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Abstract

Background/Objectives: Periodontitis is a chronic inflammatory disease initiated by dys-
biotic biofilms and driven by host immune dysregulation, leading to connective tissue
destruction and alveolar bone loss. Its early diagnosis is closely linked to the progression
and outcome of the disease. Active-matrix metalloproteinase-8 (aMMP-8) is one of the
key biomarkers for estimating irreversible collagenolytic degradation. aMMP-8 is among
the key biomarkers for estimating irreversible collagenolytic degradation. To evaluate the
role of oral fluid/salivary /mouthrinse aMMP-8 tests for early detection and treatment
monitoring of periodontitis. Methods: A search was conducted in the Medline, Embase,
Scopus, and Cochrane databases, restricted to articles published between January 2020
and December 2024 to capture the most recent literature. Pilot, cohort, case—control, and
cross-sectional studies were included, while studies not aligning with the objectives of
this review, as well as narrative reviews, editorials, and opinions were excluded. Results:
A total of 276 articles were retrieved. After removing duplicates, 226 studies remained,
of which 216 were retained following title, abstract, and keyword screening. From these,
26 studies were finally included in this review. aMMP-8 point-of-care tests appear to be
promising tools for early diagnosis, disease severity assessment, and treatment monitoring
in periodontitis, though findings remain conflicting across studies. Elevated aMMP-8
levels are associated with active periodontal pathology and tissue destruction, reflecting
ongoing collagenolytic degeneration. Conclusions: aMMP-8 mouthrinse, saliva, or oral
fluid tests can be used for predictive and early diagnosis as well as for treatment moni-
toring in patients with periodontal disease, and they function effectively as biomarkers
for periodontitis.
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1. Introduction

Periodontal disease develops when harmful bacteria in dental plaque disrupt the
normal balance between oral microbes and the body’s immune response. This imbalance
triggers an excessive immune-inflammatory reaction in the gum tissues, leading to damage
to the supporting structures of the teeth [1-5]. Periodontitis is a chronic disease of an
irreversible degenerative nature, characterized by the destruction of both soft and hard
tissues of the periodontium [6—10]. Common clinical features accompanying periodonti-
tis include gingival recession, gingival bleeding, deepened periodontal pockets, clinical
attachment loss (CAL), and alveolar bone resorption [11-13]. At the stage of periodontitis,
pathological alveolar bone resorption becomes evident and can be detected by radiographic
imaging [14,15]. As a chronic irreversible inflammatory disease, periodontitis is also consid-
ered a systemic risk factor [16-19]. The literature provides substantial evidence supporting
relationships between periodontitis and other chronic systemic diseases such as rheumatic
and cardiovascular diseases, diabetes, kidney and lung diseases, Alzheimer’s disease, and
interstitial lung diseases [20-26].

Periodontitis is one of the most common diseases worldwide, affecting approximately
11% of the global population [27,28]. Considering these factors, early detection and treat-
ment of periodontitis play a fundamental role in maintaining the general health status of
individuals [29-32]. However, this presents a complex challenge, as the primary obstacle
for clinicians is not only to identify the disease itself but rather identifying patients at risk of
periodontal disease progression and those who are not [31,33,34]. Furthermore, discerning
the active phases of periodontitis remains a significant challenge [35,36].

As a result, this limitation has prompted medical researchers to explore alternative
diagnostic tools, such as biomarkers, which can aid in the early predictive detection of
periodontal breakdown [37,38]. Ideally, these biomarkers would also facilitate monitoring
of treatment outcomes [39—42]. One key biomarker is active-matrix metalloproteinase-8
(aMMP-8), also known as collagenase-2, neutrophil collagenase, or polymorphonuclear
leukocyte collagenase [43—46]. This enzyme possesses collagenolytic and proteolytic proper-
ties, and its expression in gingival tissues and oral fluids holds significant diagnostic value.

MMP-8 belongs to the matrix metalloproteinase (MMP) family, comprising 26 geneti-
cally diverse yet structurally related proteases, of which 24 are found in humans [47,48].
These enzymes are involved in both physiological tissue remodeling and pathological
degradation of the extracellular matrix and basement membranes. In addition, MMPs
regulate various inflammatory and immune responses [49,50]. In periodontitis, dysbiotic
biofilms disrupt host immune homeostasis, triggering a self-perpetuating inflammatory
loop that leads to destruction of attachment tissues. Neutrophils play a central role by releas-
ing MMP-8 from their granules, which is subsequently activated to aMMP-8, contributing
directly to connective tissue breakdown [51-54].

MMP-8 can also process bioactive non-matrix substrates such as serpins, complement
components, pro- and anti-inflammatory cytokines and chemokines and receptors such as
the insulin receptor, thereby modulating immune and cellular responses [55,56]. aMMP-8
appears to be the most prevalent collagenolytic protease expressed in diseased periodontal
tissue and oral fluids (saliva, mouthrinse, gingival crevicular fluid [GCF] and peri-implant
sulcular fluid [PISF]) [57-59]. Studies have shown that MMP-8 is a potential biomarker of
periodontal degradation in patients with periodontitis alone and with metabolic diseases
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like diabetes mellitus or other risk factors like smoking [3,60,61]. aMMP-8 acts both as a
key tissue-destructive enzyme and a clinically valuable biomarker, enabling identification
of patients at risk for periodontal and peri-implant disease progression and facilitating
monitoring of treatment outcomes (Figure 1) [62,63].
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Figure 1. Role of active-matrix metalloproteinase-8 (aMMP-8) as a biomarker and etiological factor in
periodontal and peri-implant disease progression, illustrating its utility in identifying at-risk patients
and monitoring treatment outcomes (adapted from Réisanen et al., 2023, under Creative Commons
Attribution License, CC BY4.0) [63].

Figure 2 illustrates the biological activation pathway of aMMP-8 in periodontal tissues,
its role in tissue destruction, and its application in diagnosing and monitoring periodontitis
using point-of-care testing.
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Figure 2. Biological activation pathway of active-matrix metalloproteinase-8 (aMMP-8) in periodontal
tissues, and its application in diagnosing and monitoring periodontitis using point-of-care testing. Original
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image made with BioRender.com. Periodontitis Lesion and Neutrophil Response (left panel) The
diagram of the tooth affected by periodontitis with subgingival calculus and dental plaque. These
deposits harbor periopathogenic bacteria that trigger an immune response. Neutrophils are recruited
into the periodontal pocket and surrounding connective tissue, releasing latent pro-MMP-8. Ac-
tivation of MMP 8 by Bacterial Proteases (central zoom panel) Within the inflamed periodontal
extracellular matrix, bacterial and host proteases cleave the pro-peptide domain of latent MMP-8.
This process converts latent pro-MMP-8 into its active collagenolytic form (aMMP-8). The change
is depicted as a structural transformation from the intact enzyme with the pro-peptide domain to
the active catalytic core bound to zinc (Zn). aMMP-8 as a Collagenolytic Biomarker (text and central
arrow): collagenolytic aMMP-8 highlights that this is the biologically active form responsible for
collagen breakdown, in contrast to total MMP-8 (which includes inactive forms). Point-of-Care
Testing (POCT) Workflow (bottom right sequence) The patient rinses their mouth with a solution
to collect GCF-rich mouthrinse (gingival crevicular fluid derivative). The sample is applied to a
lateral-flow immunoassay strip, where specific antibodies detect aMMP-8. The test is read visually
(two lines = positive, one line = negative) or with a digital reader for quantitative measurement
inng/mL.

aMMP-8, with a cutoff value of 20 ng/mL, was introduced as a staging and grading
biomarker in the 2017 classification by Sorsa et al. [64]. The primary collagen in the
periodontium, type I collagen, is subject to irreversible lysis caused by aMMP-8, alongside
the degradation of type III collagen [65-67].

Consistently and repeatedly, findings of different studies demonstrate significantly
elevated levels of aMMP-8 in oral fluids derived from periodontal tissues exhibiting patho-
logical characteristics [68]. Samples for periodontal biomarker assessment can be obtained
from saliva, serum, or mouthrinse, but GCF—collected from the gingival sulcus—offers
the highest diagnostic efficacy due to its origin from serum, gingival tissues, and various
periodontal cell types. Mouthrinse represents a diagnostically convenient and effective oral
fluid, functioning as a practical derivative of GCF for identifying periodontal disease and
monitoring treatment outcomes [69-71].

With technological advances, various methods for diagnosis have been developed,
including lateral flow aMMP-8 point-of-care (POCT) immunoassay tests, such as PerioSafe®
and ImplantSafe®, used with the ORALyzer© reader. These tests measure the levels of the
biomarker aMMP-8 through a fast, simple, non-invasive, and safe technique [72].

MMP-8 has been extensively studied in various biological fluids, including GCF, PISF,
saliva, mouthrinse, and serum, for its relevance in periodontitis diagnosis. However,
important gaps remain, such as unclear comparative diagnostic accuracy of aMMP-8 across
different fluids, variability in methodologies, cut-off values, and populations, along with
limited validation of non-invasive fluids and a scarcity of longitudinal studies on disease
monitoring. Moreover, few studies have directly compared aMMP-8 with total or latent
MMP-8 (tMMP-8) across sample types. Addressing these gaps is crucial to standardize and
optimize the clinical utility of aMMP-8 in periodontal disease management.

Given the scattered evidence on the role of aMMP-8 in periodontal disease, a scoping
review was chosen to systematically map the available literature, identify key findings,
and highlight research gaps. To the best of our knowledge, information regarding the
relationship between periodontitis and aMMP-8 has not been systematically reviewed.
The objective of this scoping review is to comprehensively map and evaluate the available
evidence on the use of aMMP-8 as a diagnostic and prognostic biomarker for the early
detection, risk assessment, and monitoring of periodontal disease activity and progression.
Additionally, the review aims to compare the diagnostic performance of aMMP-8 with
tMMP-8 in various oral fluids.
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2. Materials and Methods

This present scoping review aimed to address the following research question: What is
the role of aMMP-8 as a biomarker in the diagnosis and treatment monitoring of periodontal
and peri-implant diseases in adults, as reported in studies published between January 2020
and December 2024?

The comprehensive search was conducted in Pubmed, Scopus, Embase, and Cochrane
databases. The search strategy combined terms such as “periodontitis’, ‘chronic periodon-
titis’, ‘gum disease’, ‘aMMP-8’, and ‘active-matrix metalloproteinase-8” using Boolean
operators (AND, OR). Additional studies were identified by hand-searching reference lists
of included articles.

The last search was performed on 31 December 2024. A PRISMA-ScR flow diagram
(Figure 3) illustrates the study selection process. The database search was restricted to
the articles of the past 5 years (January 2020-December 2024) to review the recent avail-
able literature. Studies were included if they (1) investigated aMMP-8 as a biomarker in
periodontitis, (2) were published between January 2020 and December 2024, (3) were cross-
sectional, case—control, cohort, or pilot studies, and (4) had full text available in English.
Excluded studies included narrative reviews, editorials, opinions, or those not directly
addressing the research question. Full-text availability was required to ensure comprehen-
sive data extraction. Data extraction for these studies was conducted to yield information
regarding participants, study methodology, results and conclusions. A PRISMA-ScR flow
diagram (Figure 3) illustrates the study selection process.

)
Records identified from Additional Records identified
Database searching including through other sources
E pubmed, Embase, Scopus, (n=0)
= Cochrane (n = 276)
£
: !
$ !
Records after duplicate removed
_ (n =226)
| l
Reports screened Records excluded (n = 10)
(n =226) E— (Screened for title, abstract and
=2 keywords)
=
: |
G
7]
: Full text articles excluded: (n = 190
il tee)iit ?S:ﬁlesnafszisg e —> Reasons for exclusion ( )
glbllity {n=216) ¢ Not mentioning direct
— relationship between
periodontitis and aMMP-8
l e Reviews
) o Editorials and opinions
5 Studies included (n =26)
= e Cross sectional n=12
© e Case control n= 10
£ e Pilotn=4
~—

Figure 3. PRISMA-ScR flow diagram.

3. Results

A total of 276 articles were retrieved from the initial search of PubMed /Medline,
Embase, Scopus, and Cochrane databases. After removal of duplicates, 226 articles re-
mained. Screening of titles, abstracts, and keywords eliminated 10 articles. Of the remaining
216 papers, 26 were finally included in the present study after reviewing their full text and
applying the inclusion and exclusion criteria.
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Two independent reviewers (L.G., M.G.) screened titles and abstracts, followed by
full-text review. Disagreements were resolved by a third reviewer to reach a consensus.
The selection process adhered to PRISMA-ScR guidelines.

Out of the included studies, twelve were cross-sectional in design, and ten were either
cohort or case—control studies, while four were pilot studies. Data were extracted using a
standardized form that recorded study characteristics (author, year, location), participant
details (number, groups), sample type (e.g., GCEF, saliva, mouthrinse), aMMP-8 measurement
techniques including POCT, time-resolved immunofluorometric assay (IFMA), and enzyme-
linked immunosorbent assay (ELISA), as well as key findings (quantification of aMMP-8
levels, and tMMP-8 levels, sensitivity/specificity), conclusions, and clinical implications.

The summary of the included studies, categorized by design, is presented in Tables 1-3.
All 26 studies consistently showed elevated aMMP-8§ levels in periodontitis and peri-implantitis
compared to healthy controls, with GCF and mouthrinse samples demonstrating higher diag-
nostic accuracy than saliva. The sensitivity of the aMMP-8 POCT kit ranged from approximately
33.2% to 89.7%, while specificity varied between 36.8% and 93.0%, with a cut-off of 20 ng/mL
most commonly used for staging and grading (e.g., Sorsa et al., 2020 [64]; Réisanen et al.,
2023 [63]).

Table 1. Results on MMP-8 expression in Cross-Sectional Studies.

Sample/Technique
Authors/Year/Place Participants Used for aMMP-8 . 1. . s
S.No of Study )/ Grf), ups (1) and tMMP-8 Findings Clinical Implication
Quantification
High diagnostic accuracy
using aMMP-8 to aMMP-8 cut-off
150 adult discriminate healthy vs. 20 ng/mL effectively
Sorsa T et al.. 2020 participants which ~ Mouthrinse/aMMP-  periodontitis sites: AUC 0.90  distinguishes
1 Greece [64] ! *include healthy 8 PerioSafe® testand  (95% CI0.83-0.96), p < 0.01.  periodontitis from
controls and ORALyzer®. Levels classify progression: ~ health, improving
periodontitis. Grade A <20 ng/mL, Grade early diagnosis and
B > 20 ng/mL, Grade monitoring.
C>30ng/mL
Elevated aMMP-8 levels in
periodontitis vs. gingivitis
and healthy controls
aMMP-8 Levels (ng/mL)
GCF
Healthy: 16.83 + 9.28 MMP-8 is a potential
GCE serum and Gingivitis: 44.13 £ 10.6 biomarker at both
Keles Yucel ZP 83 (Healthy 23, salivla / Peridontitis: 49.42 + 15.21 the local and
2 et al., 2020, Gingivitis 20, Stage Immunofluorometric Saliva systemic levels for
Turkey [66] 3 periodontitis 40) assay (IFMA) Healthy: 625.74 £ 163.10 differentiating
Y Gingivitis: 609.77 £+ 174.13 severe stages of
Peridontitis: 779.32 & 87.26  periodontitis.

Serum

Healthy: 45.98 + 39.74
Gingivitis: 106.04 £ 85.27
Periodontitis:

116.05 4 107.28
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Table 1. Cont.

Sample/Technique
Authors/Year/Place Participants Used for aMMP-8 .o .. s
S.No of Study (N)/Groups (1) and tMMP-8 Findings Clinical Implication
Quantification
aMMP-8 showed a
sensitivity of 33.2% and
specificity of 93.0% for
detecting periodontitis at a aMMP-8 POCT test
CUt.-Off.>1O ng/mL. has better specificity
Adjusting aMMP-8 by the than sensitivity and
408 (healthy, Mouthrinse/aMMP-  number of teeth improved . .
Deng Ketal,2021, "% . . ® . e is particularly useful
3 Hong Kong [72] gingivitis, 8 PerioSafe™ + performance with sensitivity for screening or
& & periodontitis) ORALyzer® 67.1% and specificity 68.8%. self—assessmge nt
The aMMP-8/number of rather than rulin
teeth ratio strongly out disease &
predicted Stage IV '
periodontitis with
sensitivity 89.7%, specificity
73.6%, and AUROC 0.856.
. aMMP-8 offers bet-
Mouthrinse/aMMP- o ter screening abil-
8 POCT lateral-flow  AUC (95% CI) itv amone the tested
Riisénen IT et al 150 pa- immunotest; aMMP-8: 0.834 (0.761-0.906) bi};markejgrs to indi-
4 2021, Greece [ 67]" tients with peri- Saliva/tMMP-8, tMMP-8: 0.800 (0.722-0.878) cate periodontal tis-
! odontitis tMMP-9 ELISA; aMMP-9: 0.787 (0.704-0.870) sue li‘ cakdown. aid-
Saliva/aMMP-9 tMMP-9: 0.767 (0.680-0.855) ing early de tec—l
gelatin zymography tion and monitoring.
80 individuals aMMP-8 POCT with
stage III, , saliva ; a - cut-o ng/m
(18 stage I1I, 19 GCF, saliva/IFMA MMP-8 POCT ff 20 ng/mL
5 Oztiirk VO et al., stage IV Mouthrinse/aMMP-  demonstrated Sensitivity can be used as
2021, Turkey [71] periodontitis, 8 POCT lateral-flow  83.9%, specificity 79.2% at non-invasive
21 gingivitis, immunotest 20 ng/mL real-time diagnosis
22 health) and monitoring tool.
aMMP-8 demonstrated
AUC 0.89 (95% CI 0.83-0.96),
GCF/ sensitivity 98%, specificity ;E/Iivllll;sﬁiagzii?
Hernandez M 31l individuals with aMMP-8 analysis by ~ 67% at 6.04 ng/mL; tMMP-8 for earlv dia r]l osis
6 etal., 2021, mild and severe IFMA discriminates mild /severe severit yasse% smen’t
Chile [73] periodontitis. tMMP-8 levels with AUC > 0.80 (95% CI and mgnitorin of !
analysis by ELISA. 0.72-0.92), sensitivity 58%, . . &
and specificity 96% at a periodontitis.
cut-off of 52.79 ng/mL.
The aMMP-8 test with cut-
off—10 ng/mL on the Ist The first oral rinse
oral rinse exhibited the (30 s rinse) provides
95 (61 periodontitis, Unstimulated saliva, best diagnostic accu- . Pt
Deng K et al., 2022, . . . rapid and reliable
7 34 health/ oral rinse/lateral racy for detecting periodon- ST
Hong Kong [74] L : A 2. discrimination
gingivitis) flow immunoassay titis, with a sensitiv-

ity of 80.3%, speci-
ficity of 67.8%, and an AU-
ROC of 0.740.

between periodontal
health and disease.
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Table 1. Cont.

Sample/Technique
Authors/Year/Place Participants Used for aMMP-8 BN - A
S.No of Study ™) /Grgups ) and tMMP-8 Findings Clinical Implication
Quantification
aMMP-8 in oral fluids
correlates with clinical
parameters.
Oral rinse: BOP (r = 0.559),
PPD (r = 0.684), CAL
Mouthrinse, GCF, (r=0.770); al\ﬁl\{[}llj—i.can beka
g Gupta Setal, 2023, 150 (periodontitis, saliva/aMMP- Saliva: BOP (r = 0.601), PPD iﬁzcﬁen 1221 er
Greece [75] gingivitis, healthy) 8 POCT lat- (r =0.705), CAL (r = 0.776); inﬂammi tion and
eral flow, tMMP ELISA GCF: BOP (r = 0.546), PPD destruction
(r=0.642), CAL (r = 0.743). '
Elevated aMMP-8
(>20 ng/mL) effectively
distinguished periodontitis
from health.
Higher levels of aMMP-8,
aMMP-8/TIMP-1 ratio,
97 (rheumatoid tMMP-9, MPO, and HNE in aMMP-8 and
arthritis (RA) Serum, periodontitis patients neutrophil elastase
9 Yilmaz D et al,, periodontitis 26, saliva/ELISA, im- compared to healthy control. serve as potential
2024, Turkey [76] RA healthy 23, SH  munofluorescence Salivary TIMP-1 was more biomarkers for both
periodontitis 24, assay elevated in patients with RA  RA and
controls 24) with or without periodontitis.
periodontitis.
(p-value < 0.001 Significant)
Levels of al\/'IMP-S,' aMMP-
120 (metabolic MMP-8—highest in 8 could be a poten-
P
syndrome with patients with systemic tial screen-
10 Thomas JT et al., eriodontitis 40 Saliva/aMMP-8 and  disease and periodontitis ine biomarker for pe-
2025, India [77] E S =Y, tMMP-8/ELISA aMMP-8 values (ng/mL) 8 D1oT P
ealthy with PD . riodonti-
40, healthy 40) Met5-PD:26.26 + 3 tis with metabolic syn-
’ SH-PD: 24.1 4 2.56 drome
SH-PH: 14.366 + 1.89 '
aMMP-8 levels were higher
in periodontitis (P) and
periodontitis with diabetes ~ Monitoring aMMP-8
Saliva/ (PDM) groups compared to  levels enables early
80 (healthy 27, aMMP-8, TNF-alpha, the healthy (H) group detection and
1 Zhang Y et al., periodontitis 29, IL-6,IL-8,IL-17and  (p < 0.05), with PDM targeted intervention
2024, China [78] periodontitis with ~ developmental showing higher levels than  to prevent
diabetes 24) endothelial locus-1 p (p <0.05). aMMP-8 progression of both
(Del-1)/ELISA. positively correlated with periodontitis and
IL-17 (r =0.77;p <0.01) and  diabetes.
negatively correlated with
Del-1 (r = —0.69; p < 0.01).
Among stage Il grade C
periodontitis patients, Elevated aMMP-8
Mouthrinse, aMMP-8 levels correlated rapidly identifies
Umeizudike KA 150 individuals saliva/aMMP-8 significantly with periodontitis
12 et al. 2024, with periodontitis ~ POCT lateral flow; prediabetes status patients with or at
Greece [79] and prediabetes tMMP-8, elastase, (HbAlc > 5.7%) with risk for prediabetes,

MMP-9/ELISA.

Spearman’s rho = 0.646,
p = 0.044. p- value—0.001
(Significant)

enabling integrated
management.
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Table 2. Results on MMP-8 expression in Case—Control/Cohort Studies.

Sample/Technique
Authors/Year/Place Participants Used for aMMP-8 .o .. A
S.No of Study (N)/Groups 1 and tMMP-8 Findings Clinical Implication
Quantification
Elevated salivary aMMP-8
125 participants; in 34% of adolescents Non-surgical therapy
gingivitis/ . . significantly linked with reduces aMMP-8;
1 Raivisto T et al., subclinical igg%ngphﬁpﬂixy higher visible plaque index =~ aMMP-8 useful to rule
2020, Finland [80] periodontitis . (VPI) % (p = 0.005); out early inflammation
immunoassay . . 7
group and healthy responsive to treatment including in
controls with VPl and RC reduction  orthodontic treatment
(p < 0.05)
202 individuals;
Mauramo M et al., coptrols (86), Saliva/HLA HLA—AH allfele linked to Measurmg aMMP—§
mild /moderate L. increased salivary aMMP-8;  aids personalized risk
2 2021, riodontitis (83) determination and levels reflect rity and a ment and
Switzerland [81] ~ PEMOTOMUES IO aviMp-g TFMA eves revec: Severty ssessme
severe genetic modulation targeted management
periodontitis (33)
Adjusting for age, gender,
and smoking improved test
accuracy to 82.35%
102 participants; GCF and sensitivity 76.47% specificity = aMMP-8 POCT useful
3 Gupta Setal,, 2022, COVID-19- Mouthrinse/aMMP-  (mouthrinse) and 73.53% for screening active
India [82] positive (72), 8 POCT lateral flow  sensitivity/88.24% periodontal disease in
negative (30) immunoassay specificity (site-specific). COVID-19 patients
AUC from 0.746 to 0.872
(p < 0.001) indicates good
diagnostic performance.
AU.C for c?lfferentla.tmg .\ POCT biosensors and
periodontitis and gingivitis IFMA as effective
189 participants; . from health was 0.81, with . .
o . Saliva/MMP-8 . . diagnostic tools to
Umeizudike KA periodontal health . diagnostic accuracy of Lo
4 N biosensor, IFMA, A . . discriminate
etal.,, 2022, UK [83] (59), gingivitis (63), 74.2%. For periodontitis ) .
. o ELISA .. ..  periodontal disease
periodontitis (67) versus health and gingivitis, status and monitor
the AUC was 0.86 with treatment reSDONSE
82.8% diagnostic accuracy. P '
The PoC aMMP-8 t.e .St. Oral rinse aMMP-
Mouthrinse/aMMP- demonstrated sensitivity 8 tests are accurate, re-
Keskin M et al., 52 individuals; 85.2%, specificity 100%; . !
8 POCT lateral flow, . sponsive, and effec-
5 2023, Turkey & controls (25), IFMA. Western correlation between tive tools for diaenos-
Finland [84] periodontitis (27) . ’ aMMP-8 reduction and . 1ag
immunoblot T ing and monitoring pe-
clinical improvement . .
riodontitis.
(p < 0.05)
21 periodontitis Radiotherapy (RT) for head aMMP-8, aMMP-
3 . 9, and IL-6 are poten-
Brandt E et al patients Mouthrinse/ and neck cancer (HNC) tial non-invasive indi-
6 2023, Turke [éS] undergoing head PerioSafe®, tMMP increased aMMP-8 from 21.6 cators of oral tissue re-
' y and neck ELISA to 54.6 ng/mL (p < 0.05) e e o
radiotherapy during and after therapy. P &

cer therapy.
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Table 2. Cont.

Sample/Technique
Authors/Year/Place Participants Used for aMMP-8 .o .. A
S.No of Study (N)/Groups 1 and tMMP-8 Findings Clinical Implication
Quantification
aMMP-8 testing is
e effective for baseline
Sensitivity of the aMMP-8 eriodontitis
test reduced from 71.4% gia nosis. but its
baseline to 28.6-42.9% acflracy )
Yilmaz M et al,, 42 Stage H.I / v Mouthrmse/ POCT,  post-treatment; Sopeafla;ty monitoring treatment
7 periodontitis immunofluores- ranged from 64.3% to 80% at .
2023, Turkey [86] . . outcomes or residual
patients cence assay week 6, decreasing to disease declines over
40—57.1. Yo at Week 12, and time, so clinical
then slightly increased to assessments Tust
56-64.3% at week 24. complement
biomarker testing.
IHC demonstrated more Td
57 partici- dentilisin and MMP-8 in CP The upregulation of
P Mouthrinse POCT, gin- patients than healthy aMMP-8 in response
" pants; Stage III/IV . - . .
8 Aji N et al., 2024, Grade B/C peri- gival tis- control. to inflammation makes
Finland [87] odonti- P sue/IHC, transcrip-  Significant reductions in it a key target for
. tomics aMMP-8 were observed assessing the severity
tis (27), healthy (30)
! after scaling and root of periodontitis.
planing.
Zgrf’ta;téi;' . aMMP-8 POCT aMMP-8 is found to be
. pants; stage 1/ Mouthrinse POCT demonstrated sensitivity a precise biomarker for
Aji N et al., 2024, Grade B/C peri- . .. o . o h .
9 Finland [69] odonti- with digital reader; 92.3%, specificity 100%; best ~ diagnosis and
. ELISA for tMMP-8 biomarker with 20 ng/mL monitoring
tis and healthy con- . o
trols. cutoff. periodontitis.
Sites with PER and PIM
have a higher level of aMMP-8 is responsible
112 partici- aMMP-8 which positively for destruction of
P . correlated with other periodontal and
pants; periodon- biomarkers peri-implant tissues
Guarnieri R et al., ’Fal health, peri- GCF, PISF/aMMP—S aMMP-8 (ng/mL): Altered neutrophil
10 implant health, pe- POCT mouthrinse . ..
2024, Rome [88] . . . . Periodontal health: maturation in
riodonti- with digital reader . e
tis (PER), peri- 11.58 £ 3.1 periodontitis increases
im lanti’;is (PIM) Periodontitis: 17.51 £ 9.3 activated neutrophils,
p Peri-implant health: driving inflammation
1242 +29 and tissue damage.
Peri-implantitis: 29.8 + 10.6
Table 3. Results on MMP-8 expression in Pilot Studies.
Sample/Technique
Authors/Year/Place Participants Used for aMMP-8 . 1. .. ..
S.No of Study (N)/Groups (1) and tMMP-8 Findings Clinical Implication
Quantification
Mouthrinse POCT s .
for aMMP-8 Significant changes in
: aMMP-8 levels with cut-off ~ aMMP-8 can be a
Samples analyzed at p ial bi K
3 points of Hme 20 ng/mL after potential biomarker
1 Keskin M et al., 11 head and neck can- ( r;e-ra diothera radiotherapy. for identifying
2020, Finland [89] cer patients p 124 aMMP-8 levels (ng/mL) periodontal
after 6 weeks of . ; A
radiotherapy and Pre-radiotherapy: 17.99 destruction induced
6 weeks: 75.12 by radiotherapy.

1 month after
radiotherapy)

1 month: 38.00




Diagnostics 2025, 15, 2932

11 of 19

Table 3. Cont.

Sample/Technique
Authors/Year/Place Participants Used for aMMP-8 .o .. s
S.No of Study (N)/Groups (1) and tMMP-8 Findings Clinical Implication
Quantification
aMMP-8 testing is
valuable in
Patients at increased rr:ear?(fc%(l)ﬁ%al health in
Kallio E et al.. 2024 Mouthrinse POCT infection risk had 35.5% pa tients undereoin
2 Finland [90] M ’ 112 individuals quantified by digital ~ higher aMMP-8 values Eral surer afi A &
reader. (37.6 £ 49.58) than healthy gery, @
enables real-time
(278 + 233) assessment of
inflammation and
tissue breakdown.
Elevation of aMMP-8 with
cut-off 20 ng/mL and
fragmented MMP-.S were Elevated aMMP-8 in
13 head and neck . observed after radiotherapy. .
. Oral rinse POCT oral rinse can
Brandt E et al., cancer patients i . aMMP-8 levels (ng/mL) . .
3 - quantified using . ) increase the risk of
2023, Turkey [91].  undergoing o Before radiotherapy: 20.1 . o
. digital reader ; . periodontitis after
radiotherapy 3 weeks after radiotherapy: .
59.4 radiotherapy.
1 month after radiotherapy:
38.00
At baseline, aMMP-8 levels
positively correlated with The aMMP-8 POCT
probing pocket depth 5 mm .
reliably detects
(r=10.308, p < 0.05), and . o
- . . . periodontitis and
s 51 participants Mouthrinse/aMMP-  bleeding on probing .
Heikkinen et al., . . monitors treatment
4. 2023, Finland [92] with type II 8 POCT at baseline (r=0.298, p < 0.05), but not response in tvpe 2
! diabetes mellitus. and post-therapy with GHbAlc. °P P
. diabetes patients,
Changes in aMMP-8 and enabline timelv and
GHbA1c during treatment 5 Y

were positively correlated
(p <0.01).

integrated care.

Studies have also highlighted aMMP-8's role in monitoring treatment outcomes, with

significant reductions observed post-therapy (p < 0.05) in cohort studies (e.g., Keskin et al.,
2023 [84]). Associations with systemic conditions such as diabetes and rheumatoid arthri-
tis were noted, with aMMP-8 levels correlating with disease severity (e.g., Zhang et al.,
2024 [78]).

The Joanna Briggs Institute (JBI) Critical Appraisal Tools were applied according to the
study design of each included article. Each study was assessed against relevant checklist
domains, including methodological rigor, risk of bias, appropriateness of data collection
and analysis, and clarity of reporting (Supplementary Tables S1 and S2). The outcomes
of the appraisal were not used as exclusion criteria but were narratively synthesized and
considered during the interpretation of findings.

4. Discussion

Active-matrix metalloproteinase-8 (aMMP-8) has emerged as a key biomarker for pe-
riodontal disease diagnosis due to its enzymatic activity being directly linked to tissue de-
struction, in contrast to total MMP-8 (tMMP-8), which includes inactive forms. [63,64,71-73].
Recent studies indicate that aMMP-8 levels rise predictively during active periodontal tissue
destruction involving irreversible collagen breakdown. Although aMMP-8 and tMMP-8
derive from the same gene, the active form offers better specificity and sensitivity for clinical



Diagnostics 2025, 15, 2932

12 of 19

diagnostics [63]. Therefore, it is important not to synchronize the collagenolytic aMMP-8
with non-collagenolytic total, or latentpro-MMP-8 forms in periodontitis and peri-implant
diagnostics, as tMMP-8 levels may reflect non-pathological states [62-64,66,67,69,73,83].

Relying solely on tMMP-8 may lead to less accurate periodontal assessments. [73,83].
This critical distinction supports the use of aMMP-8 point-of-care testing (POCT) for
early diagnosis, treatment monitoring, and confident patient management. However,
variability from genetic factors, systemic conditions, and microbial imbalances may affect
test reliability across diverse populations. Thus, integrating aMMP-8 measurements with
clinical examinations and additional biomarkers provides a more comprehensive disease
management approach.

The JBI critical appraisal revealed that most studies adequately addressed confounding
factors, though some, like Aji et al. [87] and Guarnieri et al. [88], had unclear strategies for
certain confounders, potentially affecting generalizability. The exposure period in case—
control studies varied, with some like Keskin et al. and Aji et al. including longitudinal
follow-up, while Guarnieri et al.’s study lacked a longitudinal component, limiting causal
inference. Overall, the aMMP-8 PoC test emerges as a promising, non-invasive tool for real-
time diagnosis and monitoring, although its post-treatment accuracy may be influenced by
individual healing patterns, necessitating further research to optimize cut-off values and
standardize protocols across diverse populations.

This review underscores aMMP-8 as a valuable biomarker for early periodontal
disease diagnosis, supported by numerous cross-sectional, cohort, and case—control
studies [69,80-88]. Increased aMMP-8 in periodontal patients with metabolic conditions
such as diabetes reinforces its role in systemic inflammation [77,79]. Unlike other biomark-
ers, aMMP-8 actively drives collagenolytic degradation, making the POCT an effective tool
for early detection and monitoring of periodontal and related metabolic diseases [53,54,93].
However, influences such as genetics, sample variation, and systemic factors emphasize
the need for cautious interpretation and highlight POCT’s role as complementary to clini-
cal evaluation.

aMMP-8 POCT uses oral fluid (mouthrinse) containing active enzyme if periodontal
disease is present. Fluid applied to a test strip detects aMMP-8 levels, providing rapid
results within 5 min, enabling quick, non-invasive periodontal health monitoring. Studies
suggest initial or subclinical periodontitis stages are better detected by aMMP-8 POCT
compared to clinical parameters like bleeding on probing [63,79].

Independent studies across various countries have evaluated aMMP-8 POCT diagnos-
tic accuracy using cutoffs of 10, 20, and 25 ng/mL. The 20 ng/mL cutoff is often optimal,
demonstrating high sensitivity, specificity, and low false positives. Lower thresholds, such
as 10 ng/mL, exhibit high specificity (up to 93.0%) but reduce sensitivity (33.2%), missing
periodontitis cases [64,67,69,74,94]. Conversely, studies have shown that adjusting aMMP-8
levels by the number of teeth improves sensitivity (67.1%) with moderate specificity (68.8%)
and enhances detection of advanced disease stages (AUROC 0.856). Furthermore, combin-
ing aMMP-8 levels with patient factors like age and smoking improves diagnostic accuracy
(sensitivity 82.5%, specificity 84.4%), further demonstrating that the test works best as part
of a multi-factorial assessment rather than standalone [72,95]. These differences underscore
the importance of standardized cutoff values and testing protocols to ensure reliable and
reproducible results. Research gaps include performance in peri-implantitis, pediatrics,
and across diverse ethnicities.

Beyond periodontal screening, aMMP-8 POCT has been reported to be useful in the
screening of diabetes and pre-diabetic/metabolic syndrome patients [77,79,88]. Using
alongside questionnaires by healthcare professionals enhances diagnostic accuracy and
may facilitate machine learning and Al application development [67].
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Wei et al. (2024) report that salivary aMMP-8 POCT predicts periodontitis with
moderate accuracy, exhibiting low to moderate sensitivity (around 0.59, 95% Crl: 0.42-0.75)
and moderate to high specificity (approximately 0.82, 95% Crl: 0.68-0.93) [94]. Similarly, Li
et al. confirm that aMMP-8 POCT provides fair diagnostic accuracy for periodontitis, with
sensitivity generally ranging from 0.59 to 0.63 and specificity from 0.82 to 0.84 [95]. These
studies emphasize that although elevated aMMP-8 is strongly associated with periodontitis
and supports non-invasive risk assessment, the test should not replace a comprehensive
clinical examination. However, large independent studies to refine and validate optimal
diagnostic cut-offs for broad clinical adoption.

Key methodological differences across studies involve dual assessment combining quan-
titative aMMP-8 measurement and qualitative visual dipstick evaluation (“~ or “+”), which
improves clarity of borderline results and diagnostic accuracy [63,64,67,69,75,76,79,86,87].
aMMP-8 could be a useful tool for detecting and monitoring periodontal and peri-implant
diseases, and combining it with other markers may further improve its diagnostic accuracy,
although further research is needed to confirm these benefits [95,96]. Aji et al. (2024) [69]
showed that aMMP-8 was found to be a more precise biomarker compared to total MMP-8,
MPO, PMN elastase, calprotectin, TIMP-1, and IL-6. This further suggests its role in the
proteolytic and oxidative tissue destruction cascade [69]. Additionally, studies among special
populations such as head and neck cancer patients confirm that combining aMMP-8 and
MMP-9 enhances the prediction of disease progression, underscoring the utility of multi-
marker approaches for precision diagnostics [85,97]. Overall, these data support integrating
aMMP-8 POCT with complementary biomarkers and clinical factors for more sensitive and
specific periodontal disease detection and management.

A recent meta-analysis by Boynes et al. highlighted substantial heterogeneity (12
values exceeding 90%) in salivary tMMP-8 and aMMP-8 studies due to variable designs,
saliva collection methods, measurement techniques (e.g., ELISA vs. IFMA), and sample
characteristics. Furthermore, funnel plots and Egger’s tests suggest that the reported pooled
effect sizes may be overestimated [98]. Evidence shows that aMMP-8 biomarker testing
offers significant health economic potential for personalized prevention of periodontal and
peri-implant diseases. Although initial testing costs may be higher, implementing aMMP-8
diagnostics as part of secondary prevention strategies can substantially reduce long-term
treatment expenses by preventing tooth loss and implant failures [99].

5. Limitations

This scoping review’s broad scope limited in-depth quality analysis or meta-analysis,
which future systematic reviews should address. A limitation of this review is the predomi-
nance of studies conducted by collaborators of the test inventor. Excluding these studies
would result in insufficient data to answer the research question, but their dominance may
introduce potential authorship bias and limit the generalizability of the findings. Some
included studies lacked control for confounding variables such as age, gender, and systemic
conditions, potentially affecting biomarker interpretation using oral fluids. Future research
should address these factors through rigorous study design and statistical adjustment,
ideally in large, longitudinal cohorts with standardized methodologies to enhance validity
and generalizability. Although not prospectively registered, this review provides clinically
relevant evidence and highlights future research needs.

6. Conclusions

aMMP-8 could be a promising biomarker for early detection and monitoring of pe-
riodontal and peri-implant diseases, consistently elevated in active disease and systemic
conditions such as diabetes. Rapid, non-invasive POCT enables better management but
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requires integration with clinical evaluation and other markers due to variability and
limited validation across populations. Multi-modal diagnostic approaches incorporating
aMMP-8 will enable reliable periodontal disease management.

7. Future Directions

Integrating aMMP-8 with other biomarkers and clinical parameters in diagnostic
frameworks will improve personalized disease management. Combining aMMP-8 with
Al-driven models can facilitate early detection, treatment planning, and prevention. Per-
sonalized therapy monitoring and real-time digital health tools paired with aMMP-8 POCT
hold promise to improve periodontal care outcomes.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/diagnostics15222932 /s1, Table S1: Joanna Briggs Institute (JBI)
Critical Appraisal Checklist for Analytical Cross-Sectional Studies. Table S2: Joanna Briggs Institute
(JBI) Critical Appraisal Checklist for Case Control Studies.

Author Contributions: Study concept and design, T.S., ].T.T., M.P,, NR AS.A. and LTR,; data
curation, L.G., M.G. and S.S., data acquisition T.P,, PP. and V.S.; data analysis and interpretation, T.S.,
N.RAS.A, J.TT,S.G. and P.L.; supervision, T.S. and L.T.R.; manuscript preparation, L.G., M.G., S.S.
and PP; manuscript editing and review S.G., V.S, TP, M.P,, T.S., LT.R. and P.L. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Helsinki and Uusimaa Hospital District (HUS), Finland,
grant number TYH 2020337, TYH 2022225, Y2519SU010 (TS), the Finnish Dental Association Apol-
lonia, Finland (TS), and Karolinska Institutet, Sweden (TS). The funders had no role in the design of
this study, in the collection, analyses, or interpretation of data, in the writing of this manuscript, or in
the decision to publish the results.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

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

Conflicts of Interest: Timo Sorsa is the inventor of US patents 5 652 223, 5 736 341, 5 866 432, 6 143
476,2017/0023571A1 (issued 6 June 2019), WO2018/060553A1 (issued 31 May 2018), 10 488 415 B2, a
Japanese patent 2016-554676, and a South Korean patent 10-2016-7025378. Tommi Pétild is a member
of the board of the Koite Health company that has filed patents P21233F100 and P22769F100 and
owns trademarks related to antibacterial dual-light, Lumoral®. Koite Health develops, sells, and
markets dual-light antibacterial products for the prevention and treatment of dental and periodontal
infections. Other authors report no conflicts of interest related to this study. The funders had no role
in the design of this study, in the collection, analyses, or interpretation of data, in the writing of the
manuscript or in the decision to publish the results.

Abbreviations

MMP  Matrix metalloproteinase
PoC Point of care
IFMA Immunofluorometric assay


https://www.mdpi.com/article/10.3390/diagnostics15222932/s1
https://www.mdpi.com/article/10.3390/diagnostics15222932/s1

Diagnostics 2025, 15, 2932 15 of 19

References

1. Loe, H.; Anerud, A.; Boysen, H.; Smith, M. The natural history of periodontal disease in man. Study design and baseline data.
J. Periodontal Res. 1978, 13, 550-562. [CrossRef]

2. Yin, L, Li, X;; Hou, J. Macrophages in periodontitis: A dynamic shift between tissue destruction and repair. Jpn. Dent. Sci. Rev.
2022, 58, 336-347. [CrossRef] [PubMed]

3. de Morais, E.F,; Pinheiro, ].C.; Leite, R.B.; Santos, P.P.A.; Barboza, C.A.G.; Freitas, R.A. Matrix metalloproteinase-8 levels in
periodontal disease patients: A systematic review. J. Periodontal Res. 2018, 53, 156-163. [CrossRef]

4. Albandar, ].M.; Rams, T.E. Risk factors for periodontitis in children and young persons. Periodontol. 2000 2002, 29, 207-222.
[CrossRef] [PubMed]

5. Vander Velden, U.; Abbas, F.; Armand, S.; Loos, B.G.; Timmerman, M.F.,; Van der Weijden, G.A.; Van Winkelhoff, A.J.; Winkel, E.G.
Java project on periodontal diseases. The natural development of periodontitis: Risk factors, risk predictors and risk determinants.
J. Clin. Periodontol. 2006, 33, 540-548. [CrossRef]

6.  Oh, T.-],; Eber, R.; Wang, H.-L. Periodontal diseases in the child and adolescent. J. Clin. Periodontol. 2002, 29, 400-410. [CrossRef]
[PubMed]

7. Tonetti, M.S.; Mombelli, A. Early-onset periodontitis. Ann. Periodontol. 1999, 4, 39-53. [CrossRef]

8. Van Dyke, T.E.; Sima, C. Understanding resolution of inflammation in periodontal diseases: Is chronic inflammatory periodontitis
a failure to resolve? Periodontol. 2000 2020, 82, 205-213. [CrossRef]

9. Hienz, S.A.; Paliwal, S.; Ivanovski, S. Mechanisms of Bone Resorption in Periodontitis. J. Immunol. Res. 2015, 2015, 615486.
[CrossRef]

10. Usui, M.; Onizuka, S.; Sato, T.; Kokabu, S.; Ariyoshi, W.; Nakashima, K. Mechanism of alveolar bone destruction in periodontitis—
Periodontal bacteria and inflammation. Jpn. Dent. Sci. Rev. 2021, 57, 201-208. [CrossRef]

11. Kwon, T,; Lamster, I.B.; Levin, L. Current Concepts in the Management of Periodontitis. Int. Dent. |. 2021, 71, 462-476. [CrossRef]
[PubMed]

12.  Kononen, E.; Gursoy, M.; Gursoy, U.K. Periodontitis: A Multifaceted Disease of Tooth-Supporting Tissues. J. Clin. Med. 2019, §,
1135. [CrossRef]

13. Lépez, R.; Frydenberg, M.; Baelum, V. Clinical features of early periodontitis. J. Periodontol. 2009, 80, 749-758. [CrossRef]
[PubMed]

14. Jacobs, R.; Fontenele, R.C.; Lahoud, P.;; Shujaat, S.; Bornstein, M.M. Radiographic diagnosis of periodontal diseases—Current
evidence versus innovations. Periodontol. 2000 2024, 95, 51-69. [CrossRef] [PubMed]

15. Tugnait, A; Clerehugh, V.; Hirschmann, PN. The usefulness of radiographs in diagnosis and management of periodontal diseases:
A review. J. Dent. 2000, 28, 219-226. [CrossRef]

16. Tonetti, M.S.; Jepsen, S.; Jin, L.; Otomo-Corgel, ]. Impact of the global burden of periodontal diseases on health, nutrition and
wellbeing of mankind: A call for global action. J. Clin. Periodontol. 2017, 44, 456-462. [CrossRef]

17. Martinez-Garcia, M.; Herndndez-Lemus, E. Periodontal Inflammation and Systemic Diseases: An Overview. Front. Physiol. 2021,
12,709438. [CrossRef]

18. Hoare, A.; Soto, C.; Rojas-Celis, V.; Bravo, D. Chronic Inflammation as a Link between Periodontitis and Carcinogenesis. Mediat.
Inflamm. 2019, 2019, 1029857. [CrossRef]

19. Darby, L Risk factors for periodontitis & peri-implantitis. Periodontol. 2000 2022, 90, 9-12. [CrossRef]

20. Dewan, M.; Pandit, A.K.; Goyal, L. Association of periodontitis and gingivitis with stroke: A systematic review and meta-analysis.
Dent. Med. Probl. 2024, 61, 407-415. [CrossRef]

21. Jagannathachary, S.; Kamaraj, D. Obesity and periodontal disease. J. Indian Soc. Periodontol. 2010, 14, 96-100. [CrossRef]

22. Said-Sadier, N.; Sayegh, B.; Farah, R.; Abbas, L.A.; Dweik, R.; Tang, N.; Ojcius, D.M. Association between Periodontal Disease
and Cognitive Impairment in Adults. Int. |. Environ. Res. Public Health 2023, 20, 4707. [CrossRef]

23. Baeza, M.; Morales, A.; Cisterna, C.; Cavalla, F; Jara, G.; Isamitt, Y.; Pino, P.; Gamonal, ]. Effect of periodontal treatment in patients
with periodontitis and diabetes: Systematic review and meta-analysis. J. Appl. Oral Sci. Rev. FOB 2020, 28, €20190248. [CrossRef]

24. Neurath, N.; Kesting, M. Cytokines in gingivitis and periodontitis: From pathogenesis to therapeutic targets. Front. Immunol.
2024, 15, 1435054. [CrossRef]

25. Pan, W,; Wang, Q.; Chen, Q. The cytokine network involved in the host immune response to periodontitis. Int. J. Oral Sci. 2019,
11, 30. [CrossRef]

26. Ramadan, D.E.; Hariyani, N.; Indrawati, R.; Ridwan, R.D.; Diyatri, I. Cytokines and Chemokines in Periodontitis. Eur. J. Dent.
2020, 14, 483-495. [CrossRef]

27. Bhuyan, R.; Bhuyan, S.K.; Mohanty, ].N.; Das, S.; Juliana, N.; Juliana, I.F. Periodontitis and Its Inflammatory Changes Linked to
Various Systemic Diseases: A Review of Its Underlying Mechanisms. Biomedicines 2022, 10, 2659. [CrossRef]

28. Zhang, X.; Wang, X.; Wu, ].; Wang, M.; Hu, B.; Qu, H.; Zhang, J.; Li, Q. The global burden of periodontal diseases in 204 countries

and territories from 1990 to 2019. Oral Dis. 2024, 30, 754-768. [CrossRef] [PubMed]


https://doi.org/10.1111/j.1600-0765.1978.tb00209.x
https://doi.org/10.1016/j.jdsr.2022.10.002
https://www.ncbi.nlm.nih.gov/pubmed/36340583
https://doi.org/10.1111/jre.12495
https://doi.org/10.1034/j.1600-0757.2002.290110.x
https://www.ncbi.nlm.nih.gov/pubmed/12102709
https://doi.org/10.1111/j.1600-051X.2006.00953.x
https://doi.org/10.1034/j.1600-051X.2002.290504.x
https://www.ncbi.nlm.nih.gov/pubmed/12060422
https://doi.org/10.1902/annals.1999.4.1.39
https://doi.org/10.1111/prd.12317
https://doi.org/10.1155/2015/615486
https://doi.org/10.1016/j.jdsr.2021.09.005
https://doi.org/10.1111/idj.12630
https://www.ncbi.nlm.nih.gov/pubmed/34839889
https://doi.org/10.3390/jcm8081135
https://doi.org/10.1902/jop.2009.080463
https://www.ncbi.nlm.nih.gov/pubmed/19405828
https://doi.org/10.1111/prd.12580
https://www.ncbi.nlm.nih.gov/pubmed/38831570
https://doi.org/10.1016/S0300-5712(99)00062-7
https://doi.org/10.1111/jcpe.12732
https://doi.org/10.3389/fphys.2021.709438
https://doi.org/10.1155/2019/1029857
https://doi.org/10.1111/prd.12447
https://doi.org/10.17219/dmp/158793
https://doi.org/10.4103/0972-124X.70827
https://doi.org/10.3390/ijerph20064707
https://doi.org/10.1590/1678-7757-2019-0248
https://doi.org/10.3389/fimmu.2024.1435054
https://doi.org/10.1038/s41368-019-0064-z
https://doi.org/10.1055/s-0040-1712718
https://doi.org/10.3390/biomedicines10102659
https://doi.org/10.1111/odi.14436
https://www.ncbi.nlm.nih.gov/pubmed/36367304

Diagnostics 2025, 15, 2932 16 of 19

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

Chapple, I.L.C. Time to take periodontitis seriously. BM] 2014, 348, g2645. [CrossRef] [PubMed]

Buset, S.L.; Walter, C.; Friedmann, A.; Weiger, R.; Borgnakke, W.S.; Zitzmann, N.U. Are periodontal diseases really silent? A
systematic review of their effect on quality of life. ]. Clin. Periodontol. 2016, 43, 333-344. [CrossRef] [PubMed]

Preshaw, PM. Detection and diagnosis of periodontal conditions amenable to prevention. BMC Oral Health 2015, 15, S5. [CrossRef]
Batchelor, P. Is periodontal disease a public health problem? Br. Dent. ]. 2014, 217, 405-409. [CrossRef]

Gellibolian, R.; Miller, C.S.; Markaryan, A.N.; Weltman, R.L.; Van Dyke, T.E.; Ebersole, ].L. Precision periodontics: Quantitative
measures of disease progression. J. Am. Dent. Assoc. 2022, 153, 826-828. [CrossRef]

Girsoy, U.K,; Kantarci, A. Molecular biomarker research in periodontology: A roadmap for translation of science to clinical assay
validation. J. Clin. Periodontol. 2022, 49, 556-561. [CrossRef]

Shaddox, L.M.; Walker, C.B. Treating chronic periodontitis: Current status, challenges, and future directions. Clin. Cosmet. Investig.
Dent. 2010, 2, 79-91. [CrossRef]

Knight, E.T,; Liu, J.; Seymour, G.J.; Faggion, C.M.; Cullinan, M.P. Risk factors that may modify the innate and adaptive immune
responses in periodontal diseases. Periodontol. 2000 2016, 71, 22-51. [CrossRef]

Hooshiar, M.H.; Moghaddam, M.A_; Kiarashi, M.; Al-Hijazi, A.Y.; Hussein, A.F,; A Alrikabi, H.; Salari, S.; Esmaelian, S.; Mesgari,
H.; Yasamineh, S. Recent advances in nanomaterial-based biosensor for periodontitis detection. J. Biol. Eng. 2024, 18, 28.
[CrossRef] [PubMed]

Cafiero, C.; Spagnuolo, G.; Marenzi, G.; Martuscelli, R.; Colamaio, M.; Leuci, S. Predictive Periodontitis: The Most Promising
Salivary Biomarkers for Early Diagnosis of Periodontitis. ]. Clin. Med. 2021, 10, 1488. [CrossRef]

Taba, M.; Kinney, J.; Kim, A.S.; Giannobile, W.V. Diagnostic biomarkers for oral and periodontal diseases. Dent. Clin. N. Am. 2005,
49, 551-571. [CrossRef] [PubMed]

Califf, R.M. Biomarker definitions and their applications. Exp. Biol. Med. 2018, 243, 213-221. [CrossRef]

Khiste, S.V.; Ranganath, V.; Nichani, A.S.; Rajani, V. Critical analysis of biomarkers in the current periodontal practice. J. Indian
Soc. Periodontol. 2011, 15, 104-110. [CrossRef]

Girsoy, UK,; Ozdemir Kabalak, M.; Giirsoy, M. Advances in periodontal biomarkers. Adv. Clin. Chem. 2024, 120, 145-168.
[CrossRef]

Kc, S.; Wang, X.Z.; Gallagher, J.E. Diagnostic sensitivity and specificity of host-derived salivary biomarkers in periodontal disease
amongst adults: Systematic review. J. Clin. Periodontol. 2020, 47, 289-308. [CrossRef] [PubMed]

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. J. Mol. Sci. 2022, 23, 1806. [CrossRef]

Baidya, S.K.; Banerjee, S.; Guti, S.; Jha, T.; Adhikari, N. Matrix metalloproteinase-8 (MMP-8) and its inhibitors: A minireview. Eur.
J. Med. Chem. Rep. 2024, 10, 100130. [CrossRef]

Murphy, G.; Reynolds, J.J.; Bretz, U.; Baggiolini, M. Collagenase is a component of the specific granules of human neutrophil
leucocytes. Biochem. J. 1977, 162, 195-197. [CrossRef]

Checchi, V.; Maravic, T.; Bellini, P.; Generali, L.; Consolo, U.; Breschi, L.; Mazzoni, A. The Role of Matrix Metalloproteinases in
Periodontal Disease. Int. J. Environ. Res. Public Health 2020, 17, 4923. [CrossRef]

Laronha, H.; Caldeira, J. Structure and Function of Human Matrix Metalloproteinases. Cells 2020, 9, 1076. [CrossRef] [PubMed]
Fingleton, B. Matrix metalloproteinases as regulators of inflammatory processes. Biochim. Biophys. Acta Mol. Cell Res. 2017, 1864,
2036-2042. [CrossRef] [PubMed]

Cabral-Pacheco, G.A.; Garza-Veloz, I.; Castruita-De la Rosa, C.; Ramirez-Acufa, J.M.; Perez-Romero, B.A.; Guerrero-Rodriguez,
J.F.; Martinez-Avila, N.; Martinez-Fierro, M.L. The Roles of Matrix Metalloproteinases and Their Inhibitors in Human Diseases.
Int. ]. Mol. Sci. 2020, 21, 9739. [CrossRef]

Van Dyke, T.E.; Bartold, PM.; Reynolds, E.C. The Nexus Between Periodontal Inflammation and Dysbiosis. Front. Immunol. 2020,
11, 511. [CrossRef]

Uriarte, S.M.; Hajishengallis, G. Neutrophils in the periodontium: Interactions with pathogens and roles in tissue homeostasis
and inflammation. Immunol. Rev. 2023, 314, 93-110. [CrossRef]

Lee, W,; Aitken, S.; Sodek, J.; McCulloch, C.A. Evidence of a direct relationship between neutrophil collagenase activity and
periodontal tissue destruction in vivo: Role of active enzyme in human periodontitis. J. Periodontal Res. 1995, 30, 23-33. [CrossRef]
[PubMed]

Romanelli, R.; Mancini, S.; Laschinger, C.; Overall, C.M.; Sodek, J.; McCulloch, C.A.G. Activation of Neutrophil Collagenase in
Periodontitis. Infect. Immun. 1999, 67, 2319-2326. [CrossRef] [PubMed]

Le, N.T.V; Xue, M.; Castelnoble, L.A.; Jackson, C.J. The dual personalities of matrix metalloproteinases in inflammation. Front.
Biosci. J. Virtual Libr. 2007, 12, 1475-1487. [CrossRef] [PubMed]

Mauk, M.G.; Ziober, B.L.; Chen, Z.; Thompson, J.A.; Bau, H.H. Lab-on-a-chip technologies for oral-based cancer screening and
diagnostics: Capabilities, issues, and prospects. Ann. N. Y. Acad. Sci. 2007, 1098, 467-475. [CrossRef]


https://doi.org/10.1136/bmj.g2645
https://www.ncbi.nlm.nih.gov/pubmed/24721751
https://doi.org/10.1111/jcpe.12517
https://www.ncbi.nlm.nih.gov/pubmed/26810308
https://doi.org/10.1186/1472-6831-15-S1-S5
https://doi.org/10.1038/sj.bdj.2014.912
https://doi.org/10.1016/j.adaj.2022.03.005
https://doi.org/10.1111/jcpe.13617
https://doi.org/10.2147/CCIDE.S7712
https://doi.org/10.1111/prd.12110
https://doi.org/10.1186/s13036-024-00423-6
https://www.ncbi.nlm.nih.gov/pubmed/38637787
https://doi.org/10.3390/jcm10071488
https://doi.org/10.1016/j.cden.2005.03.009
https://www.ncbi.nlm.nih.gov/pubmed/15978241
https://doi.org/10.1177/1535370217750088
https://doi.org/10.4103/0972-124X.84376
https://doi.org/10.1016/bs.acc.2024.03.003
https://doi.org/10.1111/jcpe.13218
https://www.ncbi.nlm.nih.gov/pubmed/31701554
https://doi.org/10.3390/ijms23031806
https://doi.org/10.1016/j.ejmcr.2024.100130
https://doi.org/10.1042/bj1620195
https://doi.org/10.3390/ijerph17144923
https://doi.org/10.3390/cells9051076
https://www.ncbi.nlm.nih.gov/pubmed/32357580
https://doi.org/10.1016/j.bbamcr.2017.05.010
https://www.ncbi.nlm.nih.gov/pubmed/28502592
https://doi.org/10.3390/ijms21249739
https://doi.org/10.3389/fimmu.2020.00511
https://doi.org/10.1111/imr.13152
https://doi.org/10.1111/j.1600-0765.1995.tb01249.x
https://www.ncbi.nlm.nih.gov/pubmed/7722844
https://doi.org/10.1128/IAI.67.5.2319-2326.1999
https://www.ncbi.nlm.nih.gov/pubmed/10225890
https://doi.org/10.2741/2161
https://www.ncbi.nlm.nih.gov/pubmed/17127395
https://doi.org/10.1196/annals.1384.025

Diagnostics 2025, 15, 2932 17 of 19

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Gul, S.S.; Zardawi, EM.; Abdulkareem, A.A.; Shaikh, M.S.; Al-Rawi, N.H.; Zafar, M.S. Efficacy of MMP-8 Level in Gingival
Crevicular Fluid to Predict the Outcome of Nonsurgical Periodontal Treatment: A Systematic Review. Int. J. Environ. Res. Public
Health 2022, 19, 3131. [CrossRef]

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

Kasuma, N.; Oenzil, F; Darwin, E.; Sofyan, Y. The analysis of matrix metalloproteinase-8 in gingival crevicular fluid and
periodontal diseases. Indian J. Dent. Res. Off. Publ. Indian Soc. Dent. Res. 2018, 29, 450-454. [CrossRef]

Bastos, M.E,; Tucci, M.A.; de Siqueira, A.; de Faveri, M.; Figueiredo, L.C.; Vallim, P.C.; Duarte, P.M. Diabetes may affect the
expression of matrix metalloproteinases and their inhibitors more than smoking in chronic periodontitis. J. Periodontal Res. 2017,
52,292-299. [CrossRef] [PubMed]

Tavakoli, F.; Faramarzi, M.; Salimnezhad, S.; Jafari, B.; Eslami, H.; MohammadPourTabrizi, B. Comparing the activity level of
salivary matrix metalloproteinase-8 in patients with diabetes and moderate to severe chronic generalized periodontitis. Clin. Exp.
Dent. Res. 2024, 10, €865. [CrossRef]

Van Doren, S.R. Matrix metalloproteinase interactions with collagen and elastin. Matrix Biol. ]. Int. Soc. Matrix Biol. 2015, 4446,
224-231. [CrossRef] [PubMed]

Réaisanen, LT,; 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] [PubMed Central]

Sorsa, T.; Alassiri, S.; Grigoriadis, A.; Réisdnen, 1.T.; Parndnen, P.; Nwhator, 5.0.; Gieselmann, D.-R.; Sakellari, D. Active MMP-8
(aMMP-8) as a Grading and Staging Biomarker in the Periodontitis Classification. Diagnostics 2020, 10, 61. [CrossRef] [PubMed]
Radzki, D.; Negri, A.; Kusiak, A.; Obuchowski, M. Matrix Metalloproteinases in the Periodontium-Vital in Tissue Turnover and
Unfortunate in Periodontitis. Int. ]. Mol. Sci. 2024, 25, 2763. [CrossRef] [PubMed]

Keles Yucel, Z.P.; Afacan, B.; Emingil, G.; Tervahartiala, T.; Kose, T.; Sorsa, T. Local and systemic levels of aMMP-8 in gingivitis
and stage 3 grade C periodontitis. ]. Periodontal Res. 2020, 55, 887-894. [CrossRef]

Réisdnen, I.T.; Lahteenmaki, H.; Gupta, S.; Grigoriadis, A.; Sahni, V.; Suojanen, J.; Seppéanen, H.; Tervahartiala, T.; Sakellari, D.;
Sorsa, T. An aMMP-8 Point-of-Care and Questionnaire Based Real-Time Diagnostic Toolkit for Medical Practitioners. Diagnostics
2021, 11, 711. [CrossRef]

Ramenzoni, L.L.; Hofer, D.; Solderer, A.; Wiedemeier, D.; Attin, T.; Schmidlin, P.R. Origin of MMP-8 and Lactoferrin levels from
gingival crevicular fluid, salivary glands and whole saliva. BMC Oral Health 2021, 21, 385. [CrossRef] [PubMed]

Aji, N.R.A.S.; Réisanen, I.T.; Rathnayake, N.; Lundy, ET.; Mc Crudden, M.T.C.; Goyal, L.; Sorsa, T.; Gupta, S. aMMP-8 POCT vs.
Other Potential Biomarkers in Chair-Side Diagnostics and Treatment Monitoring of Severe Periodontitis. Int. J. Mol. Sci. 2024, 25,
9421. [CrossRef]

Bartold, PM.; Van Dyke, T.E. Host modulation: Controlling the inflammation to control the infection. Periodontol. 2000 2017, 75,
317-329. [CrossRef]

Oztiirk, V.O.; Emingil, G.; Umeizudike, K.; Tervahartiala, T.; Gieselmann, D.-R.; Maier, K.; Kose, T; Sorsa, T.; Alassiri, S. Evaluation
of active matrix metalloproteinase-8 (aMMP-8) chair-side test as a diagnostic biomarker in the staging of periodontal diseases.
Arch. Oral Biol. 2021, 124, 104955. [CrossRef]

Deng, K.; Pelekos, G.; Jin, L.; Tonetti, M.S. Diagnostic accuracy of a point-of-care aMMP-8 test in the discrimination of periodontal
health and disease. J. Clin. Periodontol. 2021, 48, 1051-1065. [CrossRef]

Hernandez, M.; Baeza, M.; Réisdnen, I.T.; Contreras, ].; Tervahartiala, T.; Chaparro, A.; Sorsa, T.; Herndndez-Rios, P. Active
MMP-8 Quantitative Test as an Adjunctive Tool for Early Diagnosis of Periodontitis. Diagnostics 2021, 11, 1503. [CrossRef]
Deng, K.; Wei, S.; Xu, M,; Shi, J.; Lai, H.; Tonetti, M.S. Diagnostic accuracy of active matrix metalloproteinase-8 point-of-care
test for the discrimination of periodontal health status: Comparison of saliva and oral rinse samples. |. Periodontal Res. 2022, 57,
768-779. [CrossRef] [PubMed]

Gupta, S.; Sahni, V.; Réisédnen, I.T.; Grigoriadis, A.; Sakellari, D.; Gieselmann, D.-R.; Sorsa, T. Linking oral microbial proteolysis to
aMMP-8 PoC diagnostics along with the stage and grade of periodontitis: A cross-sectional study. Oral Dis. 2023, 29, 285-289.
[CrossRef]

Yilmaz, D.; Niskanen, K.; Gonullu, E.; Tervahartiala, T.; Guirsoy, U.K.; Sorsa, T. Salivary and serum levels of neutrophil proteases
in periodontitis and rheumatoid arthritis. Oral Dis. 2024, 30, 1660-1668. [CrossRef] [PubMed]

Thomas, ].T.; Joseph, B.; Varghese, S.; Thomas, N.G.; Kamalasanan Vijayakumary, B.; Sorsa, T.; Anil, S.; Waltimo, T. Association
between metabolic syndrome and salivary MMP-8, myeloperoxidase in periodontitis. Oral Dis. 2025, 31, 225-238. [CrossRef]
Zhang, Y.; Su, X,; Li, Y.;; Cai, Y.; Kang, N.; Duan, J.; Chen, F; Xue, F; Chen, X. Evaluation of salivary interleukin-17 and
developmental endothelial locus-1 in patients with periodontitis with and without type 2 diabetes mellitus. J. Periodontol. 2024,
96, 407-417. [CrossRef] [PubMed]


https://doi.org/10.3390/ijerph19053131
https://doi.org/10.3390/biomedicines11061514
https://doi.org/10.4103/ijdr.IJDR_97_15
https://doi.org/10.1111/jre.12394
https://www.ncbi.nlm.nih.gov/pubmed/27363729
https://doi.org/10.1002/cre2.865
https://doi.org/10.1016/j.matbio.2015.01.005
https://www.ncbi.nlm.nih.gov/pubmed/25599938
https://doi.org/10.3390/biomedicines11112885
https://www.ncbi.nlm.nih.gov/pubmed/38001886
https://pmc.ncbi.nlm.nih.gov/articles/PMC10669684
https://doi.org/10.3390/diagnostics10020061
https://www.ncbi.nlm.nih.gov/pubmed/31979091
https://doi.org/10.3390/ijms25052763
https://www.ncbi.nlm.nih.gov/pubmed/38474009
https://doi.org/10.1111/jre.12781
https://doi.org/10.3390/diagnostics11040711
https://doi.org/10.1186/s12903-021-01743-5
https://www.ncbi.nlm.nih.gov/pubmed/34353321
https://doi.org/10.3390/ijms25179421
https://doi.org/10.1111/prd.12169
https://doi.org/10.1016/j.archoralbio.2020.104955
https://doi.org/10.1111/jcpe.13485
https://doi.org/10.3390/diagnostics11081503
https://doi.org/10.1111/jre.12999
https://www.ncbi.nlm.nih.gov/pubmed/35575900
https://doi.org/10.1111/odi.14008
https://doi.org/10.1111/odi.14574
https://www.ncbi.nlm.nih.gov/pubmed/36965040
https://doi.org/10.1111/odi.15014
https://doi.org/10.1002/JPER.23-0720
https://www.ncbi.nlm.nih.gov/pubmed/39311693

Diagnostics 2025, 15, 2932 18 of 19

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Umeizudike, K.A.; Aji, N.R.A.S.; Niskanen, K.; Rantala, I.; Sakellari, D.; Grigoriadis, A.; Pitild, T.; Gupta, S.; Sorsa, T.; Réisdnen,
L T. Prediabetes Associates with Matrix Metalloproteinase-8 Activation and Contributes to the Rapid Destruction of Periodontal
Tissues. Eur. J. Dent. 2024, 19, 305-314. [CrossRef]

Raivisto, T.; Sorsa, T.; Rédisdnen, I.T.; Kauppila, T.; Ruokonen, H.; Tervahartiala, T.; Haukka, J.; Heikkinen, A.M. Active matrix
metalloproteinase-8 chair side mouth rinse test, health behaviour and oral health in Finnish adolescent cohort. J. Clin. Diagn. Res.
2020, 14, ZC35-ZC39. [CrossRef]

Mauramo, M.; Mauramo, E.; Sorsa, T.; Tervahartiala, T.; Rdisénen, I.T.; Waltimo, T. Human leukocyte antigens are associated with
salivary level of active MMP-8. Clin. Exp. Dent. Res. 2021, 7, 833-839. [CrossRef]

Gupta, S.; Mohindra, R.; Singla, M.; Khera, S.; Kumar, A.; Rathnayake, N.; Sorsa, T.; Pfiitzner, A.; Raisdnen, I.T.; Soni, RK.; et al.
Validation of a noninvasive aMMP-8 point-of-care diagnostic methodology in COVID-19 patients with periodontal disease. Clin.
Exp. Dent. Res. 2022, 8, 988-1001. [CrossRef]

Umeizudike, K.A.; Lahteenmaki, H.; Réisénen, 1.T.; Taylor, J.J.; Preshaw, PM.; Bissett, S.M.; Tervahartiala, T.; O Nwhator, S.;
Pérnénen, P; Sorsa, T. Ability of matrix metalloproteinase-8 biosensor, IFMA, and ELISA immunoassays to differentiate between
periodontal health, gingivitis, and periodontitis. J. Periodontal Res. 2022, 57, 558-567. [CrossRef]

Keskin, M.; Rintamarttunen, J.; Glilgicek, E.; Rdisénen, L.T.; Gupta, S.; Tervahartiala, T.; Ptild, T.; Sorsa, T. A Comparative Analysis
of Treatment-Related Changes in the Diagnostic Biomarker Active Metalloproteinase-8 Levels in Patients with Periodontitis.
Diagnostics 2023, 13, 903. [CrossRef]

Brandt, E.; Keskin, M.; Rédisanen, I.T.; Tervahartiala, T.; Mékitie, A.; Harmankaya, i; Karagetin, D.; Hagstrom, J.; Rautava, J.; Sorsa,
T. Induction of Collagenolytic MMP-8 and -9 Tissue Destruction Cascade in Mouth by Head and Neck Cancer Radiotherapy: A
Cohort Study. Biomedicines 2023, 12, 27. [CrossRef]

Yilmaz, M.; Sorsa, T.; Demir, E.; Glirsoy, M.; Suominen, A.; Tervahartiala, T.; Rdisdnen, I.T.; Giirsoy, U.K. Accuracy of aMMP-
8 point-of-care test in indicating periodontal treatment outcomes in stage III/IV periodontitis: A 24-week follow-up study.
J. Periodontal Res. 2023, 58, 325-335. [CrossRef]

Aji, N.R.A.S;; Yucel-Lindberg, T.; Rdisdnen, I.T.; Kuula, H.; Nieminen, M.T.; Mc Crudden, M.T.C,; Listyarifah, D.; Lundmark,
A.; Lundy, ET; Gupta, S.; et al. In Vivo Regulation of Active Matrix Metalloproteinase-8 (aMMP-8) in Periodontitis: From
Transcriptomics to Real-Time Online Diagnostics and Treatment Monitoring. Diagnostics 2024, 14, 1011. [CrossRef] [PubMed]
Guarnieri, R.; Reda, R.; Di Nardo, D.; Miccoli, G.; Pagnoni, F.; Zanza, A.; Testarelli, L. Expression of IL-13, IL-6, TNF-«, and
a-MMP-8 in sites with healthy conditions and with periodontal and peri-implant diseases: A case-control study. J. Dent. Res.
Dent. Clin. Dent. Prospect. 2024, 18, 135-142. [CrossRef] [PubMed]

Keskin, M.; Lahteenmiki, H.; Rathnayake, N.; Rdisdnen, L.T.; Tervahartiala, T.; Parndnen, P.; Senisik, A.M.; Karagetin, D.; Yentek
Balkanay, A.; Heikkild, P; et al. Active matrix metalloproteinase-8 and interleukin-6 detect periodontal degeneration caused by
radiotherapy of head and neck cancer: A pilot study. Expert Rev. Proteom. 2020, 17, 777-784. [CrossRef] [PubMed]

Kallio, E.; Puolakkainen, T.; Tervahartiala, T.; Snall, J.; Marttila, E.; Sorsa, T.; Uittamo, J. Applicability of an active matrix
metalloproteinase-8 point-of-care test in an oral and maxillofacial surgery clinic: A pilot study. Odontology 2024, 112, 250-255.
[CrossRef]

Brandt, E.; Keskin, M.; Tervahartiala, T.; Yilmaz, M.; Harmankaya, I.; Karacetin, D.; 1pek, T.; Glirsoy, UK.,; Rautava, J.; Gupta, S.;
et al. Radiotherapy Increases aMMP-8-Levels and Neutrophil /Lymphocyte Ratio Rapidly in Head and Neck Cancer Patients: A
Pilot Study. Cancer Control J. Moffitt Cancer Cent. 2023, 30, 10732748231163653. [CrossRef]

Heikkinen, A.M.; Sokka, T.T.; Torppa-Saarinen, E.; Pimid, E.; Jokinen, M.; Maijala, M.; Rantala, I.; Tervahartiala, T.; Sorsa, T.;
Kauppila, T. aMMP-8 Point-of-Care Test (POCT) Identifies Reliably Periodontitis in Patients with Type 2 Diabetes as well as
Monitors Treatment Response. Diagnostics 2023, 13, 2224. [CrossRef]

Mancini, S.; Romanelli, R.; Laschinger, C.A.; Overall, C.M.; Sodek, J.; McCulloch, C.A. Assessment of a novel screening test for
neutrophil collagenase activity in the diagnosis of periodontal diseases. ]. Periodontol. 1999, 70, 1292-1302. [CrossRef] [PubMed]
Wei, S.; Lin, T.; Sdenz-Ravello, G.; Gao, H.; Zhang, Y.; Tonetti, M.S.; Deng, K. Diagnostic accuracy of salivary active matrix
metalloproteinase (aMMP)-8 point-of-care test for detecting periodontitis in adults: A systematic review and meta-analysis.
J. Clin. Periodontol. 2024, 51, 1093-1108. [CrossRef] [PubMed]

Li, Y;; Kung, ].C.K,; Shi, J.; Wu, X.; Lam, S.L.T.; Deng, K.; Zhang, X.; Lai, H.; Pelekos, G.; Jin, L.; et al. Diagnostic Accuracy of a
Point-Of-Care aMMP-8 Test for Discriminating Periodontal Health Status in Adults: Validation Trials and Updated Meta-Analysis.
J. Clin. Periodontol. 2025, 52, 510-529. [CrossRef]

Griffith, A.; Chande, C.; Kulkarni, S.; Morel, J.; Cheng, Y.-H.; Shimizu, E.; Cugini, C.; Basuray, S.; Kumar, V. Point-of-care
diagnostic devices for periodontitis—Current trends and urgent need. Sens. Diagn. 2024, 3, 1119-1134. [CrossRef]

Ramseier, C.A ; Kinney, ].S.; Herr, A.E.; Braun, T.; Sugai, ].V.; Shelburne, C.A.; Rayburn, L.A.; Tran, H.M.; Singh, A K.; Giannobile,
W.V. Identification of pathogen and host-response markers correlated with periodontal disease. J. Periodontol. 2009, 80, 436—446.
[CrossRef] [PubMed] [PubMed Central]


https://doi.org/10.1055/s-0044-1788797
https://doi.org/10.7860/JCDR/2020/43031.13467
https://doi.org/10.1002/cre2.419
https://doi.org/10.1002/cre2.589
https://doi.org/10.1111/jre.12985
https://doi.org/10.3390/diagnostics13050903
https://doi.org/10.3390/biomedicines12010027
https://doi.org/10.1111/jre.13093
https://doi.org/10.3390/diagnostics14101011
https://www.ncbi.nlm.nih.gov/pubmed/38786309
https://doi.org/10.34172/joddd.40958
https://www.ncbi.nlm.nih.gov/pubmed/39071212
https://doi.org/10.1080/14789450.2020.1858056
https://www.ncbi.nlm.nih.gov/pubmed/33406924
https://doi.org/10.1007/s10266-023-00821-0
https://doi.org/10.1177/10732748231163653
https://doi.org/10.3390/diagnostics13132224
https://doi.org/10.1902/jop.1999.70.11.1292
https://www.ncbi.nlm.nih.gov/pubmed/10588492
https://doi.org/10.1111/jcpe.14000
https://www.ncbi.nlm.nih.gov/pubmed/38763168
https://doi.org/10.1111/jcpe.14119
https://doi.org/10.1039/D3SD00317E
https://doi.org/10.1902/jop.2009.080480
https://www.ncbi.nlm.nih.gov/pubmed/19254128
https://pmc.ncbi.nlm.nih.gov/articles/PMC5695217

Diagnostics 2025, 15, 2932 19 of 19

98. Boynes, S.G.; Sofiyeva, N.; Saw, T.; Nieto, V.; Palomo, L. Assessment of salivary matrix metalloproteinase (MMP8) and activated
salivary matrix metalloproteinase (aMMPS8) in periodontitis patients: A systematic review and meta-analysis. Front. Oral Health
2025, 6, 1444399. [CrossRef]

99. Frankenberger, R.; Arweiler, N.B.; Sorsa, T.A.; Volland, G.; Gaimann, G.; Fietz, C.; Thiem, H.; Rychlik, R.P.T. Health economic
potential of oral aMMP-8 biomarker diagnostics for personalised prevention of periodontal and peri-implant diseases. J. Pharm.
Health Serv. Res. 2022, 13, 52-60. [CrossRef]

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/10.3389/froh.2025.1444399
https://doi.org/10.1093/jphsr/rmac008

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Limitations 
	Conclusions 
	Future Directions 
	References

