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Abstract

Dental implants are a popular clinical procedure for the rehabilitation of fully and partially
ede ntulous patients. There is long-term evidence that implant-supported dental prostheses
represent a predictable treatment for replacing missing teeth. However, several types of
complications may arise, which can compromise implant treatment outcome. Peri-implant
disease is a growing biological complication, consisting of a progressive loss of supporting
bone, associated with microbial biofilm and clinical inflammation. It represents a concern
for clinicians and patients, having a negative impact on quality of life. This narrative review
aimed at summarize the current knowledge on etiology, epidemiology, risk factors, and
pathogenesis of peri-implant disease. It also focused on the diagnostic potential of active
matrix metalloproteinase-8 (aMMP-8) in peri-implant sulcular fluid for assessing the status
of peri-implant tissues and the risk of developing peri-implantitis. A literature search
was conducted in PubMed and Scopus databases using search terms like: peri-implantitis,
peri-implant biomarkers, aMMP-8, implant maintenance, risk assessment. Clinical studies,
systematic reviews, meta-analysis and consensus papers published up to June 2025 were
considered. Finally, based on the main factors involved in the onset and progression of
peri-implant disease, a new protocol was conceived for determining the optimal implant
maintenance scheduling for individual patients. The Biomarker-Guided Implant Mainte-
nance (BGIM) protocol considers a few key parameters, among which aMMP-8 level, and
proposes three categories associated with different levels of risk for peri-implantitis. The
higher the risk, the more frequently a patient should undergo professional maintenance, to
prevent peri-implant disease, with potential favorable effects on implant longevity. The
proposed BGIM protocol, that requires prospective validation, represents a structured and
clinically applicable biomarker-driven framework for individualizing implant maintenance
scheduling by integrating real-time chairside quantification of aMMP-8 with established
patient-related risk factors.
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1. Introduction

Peri-implantitis is a multifactorial biological complication involving inflammation
of peri-implant tissues and progressive loss of bony support that may lead to implant
failure [1]. The susceptibility to peri-implantitis may vary in the population according to
multiple risk factors and risk indicators, but the main etiological factor primarily consists
of microbial biofilm accumulation [2,3].

Although several risk assessment tools for peri-implant disease have been pro-
posed, including the Implant Disease Risk Assessment (IDRA) [4] and the Peri-implantitis
Risk Assessment (PiRA) [5], these tools are relatively complex and time-consuming and
are not specifically designed for repeated chairside use during routine maintenance
visits. Moreover, they do not incorporate dynamic biological information derived di-
rectly from peri-implant tissues. Therefore, there is a need for a simplified and bio-
logically driven framework that can support clinicians in determining individualized
maintenance schedules.

To address this gap the aims of our work were:

- toreview and synthesize current evidence relevant to peri-implant disease features,
diagnosis and monitoring;

- to propose a new protocol (Biomarker-Guided Implant Maintenance (BGIM)) con-
ceived by integrating a rapid chairside biomarker test with established patient-related
risk indicators.

The BGIM protocol represents a risk-stratification tool and a recall-interval decision
aid, intended to complement conventional clinical assessment. It acts as a screening adjunct
for early detection of inflammation, aiming to identify patients at higher risk who may
benefit from more frequent recall appointments than low-risk patients.

2. Methods

This narrative review was based on a literature search conducted in PubMed/MEDLINE
and Scopus databases using the following keywords and MeSH terms alone and com-
bined using Boolean operators: “peri-implantitis”, “peri-implant biomarkers”, “aMMP-8”,
“implant maintenance”, and “risk assessment”. Articles published up to June 2025
were considered. Eligible publications included clinical studies, systematic reviews,
meta-analyses, and consensus papers reporting on peri-implant disease epidemiology,
diagnostic biomarkers, and maintenance strategies. The terms (“peri-implantitis” OR
“peri-implant disease”), and the MeSH term “Peri-Implantitis” [Mesh] yielded respec-
tively 5442 and 2730 results on Pubmed, while the same searches provided 11,297 and
6206 results on Scopus. The search was then restricted according to the specific topic
to address in this review (for example “Peri-Implantitis/epidemiology” [Mesh] (n = 212
results), “Peri-Implantitis/etiology” [Mesh] OR “Peri-Implantitis/pathology” [Mesh] OR
“Peri-Implantitis/physiopathology” [Mesh] (1 = 1210 results), “Peri-Implantitis /diagnosis”
[Mesh] (n = 412 results), (“peri-implantitis” OR “peri-implant disease”) AND (“aMMP-8"
OR “active matrix metalloproteinase-8”) (n = 25 results)). Two authors (M.D.F. and R.L.)
selected the papers based on the relevance with the topic intended to describe.
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3. Prevalence and Incidence of Peri-Implant Disease

Previous studies reported that the prevalence of peri-implantitis may range from
14 to 43% [6,7]. The reported prevalence of peri-implantitis varies widely, depending
on different factors, including the population, the follow-up period or the inconsistent
disease definitions among published studies, highlighting the absence of a unified re-
search standard. The 2017 World Workshop on the Classification of Periodontal and
Peri-Implant Diseases and Conditions aimed at solving this issue and proposed a new
classification of periodontal and peri-implant diseases [8]. Updated epidemiological studies
reported a prevalence of 19.5% and 12.5% at the patient level and at the implant level,
respectively [9,10]. Remarkably, a cross-sectional study showed that application of the new
diagnostic criteria considerably reduces the reported prevalence of peri-implantitis [11].
Further recent literature highlighted that the prevalence and incidence of peri-implantitis is
still highly variable in the population being up to 45% at the patient level, and 22-23% at
the implant level [9,12,13]. Astolfi et al. (2022) in a study of 555 patients reported a 16.9%
of clinically identifiable peri-implantitis [14]. They also found the incidence in patients
without maintenance had a much higher rate (61.4%) [14]. Similar results were previously
reported in 2012 in a 5-year follow-up study by Oliveira Costa et al. (2012) who concluded
that patients not engaging in supportive peri-implant maintenance regimen have a higher
risk of peri-implantitis compared to those following a regular maintenance regimen [15].
A systematic review by Roccuzzo et al. (2018), based on 18 clinical studies concluded
that regular supportive care following peri-implantitis therapy resulted in high implant
survival in the medium-long term, improved clinical parameters and stable peri-implant
bone levels in the vast majority of patients [16].

4. Peri-Implant Lesions Features

In principle many similarities exist in the immune response of tissues surrounding
dental implants and those around teeth, against microbial biofilm challenge, and one may
assume that peri-implant infections can be treated like periodontal ones, but relevant
differences exist [17-21].

Carcuac and Berglundh (2014) when comparing human biopsies from 40 peri-
implant lesions versus 40 periodontal lesions found that the former were larger, closer
to alveolar bone, not surrounded by connective tissue and had a greater number of
inflammatory cells [22].

In a study on experimental gingivitis and peri-implant mucositis in humans, Salvi
et al. (2012) aimed to assess the host-derived factors mostly involved in the pathogenetic
process [23]. They measured various biomarkers among which matrix metalloproteinase-8
(MMP-8) levels in gingival and peri-implant crevicular fluid [23]. MMP-8 (collagenase-2 or
neutrophil collagenase) is a marker of polymorphonuclear leukocytes function, involved
in the breakdown of collagen type I, a main component of connective tissues. MMP-8
level in gingival crevicular fluid and peri-implant sulcular fluid is strongly associated
with inflammation and tissue degradation [24,25]. Salvi et al. reported that, regarding
total MMP-8 concentration, implants reacted more severely than teeth to microbial biofilm
challenge, but also recovered more slowly [23]. No significant differences were found for
other biological markers (interleukin-1 beta and total microbial DNA counts) [23].

Such differences between periodontal and peri-implant infections involve the suscep-
tibility to developing the disease (also related to different microbial composition of the
biofilm and distinct features of host response [26], and the ability to successfully treat the
affected tissues, as well as the maintenance of the treatment result.
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5. Peri-Implant Treatment Effectiveness

Ghighi et al. (2018) reported that peri-implantitis and periodontal disease progressed
by different mechanisms, and that periodontal tissues mostly responded to initial therapy
while only a limited response was noted from peri-implant tissues [27]. The latter exhibited
a distinct cytokine profile compared to non-responding periodontitis sites.

Relative to the stability or success of peri-implant treatment, Carcuac et al. (2020)
in a prospective study on 73 patients demonstrated a 44% (57/130 implants) recurrence
and progression of disease five years after surgical therapy [28]. In a study evaluating
the clinical outcomes of supportive therapy following peri-implant surgical treatment of
peri-implantitis in 24 patients (36 implants), Heitz-Mayfield et al. (2018) showed a recurrent
breakdown at 58% of implants (37% of patients) treated five years earlier [29].

The literature in general shows limited and unpredictable success in treating the
peri-implant lesions, with frequent esthetic, phonetic and food collection issues especially
related to surgical peri-implantitis treatment [30-33].

6. Early Peri-Implantitis Risk Assessment

Based on the above literature analysis it seems evident that disease detection at the
subclinical level is paramount to take measures for preventing major damage to peri-
implant tissues, avoiding considerable discomfort to patients. In fact, advanced peri-
implantitis often requires invasive and unpredictable treatment approaches [30].

In addition, according to the literature, peri-implant lesions may have systemic effects
in the same way periodontal lesions do, as suggested by clinical and experimental stud-
ies [34,35]. Radaelli et al. (2021), in a review of the literature stated: “peri-implantitis has
been shown to induce systemic changes at different levels, including blood cell count, serum
biochemical parameters, and cytokine levels, which may have an influence on systemic
conditions” [36]. The potential for systemic inflammation, including brain inflammation,
related to peri-implantitis has been suggested by other recent reviews by Assery et al.
(2023), and Tessarin et al. (2024), further underscoring the need for accurate and predictive
diagnostic tools [37,38].

Early identification of a shift from healthy condition is difficult using conventional
chairside diagnostic methods like probing of peri-implant pockets and visual inspection to
identify signs of inflammation (bleeding, erythema, ulceration, and suppuration). Bleeding
on probing (BOP) in particular has been shown not to be a reliable indicator of peri-
implantitis [39-41]. Monje et al. (2021), Monje & Salvi (2024) and Yu et al. (2024) reviewed
and discussed the poor accuracy of probing depths and BOP in early peri-implant disease
detection, highlighting the considerable false positive rate associated with BOP [42—44].
These reviews emphasized the need for complementary diagnostic methods to monitor
peri-implant conditions, especially two- or three-dimensional imaging for radiographic
assessment of crestal bone levels [42]. However, these parameters require that bone and
supporting tissues around implants must be lost prior to being able to formulate a diagnosis
of peri-implantitis, a situation challenging to recover.

Several epidemiological studies and systematic reviews have established that peri-
implantitis can be associated with many risk factors and risk indicators [45-50]. Some tools
to assess the individual risk for peri-implantitis, considering multiple factors, have been
proposed, like the Implant Disease Risk Assessment (IDRA) [4], and the Peri-implantitis
Risk Assessment (PiRA) [5]. These tools are commendable as they identified and combined
relevant patient-related and treatment-related factors, both modifiable and non-modifiable,
each with a different impact on the incidence of peri-implantitis. Even if retrospective
studies aiming at testing these tools (especially the IDRA) suggested they have a good
accuracy in determining the risk of developing peri-implantitis [51,52], their use is rather
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time consuming and does not seem practical when a periodical re-assessment of the peri-
implant tissue condition is intended. To this purpose, a protocol based on a simple, fast,
and reliable point-of-care tool, possibly based on a single biomarker assessment, would be
more appropriate and preferred by most clinicians.

7. Biomarkers Detection for Assessing Peri-Implant Tissue Inflammation

In the last years there has been growing attention to the role of tissue biomarkers
as having a potential predictive value for assessing the status of peri-implant inflamma-
tion, thereby representing an additional assistance for early detection of an alteration
from the physiological condition [53-57]. The most investigated biomarkers so far in-
clude pro-inflammatory cytokines (e.g., IL-1 beta, IL-6, tumor necrosis factor-alpha), anti-
inflammatory cytokines (IL-2, IL-10, interferon gamma), chemokines (IL-8, macrophage
inflammatory protein), osteoclastogenic-related factors (receptor activator of nuclear fac-
tor kappa B ligand (RANKL), and osteoprotegerin (OPG)), oxidative stress biomarkers
(malondialdehyde), and enzymes (matrix metalloproteinases, Cathepsin K, Aspartate
Aminotransferase, Alkaline phosphatase) [56].

Currently, the most promising and most studied is MMP-8. However, it must be
clarified that different forms of MMP-8 exist in the tissue, and it is mandatory to distin-
guish among them. Atanasova et al. specifically addressed this issue, and explained how
critical it is to differentiate total MMP-8 (tMMP-8), latent proMMP-8 and active MMP-8
(aMMP-8) in the oral health biomarker investigation, as they have distinct activities and
importance [57-59]. In fact, latent proMMP-8 is enzymatically inactive (it has no col-
lagenolytic action) [24,60,61]. Upon host or microbial proteases action, or when stimulated
by reactive oxygen species, proMMP-8 is converted into the active form (aMMP-8), which
can degrade various collagen types (type I and III), extracellular matrix proteins, comple-
ment factors, and further biomolecules [24,62]. aMMP-8 is the specific form of the enzyme
that has been found to be involved in the pathogenesis of periodontal and peri-implant
disease, producing irreversible tissue destruction [63]. Therefore, aMMP-8 is responsible
for the enzymatic tissue breakdown at the active disease sites and progressive lesions in
the supra-mentioned oral and systemic conditions, and its assessment and quantification
can be critical to detecting the disease stage [24].

8. Active MMP-8 as a Reliable Indicator of Peri-Implant Disease

Given the above considerations, aMMP-8 appears to be among the most useful indi-
cators for identifying the early and often invisible alteration of the supporting structures
of implants before the tissue breakdown becomes clinically visible by increasing probing
depths and radiographic bone loss [64]. Therefore, assessment of aMMP-8 levels can help in
early disease detection and represents a valuable complement in the diagnostic assessment
of peri-implantitis.

A point-of-care (PoC)/chairside test to identify and quantify the presence of aMMP-8
in the peri-implant sulcular fluid (ImplantSafe, Dentognostics GmBH, Solingen, Germany)
has been introduced in mid 2010s” as an adjunctive tool in the dental office for the simple and
fast assessment of peri-implant tissue status [65,66]. It consists of a site-specific lateral flow
immunotest based on monoclonal antibodies technology, able to specifically detect aMMP-8
in PISF, and derives from an analogue PoC test earlier developed for periodontal disease
(PerioSafe, Dentognostics GmBH). PISF is collected by a standard technique using paper
strips which are then quantitated in a digital reader (ORALyser, Dentognostics GmBH) in
5 min. This quantitative PoC test has been validated independently in different Countries
(Finland, Germany, Italy, Nigeria, Turkey, the Netherlands, and the United States) [67-73].
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In these studies, the test demonstrated a diagnostic sensitivity and specificity of 76-83%
and 96%, respectively.

Since the introduction of ImplantSafe, many prospective and retrospective clinical
studies [66,74-89], as well as systematic reviews [53,54,56,90-92] have demonstrated the
usefulness of aMMP-8 assessment in the early diagnosis of peri-implant inflammation.
A recent systematic review by Del Fabbro et al. (2026), conducted in accordance with
Preferred Reporting of Systematic Review and Meta-Analysis of diagnostic test accuracy
studies (PRISMA-DTA), specifically addressed the diagnostic potential of aMMP-8 PoC
immunoassay for peri-implant disease [93]. In that review only comparative clinical studies
published between 2016 and 2025 were included. The literature search was conducted
on Pubmed, Embase and Scopus databases, supplemented by manual search and grey
literature search. The details of the search strategy, inclusion and exclusion criteria, se-
lection process, data extraction, and study quality assessment are fully described in that
paper [93]. The main features of the eight studies included in that systematic review are
summarized in Table 1. These studies reported measures of diagnostic accuracy like speci-
ficity, sensitivity, accuracy, area under the ROC (Receiver Operating Characteristic) curve,
and correlation with clinical parameters (bleeding on probing, probing depth, clinical
attachment loss, radiographic bone loss). Based on the diagnostic accuracy measurements,
the studies proposed predictive cutoff thresholds for aMMP-8 concentration, ranging from
15.3 ng/mL [77,78] to 33.7 ng/mL [81,82], to differentiate between healthy and diseased
peri-implant tissues, and between peri-implant mucositis and peri-implantitis. Based on
the results of these studies, Del Fabbro et al. (2026) globally concluded that aMMP-8 levels
were consistently more elevated in peri-implantitis compared to mucositis and healthy
sites, with very good to excellent values of diagnostic measures of accuracy [93]. A study by
Guarnieri et al. (2024) compared the post-treatment aMMP-8 levels in gingival crevicular
fluid and PISF before and after non-surgical treatment of periodontitis and peri-implantitis,
respectively [76]. From the above findings, it can be concluded that aMMP-8 in PISF
represents a predictable biomarker with high diagnostic accuracy for early detection of
collagen degradation process, and that standardization of cutoff thresholds as well as
validation through longitudinal studies are required before integrating the tool in routine
clinical practice.

Table 1. Main characteristics of the studies investigating the diagnostic value of aMMP-8 for peri-
implant disease.

First Author, Year

Study Objective

Sample Size/Follow-Up

Outcomes Assessed

Key Statistical
Results/Diagnostic
Accuracy Measures

Conclusions

Fragkioudakis et al.,
2025 [80]

To evaluate the
diagnostic sensitivity
and specificity of
aMMP-8

Healthy /mucositis
group (1 = 54 patients);
PI group (1 = 48 patients)

Clinical parameters:

BOP, PD, REC, and CAL.

aMMP-8 levels,
Diagnostic performance
metrics for cutoff 20 to
30ng/mL

Significantly higher BOP,
PD, CAL, aMMP-8 levels
in PI group.

Se: 81.3%, Sp: 74.1%,
ROC-AUC:0.80

aMMP-8 is a promising
biomarker for PI,
showing elevated levels
in affected patients.

Guarnieri et al., 2024 [76]

To relate aMMP-8 in
PISF/GCF with clinical
indices
pre-/post-treatment.

45 implants /45 patients;
Healthy
(n =15)/Peri-implant
mucositis (n = 15)/PI
(n=15)
3 months follow-up

aMMP-8 levels, PD, MBL

PISF aMMP-8 remained
stable after therapy. GCF
levels reduced
significantly (p < 0.01).

aMMP-8 is a stable
marker of peri-implant
disease state.

Xanthopoulou et al. 2024;
[81] Xanthopoulou et al.,
2023 [82]

To validate aMMP-8 and
azurocidin as
biomarkers for
identifying
peri-implant diseases.

80 implants /80 patients;
Healthy peri-implant
mucosa
(n =27)/Peri-implant
mucositis (n = 41)/PI
(n=12)

Correlation aMMP-8
levels with clinical
indices PD, CAL, BOP
and PLI; ROC-AUC
analysis for
sensitivity /specificity

Increasing probing
depths of the sampled
site and aMMP-8 levels
were significantly
correlated. Cutoff:
33.7ng/mL, Se: 91%, Sp:
75%, ROC-AUC: 0.80,
accuracy: 77.5%

aMMP-8 is accurate and
reliable for PI disease
diagnosis.
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Table 1. Cont.

First Author, Year

Study Objective

Sample Size/Follow-Up

Outcomes Assessed

Key Statistical
Results/Diagnostic
Accuracy Measures

Conclusions

Guarnieri etal., 2022 [77],
Guarnieri et al., 2022 [78]

To evaluate MBL
progression and
aMMP-8 as predictors
of PI

80 implants/80 patients
(24 PI cases)
5-year follow-up

aMMP-8 levels, marginal
bone loss

aMMP-8 >15.3 ng/mL
at 6 months predicts the
onset of PTat 5 years
Cutoff: 15.3 ng/mL, Se:
95.8%, Sp: 100%

No correlation between
early bone loss nor BOP
and PIonset;
aMMP-8 > 15.3 ng/mL
at baseline and 6-month
is related to high risk of
PI development and
greater bone loss at 2 and
5years.

Liahteenmaiki et al.,
2022 [79]

To assess aMMP-8 PoC
test for PI diagnosis.

68 implants /68 patients;
Healthy (n =42), PI
(n=26)

aMMP-8 levels, clinical
indices: PD, BOP
and MBL

aMMP-8 PoC (adjusted
model); correlates with
clinical severity.
Cutoff: 20 ng/mL, Se:
750/0, SP 84‘2(70,
ROC-AUC: 0.88,
accuracy: 80.6%

Quantitative aMMP-8
excels as a real-time
diagnostic tool to detect
active collagenolysis
affecting peri-implant
tissues (>80 ng/mL:
rapid progression)

Lihteenmaki et al.,
2020 [83]

To assess aMMP-8 PoC
test compared to IFMA,
for PI diagnosis.

52 implants/50 patients;
Healthy
(n =26), PI (1 = 26)

aMMP-8 (PoC), aMMP-8
(IFMA),
MMP-8/TIMP-1, PMN
elastase, MPO, TIMP-1,
active-MMP-9,
pro-MMP-9 and BOP

aMMP-8 outperforms
other markers for PI
detection.
Cutoff: 20ng/mL, Se:
100%, Sp: 100%,
ROC-AUC: 1,
accuracy: 100%

aMMP-8 is highly
reliable for PI diagnosis.

Lupietal., 2019 [74]

To evaluate chairside
aMMP-8 test for
differentiation between
healthy and diseased
peri-implant tissue

50 implants /50 patients
1to7 years

aMMP-8 levels,
sensitivity, accuracy vs.
clinical indices (BOP, PD,
PLI, F (peri-implant
inflammation index))

MMP-8 correlates with
inflammation indices.
No significant difference
between the two PISF
sampling methods.
Cutoff: 25ng/mL, Se:
70%, Sp: 80%,
accuracy: 72%

Chairside aMMP-8 test
showed a positive, but
not high, correlation
between the test results
and
peri-implant indexes

Thierbach et al., 2016 [84]

To analyze aMMP-8
levels in PISF in smokers
vs. non-smokers with PI
atbaseline and 6 months

after treatment

29 patients with PT (11
periodontally healthy,
18 periodontitis)

6 months

aMMP-8 levels pre- and
post-treatment; PD, CAL,
BOP, IL-1 risk type

aMMP-8 levels
correlated with GI, PD,
and is higher in
periodontitis than
healthy / gingivitis
patients (p <0.05).
aMMP-8 decreases after
treatment in PI sites
(p <0.05) in both smokers
and non-smokers

aMMP-8 reflects
inflammation, its levels
are higher in
peri-implantitis and
decrease by treatment.

MMP: matrix metalloproteinase; aMMP: active matrix metalloproteinase; MPO: myeloperoxydase; IL: interleukin;
PI: peri-implantitis; PISF: peri-implant sulcular fluid; GCF: gingival crevicular fluid; IFMA: immunofluorimetric
assay; PoC: Point-of-Care; MBL: marginal bone loss; BOP: bleeding on probing; PD: probing depth; REC: recession;
CAL: clinical attachment level; GI: gingival index; PLI: plaque index; F: peri-implant inflammation index;
Se: sensitivity; Sp: specificity; ROC-AUC: Areas Under the Receiver Operating Characteristic Curve.

The above-described studies overall represent a body of evidence suggesting that
the clinical use of such PoC/chairside test can be valuable not only for screening and
prevention of peri-implant disease onset, but also to predict future progression or re-
currence, to monitor treatment response and, importantly, to determine the appropriate
maintenance regimen.

From a methodological standpoint, according to the above-cited systematic review the
studies described in Table 1 have an overall high quality, all having been ranked 7/9
or more according to the Newcastle-Ottawa Scale, except the Guarnieri et al. (2022)
study [77,78] which was ranked 6/9 in the systematic review by Del Fabbro et al. (2026) [93].
Nevertheless, the diagnostic accuracy estimates in Table 1 should be interpreted with cau-
tion due to the heterogeneity in aims, clinical protocols, patient selection, index test blinding,
and reference standard inconsistency across these studies.

9. From Periodontal to Peri-Implant Maintenance

Regular maintenance through periodical sessions of professional oral hygiene is rec-
ognized as an essential procedure to preserve dentition health and support, and to avoid
further progression of periodontal tissue breakdown after periodontitis treatment [94-96].

https://doi.org/10.3390/jcm15072496
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Regarding the proposed recall frequency for periodontal maintenance after completion
of periodontal therapy there is wide heterogeneity in the published literature, with intervals
ranging between two weeks and longer than 12 months. However, as underlined in a
review by Trombelli et al. (2020), there is no consistent evidence regarding the effectiveness
of a specific interval for supportive periodontal maintenance [96]. In general, available
studies favor the concept that shorter recall intervals for supportive periodontal therapy
are related to lower tooth loss rate, but the optimal frequency is unclear, while it seems
clear that intervals should be tailored to each individual case [95].

It has been proposed that the frequency of periodontal recalls should be determined
through patient-based risk assessment tools used after completion of active periodontal
therapy, and that in addition to severity of the disease, one critical index to adjust the inter-
vals is bleeding on probing score [97]. The importance of BOP in scheduling recall frequency
was also highlighted by Trombelli et al. in a cohort of 109 patients undergoing support-
ive periodontal therapy and followed for 5.6 £ 2.2 years (range: 3.7-15.6 years) [96,98].
However, as underlined in previous sections, bleeding on probing is unreliable when
peri-implant tissue condition must be determined. Furthermore, such index should
be considered cautiously in smokers, given the known vasoconstriction effect caused
by smoking.

Trombelli et al. underlined that strong evidence to guide the selection of an appropriate
recall frequency of periodontal supportive therapy based on individual periodontal risk
assessment is still lacking. Indeed, tools for evaluating such risk have been proposed for
long [99,100], and it is advised that patients with a similar risk score be included in a
supportive periodontal therapy protocol having a similar recall frequency [96]. Previous
studies by Matuliene et al. (2010), and Trombelli et al. (2017) indicated that patients
with higher periodontal risk scores tend to have a greater tooth loss rate than low-risk
patients, suggesting the optimal recall intervals for the former should be shorter than
for the latter [98,101]. These considerations highlight the need for personalized primary
and secondary prevention regimens in patients having different risk profiles to decide the
appropriate interval for supportive periodontal therapy. The same concepts may apply to
the implant patient: in fact, like for teeth, regular implant maintenance is of paramount
importance to preserve peri-implant tissue health. A survey published in 2018 aiming at
defining the most appropriate recall regimen and professional maintenance care protocol
for both periodontal and implant patients, based on a consensus of expert practitioners
with at least 20 years of experience, concluded that such protocol must be individually
determined, and a baseline condition identified [95]. In this survey the experts agreed that
the recall frequency must have a specific periodicity, depending on the tissue health/disease
condition, and bone levels should be radiographically controlled at least every two years
or shorter in case of specific needs [95].

10. Biomarker Guided Implant Maintenance

Peri implant maintenance involves normal recare procedures that are similar to those
used on teeth. However, special instruments are necessary because of the titanium surface
of the implant and implant abutment, which can easily be scratched and roughened by
the harder standard dental curettes. Therefore, special instruments, including coated and
plastic scalers are recommended.

Given the greater susceptibility of peri-implant tissues to develop biofilm-related
inflammatory disease, as compared to periodontal tissues, it may be hypothesized that
the recall intervals for implant patients should be at least similar or even shorter than
periodontal patients. The above cited panel of experts unanimously agreed that for
an implant maintenance program the appropriate timing should be identical to those
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adopted for periodontally compromised patients. The panel generally advised intervals
of six months between visits for low-risk implant patients (those who demonstrate no
susceptibility to inflammatory disease) and 3—4 months otherwise [95]. A systematic
review by Monje et al. (2016) underlined the importance of a regular peri-implant main-
tenance therapy, recognized it must be tailored to the patient’s risk profiling, and sug-
gested a minimum recall interval of 5 to 6 months, even for low-risk patients with healthy
peri-implant tissues [102].

Since the risk of developing peri-implantitis varies among subjects as it depends on
individual factors, also preventive measures (in terms of recall frequency for maintenance
care) should be targeted to individual needs of each patient, as was discussed above for
periodontal patients. Given the dynamic nature of the disease, and the possible changes in
all factors that may alter tissue condition and disease progression susceptibility, periodical
assessment of risk stratification are required.

The possibility to determine the actual health or diseased status of peri-implant tissues
with the aid of a simple and fast chairside test, might be extremely helpful for clinicians
to determine the actual needs of the patients in terms of maintenance frequency and
specific protocol, establishing individual maintenance regimens. To this regard, the PoC
aMMP-8 immunotest can provide useful information to help clinicians in categorizing the
implant patients and decide the optimal recall scheduling. The study by Lahteenmaki (2022)
based on aMMP-8 concentration values in PISF as related to peri-implant tissue condition
suggested to consider three categories: low risk (aMMP-8 level < 20 ng/mL), moderate risk
(aMMP-8 level between 20 and 80 ng/mL) and high risk (aMMP-8 level > 80 ng/mL) [79].
The diagnostic accuracy measures of that study, based on the above thresholds, were
extremely high. These proposed thresholds deriving from real-time diagnostic chairside
immunotest, could represent a basis (to be further confirmed with longitudinal studies), to
set personalized implant maintenance regimen.

Based on the considerations discussed throughout this paper, the authors are
proposing the Biomarker-Guided Implant Maintenance (BGIM) protocol, schematically
presented in Table 2.

Table 2. Proposal for a biomarker-guided implant maintenance program based on peri-implant risk
of inflammation.

Risk of Peri-Implant Inflammation Healthy/Low Risk Moderate Risk High Risk

Yearly recall frequency Two visits at least 3 visits (3—4 4 or more visits

(recommended interval) (5-6 months) months) (2-3 months)
aMMP-8 level <20 ng/mL 20-80 ng/mL >80 ng/mL
Oral hygiene Good Average Poor

status

E H{story Of No Yes Yes

3 periodontitis

iz Smoking No Past smoker Yes

S

© Systemic diseases No No/good control Yes

S

8 Prosthetic design

& related to . o

2 h . Easy access Limited access Difficult access

g omecare hygiene

= procedures

Patient dexterity Good Limited Compromised

assessment

The advantage of such proposed protocol is that through a simple and fast procedure
the patients can be categorized based on individualized peri-implant inflammation risk in
one of three maintenance protocols with different recall frequency.
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From a practical perspective, the implementation of the BGIM protocol requires the
availability of a point-of-care test capable of quantifying aMMP-8 levels in peri-implant
sulcular fluid together with a digital reader for result interpretation. The sampling proce-
dure requires only a few minutes and can be easily integrated into routine maintenance
visits. Although the cost of chairside testing may vary across countries and clinical settings,
it is expected to be modest compared with the biological and economic burden associated
with the treatment of advanced peri-implantitis. The aMMP-8 cutoff values proposed in
the BGIM protocol represent a pragmatic synthesis based on currently available evidence
and require prospective clinical validation before adoption in routine practice.

11. Scientific Rationale for BGIM Parameters

- aMMP-8: Selected as the primary biological parameter because it is the only cur-
rently available real-time, chairside-quantifiable biomarker with validated diagnostic
accuracy for active peri-implant collagenolysis, capable of detecting subclinical in-
flammation before clinical signs emerge [63,79].

- Oral hygiene status: Biofilm accumulation is the primary etiological factor of peri-
implantitis [2,3]. Poor oral hygiene is consistently associated with higher peri-implant
disease risk across epidemiological studies [46,48].

- History of periodontitis: Patients with a history of periodontitis exhibit a significantly
elevated susceptibility to peri-implantitis, likely due to shared genetic, immunological,
and microbiological risk profiles [40,49].

- Smoking: Smoking impairs immune response, reduces vascular perfusion, and masks
clinical inflammation signs (including BOP), making it an independent risk factor for
peri-implantitis and a confounder of clinical monitoring [46,48].

- Systemic diseases: Conditions such as uncontrolled diabetes mellitus compromise immune
response and tissue healing, increasing susceptibility to peri-implant inflammation [48,49].

- Prosthetic design: Prosthetic design that hinders access for oral hygiene proce-
dures directly contributes to biofilm accumulation and is a known implant-related
risk factor [50].

- Patient dexterity: Compromised dexterity limits the effectiveness of homecare, indepen-
dently elevating disease risk and necessitating more frequent professional maintenance.

The rationale for combining these factors into a single risk category follows the princi-
ple that peri-implantitis is multifactorial, and that cumulative risk—even when driven by a
single dominant factor—should determine the most protective maintenance interval. The
Authors suggest that a patient should be put into the appropriate recall frequency category
based on the highest risk score. Even if only one factor is rated at high risk, the patient
should be placed in the most stringent maintenance category. In Figure 1 a flowchart is
schematically depicted showing how a clinician can utilize the BGIM protocol step-by-step,
from baseline to subsequent visits. The figure shows that the risk of disease progression is
a dynamic concept: it may change if some risk factor changes over time, and to preserve
peri-implant tissue health, maintenance scheduling must be adapted and interpreted as a
dynamic concept as well. If the risk increases the patient can be placed immediately on a
stricter regimen, and if the risk decreases (improvement of patient dexterity, quit smoking,
improved systemic disease control), and a decreased aMMP-8 level is detected, the patient
may be moved to a less strict maintenance regimen.

No clinical index with unreliable correlation with peri-implant tissue condition (like
probing depth and bleeding on probing) is considered. Furthermore, one should consider
that the susceptibility of patients might change over time due to several confounders,
change in lifestyle habits and general health issues, and to a possible underestimation of
the actual risk, leading to inappropriate maintenance schedule. If during the follow-up
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a worsening of the peri-implant tissue status is detected, reflected by an increase of the
aMMP-8 level, the patient can be promptly shifted to a higher risk category with stricter
intervals before progressive loss of peri-implant support occurs.
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Figure 1. Clinical decision flowchart for BGIM. aMMP-8 should be first tested at crown delivery
(baseline) and then the PoC test should be repeated at every hygiene recall along with risk factors
re-evaluation and patients’ re-motivation. The recommended interval should be adjusted according
to aMMP-8 levels and assessment of other factors. Patients may change their category along with
follow-up if the aMMP-8 level changes (dotted arrows). If the test gives a worse result the patient
is immediately placed in a stricter maintenance regimen. In patients initially at high risk, if the
aMMP-8 level improves markedly from >80 to <20 ng/mL, the patient is immediately placed in the
moderate risk category. If the improvement is slight, the patient is moved to a less strict category
only after confirmation at the subsequent visit. Solid arrows indicate the patient remains in the same
risk category.

The BGIM tool is still hypothetical and should be validated in terms of both accuracy
and clinical benefit, by multicenter prospective studies in which patients having dental
implants, with different levels of risk at baseline/first visit are assessed, categorized, placed
under the appropriate maintenance regimen, and followed for at least 3-5 years. In these
studies, it would be interesting to compare the BGIM protocol with other multifactorial
peri-implant risk assessment tools currently available like the IDRA [4] or the PiRA [5], to
evaluate the agreement in categorizing the patients.

BGIM protocol may be prone to false positives/negatives: including the risk of over-
recall in low-risk patients and, more critically, under-recall in patients with subclinical
peri-implant activity. We note that the BGIM is a cautious protocol (i.e., more frequent
recall when any risk factor is elevated), precisely to minimize false negative consequences.

One of the limitations of BGIM protocol is that the aMMP-8 cutoff thresholds pro-
posed (<20 ng/mL, 20-80 ng/mL, >80 ng/mL) are derived primarily from a single study
(Lahteenmaki et al., 2022 [79]), while the literature reports a range of proposed thresholds
(15.3-33.7 ng/mL) for distinguishing healthy from diseased peri-implant tissues. This
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variability may be affected by differences in patient populations, sampling techniques, dis-
ease severity definitions, and assay conditions. Differences in implant systems, prosthetic
design, maintenance setting may also contribute to variability across studies. Until these
thresholds are confirmed through large multicenter longitudinal studies, clinicians should
interpret aMMP-8 levels as part of a holistic risk assessment rather than as absolute decision
boundaries. The thresholds for aMMP-8 proposed in BGIM of course are not inalterable
but might be changed if future validation studies will provide evidence of more reliable
values to discriminate between different peri-implant tissue conditions.

Another limitation is that the current BGIM framework relies primarily on a single
biomarker. Although aMMP-8 currently represents the most validated and clinically
accessible biomarker for peri-implant inflammation, future diagnostic approaches may
benefit from multiple biomarker panels including inflammatory cytokines, osteoclastogenic
markers, or oxidative stress indicators [54,56]. The BGIM framework is intended to remain
adaptable to incorporate such advances as chairside diagnostic technologies evolve.

12. Conclusions

Based on the narrative review and proposed protocol, the following key conclusions
can be drawn:

e  Peri-implantitis: A Persistent Challenge: Peri-implantitis remains a significant bi-
ological complication in dental implantology, with variable prevalence and often
unpredictable treatment outcomes. Early detection is crucial to prevent extensive
damage and discomfort to patients.

e Limitations of Conventional Diagnostics: Traditional diagnostic methods, such as
probing depths and bleeding on probing (BOP), have shown poor accuracy in early
peri-implant disease detection, often indicating disease only after significant bone and
tissue loss has occurred.

e  aMMP-8 as a Reliable Biomarker: Active Matrix Metalloproteinase-8 (aMMP-8) has
emerged as a highly promising and reliable biomarker for identifying early and active
peri-implant inflammation. Its presence is strongly associated with tissue degradation
at active disease sites.

e Point-of-Care (PoC) Testing for aMMP-8: The availability of rapid, chairside point-of-
care tests for aMMP-8 in peri-implant sulcular fluid offers a practical and efficient tool
for clinicians to assess peri-implant tissue status in real-time.

e Biomarker-Guided Implant Maintenance (BGIM) Protocol: The proposed BGIM
protocol integrates aMMP-8 levels, along with other clinical and patient-related factors
(oral hygiene, history of periodontitis, smoking, systemic diseases, prosthetic design,
and patient dexterity), to provide a comprehensive and individualized risk assessment
for peri-implant inflammation.

e Personalized Maintenance Scheduling: The BGIM protocol may enable personal-
ized implant maintenance scheduling, recommending increased recall frequency for
patients with higher risk of peri-implantitis. This individualized approach aims to
prevent disease progression and enhance implant longevity.

e Improved Clinical Outcomes: By facilitating early intervention and tailored main-
tenance, the BGIM protocol has the potential to improve clinical outcomes, reduce
the incidence of advanced peri-implantitis, and ultimately enhance the success of
dental implant treatment. However, BGIM protocol should be framed as a promis-
ing but preliminary tool, not as an established clinical standard, and its effective-
ness in improving long-term implant outcomes requires confirmation in longitudinal
clinical studies.

https:/ /doi.org/10.3390/jcm15072496


https://doi.org/10.3390/jcm15072496

J. Clin. Med. 2026, 15, 2496 13 of 17

Author Contributions: Conceptualization, T.T., R.L., R.G. and M.D.E,; methodology, R.L. and M.D.F;
software, M.D.F,; validation, T.T., R.L. and R.G.; formal analysis, R.L. and M.D.E,; writing—original
draft preparation, R.L. and M.D.F; writing—review and editing, T.T., R.L., R.G. and M.D.E,; supervi-
sion, T.T. and R.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable as this study is a narrative review of
the literature.

Data Availability Statement: No new data were generated in this study. Data sharing is not applicable
to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Schwarz, E; Derks, J.; Monje, A.; Wang, H.-L. Peri-implantitis. J. Clin. Periodontol. 2018, 45, S246-5266. [CrossRef]
Heitz-Mayfield, L.J.; Aaboe, M.; Araujo, M.; Carrion, J.B.; Cavalcanti, R.; Cionca, N.; Cochran, D.; Darby, I.; Funakoshi, E.;
Gierthmuehlen, P.C.; et al. Group 4 ITI consensus report: Risks and biologic complications associated with implant dentistry. Clin.
Oral Implants Res. 2018, 29, 351-358. [CrossRef]

Daubert, D.M.; Weinstein, B.F. Biofilm as a risk factor in implant treatment. Periodontology 2000 2019, 81, 29-40. [CrossRef]
Heitz-Mayfield, L.J.A.; Heitz, E; Lang, N.P. Implant Disease Risk Assessment IDRA-a tool for preventing peri-implant disease.
Clin. Oral Implants Res. 2020, 31, 397-403. [CrossRef]

Tarce, M.; Quirynen, M. Peri-implantitis Risk Assessment (PiRA) Part 1: Umbrella review of a Multifactorial Disease with Many
Risk Factors. Int. ]. Oral Maxillofac. Implants 2025, 40, 555-561. [CrossRef]

Derks, J.; Tomasi, C. Peri-implant health and disease. A systematic review of current epidemiology. J. Clin. Periodontol. 2015, 42,
158-171. [CrossRef]

Fu, J.-H.; Wang, H.-L. Breaking the wave of peri-implantitis. Periodontology 2000 2020, 84, 145-160. [CrossRef]

Berglundh, T.; Armitage, G.; Araujo, M.G.; Avila-Ortiz, G.; Blanco, ].; Camargo, PM.; Chen, S.; Cochran, D.; Derks, |.; Figuero, E.;
et al. Peri-implant diseases and conditions: Consensus report of workgroup 4 of the 2017 World Workshop on the Classification
of Periodontal and Peri-Implant Diseases and Conditions. J. Clin. Periodontol. 2018, 45, S286-5291. [CrossRef]

Diaz, P; Gonzalo, E.; Villagra, L.J.G.; Miegimolle, B.; Suarez, M.]. What is the prevalence of peri-implantitis? A systematic review
and meta-analysis. BMC Oral Health 2022, 22, 449. [CrossRef] [PubMed]

Ioanna, M.; Evangelia, Z.; Leventis, M.; Spyridon, S. Does vitamin D levels influence the incidence of peri-implantitis? A
systematic review of current evidence. Saudi Dent. J. 2025, 37, 81. [CrossRef]

Shimchuk, A.A.; Weinstein, B.F,; Daubert, D.M. The impact of a change in classification criteria on the prevalence of peri-
implantitis: A cross-sectional analysis. |. Periodontol. 2021, 92, 1339-1346. [CrossRef]

Wada, M.; Mameno, T.; Otsuki, M.; Kani, M.; Tsujioka, Y.; Ikebe, K. Prevalence and risk indicators for peri-implant diseases: A
literature review. Jpn. Dent. Sci. Rev. 2021, 57, 78-84. [CrossRef]

Roccuzzo, A.; Stahli, A.; Monje, A.; Sculean, A.; Salvi, G.E. Peri-Implantitis: A Clinical Update on Prevalence and Surgical
Treatment Outcomes. J. Clin. Med. 2021, 10, 1107. [CrossRef]

Astolfi, V.; Rios-Carrasco, B.; Gil-Mur, E]J.; Rios-Santos, ].V.; Bullén, B.; Herrero-Climent, M.; Bullén, P. Incidence of Peri-Implantitis
and Relationship with Different Conditions: A Retrospective Study. Int. |. Environ. Res. Public Health 2022, 19, 4147. [CrossRef]
Oliveira Costa, F.; Takenaka-Martinez, S.; Miranda Cota, L.O.; Diniz Ferreira, S.; Magalhaes Silva, G.L.; Costa, ].E. Peri-implant
disease in subjects with and without preventive maintenance: A 5-year follow-up. J. Clin. Periodontol. 2012, 39, 173-181. [CrossRef]
Roccuzzo, M.; Layton, D.M.; Roccuzzo, A.; Heitz-Mayfield, L.J. Clinical outcomes of peri-implantitis treatment and supportive
care: A systematic review. Clin. Oral Implants Res. 2018, 29, 331-350. [CrossRef]

Berglundh, T.; Zitzmann, N.U.; Donati, M. Are peri-implantitis lesions different from periodontitis lesions? J. Clin. Periodontol.
2011, 38, 188-202. [CrossRef] [PubMed]

Becker, S.T.; Beck-Broichsitter, B.E.; Graetz, C.; Dorfer, C.E.; Wiltfang, ].; Hasler, R. Peri-implantitis versus periodontitis: Functional
differences indicated by transcriptome profiling. Clin. Implant Dent. Relat. Res. 2014, 16, 401-411. [CrossRef] [PubMed]
Koyanagi, T.; Sakamoto, M.; Takeuchi, Y.; Maruyama, N.; Ohkuma, M.; Izumi, Y. Comprehensive microbiological findings in
peri-implantitis and periodontitis. J. Clin. Periodontol. 2013, 40, 218-226. [CrossRef] [PubMed]

Robitaille, N.; Reed, D.N.; Walters, ].D.; Kumar, P.S. Periodontal and peri-implant diseases: Identical or fraternal infections? Mol.
Oral Microbiol. 2016, 31, 285-301. [CrossRef]

Kotsakis, G.A.; Olmedo, D.G. Peri-implantitis is not periodontitis: Scientific discoveries shed light on microbiome-biomaterial
interactions that may determine disease phenotype. Periodontology 2000 2021, 86, 231-240. [CrossRef]

https://doi.org/10.3390/jcm15072496


https://doi.org/10.1111/jcpe.12954
https://doi.org/10.1111/clr.13307
https://doi.org/10.1111/prd.12280
https://doi.org/10.1111/clr.13585
https://doi.org/10.11607/jomi.11107
https://doi.org/10.1111/jcpe.12334
https://doi.org/10.1111/prd.12335
https://doi.org/10.1111/jcpe.12957
https://doi.org/10.1186/s12903-022-02493-8
https://www.ncbi.nlm.nih.gov/pubmed/36261829
https://doi.org/10.1007/s44445-025-00074-3
https://doi.org/10.1002/JPER.20-0566
https://doi.org/10.1016/j.jdsr.2021.05.002
https://doi.org/10.3390/jcm10051107
https://doi.org/10.3390/ijerph19074147
https://doi.org/10.1111/j.1600-051X.2011.01819.x
https://doi.org/10.1111/clr.13287
https://doi.org/10.1111/j.1600-051X.2010.01672.x
https://www.ncbi.nlm.nih.gov/pubmed/21323715
https://doi.org/10.1111/cid.12001
https://www.ncbi.nlm.nih.gov/pubmed/22967131
https://doi.org/10.1111/jcpe.12047
https://www.ncbi.nlm.nih.gov/pubmed/23294017
https://doi.org/10.1111/omi.12124
https://doi.org/10.1111/prd.12372
https://doi.org/10.3390/jcm15072496

J. Clin. Med. 2026, 15, 2496 14 of 17

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

Carcuac, O.; Berglundh, T. Composition of human peri-implantitis and periodontitis lesions. J. Dent. Res. 2014, 93, 1083-1088.
[CrossRef]

Salvi, G.E.; Aglietta, M.; Eick, S.; Sculean, A.; Lang, N.P.; Ramseier, C.A. Reversibility of experimental peri-implant mucositis
compared with experimental gingivitis in humans. Clin. Oral Implants Res. 2012, 23, 182-190. [CrossRef] [PubMed]

Sorsa, T.; Gursoy, U.K.; Nwhator, S.; Hernandez, M.; Tervahartiala, T.; Leppilahti, J.; Gursoy, M.; Konoénen, E.; Emingil, G,;
Pussinen, PJ.; et al. Analysis of matrix metalloproteinases, especially MMP-8, in gingival crevicular fluid, mouthrinse and saliva
for monitoring periodontal diseases. Periodontology 2000 2016, 70, 142-163. [CrossRef]

Al-Majid, A.; Alassiri, S.; Rathnayake, N.; Tervahartiala, T.; Gieselmann, D.R.; Sorsa, T. Matrix Metalloproteinase-8 as an
Inflammatory and Prevention Biomarker in Periodontal and Peri-Implant Diseases. Int. J. Dent. 2018, 2018, 7891323. [CrossRef]
[PubMed]

Belibasakis, G.N.; Manoil, D. Microbial Community-Driven Etiopathogenesis of Peri-Implantitis. J. Dent. Res. 2021, 100, 21-28.
[CrossRef]

Ghighi, M.; Llorens, A.; Baroukh, B.; Chaussain, C.; Bouchard, P.; Gosset, M. Differences between inflammatory and catabolic
mediators of peri-implantitis and periodontitis lesions following initial mechanical therapy: An exploratory study. J. Periodontal
Res. 2018, 53, 29-39. [CrossRef]

Carcuac, O.; Derks, J.; Abrahamsson, I.; Wennstrém, ].L.; Berglundh, T. Risk for recurrence of disease following surgical therapy
of peri-implantitis-A prospective longitudinal study. Clin. Oral Implants Res. 2020, 31, 1072-1077. [CrossRef]

Heitz-Mayfield, L.J.A.; Salvi, G.E.; Mombelli, A.; Loup, PJ.; Heitz, F; Kruger, E.; Lang, N.P. Supportive peri-implant therapy
following anti-infective surgical peri-implantitis treatment: 5-year survival and success. Clin. Oral Implants Res. 2018, 29, 1-6.
[CrossRef]

Tomasi, C.; Regidor, E.; Ortiz-Vigén, A.; Derks, J. Efficacy of reconstructive surgical therapy at peri-implantitis-related bone
defects. A systematic review and meta-analysis. J. Clin. Periodontol. 2019, 46, 340-356. [CrossRef]

Derks, J.; Ortiz-Vigén, A.; Guerrero, A.; Donati, M.; Bressan, E.; Ghensi, P; Schaller, D.; Tomasi, C.; Karlsson, K.; Abrahamsson,
I; et al. Reconstructive surgical therapy of peri-implantitis: A multicenter randomized controlled clinical trial. Clin. Oral
Implants Res. 2022, 33, 921-944, Erratum in Clin. Oral Implants Res. 2023, 34, 78-79. https:/ /doi.org/10.1111/clr.14021. [CrossRef]
[PubMed]

Sanz-Martin, I.; Cha, ].K.; Sanz-Sanchez, I.; Figuero, E.; Herrera, D.; Sanz, M. Changes in peri-implant soft tissue levels following
surgical treatment of peri-implantitis: A systematic review and meta-analysis. Clin. Oral Implants Res. 2021, 32, 230-244.
[CrossRef]

Karlsson, K.; Trullenque-Eriksson, A.; Tomasi, C.; Derks, J. Efficacy of access flap and pocket elimination procedures in the
management of peri-implantitis: A systematic review and meta-analysis. J. Clin. Periodontol. 2023, 50, 244-284. [CrossRef]
Chaushu, L.; Tal, H.; Sculean, A.; Fernandez-Tomé, B.; Chaushu, G. Peri-implant disease affects systemic complete blood count
values-an experimental in vivo study. Clin. Oral Investig. 2020, 24, 4531-4539. [CrossRef]

Rodriguez Alvarez, M.B.; Padullés-Roig, E.; Cabanes-Gumbau, G.; Callejas-Cano, J.A.; Gil, J. Release of Titanium Particles After
Implantoplasty in the Treatment of Peri-Implantitis: Local and Systemic Implications-An Integrative Systematic Review. J. Clin.
Med. 2025, 14, 8661. [CrossRef] [PubMed]

Radaelli, K.; Alberti, A.; Corbella, S.; Francetti, L. The Impact of Peri-Implantitis on Systemic Diseases and Conditions: A Review
of the Literature. Int. J. Dent. 2021, 2021, 5536566. [CrossRef]

Assery, N.M.; Jurado, C.A.; Assery, M.K.; Afrashtehfar, K.I. Peri-implantitis and systemic inflammation: A critical update. Saudi
Dent. J. 2023, 35, 443-450. [CrossRef]

Tessarin, G.W.L.; Toro, L.F,; Pereira, R.F,; Dos Santos, R.M.; Azevedo, R.G. Peri-implantitis with a potential axis to brain
inflammation: An inferential review. Odontology 2024, 112, 1033-1046. [CrossRef]

Mombelli, A.; Miiller, N.; Cionca, N. The epidemiology of peri-implantitis. Clin. Oral Implants Res. 2012, 23, 67-76. [CrossRef]
Casado, P.L.; Pereira, M.C.; Duarte, M.E.; Granjeiro, ].M. History of chronic periodontitis is a high risk indicator for peri-implant
disease. Braz. Dent. J. 2013, 24, 136-141. [CrossRef] [PubMed]

Monje, A.; Caballé-Serrano, J.; Nart, J.; Pefiarrocha, D.; Wang, H.-L.; Rakic, M. Diagnostic accuracy of clinical parameters to
monitor peri-implant conditions: A matched case-control study. J. Periodontol. 2018, 89, 407—417. [CrossRef]

Monje, A.; Amerio, E.; Farina, R.; Nart, J. Significance of probing for monitoring peri-implant diseases. Int. J. Oral Implantol. 2021,
14, 321-329.

Monije, A.; Salvi, G.E. Diagnostic methods/parameters to monitor peri-implant conditions. Periodontology 2000 2024, 95, 20-39.
[CrossRef]

Yu, X; Lin, X.; Wang, F.; Wu, Y. Long-term predictive value of bleeding on probing in peri-implantitis diagnosis: A systematic
review and meta-analysis. |. Evid.-Based Dent. Pract. 2024, 24, 102034. [CrossRef] [PubMed]

Marcantonio, C.; Nicoli, L.G.; Marcantonio Junior, E.; Zandim-Barcelos, D.L. Prevalence and Possible Risk Factors of Peri-
implantitis: A Concept Review. . Contemp. Dent. Pract. 2015, 16, 750-757. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15072496


https://doi.org/10.1177/0022034514551754
https://doi.org/10.1111/j.1600-0501.2011.02220.x
https://www.ncbi.nlm.nih.gov/pubmed/21806683
https://doi.org/10.1111/prd.12101
https://doi.org/10.1155/2018/7891323
https://www.ncbi.nlm.nih.gov/pubmed/30305812
https://doi.org/10.1177/0022034520949851
https://doi.org/10.1111/jre.12483
https://doi.org/10.1111/clr.13653
https://doi.org/10.1111/clr.12910
https://doi.org/10.1111/jcpe.13070
https://doi.org/10.1111/clr.14021
https://doi.org/10.1111/clr.13972
https://www.ncbi.nlm.nih.gov/pubmed/35804491
https://doi.org/10.1111/clr.13840
https://doi.org/10.1111/jcpe.13732
https://doi.org/10.1007/s00784-020-03318-0
https://doi.org/10.3390/jcm14248661
https://www.ncbi.nlm.nih.gov/pubmed/41464564
https://doi.org/10.1155/2021/5536566
https://doi.org/10.1016/j.sdentj.2023.04.005
https://doi.org/10.1007/s10266-024-00936-y
https://doi.org/10.1111/j.1600-0501.2012.02541.x
https://doi.org/10.1590/0103-6440201302006
https://www.ncbi.nlm.nih.gov/pubmed/23780361
https://doi.org/10.1002/JPER.17-0454
https://doi.org/10.1111/prd.12584
https://doi.org/10.1016/j.jebdp.2024.102034
https://www.ncbi.nlm.nih.gov/pubmed/39631968
https://doi.org/10.5005/jp-journals-10024-1752
https://www.ncbi.nlm.nih.gov/pubmed/26522602
https://doi.org/10.3390/jcm15072496

J. Clin. Med. 2026, 15, 2496 15 of 17

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Dreyer, H.; Grischke, ].; Tiede, C.; Eberhard, J.; Schweitzer, A.; Toikkanen, S.E.; Glockner, S.; Krause, G.; Stiesch, M. Epidemiology
and risk factors of peri-implantitis: A systematic review. J. Periodontal Res. 2018, 53, 657-681. [CrossRef]

Mahardawi, B.; Jiaranuchart, S.; Damrongsirirat, N.; Arunjaroensuk, S.; Mattheos, N.; Somboonsavatdee, A.; Pimkhaokham,
A. The lack of keratinized mucosa as a risk factor for peri-implantitis: A systematic review and meta-analysis. Sci. Rep. 2023,
13, 3778. [CrossRef]

Giok, K.C.; Veettil, S.K.; Menon, R.K. Risk factors for Peri-implantitis: An umbrella review of meta-analyses of observational
studies and assessment of biases. ]. Dent. 2024, 146, 105065. [CrossRef]

Galarraga-Vinueza, M.E.; Pagni, S.; Finkelman, M.; Schoenbaum, T.; Chambrone, L. Prevalence, incidence, systemic, behavioral,
and patient-related risk factors and indicators for peri-implant diseases: An AO/AAP systematic review and meta-analysis. J.
Periodontol. 2025, 96, 587-633. [CrossRef]

Monje, A.; Barootchi, S.; Rosen, P.S.; Wang, H.-L. Surgical- and implant-related factors and onset/progression of peri-implant
diseases: An AO/AAP systematic review. . Periodontol. 2025, 96, 542-561. [CrossRef]

De Ry, S.P.,; Roccuzzo, A.; Lang, N.P,; Heitz-Mayfield, L.J.; Ramseier, C.A.; Sculean, A.; Salvi, G.E. Evaluation of the implant
disease risk assessment (IDRA) tool: A retrospective study in patients with treated periodontitis and implant-supported fixed
dental prostheses (FDPs). Clin. Oral Implant. Res. 2021, 32, 1299-1307. [CrossRef]

Vilela, N.; Gurgel, B.C.V,; Rostant, C.M.; Schey, K.C.; Mukesh Vekariya, K.; da Silva, H.D.P,; Pannuti, C.M.; Duarte, PM.
Performance of the Implant Disease Risk Assessment in Predicting Peri-Implantitis: A Retrospective Study. Clin. Oral Implants
Res. 2025, 36, 386-396. [CrossRef]

Faot, F; Nascimento, G.G.; Bielemann, A.M.; Campao, T.D.; Leite, ER.; Quirynen, M. Can peri-implant crevicular fluid assist in
the diagnosis of peri-implantitis? A systematic review and meta-analysis. ]. Periodontol. 2015, 86, 631-645. [CrossRef]

Duarte, PM.; Serrao, C.R.; Miranda, T.S.; Zanatta, L.C.; Bastos, M.E,; Faveri, M.; Figueiredo, L.C.; Feres, M. Could cytokine levels
in the peri-implant crevicular fluid be used to distinguish between healthy implants and implants with peri-implantitis? A
systematic review. J. Periodontal Res. 2016, 51, 689—698. [CrossRef]

Alassy, H.; Parachuru, P.; Wol, L. Peri-Implantitis Diagnosis and Prognosis Using Biomarkers in Peri-Implant Crevicular Fluid: A
Narrative Review. Diagnostics 2019, 9, 214. [CrossRef]

La Monaca, G.; Pranno, N.; Patini, R.; Polimeni, A.; Cordaro, M.; Cristalli, M.P. Biomarkers in Peri-Implant Crevicular Fluid of
Healthy Implants and Those with Peri-Implant Diseases: A Systematic Review and Meta-Analysis. . Oral Pathol. Med. 2025, 54,
267-282. [CrossRef]

Popa, P.S.; Popa, G.V.; Earar, K.; Popa-Cazacu, C.E.; Matei, M.N. Salivary Oxidative Stress Biomarkers in Peri-Implant Disease: A
Systematic Review and Meta-Analysis. Int. J. Mol. Sci. 2025, 26, 11269. [CrossRef]

Atanasova, T,; Stankova, T.; Bivolarska, A.; Vlaykova, T. Matrix Metalloproteinases in Oral Health-Special Attention on MMP-8.
Biomedicines 2023, 11, 1514. [CrossRef]

Réaisanen, L.T.; Aji, N.R.A.S.; Sakellari, D.; Grigoriadis, A.; Rantala, I.; Patild, T.; Heikkild, P.; Gupta, S.; Sorsa, T. Active
Matrix Metalloproteinase-8 (aMMP-8) Versus Total MMP-8 in Periodontal and Peri-Implant Disease Point-of-Care Diagnostics.
Biomedicines 2023, 11, 2885. [CrossRef] [PubMed]

Weiss, S.J. Tissue destruction by neutrophils. N. Engl. ]. Med. 1989, 320, 365-376. [CrossRef]

Hasty, K.A.; Pourmotabbed, T.F,; Goldberg, G.I,; Thompson, J.P.; Spinella, D.G.; Stevens, R.M.; Mainardi, C.L. Human neutrophil
collagenase. A distinct gene product with homology to other matrix metalloproteinases. J. Biol. Chem. 1990, 265, 11421-11424.
[CrossRef]

Luchian, I; Goriuc, A.; Sandu, D.; Covasa, M. The role of matrix metalloproteinases (MMP-8, MMP-9, MMP-13) in periodontal
and peri-implant pathological processes. Int. |. Mol. Sci. 2022, 23, 1806. [CrossRef]

Arakawa, H.; Uehara, J.; Hara, E.S.; Sonoyama, W.; Kimura, A.; Kanyama, M.; Matsuka, Y.; Kuboki, T. Matrix metalloproteinase-8
is the major potential collagenase in active peri-implantitis. ]. Prosthodont. Res. 2012, 56, 249-255. [CrossRef]

Bornes, R.; Montero, ]J.; Correia, A.; Marques, T.; Rosa, N. Peri-implant diseases diagnosis, prognosis and dental implant
monitoring: A narrative review of novel strategies and clinical impact. BMC Oral Health 2023, 23, 183. [CrossRef]

Rathnayake, N.; Gieselmann, D.R.; Heikkinen, A.M.; Tervahartiala, T.; Sorsa, T. Salivary Diagnostics-Point-of-Care diagnostics of
MMP-8 in dentistry and medicine. Diagnostics 2017, 7, 7. [CrossRef]

Alassiri, S.; Parnanen, P.; Rathnayake, N.; Johannsen, G.; Heikkinen, A.M.; Lazzara, R.; van der Schoor, P.; van der Schoor, ].G.;
Tervahartiala, T.; Gieselmann, D.; et al. The Ability of Quantitative, Specific, and Sensitive Point-of-Care/Chair-Side Oral Fluid
Immunotests for aMMP-8 to Detect Periodontal and Peri-Implant Diseases. Dis. Markers 2018, 2018, 1306396. [CrossRef]

Sorsa, T.; Gieselmann, D.; Arweiler, N.B.; Hernandez, M. A quantitative point-of-care test for periodontal and dental peri-implant
diseases. Nat. Rev. Dis. Primers 2017, 3, 17069. [CrossRef]

Nwhator, 5.0.; Ayanbadejo, P.O.; Umeizudike, K.A.; Opeodu, O.I1.; Agbelusi, G.A.; Olamijulo, J.A.; Arowojolu, M.O.; Sorsa, T.;
Babajide, B.S.; Opedun, D.O. Clinical correlates of a lateral-flow immunoassay oral risk indicator. ]. Periodontol. 2014, 85, 188-194.
[CrossRef] [PubMed]

https://doi.org/10.3390/jcm15072496


https://doi.org/10.1111/jre.12562
https://doi.org/10.1038/s41598-023-30890-8
https://doi.org/10.1016/j.jdent.2024.105065
https://doi.org/10.1002/JPER.24-0154
https://doi.org/10.1002/JPER.24-0083
https://doi.org/10.1111/clr.13828
https://doi.org/10.1111/clr.14390
https://doi.org/10.1902/jop.2015.140603
https://doi.org/10.1111/jre.12354
https://doi.org/10.3390/diagnostics9040214
https://doi.org/10.1111/jop.13612
https://doi.org/10.3390/ijms262311269
https://doi.org/10.3390/biomedicines11061514
https://doi.org/10.3390/biomedicines11112885
https://www.ncbi.nlm.nih.gov/pubmed/38001886
https://doi.org/10.1056/NEJM198902093200606
https://doi.org/10.1016/S0021-9258(19)38413-3
https://doi.org/10.3390/ijms23031806
https://doi.org/10.1016/j.jpor.2012.07.002
https://doi.org/10.1186/s12903-023-02896-1
https://doi.org/10.3390/diagnostics7010007
https://doi.org/10.1155/2018/1306396
https://doi.org/10.1038/nrdp.2017.69
https://doi.org/10.1902/jop.2013.130116
https://www.ncbi.nlm.nih.gov/pubmed/23600996
https://doi.org/10.3390/jcm15072496

J. Clin. Med. 2026, 15, 2496 16 of 17

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Heikkinen, A.M.; Nwhator, S.0.; Rathnayake, N.; Mantyld, P; Vatanen, P; Sorsa, T. Pilot study on oral health status as assessed by
an active matrix metalloproteinase-8 chairside mouthrinse test in adolescents. J. Periodontol. 2016, 87, 36—40. [CrossRef] [PubMed]
Heikkinen, A.M.; Raivisto, T.; Kettunen, K.; Kovanen, L.; Haukka, ].; Pakbaznejad Esmaeili, E.; Elg, J.; Gieselmann, D.R,;
Rathnayake, N.; Ruokonen, H.; et al. Pilot study on the genetic background of an active matrix metalloproteinase-8 test in Finnish
adolescents. J. Periodontol. 2017, 88, 464—472. [CrossRef]

Lorenz, K,; Keller, T.; Noack, B.; Freitag, A.; Netuschil, L.; Hoffmann, T. Evaluation of a novel point-of-care test for active matrix
metalloproteinase-8: Agreement between qualitative and quantitative measurements and relation to periodontal inflammation. J.
Periodontal Res. 2017, 52, 277-284. [CrossRef]

Johnson, N.; Ebersole, J.L.; Kryscio, R.J.; Danaher, R.J.; Dawson, D., 3rd; Al-Sabbagh, M.; Miller, C.S. Rapid assessment of salivary
MMP-8 and periodontal disease using lateral flow immunoassay. Oral Dis. 2016, 22, 681-687. [CrossRef] [PubMed]

Izadi Borujeni, S.; Mayer, M.; Eickholz, P. Activated matrix metalloproteinase-8 in saliva as diagnostic test for periodontal disease?
A case-control study. Med. Microbiol. Immunol. 2015, 204, 665-672. [CrossRef]

Lupi, S.M.; Redoglia, L.; Rodriguez, Y.B.A.; Garbelli, G.; Rodriguez, Y.B.R. Detection of peri-implant inflammation by the use of a
matrix metalloproteinase-8 chair-side test. Minerva Stomatol. 2019, 68, 168-176. [CrossRef]

Wang, H.-L.; Garaicoa-Pazmino, C.; Collins, A.; Ong, H.S.; Chudri, R.; Giannobile, W.V. Protein biomarkers and microbial profiles
in peri-implantitis. Clin. Oral Implants Res. 2016, 27, 1129-1136. [CrossRef]

Guarnieri, R.; Reda, R.; Zanza, A.; Xhajanka, E.; Patil, S.; Di Nardo, D.; Testarelli, L. Relationship between gingival and peri-
implant sulcular fluid active matrix metalloproteinase-8 concentration and clinical indices in healthy and diseased conditions.
Explor. Med. 2024, 5, 243-256. [CrossRef]

Guarnieri, R.; Zanza, A.; D’Angelo, M.; Di Nardo, D.; Del Giudice, A.; Mazzoni, A.; Reda, R.; Testarelli, L. Correlation between
Peri-Implant Marginal Bone Loss Progression and Peri-Implant Sulcular Fluid Levels of Metalloproteinase-8. |. Pers. Med. 2022,
12, 58. [CrossRef]

Guarnieri, R.; Reda, R.; Zanza, A.; Miccoli, G.; Nardo, D.D.; Testarelli, L. Can Peri-Implant Marginal Bone Loss Progression
and a-MMP-8 Be Considered Indicators of the Subsequent Onset of Peri-Implantitis? A 5-Year Study. Diagnostics 2022, 12, 2599.
[CrossRef]

Lahteenmadki, H.; Tervahartiala, T.; Rédisdnen, I.T.; Pdrndnen, P.; Mauramo, M.; Gupta, S.; Sampson, V.; Rathnayake, N.; Heikkinen,
A.M.; Alassiri, S.; et al. Active MMP-8 point-of-care (PoC)/chairside enzyme-test as an adjunctive tool for early and real-time
diagnosis of peri-implantitis. Clin. Exp. Dent. Res. 2022, 8, 485-496. [CrossRef]

Fragkioudakis, I.; Batas, L.; Vouros, L; Sakellari, D. Diagnostic Accuracy of Active MMP-8 Point-of-Care Test in Peri-Implantitis.
Eur. J. Dent. 2025, 19, 743-748. [CrossRef]

Xanthopoulou, V.; Rdisdnen, I.T.; Sorsa, T.; Tortopidis, D.; Sakellari, D. Diagnostic value of aMMP-8 and azurocidin in peri-implant
sulcular fluid as biomarkers of peri-implant health or disease. Clin. Exp. Dent. Res. 2024, 10, e883. [CrossRef] [PubMed]
Xanthopoulou, V.; Rdisdnen, I.; Sorsa, T.; Sakellari, D. Active MMP-8 as a Biomarker of Peri-implant Health or Disease. Eur. J.
Dent. 2023, 17,924-928. [CrossRef] [PubMed]

Lahteenméki, H.; Umeizudike, K.A.; Heikkinen, A.M.; Réisdnen, I.T.; Rathnayake, N.; Johannsen, G.; Tervahartiala, T.; Nwhator,
S.0.; Sorsa, T. aMMP-8 Point-of-Care/Chairside Oral Fluid Technology as a Rapid, Non-Invasive Tool for Periodontitis and
Peri-Implantitis Screening in a Medical Care Setting. Diagnostics 2020, 10, 562. [CrossRef]

Thierbach, R.; Maier, K.; Sorsa, T.; Méntyld, P. Peri-Implant Sulcus Fluid (PISF) Matrix Metalloproteinase (MMP) -8 Levels in
Peri-Implantitis. J. Clin. Diagn. Res. 2016, 10, 34-38. [CrossRef]

Basegmez, C.; Yalcin, S.; Yalcin, F; Ersanli, S.; Mijiritsky, E. Evaluation of periimplant crevicular fluid prostaglandin E2 and
matrix metalloproteinase-8 levels from health to periimplant disease status: A prospective study. Implant Dent. 2012, 21, 306-310.
[CrossRef]

Gao, X.; Zhou, J.; Sun, Y.; Wang, L.; Zhou, Y. Differential expressions of biomarkers in gingival crevicular fluid of Han and Uygur
populations with peri-implantitis. Medicine 2018, 97, e0471. [CrossRef]

Song, Z.; Weigl, P.; Wang, B. Correlations of inflammatory cytokines, oxidative stress markers, and matrix metalloproteinases in
gingival crevicular fluid with peri-implantitis. Eur. J. Inflamm. 2019, 17, 1-5. [CrossRef]

Figueiredo, L.C.; Bueno-Silva, B.; Nogueira, C.EP,; Valadares, L.C.; Garcia, K M.M.; Filho, G.C.d.L.; Milanello, L.; Esteves, EM.;
Shibli, J.A.; Miranda, T.S. Levels of Gene Expression of Inmunological Biomarkers in Peri-Implant and Periodontal Tissues. Int. .
Environ. Res. Public Health 2020, 17, 9100. [CrossRef]

Hentenaar, D.F; De Waal, Y.C.; Vissink, A.; Van Winkelhoff, A.].; Meijer, H.].; Liefers, S.C.; Kroese, EG.M.; Raghoebar, G.M.
Biomarker levels in periimplant crevicular fluid of healthy implants, untreated and nonsurgically treated implants with peri-
implantitis. . Clin. Periodontol. 2021, 48, 590-601. [CrossRef]

Paralkar, S.; Benjamin, A.; Naik, P. Matrix Metalloproteinase-8 Levels in Peri-Implant Sulcular Fluid in Peri-Implantitis Patients as
a Point-of-Care Biomarker: A Systematic Review. ]. Dent. Res. Rev. 2022, 9, 95-103. [CrossRef]

https://doi.org/10.3390/jcm15072496


https://doi.org/10.1902/jop.2015.150377
https://www.ncbi.nlm.nih.gov/pubmed/26430926
https://doi.org/10.1902/jop.2016.160441
https://doi.org/10.1111/jre.12392
https://doi.org/10.1111/odi.12521
https://www.ncbi.nlm.nih.gov/pubmed/27273425
https://doi.org/10.1007/s00430-015-0413-2
https://doi.org/10.23736/S0026-4970.19.04149-9
https://doi.org/10.1111/clr.12708
https://doi.org/10.37349/emed.2024.00219
https://doi.org/10.3390/jpm12010058
https://doi.org/10.3390/diagnostics12112599
https://doi.org/10.1002/cre2.537
https://doi.org/10.1055/s-0044-1793843
https://doi.org/10.1002/cre2.883
https://www.ncbi.nlm.nih.gov/pubmed/38853451
https://doi.org/10.1055/s-0042-1753454
https://www.ncbi.nlm.nih.gov/pubmed/36063841
https://doi.org/10.3390/diagnostics10080562
https://doi.org/10.7860/JCDR/2016/16105.7749
https://doi.org/10.1097/ID.0b013e3182588408
https://doi.org/10.1097/MD.0000000000010471
https://doi.org/10.1177/2058739219845542
https://doi.org/10.3390/ijerph17239100
https://doi.org/10.1111/jcpe.13423
https://doi.org/10.4103/jdrr.jdrr_10_22
https://doi.org/10.3390/jcm15072496

J. Clin. Med. 2026, 15, 2496 17 of 17

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Delucchi, F.; Canepa, C.; Canullo, L.; Pesce, P,; Isola, G.; Menini, M. Biomarkers from Peri-Implant Crevicular Fluid (PICF) as
Predictors of Peri-Implant Bone Loss: A Systematic Review. Int. ]. Mol. Sci. 2023, 24, 3202. [CrossRef]

AlMoharib, H.S.; AlRowis, R.; AlMubarak, A.; Waleed Almadhoon, H.; Ashri, N. The relationship between matrix
metalloproteinases-8 and peri-implantitis: A systematic review and meta-analysis. Saudi Dent. ]. 2023, 35, 283-293. [CrossRef]
Del Fabbro, M.; Panda, S.; Tumedei, M.; Guarnieri, R.; Pande, T.; Colapinto, G.; Albanese, M.; Testori, T. Diagnostic potential
of Active-Matrix Metalloproteinase-8 for Peri-Implantitis: A Systematic Review. Int. J. Oral Maxillofac. Implants, 2026; in press.
[CrossRef] [PubMed]

Armitage, G.C.; Xenoudi, P. Post-treatment supportive care for the natural dentition and dental implants. Periodontology 2000
2016, 71, 164-184. [CrossRef]

Del Fabbro, M.; Nevins, M.; Venturoli, D.; Weinstein, R.L.; Testori, T. Clinically Oriented Patient Maintenance Protocol: A Clinical
Consensus of Experts. Int. ]. Periodontics Restor. Dent. 2018, 38, 281-288. [CrossRef]

Trombelli, L.; Simonelli, A.; Franceschetti, G.; Maietti, E.; Farina, R. What periodontal recall interval is supported by evidence?
Periodontology 2000 2020, 84, 124-133. [CrossRef]

Ramseier, C.A.; Nydegger, M.; Walter, C.; Fischer, G.; Sculean, A.; Lang, N.P; Salvi, G.E. Time between recall visits and residual
probing depths predict long-term stability in patients enrolled in supportive periodontal therapy. J. Clin. Periodontol. 2019, 46,
218-230. [CrossRef]

Trombelli, L.; Minenna, L.; Toselli, L.; Zaetta, A.; Checchi, L.; Checchi, V.; Nieri, M.; Farina, R. Prognostic value of a simplified
method for periodontal risk assessment during supportive periodontal therapy. J. Clin. Periodontol. 2017, 44, 51-57. [CrossRef]
Lang, N.P; Tonetti, M.S. Periodontal risk assessment (PRA) for patients in supportive periodontal therapy (SPT). Oral Health Prev.
Dent. 2003, 1, 7-16.

Trombelli, L.; Farina, R.; Ferrari, S.; Pasetti, P.; Calura, G. Comparison between two methods for periodontal risk assessment.
Minerva Stomatol. 2009, 58, 277-287.

Matuliene, G.; Studer, R.; Lang, N.P,; Schmidlin, K.; Pjetursson, B.E.; Salvi, G.E.; Brdgger, U.; Zwahlen, M. Significance of
Periodontal Risk Assessment in the recurrence of periodontitis and tooth loss. J. Clin. Periodontol. 2010, 37, 191-199. [CrossRef]
[PubMed]

Monje, A.; Aranda, L.; Diaz, K.T.; Alarcén, M.A.; Bagramian, R.A.; Wang, H.-L.; Catena, A. Impact of Maintenance Therapy for
the Prevention of Peri-implant Diseases: A Systematic Review and Meta-analysis. J. Dent. Res. 2016, 95, 372-379. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/jcm15072496


https://doi.org/10.3390/ijms24043202
https://doi.org/10.1016/j.sdentj.2023.03.012
https://doi.org/10.11607/jomi.11327
https://www.ncbi.nlm.nih.gov/pubmed/41790996
https://doi.org/10.1902/jop.2000.71.2.164
https://doi.org/10.11607/prd.3480
https://doi.org/10.1111/prd.12340
https://doi.org/10.1111/jcpe.13041
https://doi.org/10.1111/jcpe.12645
https://doi.org/10.1111/j.1600-051X.2009.01508.x
https://www.ncbi.nlm.nih.gov/pubmed/20041980
https://doi.org/10.1177/0022034515622432
https://www.ncbi.nlm.nih.gov/pubmed/26701350
https://doi.org/10.3390/jcm15072496

	Introduction 
	Methods 
	Prevalence and Incidence of Peri-Implant Disease 
	Peri-Implant Lesions Features 
	Peri-Implant Treatment Effectiveness 
	Early Peri-Implantitis Risk Assessment 
	Biomarkers Detection for Assessing Peri-Implant Tissue Inflammation 
	Active MMP-8 as a Reliable Indicator of Peri-Implant Disease 
	From Periodontal to Peri-Implant Maintenance 
	Biomarker Guided Implant Maintenance 
	Scientific Rationale for BGIM Parameters 
	Conclusions 
	References

