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As implant treatment has been integrated in contemporary dental practice, complica-
tions with the forms of peri-implant mucositis and peri-implantitis have also increased
in prevalence. Peri-implantitis is the more severe biological complication and is defined
as an inflammatory disease affecting peri-implant tissues resulting in bone and even-
tually implant loss. In addition, the treatment of peri-implantitis has currently become
a substantial global economic burden. In the current study, a search was conducted
in several electronic databases using specific keywords relevant to the article’s main
topic. An increasing number of scientific reports have investigated the etiopathology
of peri-implant diseases, focusing mainly on peri-implantitis. Microbial biofilm consists
an important etiological factor of peri-implant pathology analogous to periodontal
diseases. Although several data confirm that peri-implant infections are dominated by
gram-negative bacteria, similar to periodontal infections, there is evidence that some
cases may harbor a distinct microbiota, including opportunistic microorganisms and/
or uncultivable species. Additionally, data support that several parameters, such as
genetic predisposition of individual patients, occlusal overload, and local factors such
as titanium particles and excess cement, may be implicated in peri-implantitis patho-
genesis. Simultaneously, the release of titanium metal particles and their biological
consequences or the presence of excess cement in the adjacent peri-implant tissues
have also been suggested as factors that contribute to peri-implant pathology. A spe-
cific line of research also indicates the role of foreign body response to implant instal-
lation. This narrative review aims to discuss the current concepts of etiopathogenetic
factors implicated in peri-implantitis.

of peri-implantitis resulting in marginal bone loss (MBL) and
eventually implant failure.

Implant dentistry has successfully been integrated into
modern dentistry during the past 30 years. It is postulated
that 450,000 implants are installed annually in the United
States, aiding patients’ oral rehabilitation. However, compli-
cations are not rare. Today’s dental clinicians face the burden

DOI https://doi.org/
10.1055/s-0040-1721903
ISSN 1305-7456.

The term “peri-implantitis” was first introduced in the
first European Workshop on Periodontology in 1994. Since
then, numerous definitions have been proposed to describe
the bone loss that characterizes the aftermath of implant
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installation.?® Currently, peri-implantitis is defined as the
pathological condition around dental implants characterized
by inflammation in the peri-implant mucosa and progressive
bone loss. In contrast, peri-implant mucositis is characterized
by inflammation in the implant surrounding mucosa without
concomitant bone loss.> The prevalence of peri-implantitis is
estimated to be 10% at the implant level and 20% at the patient
level at 5 to 10 years of function.* However, most studies reveal
a prevalence with a wide range (19-65%).>¢ The prevalence of
peri-implantitis is dependent on factors such as the popu-
lation under investigation and the threshold set for disease
evaluation. Thus, the global burden of peri-implantitis is dif-
ficult to precisely evaluate.” Nonsurgical therapy, with the aid
of different decontamination methods, has been mainly used
to treat mild peri-implant lesions; however, in most cases,
surgical treatment is mandatory to confront severe peri-im-
plant infections.® Besides, regenerative peri-implant treat-
ment, though promising, does not guarantee the success of
the infected implant.® Peri-implantitis has currently become
a substantial economic burden since implant therapy was
estimated at the cost of US $2.91 billion in 2016.'° Moreover,
the number of studies regarding peri-implantitis in PubMed
has risen in the past years from 86 articles in the 1990s to a
total of 1,938 articles until 2018.1°

The consensus report of workgroup 4 of the
2017 World Workshop on the Classification of Periodontal
and Peri-Implant Diseases and Conditions concluded that
peri-implantitis is an inflammatory process of a microbial
origin that causes bone loss.> In addition, several risk fac-
tors have been proposed as potential codrivers in this entity,
including history of periodontitis and poor plaque con-
trol.’ Factors such as occlusal trauma and titanium particles
have also been indicated as potential risk factors with a low
level of evidence.!' The microbial involvement in peri-im-
plantitis initiation and progression has been established.'?
In parallel with periodontitis, where the loss of supporting
tissues occurs due to microbial infection, peri-implantitis is
considered by some a disease with many similarities to peri-
odontitis.”* However, recent studies suggest that peri-im-
plantitis may be a distinct condition or even result from a
foreign body reaction (FBR), emphasizing the role of the host
response in the disease initiation.!*

The scope of this narrative review is to describe the
current concepts on the pathogenesis and progression of
peri-implantitis, based on contemporary literature. The
review will only include studies referring to titanium
implants as the literature contains scarce reports of peri-im-
plantitis in zirconia implants.

Materials and Methods

The present narrative review aims to discuss scientific infor-
mation on the etiology and pathogenesis of peri-implantitis
by reviewing relevant literature. A search was undertaken
between October and November 2019 in the PubMed Web
site database (U.S. National Library of Medicine, National
Institutes of Health; Bethesda, Maryland, United States).
Only articles written in English were considered initially. The
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following keywords were used in the search: “peri-implan-
titis,” “peri-implant mucositis,” “peri-implant microbiota,”
periodontal microbiota,” “peri-implantitis pathogenesis,”
“foreign body reaction,” and “peri-implantitis risk factors.”
Both review articles and research articles considered rel-
evant for discussion were selected and analyzed in detail.
All reference lists of the selected articles were then hand-
searched for additional articles deemed appropriate by two
of the authors (LF. and G.T.). The selection process resulted
in choosing 338 articles analyzed in detail, leading to a final
inclusion of 107 articles.

Microbiological Implication in Peri-implantitis

Dental implants were first introduced for the rehabilitation
of edentulous patients. As a result, any failures that dentists
would encounter at that time were attributed to parameters
other than microorganisms, such as excess loading.' Bacterial
colonization was later considered as the leading cause of
peri-implant diseases. Early animal studies were conducted
to evaluate the peri-implant tissue reaction after biofilm for-
mation and observed the resulting establishment of inflam-
matory lesions.'®'” Berglundh et al investigated the effects of
plaque formation on teeth and implants in Beagle dogs. The
study demonstrated that both peri-implant and periodon-
tal tissues reacted similarly. An inflammatory response was
provoked, characterized by an increase of leukocyte transmi-
gration and the establishment of a connective tissue lesion.®
In another experiment in Labrador dogs, by Ericsson et al,
implants exposed to daily plaque control displayed healthy
surrounding tissues. In contrast, this procedure’s termina-
tion resulted in creating an inflammatory cell infiltrate in the
marginal portion of peri-implant mucosa."®

Later in the literature, the results of plaque accumula-
tion at implant sites were also examined in human studies.
In 1994, Pontoriero et al compared the clinical and microbio-
logical outcomes of experimental gingivitis and peri-implant
mucositis in 20 healthy partially edentulous patients. The
abolishment of oral hygiene took place for 3 weeks. The study
demonstrated no significant differences in all parameters
tested and concluded that the development of peri-implant
mucositis due to plaque accumulation is similar to the estab-
lishment of gingivitis.?

Peri-implant diseases are considered analogous to gin-
givitis and periodontitis, with some differences in the
host response.?’ Many studies have been conducted to
compare the microbiological flora of periodontitis and
peri-implantitis. The first step for the initiation of bacterial
colonization is forming a salivary pellicle consisting of sal-
ivary proteins and peptides. When an implant is exposed
to the oral cavity, this pellicle forms rapidly on its surface
and mediates microorganisms’ adhesion. Studies compar-
ing the pellicle formed on teeth and the one on implants
found some differences. In specific, salivary pellicles on
titanium included high-molecular-weight mucins, salivary
o-amylase, and proline-rich glycoproteins. Molecules such
as low-molecular-weight mucins that are usually found
on enamel pellicles were not detected.?? In the first year,



bacterial colonization of implants was believed to resemble
that of teeth. The residual teeth were thought to function as
niches for periodontal pathogens, which in turn could trans-
locate to implant sites. Consequently, despite the differences
that existed between the acquired pellicles, the sequence of
biofilm formation was considered identical,?> and therefore,
teeth and implants were thought to present the same micro-
bial profile?* as shown by studies based on culture techniques
and molecular ones, such as polymerase chain reaction and
deoxyribonucleic acid (DNA)-DNA hybridization.

In 1984, Rams et al used direct phase-contrast microscopy
to examine the subgingival microflora of 17 dental implants
in humans. In 14 implants considered relatively healthy,
with stabilized pockets and no signs of inflammation, higher
proportions of nonmotile coccoid cells and low levels of
spirochetes were observed. In contrast, implants with deep
pockets and inflamed tissues harvested a higher number
of spirochetes.?® Later, in 1987, Mombelli et al investigated
the microbiota of failing and successful implants. They
noted that in failing implants, the number of gram-negative
microorganisms was elevated, including black-pigmented
Bacteroides spp. They suggested that peri-implantitis dis-
plays a similar ecosystem to that of periodontal diseases.'? In
a later study, the microbiota of implants and teeth was char-
acterized in 17 patients who showed signs of peri-implantitis
and 19 patients with no signs of inflammation who served
as controls.?® The method used for microbiological analysis
was “checkerboard” DNA-DNA hybridization. The analy-
sis revealed that consensus periodontal pathogens such as
Porphyromonas gingivalis, Aggregatibacter actinomycetem-
comitans, Prevotella intermedia, Treponema denticola, and
Tannerella forsythia were present at all sites. Still, they were
extremely elevated at sites with peri-implantitis, indicating
a site-specific inflammation. Hence, early reports revealed
that implants’ microbiological profile in health consists
mainly of gram-positive cocci and nonmotile rods, similar
to that of teeth with healthy periodontium. Furthermore, in
peri-implantitis, the predominance of gram-negative anaer-
obic species, commonly found in sites with periodontitis,
was reported.

Implants and teeth exist in the same environment, the
oral cavity, so it seemed rational to present similar micro-
biota. However, several studies that utilized cultural and
molecular methods for identifying microorganisms have
shown the presence of some opportunistic bacteria, not
associated with periodontal diseases.?’”** Leonhardt et
al demonstrated in 1999 that yeasts, enteric rods, and
Staphylococci spp. were frequently found in peri-implant
areas; after evaluating by cultural techniques, the micro-
biota around implants with inflamed and healthy tissues.?’
Later studies using culture-independent techniques, such
as 16S ribosomal ribonucleic acid (rRNA) sequencing, also
indicated that peri-implantitis lesions’ microbiota is more
complicated than previously thought.*' In 2012, Kumar et
al investigated the peri-implant microbiota in health and
disease by analyzing plaque samples from 40 patients using
the 16S rRNA pyrosequencing technique.* They concluded
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that peri-implantitis is a more straightforward but more
heterogeneous infection compared with periodontitis.
Peri-implant tissues might harbor periodontal bacteria,
but the microbiota differs from the subgingival communi-
ties observed adjacent to periodontal tissues.? In another
investigation, conducted by Albertini et al, the presence of
opportunistic flora, such as Staphylococcus aureus, enteric
bacteria, Pseudomonas spp., and yeasts, was also assessed.>®
The results showed a considerable prevalence of these
microorganisms, and the authors suggested that bacte-
ria different from periodontal pathogens can be found on
implant surfaces. The interesting finding in this study was
that in two cases of peri-implantitis, none of the investi-
gated organisms were detected.®* The fact that the micro-
bial profile of peri-implantitis might be distinct from that
of periodontitis was also suggested by studies applying new
technologies, such as metagenomics.>* A recent study used a
different method to identify microbiota in peri-implantitis
sites, the matrix-assisted laser desorption/ionization-time-
of-flight mass spectrometry. The major habitants that were
detected were Neisseria flavescens, Streptococcus constella-
tus, Slackia exigua, Streptococcus intermedius, Fusobacterium
nucleatum, and Gemella morbillorum. It was also empha-
sized that the distribution of bacteria differed significantly
among implants.*

Taken collectively, current data confirm that peri-im-
plant infections are dominated by gram-negative bacteria,
similar to periodontal infections, but some cases may har-
bor a distinct microbiota.*3# Although early reports showed
similarities between the peri-implant and periodontal flora,
later studies demonstrated that peri-implantitis lesions
might present consensus periodontal pathogens and oppor-
tunistic microorganisms, such as S. aureus, Streptococcus
anaerobius, Escherichia coli, Candida, and Streptococci
spp.*® Furthermore, sequencing methods have also revealed
other noncultivable microorganisms associated with
peri-implant disease. Asaccharolytic anaerobic gram-posi-
tive rods such as Eubacterium nodatum, Eubacterium brachy,
S. exigua, Gemella sanguinis, and anaerobic gram-negative
rods such as Mitsuokella sp. and Treponema lecithinolyti-
cum have been identified.*’ The discrepancies among these
studies may arise from the different methods used for
microbiological processing.*’ The microbiological profile
of peri-implant diseases remains an issue of interest. Many
investigations and reviews have been conducted to con-
clude whether the microbiota is different from periodon-
titis; however, controversies still exist. The latest studies
conclude that there is insufficient evidence to support the
distinct microbiota between peri-implant and periodontal
diseases.243

In contrast, others state that they may be different entities
in terms of microbiological profile.>® Therefore, further stud-
ies need to be conducted to define the microbiological profile
of peri-implant tissues. Newest technologies, such as shot-
gun sequencing of the whole genome of bacteria involved in
peri-implantitis, would be beneficial for this purpose. Still,
no such research has been published up to now.
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Foreign Body Reaction around Implants

Redefining Osseointegration

As defined by Branemark in 1977, osseointegration is the
structural and functional connection between living bone
and the surface of a load-bearing artificial implant.* Though
varying over the years, the definition describes osseointegra-
tion as a bone apposition phenomenon onto the implant sur-
face, leading to functional ankylosis.** Donath was the first
to advocate that osseointegration is an FBR where the tissues
aim at embedding the titanium material in the bone as a
mode of protection for adjacent tissues.*® They claimed that
any foreign material placed in the bone would be rejected,
dissolved, resorbed, or demarcated with a dense bone layer to
protect nearby tissues.”’ These observations led Albrektsson
and Wennerberg to redefine the term osseointegration. In
their article in 2013, they proposed that osseointegration
constituted an FBR in a state of equilibrium with the host
and characterized by mild chronic inflammation'* and later
concluded that “osseointegration is a FBR where the inter-
facial bone is formed as a defense reaction to shield off the
implant from the tissues.”® This new definition emphasizes
the role of the immune response in the foreign body engulf-
ment. It entails that MBL around dental implants may be a
whole different phenomenon rather than a bacterial impli-
cated disease.

Role of the Imnmune Response

An acute inflammatory response is elicited at the moment
after implant installation.!® Complement activation plays a
crucial role in the immune response cascade by identifying a
foreign body’s presence and regulating macrophages mono-
cytes’ chemotaxis and bone cells.** Macrophages also play a
significant role in the foreign body response. Their specific
subtypes (M1 and M2) possess proinflammatory and wound
healing properties regulating bone metabolism.* Besides, for-
eign body giant cells have frequently been found on implant
surfaces, possibly due to macrophage fusion,”! further sup-
porting the concept of a FBR around dental implants. Recent
evidence in an animal model suggests a time-dependent
immune response after implant installation, characterized
by an upregulation of immune defense cells (e.g., macro-
phages) during the first 10 days, followed by an upregulation
of bone repairing cells and downregulation of osteoclasts
in 28 days.>? Overall, FBR around implants appears to be a
nonspecific immune-driven reaction with complement and
macrophages comprising major components of the resulting
immune-inflammatory balance.*s3

Marginal Bone Loss around Implants—Why Does It
Occur?

Considering osseointegration as a FBR in balance with
the host, MBL around implants should consist of the
immune-driven loss of this balance. The exact pathogen-
esis behind bone loss is not clearly understood; however, a
hypothetical model suggests several factors, such as cement
remnants and titanium particles in the breakdown of the
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established equilibrium.* As a response to the triggering
factor, complement and macrophages become activated
and upregulate osteoclastic activities leading to bone loss.*
Trindade et al suggested that the breakdown of osseointegra-
tion is dependent on the balance among the immune system
and the trilogy of patient characteristics, surgical handling,
and implant type.* However, those factors are responsi-
ble for bone loss in the initial stages of healing. What hap-
pens when MBL starts in the later stage? Several additional
parameters have also been recognized as potential triggering
factors activating the foreign body response and leading to
bone loss. Albrektsson et al described this phenomenon as
a “late disbalance of the foreign body equilibrium.” Occlusal
overloading, cement remnants, and bacteria are among these
factors, and they will be analyzed further.>

Peri-implantitis as a Disease Entity

As mentioned earlier, peri-implantitis was introduced as a
term to describe the inflammatory process around dental
implants in the first European Workshop on Periodontology
in 1994. Since then, numerous definitions have been pro-
posed, and Rosen and Clem have identified eight dif-
ferent definitions of peri-implantitis.>> The existence of
peri-implantitis as a unique disease entity has become a
controversy among researchers. Albrektsson expressed the
opinion that a chronic inflammation accompanies the for-
eign body response, and MBL around implants should be
considered a result of disruption of the installed equilib-
rium.™ In a subsequent article, a study group of 17 scien-
tists announced the results of the so-called Roma Meeting
after critically analyzing the literature on peri-implantitis.
In their consensus article, they noted that peri-implantitis
prevalence is overestimated based on cross-sectional mea-
surements of bone loss, a fact that leads to overtreatment of
the so-called disease.’! In addition, they claimed that clin-
ical indices such as bleeding on probing (BoP) and pocket
depth (PD) do not have the diagnostic or prognostic accu-
racy, as in the case of periodontitis.’® De Bruyn et al have
shown that 19 to 43% of implants with signs of progressive
bone loss did not present PD > 6 mm or pus on probing.>’ In
addition, BoP was present both in implants with MBL and no
loss.”® Based on the earlier evidence, the conclusion drawn
was that peri-implantitis is not a clearly defined condition.
The traditional methods of measuring MBL, PD, and BoP are
not adequate diagnostically. Adding to this, Mombelli and
Décaillet highlighted the possibility that bacteria, though
implicated in bone loss, might not be the primary etiologic
agents.*” Also, Koka and Zarb proposed that the term “osse-
oseparation” should describe failing implants rather than
“peri-implantitis,” which refers to a disease.> The current
definition of peri-implantitis in the 2017 World Workshop
on Peri-implant diseases and conditions includes the pres-
ence of bleeding and/or suppuration on gentle probing and
increased probing depth compared with previous examina-
tions and the presence of bone loss beyond any crestal bone
level changes resulting from initial bone remodeling.? This
means that every implant might be included in the later



definition since inflammation characterizes every foreign
body response.

Further Evidence Suggesting the Existence of a Foreign
Body Reaction
Interesting evidence regarding the concept of FBR has arisen
from the histopathology of peri-implant compared with
periodontal diseases. As mentioned earlier in this article,
both entities share some of the most purulent microbiota;
however, differences do exist. Initial animal studies compar-
ing the inflammatory reaction after experimental plaque
accumulation in implants and teeth showed that although
the response was initially similar, after 90 days, the inflam-
matory cell infiltrate was higher in the case of implants and
was extended to the bone marrow.'618° Later human studies
proved that in the case of peri-implantitis, the inflammatory
infiltrate is greater and consists of higher concentrations of
plasma cells, macrophages, and neutrophils.®! Similar to peri-
odontitis, the lesions at peri-implantitis sites were also dom-
inated by plasma cells and lymphocytes,5? but characterized
by more massive proportions of polymorphonuclear leuko-
cytes and macrophages.®

In addition, peri-implant bony lesions usually follow
a typical crater shape rather than the atypical periodon-
tal bone loss. The crater shape and the lesion’s evenness
with a well-defined distance of bone resorption from the
implant surface suggest that it is not the mere result of a dis-
ease, and an FBR has to be implicated.'” Becker et al further
added this hypothesis by comparing the gene expression in
peri-implantitis and periodontal lesions using transcriptomic
analysis. They concluded that different RNAs were expressed
in the case of periodontitis and peri-implantitis associated
with bacterial or immune responses, respectively.5

Other Potential Factors Implicated in the
Pathogenesis of Peri-implantitis

Among the potential factors responsible for peri-implantitis
initiation, the role of several them has yet to be elucidated.

Titanium Metal Particles

Titanium is considered an inert metal as an oxygen layer
forms on its surface when in contact with biological tissues
preventing corrosion. However, no metal or alloy is com-
pletely inert in vivo as the release of metal particles occurs
after the interaction with interstitial fluids due to electro-
chemical processes.®> Although the titanium oxide layer can
reform, the action of continuous wear, exposure to chemicals,
bacteria, and their subproducts, and the presence of an acidic
environment can degrade the titanium oxide layer.5®5” A
recent systematic review suggested that the release of tita-
nium metal particles may occur in any implant rehabilita-
tion phase, including surgical, prosthetic, and maintenance
phase.%® Besides, the emission of titanium particles may be
induced after titanium surface instrumentation due to the
low wear resistance of titanium.® Light microscopic analy-
sis of peri-implant tissue specimens has revealed the pres-
ence of titanium particles in almost 90% of the specimens,
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in a mixture with a chronic inflammatory infiltrate.”” In a
series of experimental studies in rats, Olmedo et al proved
that titanium particles could be transported through blood
and serum and accumulated in the parenchyma of organs
such as the liver or spleen.”’ Besides, increased levels of
titanium dioxide were found in macrophages and cells of
the mononuclear cell lineage.”” There is evidence that tita-
nium leaked ions may emit from metal surfaces and induce
osteoclastic activity, changes in RNA and DNA structures of
adjacent cells (fibroblasts and gingival epithelium cells) even
immune damage.” Studies on metal particle release from
dental implants on human biopsies have revealed titanium
particles in the inflammatory infiltrate adjacent to peri-im-
plantitis lesions.”*”® In addition, the quantity of those ions
seems to be more significant in the case of peri-implant
lesions compared with healthy peri-implant sites.”® In vitro
studies have shown evidence of enhancement of the inflam-
matory response from titanium ions, as suggested by the
increase of proinflammatory factors such as tumor necrosis
factor-a (TNF-at) and interleukin (IL)-1f after the metal ion
challenge.”””” When the concept of FBR is considered, tita-
nium metal particles are thought to activate the immune
response disrupting the delicate balance among osteoblasts
and osteoclasts, leading to bone loss.>* Alrabeah et al in an in
vivo study found that titanium products may affect bone-re-
sorbing regulators such as receptor activator of nuclear
factor kappa-B ligand (RANKL), regulating osteoblastic cell
viability and apoptosis.®® However, the exact role of titanium
metal particles has yet to be elucidated, and there is not
adequate evidence for their involvement in peri-implantitis
pathogenesis.!!8!

Occlusal Overload
The research on the potential effect of traumatic occlu-
sal forces on peri-implant MBL has yielded contradictory
results. One of the first reports on occlusal overload came
from Isidor’s study group in an animal model.® In their study,
the influence of either occlusal overload or plaque accumu-
lation on MBL was examined. None of the implants with
plaque accumulation experienced MBL, while in the occlu-
sal overloading group, loss of osseointegration was observed
after 4 and 5 months.® Similar results were reported by later
studies.®8

In contrast, in the report by Gotfredsen et al, mucositis
and experimental peri-implantitis implants were subjected
to a lateral static load by expansion screws. They indicated
no discrepancy between loaded and unloaded implants
in terms of MBL, and the lateral load did not cause bone
loss at mucositis implants.®> Later, Heitz-Mayfield et al
evaluated the effect of supraocclusal contacts on implants
placed in dogs. After 8 months, no difference in marginal
bone response was noted.®® Although the earlier experi-
ments differ in methodology and the condition of occlusal
overload is not clearly defined, a distinct conclusion is dif-
ficult to be drawn. Recent evidence suggests that the force’s
magnitude may influence the marginal bone response
with higher magnitude forces resulting in MBL. However,
there is still a lack of well-designed randomized controlled
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clinical trials, and there is still no evidence that occlusal
overload would influence the initiation or progression of
peri-implantitis.

Genetic Predisposition
A significant observation about implant failures is that
usually, a small number of patients lose many implants.
This clusterization phenomenon has been identified in
many studies.?”8® Weyant et al examined the survival rate
of implants in 598 patients and noticed that more than
half of the cases that received multiple implants had more
than one failure. They estimated that patients who had one
implant lost were 1.3 more likely to lose more implants.%
These findings led to the hypothesis that host factors
affect implant survival, and therefore, genetic predispo-
sition may play an essential role in the development of
peri-implantitis. A large number of gene polymorphisms
have been evaluated. Initially, most of the studies referred
to polymorphisms of cytokines which play a vital role in
the immune response,® such as the IL-1a, IL-1f, and
their antagonist protein IL-1ra, IL-6, IL-10, IL-17, TNF-q,
and transforming growth factor-f1. Apart from these, vari-
ous other genes have been investigated, for example, genes
encoding CD14, RANKL, microRNAs, bone morphogenetic
proteins, fibroblast growth factor, TNF receptor-associated
factor family member-associated NF-kappa-f activator
(TANK), serine/threonine-protein kinase B-Raf (BRAF), cal-
citonin receptor, and haptoglobin. There are many discrep-
ancies in the results of the above-mentioned studies. Some
succeeded to detect possible associations and others not.
For instance, Laine et al in their study found no association
between peri-implantitis and IL-1a and IL-18 genotypes
or their combination (single nucleotide polymorphisms at
positions IL-1-889 and IL-1B+3954).%°

In contrast, in their case-control study, Homdy and Ebrahem
stated that individuals carrying the IL-1x-889 and IL-1B+3954
allele two genotypes were at higher risk for increased peri-im-
plant tissue destruction.”® Recent gene analysis studies suggest
the participation of the nucleotide oligomerization domain-
like receptor signaling pathway and the proteasome pathway
and its subunits genes™ or the expression of a fibro-osteo-
clastic cell lineage in the peri-implantitis lesion.®> In addition,
recent transcriptomic data indicate the upregulation of the
cyclooxygenase-2 pathway in the case of peri-implantitis.*

Recent reviews concluded that the correlation of
peri-implantitis risk and investigated genetic polymorphisms
cannot be supported by the current literature.””-° In addition,
the consensus report of the FDI World Dental Federation
regarding genetic and acquired risk factors of peri-implant
diseases also stated that no decisive conclusions could be
drawn about the genetic susceptibility in peri-implanti-
tis.”2 More well-designed studies are needed to detect genes
responsible for the increased risk of development of peri-im-
plant diseases. This will play a key role in the treatment of
these patients and the detection of proper candidates for
implant therapy.
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Excess Cement

There is evidence of a correlation among cement remnants
and peri-implant inflammation in cement-retained res-
torations.!®-19 The rationale is that the rough surface of
the cement may encourage biofilm adhesion. Advocates
of the foreign body response suggest that cement excess
may act as a second foreign body leading to the disbal-
ance of the established equilibrium.>* Wilson reported
that 81% of peri-implantitis cases were associated with
excess cement.'® There is, however, significant variabil-
ity in the prevalence of implants with excess cement that
are affected by peri-implantitis.’® Nonetheless, not all the
implants with cement remnants suffer from peri-implan-
titis.!®? Also, there is no difference in the prevalence of
peri-implantitis among screw and cement-retained resto-
rations.!>1% Evidence suggests that the use of zinc-con-
taining cements results in less inflammation provocation
due to the material’s solubility.'”” Whatever the exact role
of cement remnants is, their removal results in the reso-
lution of inflammation and healing of the peri-implant
lesion.1%

Conclusion

The current concepts on the pathogenesis of peri-implantitis
focus on several parameters, which include the micro-
bial factor, the genetic predisposition of each individual to
develop peri-implant disease, the role of traumatic occlusal
forces, the importance of titanium particles diffused in the
adjacent tissues, and the biological reaction that they could
initiate and the presence of excess cement after prosthetic
installation. Microbiological evidence mainly demonstrates
that certain consensus periodontal pathogens are implicated
in peri-implant lesions; however, the participation of a dis-
tinct microflora consists of opportunistic microorganisms
or uncultivable species in specific peri-implantitis cases
is also suggested and requires further investigation. Each
individual’s genetic traits, especially with newer “shotgun”
technologies, could offer a unique insight into peri-implant
pathology in the future, assisting in identifying subjects not
suitable for implant therapy or at risk of developing peri-
implantitis. Traumatic occlusal load and the presence of
excess cement appear to be contributing factors in the
initiation and progression of peri-implant inflammation,
although data are often contradictory. According to the
existing literature, the presence of titanium particles and
the release of titanium ions also appear to possess the abil-
ity to provoke biological reactions related to tissue inflam-
mation. Finally, a line of evidence supports the idea that
osseointegration results from foreign body response. The
tissues aim to embed the titanium material in the bone as a
mode of protection for adjacent tissues peri-implant health
occurs if an equilibrium with the immune response is estab-
lished. When this equilibrium is disturbed, peri-implanti-
tis occurs, and therefore, peri-implantitis is not a clearly
defined bacterial-caused disease.



Taken collectively, current evidence does not allow for the
extraction of robust conclusions. More studies with advanced
technologies are required to identify the exact mechanisms
of peri-implant pathology to achieve successful prevention
and effective cause-related therapy.
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