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ABSTRACT

KEYWORDS

Despite the fact that dental implants have predictable outcomes and are a common technique in everyday clinical practice for oral
rehabilitation, the formation and advancement of peri-implantitis has significantly harmed implant survival and success. Peri-
implantitis is a well-known inflammatory condition that causes soft tissue inflammation as well as progressive bone loss that goes
beyond biological osseous remodelling Importantly, earlier research has shown that the presence of periodontopathogens is
necessary but not sufficient for the onset of peri-implantitis, and that osteo-immunoinflammatory mediators released by the host
response have a significant impact on peri-implant tissue disintegration Given the lack of predictable and effective therapeutic
interventions for the treatment of peri-implantitis scientific evidence pertaining to the host response profile around dental implants
may be critical in the future for providing a wider preventive and/or therapeutic window for this peri-implant lesion, indicating
biomarkers that provide quantifiable measures of response to peri-implant therapy.
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Introduction

Despite the fact that dental implants have predictable outcomes
and are a common technique in everyday clinical practice for
oral rehabilitation, the formation and advancement of peri-
implantitis has significantly harmed implant survival and
success. MBI In this regard, Derks and Tomasit! reported in a
meta-analysis study that weighted implant-based peri-implantitis
prevalence was 22 percent (95 percent Cl: 14-30), while another
meta-analysis found that weighted implant and patient-based
peri-implantitis prevalences were 9.25 percent (95 percent CI:
7.57-10.93) and 19.83 percent (95 percent Cl: 15.38-24.27),
respectively B! In addition, a recent multi-level cross-sectional
study found that 9.2 percent of implants (95 percent confidence
interval: 4.7-13.7) and 19.1 percent of patients (95 percent
confidence interval: 12.6-25.5) had peri-implantitis. Peri-
implantitis is a well-known inflammatory condition that causes
soft tissue inflammation as well as progressive bone loss that
goes beyond biological osseous remodelling®%7 Importantly,
earlier research has shown that the presence of
periodontopathogens is necessary but not sufficient for the onset
of peri-implantitis, and that osteo-immunoinflammatory
mediators released by the host response have a significant
impact on peri-implant tissue disintegration [# Given the lack of
predictable and effective therapeutic interventions for the
treatment of peri-implantitis ["-°1 scientific evidence pertaining to
the host response profile around dental implants may be critical
in the future for providing a wider preventive and/or therapeutic
window for this peri-implant lesion, indicating biomarkers that
provide quantifiable measures of response to peri-implant
therapy.
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Host response in patients with peri-implantitis

The importance of microorganisms in the development of peri-
implant lesions is well understood, and experimental and clinical
research have substantiated the cause-and-effect relationship
between biofilm deposition and the development of peri-implant
lesions.’ Peri-implant tissue collapse is accompanied by a
complex and well-organized microbiota that closely resembles
that seen in chronic periodontitis.™ In peri-implantitis,
however, as documented by Berglundh et al.’?l based on
evidence from experimental investigations*>*®l the inflammatory
connective tissue penetrated surrounding implants and was
connected to enhanced density of osteoclastogenic cells when
compared to natural teeth.

Modulation of host osteo-immunoinflammatory
mediators in peri-implantitis

Pro- and anti-inflammatory mediators

The pro-inflammatory cytokine interleukin-1 (IL-1) is mostly
produced by macrophages, but it is also produced by
neutrophilic granulocytes and other cells. Another pro-
inflammatory signal, tumor necrosis factor (TNF), promotes the
stimulation of various events, including alveolar bone loss. 214
The damaging impact of these mediators in periodontitis 41 is
well established, and studies have also shown increased
production of IL-1 and TNF- in the presentation of peri-
implantitis. % In this regard, a meta-analysis found that TNF-
and IL-1 levels in the crevicular fluid of peri-implant pockets
might be used to diagnose peri-implantitis early. [ The majority
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of studies found that IL-1 was upregulated in mucositis and peri-
implantitis. Additional evidence showed that IL-1 levels were
linked to failing dental implants at the patient and site level,
revealing a detailed profile of host response in patients with peri-
implant collapse. Furthermore, IL-1 has been identified as a
good option for distinguishing healthy implants from peri-
implantitis. [6171.Other cross-sectional results showed that IL-1
and IL-8 levels were significantly higher in the peri-implant
crevicular fluid of peri-implantitis patients. 1L-17, which is
mediated by T helper 17 (Thl7) cells, is another pro-
inflammatory cytokine that mediates a variety of biological
inflammatory effects, including neutrophil and macrophage
recruitment as well as the stimulation of other pro-inflammatory
pathways. (16281 ||_-23 has a critical function in enhancing Th17
responses in this situation. Treg cells, on the other hand, are
characterized by increased expression of suppressive cytokines
such as transforming growth factor (TGF) Interestingly, a recent
study comparing the levels of IL-17, IL-23, and TGF- gene
expression in healthy and diseased peri-implant tissues found a
predominant Th17 response and a decrease in Treg response in
the presence of peri-implantitis when compared to peri-implant
healthy condition, owing to the up-regulation of IL-23 and
down-regulation of TGF- in peri-implantitis tissues.[*®! aimed to
determine whether cytokine levels in the fluid around implants
could be used to distinguish healthy implants from those with
peri-implantitis, found that the majority of studies included in
the review described statistically significantly higher
concentrations of pro-inflammatory mediators in the peri-
implant fluid of dental implants with peri-implantitis than in the
peri-implant crevicular fluid of healthy implants.

Matrix metalloproteinases

The levels of matrix metalloproteinases (MMPs) like as MMP-1,
MMP-7, and MMP-8 in peri-implant crevicular fluid may be
affected by changes in the individual pattern of the host
response. MMPs, particularly MMP-8, which is known to be the
major MMP in periodontitis, play an important role in
inflammatory processes by degrading extracellular matrix and
basement membrane components in a variety of tissues. MMP-8,
also known as collagenase-2, has been linked to the development
of experimental mucositis around implants in response to plaque
deposition and has been regarded as an early indicator of peri-
implant breakdown 141

Bone resorption/remodeling mediators

In the presence of lesions around dental implants, up-regulation
of pro-inflammatory markers and metalloproteinases in the peri-
implant tissues can also drive active osteoclast chemotaxis,
altering the pattern of expression of bone resorption/remodeling
mediators around the implants. In this context, previous data
from a cross-sectional study showed an increased amount of C-
telopeptide pyridinoline cross links of type I collagen (ICTP) in
the peri-implant fluid of implants with peri-implantitis, implying
increased type | collagen breakdown and bone resorption in
these sites, though Timer et al. have not confirmed significant
ICTP level changes in the peri-implant sulcular fluid.

Arikan et al. found that peri-implantitis locations had
considerably lower OPG and higher soluble RANKL
concentrations than healthy control sites in their investigation.
Furthermore, the scientists found that the RANKL/OPG ratio
was higher in peri-implantitis compared to clinically healthy
implants, indicating that peri-implantitis had a detrimental
impact on alveolar bone resorption. Furthermore, in the peri-
implantitis bone tissues, representative bone matrix biomarkers
such as SPP1, BGLAP, and COL9A1 were found to be lower,
whereas fibrocyte markers were found to be higher. As a result,

previous research has shown that fibroblasts play a role in the
etiology of peri-implantitis by upregulating vascularity and
matrix breakdown. Furthermore, marginal bone loss in early
experimental illnesses may create an unbalanced host response,
which is thought to enhance fibroblast stimulation.

Oxidative stress biomarkers

Apart from the modulation of numerous cyto/chemokines in
favor of a pro-inflammatory host response profile,peri-implant
breakdown could also be linked to oxidative stress mechanisms
and excessive production of reactive oxygen species, both of
which have a significant impact on the host response. In this
regard, S&nchez-Siles et al.evaluated the salivary concentration
of oxidative stress molecules in people with peri-implantitis in a
cross-sectional research. Patients with implants (four to five)
diagnosed with peri-implantitis did not have high salivary
malondialdehyde (MDA), a key lipid peroxidation by-product,
or myeloperoxidase (MPQ), the only peroxidase that catalyzes
the conversion of hydrogen peroxide and chloride to
hypochlorous acid concentrations.? It implies that peri-
implantitis does not cause quantifiable oxidative stress in the
saliva.However, additional prospective studies in patients with a
greater number of dental implants with peri-implantitis could be
important to clarify the real impact of peri-implantitis in the
levels of oxidative stress molecules in saliva.

Altered peri-implant host response in patients at risk
conditions

It is crucial to note that a significant number of patients
undergoing dental implant therapy are those who are at risk of
having an exacerbated host osteo-immunoinflammatory response
to peri-implantitis-causing bacteria, such as smokers and
diabetics. As a result, in certain patient profiles, a bacterial
assault combined with an intensified or changed host response
may contribute more easily or pronouncedly to the progression
of peri-implant tissue deterioration.

Although clinical trials of dental implant success in type 2
diabetics with well-controlled glycaemia and unknown or
compromised glycaemic status have shown varying failure rates
with no clear relationship to glycaemic control,it has been
established that poor glycaemic status is the most important
factor affecting the rates of implant complications (including
peri-implant bone loss) in diabetics.

Diabetic individuals have an increased risk of developing
periodontitis, and poor glycaemic state may negatively modify
immunological inflammatory mediators in the gingival
crevicular fluid,(80) leading to periodontal attachment and tooth
loss over time.?!! Furthermore, diabetes has been identified as a
biological factor linked to peri-implant disorders, and results
suggest that in the presence of peri-implantitis, poor glycaemic
control may induce an overproduction of proinflammatory
biomarkers.

According to Al-Sowygh et al.,, who studied the concentrations
of advanced glycation end products (AGES) in peri-implant
crevicular fluid of type 2 diabetes mellitus patients with varying
glycemic control, higher AGEs levels were also detected in
patients with elevated glycemic status, implying that AGEs may
be considered a probable biomarker of inflammation in diabetic
subjects with peri-implantitis .Furthermore, AGE levels in peri-
implant sulcular fluid were shown to be higher in patients with
prediabetes, according to a recent study. When compared to
individuals with normoglycemic and well-managed diabetes,
Venza et al. found that type 2 diabetic patients with poorly
controlled glycaemic status had overexpression of TNF- and IL-
8 in peri-implantitis locations. Overall, these findings suggest
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that the balance of immunoinflammatory mediators in the peri-
implant fluid of diabetic patients is shifted toward
hyperinflammatory characteristics, especially when
glycemiccontrol is poor, potentially creating an environment
conducive to peri-implant tissue breakdown over time.

TNF- and IL-1 work together to initiate critical mediators of the
inflammatory cascade (Duarte et al. 2009), and these two
molecules are considered the most important in osteoclast
development and bone resorption.

In line, it was previously reported significantly augmented bone
loss prevalence in peri-implantitis sites from poorly controlled
than well-controlled diabetics or healthy patients (60.2% vs
46.3% Vs 45.5%).121221

-Tobacco smoking is another important factor that has been
linked to an altered peri-implant host response that favours the
development of peri-implantitis, increasing the prevalence of
illnesses around dental implants and causing damaging peri-
implant bone destruction. In this respect, multiple studies have
shown that smoking affects the profile of individual host
response and induces down-regulation of local osteo-immuno-
inflammatory molecules around implants, even in non-
manifesting inflammation locations, resulting in an increased
risk of peri-implant disturbance. 21231

-Although there is little research on the impact of obesity on the
host osteo-immunoinflammatory response, Vohra et al,t-24
based on a cross-sectional retrospective study, found that peri-
implant clinical and radiographic conditions are worse in
patients with severe obesity, and suggested that this finding
could be linked to an increase in the systemic low-grade
inflammatory marker (C-reactive protein) in these patients.

-Impact of degradation products released from dental
implants in  peri-implant host immunoinflammatory
response

Although their role in the etiology of peri-implantitis and the
host osteo-immunoinflammatory response is still unknown,
certain investigations have linked the presence of these particles
to inflammatory processes 2°1. Tribocorrosion product release
from dental implants can be triggered by a variety of factors,
including implant detachment during insertion, wear caused by
micro-movements  between contacting surfaces at
implant/prosthetic  connections, the corrosive effect of
therapeutic formulations such as fluorides or bleaching agents,
and peri-implantitis therapies such as implant surface polishing
or implantoplasty. 2!

In an in vitro study, Irshad et al., found that peri-implant
granulation tissue fibroblasts exposed to titanium dioxide (TiO2)
particles in the presence of a live Porphyromonasgingivalis
infection increased the pro-inflammatory response by up-
regulating gene expression and TNF- production. In a similar
vein, Pettersson et al. recently established in vitro that Ti ions
form particles in cell culture and that IL-1 activation and
secretion are linked to particles rather than soluble ions.

Other evidence suggests that soluble ions, rather than particles,
are responsible for the pro-inflammatory response induced in
monocytes/macrophages and the increase in the RANKL/OPG
ratio, which leads to alveolar bone resorption. Taira et al. found
that macrophages grown in a medium with 1 ppm titanium
released 170 percent more TNF- than cells grown in a media
without titanium.

Conclusion

Numerous immunoinflammatory mediators and bone-related
molecules could be considered as promising biomarkers to be
employed in combination with clinical evaluation for monitoring
peri-implant health and disease, as shown in this study based on
the available research. Monitoring host-derived biomarkers
related to inflammation, such as IL-1, enzymes that degrade
extracellular matrix, such as MMP-8, as well as bone loss
mediators, such as RANKL, OPG, and sclerostin, whose levels
are known to be altered in patients with peri-implant diseases
and proposed as prognostic biomarkers in peri-implantitis,
would be one possible approach. The concept of prevention,
supported by early detection and rigorous maintenance therapy,
could have a significant impact on peri-implant lesions.
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