467-471.

This article is protected by copyright. All rights reserved.



164.

165.

166.

167.

168.

169.

170.

Sridhar S, Abidi Z, Wilson TG, Jr., et al. In Vitro Evaluation of the Effects of Multiple Oral
Factors on Dental Implants Surfaces. The Journal of Oral Implantology 2016;42:248-257.

Wez Del Amo F, Lin GH, Monje A, Galindo-Moreno P, Wang HL. Influence of Soft
Tissue_Thickness Upon Peri-Implant Marginal Bone Loss: A Systematic Review and

de Brandao ML, Vettore MV, Vidigal Junior GM. Peri-implant bone loss in cement- and
I I
scnsw -retained prostheses: systematic review and meta-analysis. Journal of Clinical

Pe ogy 2013;40:287-295.
Schiwarz ¥, Hegewald A, Becker ]. Impact of implant-abutment connection and
po g of the machined collar/microgap on crestal bone level changes: a systematic

re inical Oral Implants Research 2014;25:417-425.

S

Mo alindo-Moreno P, Tozum TF, Suarez-Lopez del Amo F, Wang HL. Into the
Pa of Local Factors as Contributors for Peri-implant Disease: Short
Co tion. International Journal of Oral Maxillofacial Implants 2016;31:288-292.

Ce D, Parpaiola A, Lindhe J. Mucosal inflammation and incidence of crestal bone
los g implant patients: a 10-year study. Clinical Oral Implants Research
2014;25:791-796.

Cegch Q D, Parpaiola A, Lindhe ]. A cross-sectional study on the prevalence of

maréina bone loss among implant patients. Clinical Oral Implants Research 2013;24:87-

-
@,
e
e
-
<C

This article is protected by copyright. All rights reserved.





