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ABSTRACT

Purpose: The aim of this critical review is to investigate into the evidence required in relation to risk factors
associated with peri-implantitis in implant dentistry. Materials and Methods: An electronic search was conducted
across the various databases such as PUBMED, SCOPUS, EMBASE. In addition, a search over the Google search
engine was conducted to find related studies. The search terms used were “peri-implantitis”, “peri-implant
mucositis”, “peri-implant disease”, “risk factors” and “etiology”. Results: About 12 risk factors have been
identified that are associated with peri-implantitis. Conclusion: The various risk factors associated with peri-
implantitis have been discussed in detail in this critical review, based on best possible evidence available, so that
the reader may comprehend the subject in an easy, yet comprehensive manner.

KEYWORDS: Peri-implantitis, risk factors, etiology, peri-implant mucositis, peri-implant disease.

INTRODUCTION

Dental implants form a contemporary essential part of
any dental practice. This can be attributed to the fact that
dental implants have shown a high survival rate in the
range of 90-95% for more than 5 years.!! However,
despite their formidable success, the number of
complications associated with dental implants are
reported to be progressively increasing!®®], as the number
of patients receiving dental implants is continually
growing.

Peri-implantitis may be considered to be one of the most
common biological complications affecting functional
implants. Peri-implantitis is defined as an inflammatory
reaction with the loss of supporting bone in the tissues
surrounding a functional implant.! Due to the large
variation in studies regarding the number and type of
patients, function time and case definitions used for
identification of peri-implantitis, highly variable
prevalence rates have been reported for peri-implantitis,
ranging from 1% to 47%.° Meta-analyses of various
studies reported weighted mean values between 20% and
229,558

The consensus report of Session IV of European Work
shop described specific definitions for ‘peri-implant
disease’, ‘]peri-implant mucositis, and  ‘peri-
implantitis’.[4 The term ‘peri-implant disease’ was
described as a collective term for inflammatory reactions
in the tissues surrounding an implant. The term ‘peri-
implant mucositis’ was used to describe a reversible
inflammatory condition in the soft tissues surrounding an

implant. The term ‘peri-implantitis’ was used to describe
inflammatory reactions with loss of supporting bone in
the tissues surrounding a functioning implant. The 2017
World Workshop on Classification of Periodontal and
Peri-implant Diseases and Conditions further modified
the definition of peri-implantitis™”, describing it as a
plaque-associated pathological condition occurring in
tissues around dental implants, that is characterized by
inflammation in peri-implant mucosa and subsequent
progressive loss of supporting bone.!

PURPOSE: The aim of this critical review is to
investigate into the evidence required in relation to risk
factors associated with peri-implantitis in implant
dentistry.

MATERIALS AND METHODS: An electronic search
was conducted across the various databases such as
PUBMED, SCOPUS, EMBASE. In addition, a search
over the Google search engine was conducted to find
related studies. The search terms used were “peri-
implantitis”, “peri-implant mucositis”, “peri-implant
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disease”, “risk factors” and “etiology”.

RESULTS: About 12 risk factors have been identified
that are associated with peri-implantitis. These risk
factors may be classified as follows

(A) Site specific risk factors

1) Implant material and surface characteristics

2) Implant type and prosthetic design

3) Peri-implant soft tissue conditions

4) Bio-corrosion and presence of titanium particles
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5) Poor plaque control and peri-implant mucositis
6) latrogenic factors.

(B) Patient related risk factors

1) Periodontal disease and associated microbiological
aspects

2) Deficiencies in maintenance therapy

3) Smoking including cigarettes, Vaping, water pipes,
smokeless tobacco and cannabis

4) Systemic conditions

5) Genetic factors

6) Occlusal load and para-functional habits.

DISCUSSION
In order to derive evidence based conclusions for
prevention and management of peri-implantitis, it is
essential to understand the risk factors associated with
peri-implantitis.

IMPLANT MATERIAL
CHARACTERISTICS
Titanium has been the material of choice in implant
dentistry. The surface roughness and surface energy of
dental implants have an impact on initial biofilm
formation but it’s long term effect on inflammatory
tissue reaction and pattern of bone loss is still
controversial. '™ A systematic review by Rakic et al*?
showed that moderately rough implants are three times
less affected by peri-implantitis compared with rough or
machined ones. However, in another critical review,
Doorneward et al™ found significantly lower bone loss
around minimally rough surfaces compared with
moderately rough and rough ones.

AND SURFACE

IMPLANT TYPE AND PROSTHETIC DESIGN

A poorly designed superstructure such as asymmetric
prosthesis with a suboptimal emergence profile, would
favour plaque accumulation, contributing to an increase
in risk of peri-implantitis 4.3 times.™***! Similarly, a poor
marginal fit is also a detrimental risk factor for
development of peri-implantitis.'® Dalago et al
published their results in 2017, stating that cemented
implant restorations are 3.6 times more prone to peri-
implantitis compared with screw-retained ones.!” This is
related to the risk of leaving excess cement in the
submucosal region, especially when resin luting cements
are utilized.™ As such deep submucosal margins should
be avoided, so as to provide sufficient visibility and
access for cement removal.*®! Also, bone-level implant
designs, combined with convex restorations at an angle
exceeding 30, significantly increase the risk of peri-
implantitis.*®) When compared to single crowns, full-
mouth implant-supported fixed restorations have been
associated with a 16-fold increase in peri-implantitis.!*”
This could be due to poor accessibility for plaque
control.

Platform-switching has been recommended to reduce
peri-implant bone loss but it’s advantages are
debatable.”® A systematic review by Monje et al.?, that

evaluated earlier systematic analyses, favored platform-
switching for peri-implant bone preservation. This can be
attributed to the relocation of microgap between the
implant and the abutment.”! As this microgap is wide
enough to allow for bacterial colonization, its horizontal
offset away from the bone leads to reduced risk of peri-
implant inflammation.??

To implement the knowledge of above factors for
reducing the risk of peri-implantitis, tissue-level implant
designs have been recommended by some authors for
non-aesthetic  implant restorations due to the
supramucosal location of microgap and their
accessibility for plaque control. When bone level
implants are indicated, platform-switching is advised
with screw-retained superstructures and anatomically
shaped emergence profiles. Also, screw retained
prosthesis is easily retrievable when better visibility and
access are required for treatment.

PERI-IMPLANT SOFT TISSUE CONDITIONS
Giovannoli et al®! published their results on influence of
soft tissue condition around an implant over
susceptibility to peri-implant disease. The authors
concluded that patients with thin periodontal phenotypes
are more vulnerable to peri-implant mucosal recessions.
Other authors have also associated peri-implantitis and
marginal bone loss with keratinized soft tissue width <
2mm.[##?%1 On the contrary, some studies have found
that its absolute necessity is controversial.!?"]

BIO-CORROSION AND
TITANIUM PARTICLES
Chemical corrosion, mechanical wear and implant
surface treatment have been suggested as sources of
titanium in tissues around implants.”® Souza et al®®”
used the term ‘tribocorrosion’ for describing the
combination of wear and corrosion processes. In two
studies by different groups, greater levels of titanium
particles were detected in peri-implant soft tissue
biopsies taken from fixtures with peri-implantitis
compared with healthy sites.?%3%

PRESENCE OF

POOR PLAQUE CONTROL AND PERI-IMPLANT
MUCOSITIS

A high plague index is associated with an eight fold
increase in susceptibility to peri-implantitis.™* As such, a
patient’s self-performed plague control is one of the most
important factors influencing the prognosis of dental
implants.®24%21 The formation of bacterial biofilm on
implant and abutment surfaces leads to peri-implant
inflammation known as mucositis.*¥ Such mucositis is a
precursor of peri-implantitis and the two share several
risk factors including poor oral hygiene, smoking and
submucosal presence of excess cement.**!

IATROGENIC FACTORS

The number of implants placed has not been associated
with risk of peri-implantitis.®* However, the position of
implants within the dental arch is critical for long term
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success.* Malpositioned implants present a significant
risk for peri-implantitis.**! Crestal bone loss can occur
around implants that have been placed too close to
natural teeth or other implants.®® Fixtures located
outside the bony cover or those with thin facial bone (<
1mm) are prone to mucosal recession.” The placing of
an implant 6 mm or more apical to cemento-enamel
junction of adjacent teeth, increases risk of peri-
implantitis by 8.5 times.[*!

PERIODONTAL DISEASE AND
MICROBIOLOGICAL ASPECTS

Hardt et al® (2003) conducted a 5-year retrospective
radiographic study to determine the outcome of implant
therapy in relation to experience of periodontal tissue
destruction in 97 partially edentulous patients. The study
concluded that early failures of implants were more
frequent in patients with previous history and diagnosis
of periodontitis.

Wennstrom et al® (2004) conducted a 5-year
prospective randomized controlled trial to study the
outcomes of dental implant therapy in periodontitis-
susceptible subjects. The study reported few implant
losses and relatively small amounts of marginal bone
loss in these periodontitis-susceptible patients. The
difference in outcomes of study by Wennstrom et al
compared with those of Hardt et al could be attributed to
differences in maintenance programs, such as frequency
of recall visits.

More recently (2018), Ferreira et al®! conducted a
systematic review and meta-analysis to evaluate
periodontitis as a risk factor for peri-implantitis. This
meta-analysis showed that patients with periodontitis had
2.29 times higher risk of peri-implantitis than patients
without periodontitis (95% CI: 1.34 — 3.24). This
association, however, was not observed when only the
cohort studies were analyzed.

De Wall et al**? (2016) conducted a case-control study
on microbial characteristics of peri-implantitis. The study
concluded that peri-implantitis was significantly
associated with submucosal presence of Porphyromonas
gingivalis, Prevotella media, Tannerella forsythia and
Fusobacterium nucleatum (odds ratio of 15.1).

LACK OF MAINTENANCE THERAPY

Peri-implant maintenance therapy has been shown to
significantly lower the risk of peri-implant biological
complications. A minimum recall interval of 5-6 months
has been recommended.[*"*? Factors that are used to
assess the risk of peri-implantitis include percentage of
BOP (bleeding on probing), prevalence of active residual
pockets, oral hygiene level, smoking habits and presence
of genetic or systemic conditions. Individuals with
high-risk profile would require 3-4 annual visits****! and

implantitis within 5 years®®?, while better compliance is
associated with 86% fewer peri-implantitis cases.

SMOKING INCLUDING CIGARETTES, VAPING,
WATER PIPES, SMOKELESS TOBACCO AND
CANNABIS

Several studies have proven smoking as a risk factor
peri-implantitis.*****1 Smoking has been shown to
significantly affect implant’s colonization with
periodontal pathogens such as Porphyromonas gingivalis
and Fusobacterium nucleatum.*! As such, smokers are
almost twice more at risk of developing peri-implantitis
compared with non-smokers.[*! Furthermore, smoking is
associated with increased severity of peri-implantitis
lesions™® along with a dose dependent relationship
between smoking and tissue destruction.

Use of electronic cigarettes (e-cigarettes) or vaping, have
become popular in European and American continents.
Though they are misconceived as harmless products,
various studies have associated vaping with periodontal
attachment loss and marginal bone resorption.>**1 A
cross-sectional study by Al-Aali et al® demonstrated
significantly deeper peri-implant probing depths and
increased marginal bone loss in vaping patients
compared with never smokers.

Use of water pipes, also known as hookah, shisha or
narjilah is associated with significantly higher risk of
periodontitis compared with cigarette smokers, though
the adverse effects were strongly related to duration and
quantity of daily use.® Most studies have so far focused
on periodontal conditions in general and not peri-
implantitis in particular.

Smokeless tobacco exerts adverse effects on periodontal
and peri-implant tissues which are comparable to those
of cigarette smoking.?**! Akram et al® found deeper
probing depths and higher degrees of peri-implant bone
loss in cigarette smokers and smokeless tobacco users
compared to non-tobacco users.

Smoking of cannabis has been associated with higher
prevalence and severity of periodontitis.®®*” However,
evidence is still lacking regarding peri-implantitis.

SYSTEMIC CONDITIONS

Turri et al have shown that poorly controlled diabetics
are at 46% higher risk of developing peri-implantitis,
exhibiting deeper peri-implant pockets and higher
marginal bone loss, as compared to normoglycaemic
controls.*® Smokers and poorly controlled diabetics are
considered at a similar risk for peri-implantitis. Non-
smokers with poor glycaemic control are at 3.39 times
higher risk of developing peri-implantitis compared with
normoglycaemic subjects. As such, hyperglycaemia, not
diabetes per se'®, is a significant risk factor for peri-

their attendance is a determining factor for prevention implantitis.

and early detection of peri-implantitis.”* One out of five

non-compliant subjects would be diagnosed with peri-

wwwwipmrcom | Vol 10, Issue 12, 2024. | ISO 9001:2015 Certified Journal | 217




Badwal.

World Journal of Pharmaceutical and Medical Research

Several clinical studies have established obesity as a risk
factor for peri-implantitis.®***®Y |n comparison to
individuals with normal body weight, obese patients
exhibit significantly higher percentages of bleeding on
probing, deeper peri-implant Probing depths and
increased marginal bone loss.**®Y Also, the severity of
peri-implant inflammation is significantly associated
with level of obesity.[*"!

With regard to relation between cardiovascular diseases
and peri-implantitis, some studies showed a significantly
higher risk of peri-implantitis and additional bone loss
for patients suffering from heart disease.[*26%64
However, the results are believed to be
controversial [

Several authors have studied effect of different kinds of
autoimmune diseases on peri-implantitis, yet conclusions
could not be drawn due to the scarcity of evidence.[*?
Krennmair et al®! showed that rheumatoid arthritis with
concomitant connective tissue disease is associated with
higher percentages of bleeding on probing and peri-
implant bone loss. Korfage et al®! evaluated dental
implants in patients with Sjogren’s syndrome. The results
did not show an increased prevalence of peri-implantitis.
However, higher prevalence of mucositis in these
patients may indicate an increased susceptibility to peri-
implantitis.

The effect of osteoporosis and its concomitant
medications on peri-implant health has been evaluated in
different studies. Though osteoporosis could not be
linked to peri-implantitis, Bisphosphonate (BP) therapy
was shown to significantly increase marginal bone loss
and implant thread exposure with BP intake.’®® However,
a systematic review by Stavropoulos et al®®! revealed
that low-dose BP did not negatively affect peri-implant
bone levels. Hormone replacement therapy significantly
compromised marginal bone levels.

GENETIC FACTORS

Genetic predisposition has been suspected to have a role
in peri-implantitis. However, specific risk factors still
need to be established." The increase in levels of two
pro-inflammatory cytokines, IL-laand IL-1f have been
shown to be associated with peri-implantitis.
Furthermore, their levels were correlated with severity of
disease.'®™ However, conflicting results have been
reported regarding this association.["®"273 While some
of the studies failed to confirm the association between
IL-1 polymorphism and peri-implantitis?™", a more
recent study” showed that subjects with IL-1
polymorphisms were 1.9 — 2.47 times more at risk of
developing peri-implantitis. Various studies reported
TNF-a as a pro-inflammatory cytokine that has been
associated with peri-implant inflammation and bone
destruction. While some studies®" have demonstrated
that TNF-o. polymorphism increased the risk of peri-
implantitis by five to eight times, a meta-analysis of

relevant data could not show a significant correlation
between the two conditions.!"®

The role of other genetic polymorphisms, in relation to
peri-implantitis, has been evaluated by few studies!™,
whereby no definite conclusions could be drawn, owing
to the scarcity of evidence.

OCCLUSAL OVERLOAD AND PARA.-
FUNCTIONAL HABITS

The effect of occlusal overload on implant-supported
prosthesis is a controversy.'”"® The underlying
mechanism by which occlusal overload causes marginal
bone loss around implants, is still debatable.l””:"®
However, several studies have exhibited that overloading
of a dental implant beyond a certain limit, leads to
increase in marginal bone loss.!”""*® Yet, under similar
overload, peri-implantitis affected sites exhibited
significantly higher marginal bone loss compared to
those with mucositis.’®™ The effect of occlusal overload
on marginal bone loss around implants can be enhanced
by sub-optimal implant positioning, poorly designed
prosthetic reconstructions, inadequate bone quantity or
poor quality of bone.”™ Para-functional habits that lead
to increased non-axial occlusal forces, may also cause
increase in peri-implant marginal bone loss.

Also, attrition and wear of natural dentition or prosthetic
reconstructions may be used as a sign of occlusal
overload and para-functional habits. Dalago et al showed
that presence of wear facets on implant supported
prosthesis was associated with 2.4 times increase in
prevalence of peri-implantitis.®? Some other studies®#4
have concluded that occlusal adjustment may result in
peri-implant bone repair.

CONCLUSION

Peri-implantitis is a complex multifactorial disease. The
various risk factors associated with peri-implantitis have
been discussed in detail in this critical review, based on
best possible evidence available, so that the reader may
comprehend the subject in an easy, yet comprehensive
manner.

FUTURE IMPLICATIONS

As the use of dental implants is continually increasing
throughout the world, dental professionals should be
aware of the various risk factors associated with peri-
implantitis. Clinicians interested in implantology should
be prepared for increased demand of supportive peri-
implant care, as well as non-surgical and surgical
interventions related to peri-implant disease.
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