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Abstract

Background/Objectives: This study proposes a framework for building a statistical predic-
tion model for dental clinics to facilitate the diagnosis of periodontitis and its stages. The
method is based on active-matrix metalloproteinase-8 (aMMP-8) mouth rinse point-of-care
testing (POCT). Methods: A complete model was created within a three-step modeling
scenario: (i) the first function differentiates healthy patients from those with periodontitis;
(ii) the second function differentiates stage I and II patients from stage III patients; and
(iii) the third function separates stage I and II patients from each other. The model was
developed using logistic regression analysis, and the aMMP-8 POCT results utilized in the
predictive functions were obtained from an Oralyzer digital reader. Sample data comprised
149 adult patients who visited dental clinics in Thessaloniki, Greece. Results: Patients
without periodontitis were identified in 74.2% of cases (95% CI: 55.1-87.5%). Patients with
periodontitis were revealed with a success rate of 94.1% (95% CI: 87.7-97.4%), and of these,
the correct stage was determined in 71.2% of cases (95% CI: 61.7-79.2%). The complete
model was tested on the same patient data from which it was formed. Conclusions: The
results of the study showed that logistic regression can be used in the development of a
model for dental clinics to reveal and stage periodontitis with sufficient accuracy. In the
complete model created, aMMP-8 mouth rinse POCT results in ng/mL, visible plaque
index (VPI), and the information on the patient’s missing teeth were statistically important
factors in determining the presence and stage of periodontitis.

Keywords: periodontitis; staging; aMMP-8; POCT; logistic regression

1. Introduction

Periodontitis is a very common and highly prevalent but largely hidden disease; it
is estimated that one in two dentate adults worldwide suffers from some category of
periodontitis [1,2]. The slowly progressing infection-induced inflammation condition leads
to the destruction of tissue and the resorption of alveolar bone [1,3]. An interesting aspect
of periodontitis is that it is associated with several other diseases, such as diabetes and
cardiovascular disease [1,3-6].
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This article presents a method that offers statistical advantages, particularly for dental
professionals, in determining and staging periodontitis. The predictive factors of the model
can be directly utilized from the clinic’s computer system, and the method is intended for
dental professionals, such as dentists, dental hygienists, and dental nurses.

The method is entirely statistical and includes three novel polynomial functions that
form a predictive model. Its contribution to supporting the work of dental professionals
is to provide statistical results to improve the diagnosis of periodontitis, as problems
have been reported in diagnosing all stages of the disease. It is noteworthy that, for
example, errors in clinical attachment level measurement make it particularly difficult to
classify early periodontitis [7]. Diagnoses have been found to be more accurate in detecting
advanced periodontitis (stages III and IV) compared to patients with stages I and II, but
separating stages III and IV can still be difficult [8]. In general, scientists have directly
encouraged the development of software solutions so that decision-making algorithms
could be used to ensure the correct diagnosis of periodontitis [8-10]. In order to improve
diagnostic agreement with standardized criteria, examining ‘gray areas,” and education are
an essential part of the proposed solutions [8,11,12].

In the approach of this study, active-matrix metalloproteinase-8 (aMMP-8) mouth
rinse point-of-care testing (POCT) is at the core of the modeling. It has been shown already
from the 1990s that aMMP-8, found in oral fluids, functions as a biomarker for ongoing
tooth-supporting tissue destruction [13-16]. To investigate periodontitis, we used a sample
of 149 adult patients attending dental clinics in Thessaloniki, Greece [17,18].

Predictive models related to the model presented in this study have been previously
published [19,20]. This study utilizes continuous mouth rinse aMMP-8 POCT concentration
results obtained with the Oralyzer digital reader as predictive factors for the functions. This
represents a fundamental difference compared to earlier published rapid home-use models
that were designed to use a single aMMP-8 mouth rinse cut-off 20 ng/mL test result [21].
The model in this study is especially intended for dental clinics. Also, explanatory factors
such as bleeding on probing (BOP) or weight-adjusted waist index (WWI), which have
not been used as variables in previous models, were examined as part of different combi-
nations of predictors to achieve the most accurate prediction results for periodontitis and
its stages.

Furthermore, the patient segmentation process developed in this study is completely
novel and allows for the differentiation of stage I patients from stage II patients in particular.
By expanding the research horizon to specifically include the development of a predictive
function for stage I periodontitis, the aim of the study is to provide dental researchers
with new ideas for detecting patients with early-stage periodontitis (i.e., stage I). Starting
dental treatment as early as possible is important, as disease progression can be mitigated
or halted by, for example, scaling and root planning (SRP) [22-27].

The primary objective of this study is to improve the accuracy of statistical prediction
models for periodontitis and its stages by utilizing specific data provided by dental clinics.
Furthermore, the study’s predictive statistical model can help optimize dental care resources
by improving timely treatment of patients at different stages. The model aims to provide
dental professionals with all possible statistical benefits in their work.

2. Materials and Methods
2.1. Hypothesis and Modeling

The hypothesis of the study is that by using five to twenty predictive factors available
from dental clinics, a model can be created to determine periodontitis and its stages at a

sufficient level. The aim of the study is to present a detailed framework for building a
statistical predictive model, specifically for dental professionals, to facilitate the diagnosis
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of periodontitis and its stages. The method involves creating polynomial functions using
logistic regression analysis. The study design first distinguishes healthy patients from
periodontitis patients (stages I, Il and III). After this, the model reveals stage III patients.
Finally, stage I and II patients are distinguished from each other. The predictive functions
of the model must achieve sufficiently acceptable performance, which is examined, for
example, through sensitivity, specificity, or chi-square goodness-of-fit tests, after which
they form a complete model that can predict periodontitis and its stage. Figure 1 illus-
trates a diagram showing how to create and test a model that reveals periodontitis and
its stage.

All data (149 patients)

¥

Creating function to reveal healthy from periodontitis patients

Testing function to reveal healthy patients

Stage I, II and III data (118 patients)

Creating function to reveal stage III patients

Testing function to reveal stage III patients

¥

Stage I and II data (95 patients)

Creating function to divide stage I and II

¥

Testing function to separate Stage I and Stage 11

¥

Healthy Stage I Stage I1 Stage III

Figure 1. A flowchart depicting the modeling of the research.

2.2. aMMP-8 Point-of-Care Testing (POCT)

The aMMP-8 POCT can measure progressive collagenolytic periodontal and peri-
implant attachment loss caused by aMMP-8 in five minutes without obtaining an invasive
tissue sample or the risk associated with bacteremia [14-17,20,28-39]. The predictive func-
tions of the model in this study utilize aMMP-8 POCT results obtained from the Oralyzer
digital reader. The ability of mouth rinse aMMP-8 concentrations to discriminate between
different patient sample data was calculated using the Matthews correlation coefficient
(MCC) for binary data and cut-off values of 10, 15, 20, 25, 30, 35, 40, 45 and 50 ng/mL
were investigated [40]. The aMMP-8 cut-off value for each patient data discrimination
scenario was selected based on how it best fit the other predictors while providing the most
accurate result. The study also examined the possibility of using aMMP-8 concentration as
a continuous value for the prediction of periodontitis and its stages. aMMP-8 mouth rinse
test results were examined as a continuous value at 5-point intervals in ng/mL.
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Lateral-flow chairside/PoCPerioSafe® aMMP-8 mouth rinse point-of-care tests (POCT)
were discovered in Finland and further developed in Germany. The digital reader
(ORALyzer®) and the chairside/PoCPerioSafe® test are manufactured by Medix Biochem-
ica Ltd., Espoo, Finland, and Dentognostics GmbH, Solingen, Germany. The test method is
based on monoclonal antibody technology and the aMMP-8 POCT has been independently
and repeatedly confirmed by many parties [14-16,28,30-32]. These tests are similar in
principle to traditional pregnancy and HIV tests and have been successfully clinically
validated in Chile, Finland, Germany, Holland, India, Italy, Mali, Nigeria, Sweden, Tiirkiye
and the United States [28,29,38,39,41-43].

The test consists of a series of steps. Before sampling, a 30 s pre-rinse with potable
water, followed by a 60 s waiting period. Next, 5 mL of test solution (oral fluid sample) is
collected after 30 s of rinsing. Three drops of this sample are transferred to the test system,
which is placed in a digital reader. The reader provides the aMMP-8 concentration (ng/mL)
within five minutes [17,19,20]. In this present study, aMMP-8 POCT was performed on
patients by an experienced and trained researcher [AG].

2.3. Other Oral Health Parameters

In this study, the amount of dental plaque on the tooth surface was used to predict
periodontitis and its stages. Plaque was evaluated as an independent variable, either in
isolation or together with other factors such as the number of teeth. Visible plaque index
(VPI) was applied in the procedure [44]. It was calculated by adding together the surfaces
with detected dental plaque, and this sum was then divided by the total number of surfaces.
The initiation of periodontitis can be described as the accumulation and microbial dysbiosis
of dental plaque biofilm [3]. It is worth noting that the study sample did not include
information on microbial specificity, and this issue could not be investigated in the creation
of prediction functions [45].

The study also investigated bleeding on probing (BOP) and its relationship to pe-
riodontitis, especially its stages. This experimental design was performed even though
BOP score is not considered an indicator of the severity of inflammation [46]. BOP was
considered as a candidate variable, which could be continuous, binary, or part of a com-
posite variable with other predictors. BOP is part of the new periodontitis classification
system, although it should be noted that it is not used in the actual classification of pe-
riodontitis [7,47,48]. The periodontal tissues were examined by assessing BOP to the
bottom of the clinical pocket or sulcus using a periodontal automated probe (Florida Probe,
Florida Probe Corporation, Gainesville, FL, USA). The BOP score was calculated by di-
viding the number of bleeding gingival units by the total number of examined sites for
each patient [49].

As mentioned earlier, the number of teeth in a patient was studied as a predictor of
periodontitis, for example, together with dental plaque. Periodontitis is the leading cause of
tooth loss among adults across the world, and the extent of tooth loss due to periodontitis is
used in staging of the disease [7,47,48]. Therefore, the study investigated how the patient’s
tooth count would affect the model’s results. A patient’s dentition was considered complete
if the number of teeth was counted as 28 (excluding wisdom teeth).

2.4. Periodontitis Classification

All patients included in this study were classified based on the 2018 classification of
periodontal diseases [7,47,48]. In the separation of the sample data, the status of different
periodontitis patients was treated as a binary variable. When healthy patients were to be
differentiated into their own group, patients suffering from periodontitis were marked with
the binary value one, while patients with no evidence of periodontitis were marked with
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the value zero. The same binary principle was also applied to distinguish, for example,
stage I and stage II patients from each other.

Staging of periodontitis can be summarized following the severity and complexity
below [7,12]:

Stage I: The diagnosis requires a Clinical Attachment Loss (CAL) of 1-2 mm, less
than 15% Radiographic Bone Loss (RBL) in the coronal third of the root, and no tooth
loss due to periodontitis. Periodontal Probing Depth (PPD) of up to 4 mm and bone loss
mostly horizontal.

Stage II: CAL 3—4 mm, RBL of 15-33% in the coronal third of the root, and no tooth
loss related to periodontitis. PPD up to 5 mm and bone loss mostly horizontal.

Stage III: CAL 5 mm or greater, RBL reaches the mid-third or beyond, and up to four
teeth have been lost due to periodontitis. PPD of 6 mm or more, horizontal bone loss, also
potential vertical bone loss, and may have furcation involvement of class II or III [7,12].

In the present study, the data did not include patients in stage IV; however, stage IV
can be summarized as follows:

Stage IV: CAL 5 mm or greater, RBL reaches the mid-third or beyond, and five or more
teeth have been lost due to periodontitis. PPD of 6 mm or more, horizontal bone loss, also
potential vertical bone loss, may have furcation involvement of class II or III, and complex
rehabilitation may be required due to factors such as masticatory dysfunction, secondary
occlusal trauma or bite collapse (the patient may also have fewer than 20 teeth or fewer
than 10 opposing pairs of teeth) [7,12].

2.5. Age, WWI and Other Predictors

The prevalence of many diseases increases with age, and this is also an essential
feature of periodontitis [2,50-53]. Although studies show that the prevalence and severity
of periodontitis increases as people get older, the underlying mechanisms influencing sus-
ceptibility are not fully understood [51,54-56]. Statistics explain the age-related increase in
the total number of periodontitis patients by an increase in the prevalence of moderate peri-
odontitis [2,51]. Furthermore, the prevalence of severe periodontitis can be conservatively
estimated to be the same worldwide in all age groups over 45 years of age, with estimates
ranging from 15% on either side [2,51,57]. Age was therefore a noteworthy predictor in
the modeling.

In addition, age was examined as a factor in a variable that also included a waist-to-
height ratio (WHtR). We hypothesized that waist-to-height ratio and age together could
provide a variable that would effectively predict periodontitis. WHtR has been found
to be associated with the number of deeper periodontal pockets (4 mm or more) [58].
Interestingly, waist circumference is also related to other predictive factors, such as the
weight-adjusted waist index (WWI). It has been suggested that WW1 is positively correlated
with periodontitis, especially in cases of moderate-to-severe disease [59]. WWI was investi-
gated as a predictor alone and in combination with other factors predicting the presence of
periodontitis and its stages.

Diabetes was among the predictive variables studied in this research, not least due
to the extensive research conducted on its association with periodontitis [1,3,60,61]. For
example, in a large study in the United States (NHANES III), evidence supported an
association between poorly controlled type 2 diabetes mellitus and severe periodonti-
tis [62]. Epidemiological studies confirm that there is a two-way interlinked relationship
between diabetes and periodontitis, with diabetes increasing the risk for periodontitis,
and periodontal inflammation negatively affecting glycemic control [1]. Diabetes was an
obvious candidate variable in the predictive model, and all patients participating in the
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study underwent an HbAlc blood test, where a result of >6.5% indicated that the patient
had diabetes.

Tobacco smoking was also a predictor, just like diabetes, which was expected to
be useful in modeling. Tobacco smoking is the most important risk factor for chronic
destructive periodontal disease, and the severity of periodontitis is linked to the amount
of smoking [63-66]. Smoking has a detrimental effect on incidence and progression of
periodontitis [66].

2.6. Sample Data

The research material consisted of 149 Greek adult patients who visited Periodon-
tology University Clinic and General Army Hospital in Thessaloniki, Greece. Informed
consent was confirmed by the participants’ signatures, and the research was conducted in
accordance with the protocol outlined by the Research Committee, Aristotle University of
Thessaloniki, Greece, and approved by the Ethical Committee of the School of Dentistry
(protocol number #64, 12 June 2018). All procedures performed in the present study involv-
ing human participants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki declaration and its later
amendments or com-parable ethical standards [18].

Selection criteria for the study: age > 18 years (both genders), number of teeth present
> 15 teeth, patient physical status 1 or 2 in A.S.A. classes according to the classification
of American Society of Anesthesiology, the written informed consent of the research
participants and the result of the self-assessed questionnaire proposed by the Centers for
Disease Control and Prevention (CDC, Atlanta, GA, USA), for patients at high risk of
developing Diabetes Mellitus > 9. Exclusion criteria of the study: presence of diabetes
mellitus or immunomodulatory diseases, a medication intake that affects glycemic control,
periodontal therapy for the last six months and women in pregnancy or lactation [18].

During the 2017-2018 study period, a single calibrated examiner (A.G.) performed
all clinical assessments on patients [18]. For each participant, key clinical measures of
periodontitis and oral health status were recorded on six surfaces per tooth, excluding
third molars. Also, anthropometric parameters and related factors such as weight, height,
waist circumference, tobacco smoking status (yes/no), and age were recorded. (The waist
circumference was measured at the point located midway between the top of the hip
bone and the bottom of the ribs.) No missing data were reported for this cross-sectional
observational study, which followed the guidelines of the STROBE statement. Table 1
presents the key information of the study.

Table 1. General characteristics of the patient data. For continuous variables, data are shown as
mean =+ SD. For categorical variables, data are shown as a count. WWI, weight-adjusted waist index;
aMMP-8, active-matrix metalloproteinase-8; CAL, clinical attachment level; PPD, periodontal probing
depth; VPI, Visible Plaque Index; BOP, bleeding on probing.

Patient’s Data

Stage of Periodontitis Status

Female
Male

Tobacco smoker
Non-smoker

No Evidence of Stage I Stage II Stage III
Periodontitis (n = 31) (n=14) (n =81) (n =23)
Gender
11 13 39 12
20 1 42 11
Smoking status
3 7 24 10
28 7 57 13
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Patient’s Data Stage of Periodontitis Status
No Evidence of Stage I Stage 11 Stage III
Periodontitis (n = 31) (n=14) (n =81) (n =23)
Diabetic status
Diabetic 0 0 3 4
Non-diabetic 31 14 78 19
Age (years) 43 £11 62+£8 55 £10 56 £10
Body mass index (kg/m?) 30.6 £ 4.5 28.6 +4.4 305 +4.7 293 +59
Weight (kg) 93 £17 78 £11 89 £17 85 £ 23
Height (cm) 174 £10 165+ 6 171+£9 169 £ 10
Waist circumference (cm) 100 £ 17 98 + 12 103 £+ 14 105 £ 21
Waist-to-height ratio (cm/cm) 0.57 £+ 0.08 0.60 £ 0.09 0.60 £ 0.08 0.62 + 0.11
WWI (cm/+/kg) 10.36 £ 1.02 11.16 £1.08 10.93 £ 1.01 11.49 £1.23
aMMP-8 levels
aMMP-8 > 20 ng/mL 2 2 31 17
aMMP-8 < 20 ng/mL 29 12 50 6
aMMP-8 > 50 ng/mL 0 0 3 8
aMMP-8 < 50 ng/mL 31 14 78 15
aMMP-8 (ng/mL) 15+5 15+ 10 20 £10 40 £ 25
Stage of periodontitis status
No evidence of periodontitis 31 0 0 0
Stage I 0 14 0 0
Stage Il 0 0 81 0
Stage 11 0 0 0 23
Grade of periodontitis status
No evidence of progression 31 0 0 0
Grade A 0 7 7 0
Grade B 0 7 70 13
Grade C 0 0 4 10
CAL (mm) 24105 23+0.5 34108 48+12
PPD (mm) 22+03 22+04 3.0+0.7 39+09
Number of teeth present (No.) 27 £2 2542 24 +3 224+ 4
VPI (%) 43 £ 22 29 £20 48 £+ 27 63 + 28
BOP (%) 42 £25 33 £17 56 £ 23 63 £ 22

2.7. Mathematical Background

In this study, predictive functions were generated using logistic regression analysis
and variables were selected using a backward stepwise method [67-73]. Multicollinearity
between variables was examined using the variance inflation factor (VIF) and autocorre-
lation was checked using scatterplots. Standardized residuals exceeding +3.0 were used
to indicate that the regression results should be investigated more closely for outliers, for
example. It was also agreed that in the case of these anomalies, leverage values would
be scrutinized to determine how extreme these particular data points would be relative
to other data points. A Cook’s distance of 0.5 was another threshold set for examining
potential sample deviations and assessing how much the estimates of the regression model
would change when a particular data point was omitted from the analysis.

The publications of Peduzzi et al. [74] and Long [75] were used to assess whether the
sample size was sufficient for modeling polynomial functions using logistic regression
analysis. Peduzzi et al. suggest that the number of events per variable (EPV) ratio of
less than 10 may lead to major problems [74]. (The number of events refers to the lower
total number of possible outcomes, i.e., if, for example, there are 50 healthy and 100
periodontitis patients in the patient sample data, the group of healthy is the determining
factor.) A criterion was set that the EPV should be at least 10. Additionally, in line with
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Long’s caution against using multiple logistic regression with a sample size below 100,
this value was established as the minimum sample size [75]. In the case of simple logistic
regression, i.e., logistic regression performed using a single predictor, we also examined the
results carefully, although the absolute limit of 100 samples was associated with multiple
logistic regressions.

The following statistical metrics were considered when examining the results of the
study: sensitivity, specificity, accuracy, chi-square goodness-of-fit test, phi coefficient ¢ for
categorical data, and area under the receiver operating characteristic (ROC) curve (AUC).
Additionally, the F1 score was calculated to assess the performance of the generated func-
tions, for example alongside accuracy, and the Matthews Correlation Coefficient (MCC)
was employed to interpret the results presented in the bar diagram in Figure 2 of this
study [40]. Youden’s index was applied in determining the optimal threshold for logistic
regression functions, and Wilson score with continuity correction was utilized to calculate
confidence intervals for sensitivity, specificity, and stage prediction accuracy, including
stage-specific accuracies [76,77]. It was agreed that the significance level p for all predictor
variables of the functions developed using logistic regression analysis was less than 0.05.
The significance level of the chi-square goodness-of-fit test was also <0.05. The logistic
regression and parameters directly related to it, for example, std. residuals and Cook’s
distances, and the calculations of AUC were conducted using IBM SPSS Statistics (version
31) software. All other calculations, including the results of the chi-squared goodness-
of-fit test and Wilson scores with continuity correction presented in the study, were
performed manually.

I

Figure 2. The mouth rinse aMMP-8 cut-off values, described by Matthews correlation coefficient.

3. Results

Three predictive functions were created to form a model that determines the presence
and stage of periodontitis. The first function was used to distinguish healthy patients
from those with periodontitis. After revealing periodontitis patients, a second function
was used to differentiate stage I and II patients from stage III patients. The third function
separated stage I and II patients from each other. In order to model the above functions, the
optimal aMMP-8 cut-off values, in ng/mL, were obtained from the results of the Oralyzer
digital reader. The study also examined the potential use of aMMP-8 concentration as
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a continuous predictive variable. Figure 2 graphically shows the ability of aMMP-8 cut-
off values to discriminate different patient sample data using the Matthews correlation
coefficient (MCC) for binary data, and values of 10, 15, 20, 25, 30, 35, 40, 45 and 50 ng/mL
were investigated [40].

From Figure 2, it can be observed that the red bars represent the correlation coefficients
used to determine which aMMP-8 concentration was employed to separate healthy patients
from those in stages I, II, and III. The red bars peaked at 20 ng/mL. This cut-off was used
as the primary selection for the aMMP-8 concentration as a predictor in the model to
distinguish healthy patients from periodontitis patients. Furthermore, in Figure 2, the black
bars on the right side of the graph showed higher correlation coefficients compared to the
black bars on the left side of the table. A cut-off of 50 ng/mL was used as the first-choice
aMMP-8 concentration cut-off for modeling the differentiation of stage III patients from
stage I and II patients.

The yellow bars in Figure 2 illustrate how aMMP-8 cut-off values can be used to
separate stage I and stage Il patients. The bar graph indicates that the cut-off values of 10
and 15 ng/mL depict the highest bars, and these were examined as the main predictive
factors in this scenario. The change in the heights of the yellow bars is opposite compared
to the bars colored black. This seems logical because the yellow bars represent a group
of patients which have less severe periodontitis than the patients in the case of black
colored bars. The stage of periodontitis is associated with the concentration of aMMP-8 in
mouth rinse [17].

The mouth rinse aMMP-8 cut-off value, which represented the highest correlation
coefficient, was not automatically selected as the optimal cut-off value for detecting peri-
odontitis or its stage in the given function question cases. Instead, the cut-off value was
chosen that would most effectively match the other predictor variables and at the same
time give the most accurate results. Additionally, during the modeling process, aMMP-8
concentration in mouth rinse was also tested as a continuous value and the results were
reviewed to ensure that the most accurate prediction results were achieved.

The following aMMP-8 levels were used in the modeling: healthy individuals were
separated from stages I, Il and Il by a variable including cut-off of 20 ng/mL as a factor,
aMMP-8 cut-off of 50 ng/mL was used to separate stage III from other periodontitis
patients, and in the modeling scenario of separating stage I and II patients from each other,
a continuous value of aMMP-8 concentration was selected as a predictor with two other
explanatory factors. This special variable included a total of three components: aMMP-8
concentration as a continuous number, as well as VPI and the number of teeth present.

Altogether, eleven explanatory factors were selected to create the five variables for the
three different predictive polynomial functions to form the complete model of this study
(Table 2, Figures 3-6):

e  aMMP-8 mouth rinse test result (cut-off value of 20 ng/mL)

e  aMMP-8 mouth rinse test result (cut-off value of 50 ng/mL)

e  aMMP-8 mouth rinse test result, examined as a continuous value at 5-point intervals
inng/mL

e  Tobacco smoking status

e  The visible plaque index (VPI) measured as a continuous value with a precision of two
decimal places

e  Visible plaque index VPI > 72%

Number of teeth present

Number of teeth present: >5 teeth missing
Number of teeth present: >8 teeth missing

Age
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e  Waist-to-height ratio

Table 2. Coefficient output data of multiple logistic regression modeling of the three functions created.

Functions and Variables B S.E. Wald df Sig Exp(B)
PERIORISK: function separating healthy patients
from stage I, I and III patients
aMMP-§ test 2 20 ng/mL or tobacco smoker or 3399 0716 22554 1 <0.001  29.937
missing >8 teeth
Age x waist-to-height ratio > 29 yrs. x cm/cm 2.998 0.626 22.941 1 <0.001  20.054
Constant —-1.259 0428 8.658 1 0.003 0.284
PERIOSTAGE III: function separating stage III
patients from stage I and II patients
aMMP-8 test > 50 ng/mL 2.328 0.838 7.714 1 0.005 10.253
Missing > 5 teeth and VPI > 72% 3.252 0.871 13.960 1 <0.001  25.853
Constant —2.216 0.333 44.182 1 <0.001 0.109
PERIOSTAGE I/II: function separating stage I and
stage II patients from each other
log1p (aMMP-8 concentration in mouth rinse in
ng/mL x VPI + number of teeth present) 1408 0.564 6.238 ! 0.013 4.089
Constant —0.035  0.728 0.002 1 0.962 0.966

Do aMMP-8 test |—>

Input from the clinic's computer system

¥

Function reveal healthy from periodontitis patients

Revealed stage I, II and III patients

¥

Function reveal stage III patients

¥

Stage I and II patients

¥

Function separate stage I and II

¥ ¥

Healthy

Stage I Stage II

Stage III

Figure 3. Flowchart illustrating how the model detects periodontitis and its stages.
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Variable 1:
aMMP-8 test 2 20 ng/mL
or missing > 8 teeth or

Variable 2:

Age x waist to height

io>
tobacco smoker ratio 229
| |
| | | |
No Yes No Yes
X1=0 X1=1 X2=0 X2=1

Figure 4. Flowchart to determine variable values in PERIORISK function.

Variable 1: Variable 2:
aMMP-8 test 2 50 missing > 5 teeth
ng/mL & VPI > 72%
| |
| | [ |
No Yes No Yes
X1=0 X1-1 X2=0 X2=1

Figure 5. Flowchart to determine variable values in PERIOSTAGE III function.

Variable 1:

Log,,(aMMP-8 Test

Result ng/mL x VPI + Tooth Number Present)

function

Input for the PERIOSTAGE I/II

Figure 6. Flowchart illustrating the use of the PERIOSTAGE I/II function.
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The polynomial function developed in this study for distinguishing healthy patients
from those with periodontitis:

1
1+ 6_(3‘399 x X1+ 2998 x X2 — 1.259)

PERIORISK =

In which,

PERIOSRISK = result predicting whether the patient has periodontitis [No.] (If the
result > 0.536, the patient statistically has periodontitis; otherwise = the patient is not
statistically considered to have periodontitis).

X1 = aMMP-8 test > 20 ng/mL or a tobacco smoker or missing >8 teeth [No.] (yes =1,
no = 0; patient boundary conditions are: aMMP-8 concentration in mouth rinse > 5 ng/mL
and <85 ng/mlL, 15 < teeth number present < 28).

X2 = age x waist to height ratio > 29 (with two decimal places, i.e., 28.99 < 29) [No.]
(yes =1, no = 0; patient boundary conditions are: 25 yrs. < age <78 yrs., WC 60 cm-152 cm,
height 150-193 cm, waist to height ratio 13.50-56.42).

The polynomial function developed in this study for distinguishing stage III patients
from stage I and II patients:

1
+ e (2.328x X1+3.252x X2—-2.216)

PERIOSTAGEIII = 1

In which,

PERIOSTAGE III = result predicting whether the patient has stage III or stage 1/11
[No.] (If the result > 0.313, the patient statistically has stage III periodontitis; otherwise,
the patient is statistically considered to have stage I/1I periodontitis).

X1 = aMMP-8 test > 50 ng/mL [No.] (yes = 1, otherwise = 0; patient boundary
conditions are: aMMP-8 concentration in mouth rinse > 5 ng/mL and <85 ng/mL).

X2 = Missing > 5 teeth and VPI > 72% [No.] (yes = 1, otherwise = 0; wisdom teeth are
excluded from the count; patient boundary conditions are: 15 < teeth number present < 28,
0.64% < VPI < 100.00%).

The polynomial function developed in this study for distinguishing stage I and stage
II patients from each other:

1
+ ¢ (1.408x X1-0.035)

PERIOSTAGE 1/1I = 1

In which:

PERIOSTAGE I/1I = result predicting whether the patient has stage I or stage II [No.]
(If the result > 0.816, the patient statistically has stage II periodontitis; otherwise, the patient
is statistically considered to have stage I periodontitis).

X1 =log9(aMMP-8 test result in mouth rinse x VPI + number of teeth present [No.]
(wisdom teeth are excluded from the count; patient boundary conditions are: aMMP-
8 concentration in mouth rinse > 5 ng/mL and <60 ng/mL, 0.64% < VPI < 100.00%,
16 < teeth number present < 28).

Based on the results of the regression analyses conducted in this study, it was found
that the sensitivity, specificity, chi-square goodness-of-fit test, phi coefficient ¢ for categor-
ical data, and area under the ROC curve (AUC) of the developed functions reached the
acceptance limit. The accuracy results, combined with the F1 scores, were also considered
to be at a sufficient level.

The PERIORISK function demonstrated a sensitivity of 94%, a specificity of 74%, and
an accuracy of 90%. The PERIOSTAGE I/1I function, in turn, showed a sensitivity of 83%,
a specificity of 57%, and an accuracy of 79%. The PERIOSTAGE III function yielded a
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sensitivity, specificity, and accuracy of 57%, 95%, and 87%, respectively. All the functions
were tested on the same sample data from which they were generated.

e  PERIORISK: sensitivity 111/118 = 0.94, specificity 23/31 = 0.74; chi-square goodness-
of-fit test x2 (1, N = 149) = 0.04, p = 0.838; phi coefficient ¢ = 0.69; AUC = 0915
(95% CI = 0.865-0.964); Youden’s index = 0.683, cut-off 0.536; accuracy 134/149 = 0.90,
F1 score 0.94.

e PERIOSTAGE I/1II: sensitivity 67/81 = 0.83, specificity 8/14 = 0.57; chi-square
goodness-of-fit test x2 (I, N =95) =379, p = 0.052; phi coefficient ¢ = 0.33;
AUC =0.779 (95% CI = 0.663-0.894); Youden’s index = 0.399, cut-off 0.816 (The highest
Youden’s index to determine the performance of the function, i.e., 0.610, yielded a
cut-off value of 0.857, was not used in the model in this study because the selected
Youden’s index of 0.399 (cut-off value 0.816) produced 75 correct stage predictions,
while the aforementioned highest index resulted in two fewer, i.e., 73 correct stage
predictions [76]); accuracy 75/95 = 0.79, F1 score 0.87.

e  PERIOSTAGE III: sensitivity 13/23 = 0.57, specificity 90/95 = 0.95; chi-square goodness-
of-fit test x> (1, N = 118) = 1.64, p = 0.201; phi coefficient ¢ = 0.56; AUC = 0.764
(95% CI = 0.633-0.895); Youden’s index = 0.513, cut-off 0.313; accuracy 103/118 = 0.87,
F1 score 0.63.

In the PERIORISK function, the number of events per variable (EPV) was found to be
15.5, as two variables were used and 31 patients were in the group, which represented a
smaller proportion of potential outcomes (31/2 yields an EPV of 15.5). The PERIOSTAGE
III function included two variables, and this results in an EPV of 23/2, which equals 11.5.
The EPV of the PERIOSTAGE I/II function was 14 because the sample data consisted
of 14 patients and only one variable was used in the function. Therefore, adhering to
the suggestion by Peduzzi et al. for a minimum of 10 EPYV, this criterion was met by
all three functions presented in the study [74]. Furthermore, in accordance with Long’s
recommendation that multiple logistic regression should not be performed if the sample
size is less than 100, this criterion was also met in the development of all functions. (the
PERIORISK function was created using data from 149 patients, and in the PERIOSTAGE III
function, the sample size was 118 patients) [75]. Given these aforementioned results, the
sample sizes for the logistic regression analyses and their derived polynomial functions
were deemed sulfficient, as they fulfilled the sample size criteria established by Peduzzi
et al. and Long [74,75]. The PERIOSTAGE I/1I function, which was based on a dataset
of 95 samples, was modeled using a single variable; consequently, the 95 samples were
considered sufficient for its development.

Of the three functions created in this study, only PERIOSTAGE I/II possessed a
continuous predictor variable, and the assumption of linearity was examined from scat-
terplots. The predicted log-odds demonstrated a linear relationship with the continuous
explanatory variable. And thus, the linearity assumption was met for the PERIOSTAGE
I/1I function. Multicollinearity was checked with VIF for functions with two variables,
and analysis confirmed that there was no problematic correlation among the indepen-
dent variables. (The VIF value was found to be 1.047 for PERIORISK function and
for the PERIOSTAGE 1III VIF value yielded 1.163.) Also, the residuals were plotted
against the chronological patient order, and no autocorrelation was observed in any of the
three functions.

For outliers, one patient sample in the PERIOSTAGE I/1I function data exceeded the
£3.0 threshold for standardized residuals (i.e., —3.2). The patient was predicted to be in
the stage Il sample group but was diagnosed with stage 1[7,47,48]. When the regression
analysis was conducted without the potential outlier, the results of the statistical analyses,
such as sensitivity and specificity, were almost the same. The results only changed for this
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one incorrect prediction, as it was no longer present in the outcomes. Cook’s distance of
the sample was 0.1; no samples in this study had a Cook’s distance > 0.5. The leverage of
the aforementioned potential outlier was found to be 0.014, which was below the average
of all leverage values in this 95-sample dataset (i.e., 0.021). After careful consideration, it
was decided that this data point had a relatively low probability of unduly influencing the
model, and it was concluded that there were insufficient grounds to remove the data point
as an outlier.

The complete model detected patients without periodontitis in 74.2% of cases
(95% CI: 55.1-87.5%, sp. 23/31) and patients with periodontitis in 94.1% of cases (95% CI:
87.7-97.4%, se. 111/118), and in these the correct stage was detected in 71.2% of cases
(95% CI: 61.7-79.2%, 79/111 = 0.712). Stage-specific accuracies: stage I 57.1% (95% CI:
29.7-81.2%), stage II 78.4% (95% ClI: 67.0-86.8%), and stage III 56.5% (95% CI: 34.9-76.1%).
(Stage I: 8/14 = 0.571; stage Il = 58/74 = 0.784; stage 11l 13/23 = 0.565.) Wilson score with
continuity correction was applied to calculate the confidence intervals presented in this
section [77].

The complete model was tested on the same patient data from which it was originally
created. The performance calculations, which met all required acceptance criteria, sup-
ported the conclusion that the complete model demonstrated sufficient performance in
this study.

4. Discussion

This paper proposes a framework for developing a statistical model for use in dental
clinics to facilitate the diagnosis of periodontitis and its stages. The method uses an aMMP-
8 mouth rinse point-of-care test, the value of which is read from a digital reader in five
minutes. In general, the data needed to use the predictive model is in the computer system
of the dental clinic and can be utilized in real-time, so the dental professional has all the
statistical benefits in their work.

The model successfully differentiated between healthy individuals and periodontitis
patients, and could also classify the stage of periodontitis, with promising predictive
accuracy. The findings of this study supported the hypothesis that a predictive model for
periodontitis and its stages could be developed using five to twenty factors from dental
clinic data. Patients without periodontitis were identified in 74% of cases and patients
with periodontitis were revealed with a success rate of 94% and of these, the correct stage
was determined in 71% of cases. Compared to a previously published similar prediction
model, the rate of correct prediction of periodontitis stage increased from 61% to 71% [20].
Although this increase was calculated by comparing the model of this study to a rapid
test for home-use, it can be concluded that improvements of 10% are noteworthy. The
double-digit percentage increase was due to the use of a digital reader, which included
measurements of mouth rinse aMMP-8 concentration on a continuous scale expressed
inng/mL.

The introduction of statistical prediction methods offers the opportunity to advance
the diagnostic process of periodontitis. Since early diagnosis of periodontitis has been
identified as one of the most important areas for improvement in periodontitis diagnostics,
this study provides a framework for improving the discrimination of stage I patients in
particular [7,8]. Furthermore, as the data of this study did not include stage IV patients and
problems have been reported in distinguishing stage III and IV patients, the basic principle
of this study is also applicable to solving these problems [8]. The prevalence of “grey areas”
in diagnosis creates a need for additional training, and the results of this study could help
by directly producing statistics for diagnostic aid or by providing research for educational
materials [8,11,12].
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The modeling of the study data began by examining the most easily observable
variable, which was the patient’s age. This predictor, which is available from the dental
clinic’s computer system, was found to guide the modeling in a way that, in the first step,
healthy and periodontitis patients were distinguished. The modeling process included
a clear understanding that age is a very reliable and easy-to-use statistical predictor of
periodontitis. It is well-known that the prevalence of periodontitis increases with age
and in the United States, for instance, it has been reported that 68 percent of adults aged
over 65 with teeth have periodontitis [78,79]. As a predictor variable, age was combined
with information of patient’s waist-to-height ratio (WHtR). This customized variable,
age x WHtR, provided a variable that effectively predicted periodontitis. WHtR has been
found to be associated with the number of teeth with deeper (4 mm or more) periodontal
pockets [58]. Next, factors related to aMMP-8 concentration in mouth rinse (cut-off value
20 ng/mL) and tobacco smoking were added to the prediction function, and the modeling
results reached an acceptably high level [17,63]. Finally, the number of teeth present was
also added to the prediction function as an explanatory factor. Information on the number of
teeth lost due to periodontitis is part of the classification of periodontitis, and periodontitis
is the most common cause of tooth loss [7,47,48].

Since the prediction model uses the aMMP-8 digital reader results, the modeling was
not limited to using a single mouth rinse concentration value, such as 20 ng/mL, which
is a practical approach for home testing as a personalized medicine approach [19-21].
Figure 2 illustrates the vast possibilities of this study to use various aMMP-8 cut-off values
in mouth rinse to discriminate patients across different sample data scenarios. It has been
observed that the levels of aMMP-8 in mouth rinse are positively associated with the stage
of periodontitis, and Sorsa et al. have proposed their inclusion in the new periodontal
disease classification system since 2020 [17].

After separating healthy patients, the model differentiated stage III patients from
stage I and II patients. It is evident again, from Figure 2, from the patient separation
scenario of stage III patients (black colored bars), that the higher the aMMP-8 test result
in mouth rinse (ng/mL), the more likely the patient is to have stage III of periodontitis,
as measured by MCC [40]. This is logical, as ongoing active periodontal tissue damage
(i.e., active phase of periodontitis) can be identified in oral fluids as an increase in aMMP-8
levels [17,80,81]. Furthermore, the more active the disease is, the more likely it is that the
patient will progress to the next stage of periodontitis. The model presented in this study is
entirely statistical, as the previous chain of reasoning shows.

In the previously discussed stage III patient separation scenario, the visible plaque
index (VPI) was utilized in the predictive model. In fact, VPI fit both stage prediction
functions presented in this study, however, always as one explanatory factor among other
factors. There seems to be no debate about the suitability of dental plaque for predicting
periodontitis per se, but its impact on determining the stage in different modeling scenarios
should be investigated using comprehensive data [17,20,82,83]. This may provide future
research topics in which VPI, or other dental plaque indices have an essential impact
on determining the stage of periodontitis. This is interesting if only because it has been
proposed since the 1990s that dental plaque has the potential to serve as a reservoir and a
site of, for example, MMP-8 activation in periodontal inflammation (i.e., the enzyme in the
center of this article) [84].

In the third and final part of the prediction model, stage I patients were separated from
stage II patients. However, since there were 14 stage I patients in the dataset, this allowed
for the use of only one predictor variable in the PERIOSTAGE I/1I function. (The sample
size requirements for logistic regression in this study included the criterion that there should
be at least 10 patients for each variable from the smaller part of the binary sample [74]).
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The most precise variable for modeling the differentiation of stage I and II patients was
found to be a predictor with three factors: aMMP-8 concentration as a continuous number,
VPI, and number of teeth present. The first two factors were multiplied with each other
and then divided by the third factor, after which the logarithm of the result was taken.
(The logarithm of the predictor was implemented to improve the model’s fit regarding
the residuals. The performance of the generated prediction function remained unchanged
in this particular case regardless of whether the logarithm of the variable was taken or
not, and was the same in terms of, for example, sensitivity, specificity, etc.). The variable
allowed for the differentiation of stage I and stage II patients with sufficient accuracy. It is
worth mentioning that if the sample data had included more stage I patients, it is likely
that more patients with aMMP-8 cut-offs below 10 or 15 ng/mL would have been in the
dataset [17]. In this case, with a larger dataset, these cut-offs could have been used as
predictor factors in the PERIOSTAGE I/1I function created (yellow bars on the left side
of Figure 2). Furthermore, it can be predicted that lower aMMP-8 concentration results
(<20 ng/mL) may play a key role in the future, when stage I patients are detected with
greater accuracy in future prediction models.

The study investigated bleeding on probing (BOP) as a predictive variable, particularly
in the assessment of the stages of periodontitis. BOP was found to be a promising factor in
distinguishing between patients with stage I and stage II. However, in the sample data of
this study, BOP could not be included in the predictive model because other explanatory
factors, such as mouth rinse aMMP-8 concentration, VPI, and number of teeth present, were
more suitable for modeling. It is worth mentioning that since the number of variables can
be increased with larger sample sizes, BOP is at least a promising predictor according to
the results of this study, and its investigation may prove to be worthwhile. Weight-adjusted
waist index (WWI) was also a welcome new variable candidate in the model and showed
potential in differentiating stage III patients from other periodontitis patients [59]. However,
for the same reason as BOP, the number of variables was a limiting factor and WWI was
not selected as a predictor variable in this study.

Diabetes, which is a well-studied predictor of periodontitis and its stages, was an
apparent variable that warranted attention in this study [1,3,60-62]. Diabetes has been
an important predictor in previously published models similar to this study [19,20]. The
same observation was made in this model created for dental clinics; however, as previously
mentioned in this study, diabetes was also one of those predictors that could not be utilized
due to the availability of so many other candidates.

The results of the study showed that the model identified stage II patients with a high
success rate of 78%. The model achieved 57% accuracy in detecting both stage I and stage
III patients. Including more stage I and III patients in the sample, which allows the number
of predictive variables to be increased, the success rate of stage detecting is expected to
improve substantially.

The next step in developing the presented model is to examine all of the aforemen-
tioned predictive factors using larger and more comprehensive datasets. Tobacco smoking
is a fine example of how, given all the opportunities offered by data diversification, and the
already promising research results, the accuracy of the model can be predicted to increase
in the future. The amount of smoking and history of smoking should be taken into account
in future versions of the models, as these factors were not available in the data of this
study [63-66].

Additionally, research topics such as personal oral hygiene, medication use, blood
pressure, or gender are interesting subjects that can bring significant refinements to the
model [85-88]. Intriguing fields of periodontitis research include also genetic factors. At
present, variants of at least 65 genes have been suggested to be associated with periodontitis.
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However, the identification of genetic factors associated with or actually contributing
to the pathogenesis of periodontitis has been limited, and validation results have been
modest [89].

It is worth mentioning that the models produced by the presented method are not the
same in different populations. The model is completely statistical and predicts periodontitis
and its stages using statistical parameters from the sample data from which it is derived.
It is important to emphasize that the order of patient data separation may be different
between models and some predictive models may require more than three predictive
functions. The cut-off values for aMMP-8 concentrations used in the functions may vary.
The details of the sample data will certainly produce different coefficients for predictive
functions, but the main idea should be essentially the same. Both the aMMP-8 concentration
in mouth rinse and the dental plaque on the tooth surface, as well as the number of teeth
present, have consistently been associated with periodontitis and its stages in different
populations [7,17,46,84,90,91]. Tobacco smoking and age are also directly related to pe-
riodontitis and its stages [2,51-53,63-66,92,93]. It can therefore be concluded that the
variables should be suitable and applicable to different populations.

The proposed method in this study needs to be validated in future studies to en-
sure its generalizability and robustness. The validation should be conducted with larger
datasets even though the chi-square goodness-of-fit test, for all three created predictive
functions, concluded that there was insufficient evidence to suggest that the observed
data significantly deviated from the expected distribution (the null hypothesis, i.e., the
observed data does follow the expected distribution, was not rejected; none of the chi-
square goodness-of-fit test p-values were <0.05). In validating the models of the introduced
method, cross-validation is a useful approach to confirm the results. There are many varia-
tions of cross-validation, but the idea is to test the model’s ability to predict new data that
was not used in creating the model (i.e., using one part of the sample data for modeling and
the rest of the data for testing) [94,95]. Bootstrapping is another interesting way to verify
the results if the data is considered, e.g., limited. In bootstrapping, the original sample data
is used to create multiple bootstrap samples from which statistical estimates are obtained
to describe the original data [95]. (Bootstrap sample can be the same size as the original
dataset and essential in bootstrapping is that each time a “random single sample” is taken
from the original data in the formation of the bootstrap sample, it is returned to the original
data before the next “random single sample” is selected).

In general, more extensive studies are needed to validate accuracy in all stages of
periodontitis, and reliability also requires more thorough investigation. The models of
the presented method should achieve reliability, where the predicted results would be
repeated in as many cases as possible. Intra-rater measurements are essential, for instance,
to ensure that the predictions of the patients” periodontitis status are consistent [96]. To
ensure inter-rater reliability, at least two users of the model should be involved in the test,
and the results produced by the model should achieve sufficiently similar results for all
users. Inter-rater measurements are suitable, for example, when several people participate
in data collection [96,97]. In addition, regulation of the presented method is important to
ensure that all legal and privacy issues are properly addressed [98].

Looking a little further into the future, the development of the method presented
could potentially reduce radiation exposure at the population level if it would allow the
determination of the presence and stages of periodontitis without X-rays in certain cases.
It could also help optimize dental resources by improving timely patient care at different
stages of periodontitis. In addition, statistical issues related to periodontitis could possibly
be explored more broadly, as the framework presented in this study could facilitate the
storage of large research databases in a way that would help in the development of new
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innovations or variations on current methods. Finally, it would be more than desirable if
the results of this study could, in their own way, accelerate the development of disease
detection related to periodontitis and its stages [1,3-6,99].

5. Conclusions

According to our information, this is the first time a framework has been proposed for
the development of a model that utilizes the results of mouth rinse aMMP-8 levels from a
digital reader to determine the presence and stages of periodontitis. The model variables
can be used directly from the computer systems of dental clinics, supporting real-time
diagnosis in a way that provides dental professionals with all the statistical advantages in
their work. The method is entirely statistical and is intended for dentists, dental hygienists
and dental nurses. The modeling results for determining periodontitis and its stages were
found to be sufficient and promising. We propose wider implementation of this method
across different populations for professional use in dental clinics.

Author Contributions: Conceptualization: M.P,, LT.R., D.S., A.G. and T.S. Methodology: M.P, LT.R.
and T.S. Software: M.P. and I.T.R. Validation: M.P,, LT.R. and T.S. Formal analysis: M.P, LT.R., D.S.
and T.S. Investigation: M.P,, LT.R., D.S., A.G. and T.S. Resources: D.S. and T.S. Data curation: I.T.R.,
D.S., A.G. and T.S. Writing—original draft preparation: M.P,, LT.R. and T.S. Writing—review and
editing: M.P,, LTR,, D.S., A.G. and T.S. Visualization: M.P. and I.T.R. Supervision: .T.R., D.S. and T.S.
Project administration: D.S., A.G. and T.S. Funding acquisition: T.S. 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 numbers Y1014SULE1, Y1014SL018, Y1014SL017, TYH2019319, TYH2018229, TYH2017251,
TYH2016251, TYH2020337, TYH2022225, and Y2519SU010 (T.S.), the Finnish Dental Association
Apollonia, Finland (T.S.), and Karolinska Institutet, Sweden (T.S.). 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: The study was conducted according to the protocol outlined
by the Research Committee, Aristotle University of Thessaloniki, Greece, and approved by the Ethical
Committee of the School of Dentistry (protocol number #64, 12 June 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy and legal reasons.

Conflicts of Interest: Timo Sorsa is the inventor of US patents 5652223, 5736341, 5866432, 6143476, and
20170023571A1 (granted 6.6.2019), WO2018/060553A1 (granted 31.5.2018), 10488415B2, a Japanese
patent 2016-554676, and South Korean patent no. 10-2016-7025378. 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 this manuscript, or in the decision to publish
the results.

1. Preshaw, PM.; Alba, A.L.; Herrera, D.; Jepsen, S.; Konstantinidis, A.; Makrilakis, K.; Taylor, R. Periodontitis and diabetes: A
two-way relationship. Diabetologia 2012, 55, 21-31. [CrossRef]

Eke, P.I; Thornton-Evans, G.O.; Wei, L.; Borgnakke, W.S.; Dye, B.A.; Genco, R.J. Periodontitis in US adults: National health and

nutrition examination survey 2009-2014. . Am. Dent. Assoc. 2018, 149, 576-588. [CrossRef]
3.  Preshaw, PM.; Bissett, S.M. Periodontitis and diabetes. Br. Dent. |. 2019, 227, 577-584. [CrossRef]
Loe, H. Periodontal disease: The sixth complication of diabetes mellitus. Diabetes Care 1993, 16, 329-334. [CrossRef]


https://doi.org/10.1007/s00125-011-2342-y
https://doi.org/10.1016/j.adaj.2018.04.023
https://doi.org/10.1038/s41415-019-0794-5
https://doi.org/10.2337/diacare.16.1.329

Dent. ]. 2025, 13, 508 19 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Mattila, K.J.; Nieminen, M.S.; Valtonen, V.V.; Rasi, V.P.; Kesdniemi, Y.A.; Syrjald, S.L.; Jungell, P.S.; Isoluoma, M.; Hietaniemi,
K.; Jokinen, M.]. Association between dental health and acute myocardial infarction. Br. Med. J. 1989, 298, 779-781. [CrossRef]
[PubMed]

Sanz, M.; Del Castillo, A.M.; Jepsen, S.; Gonzalez-Juanatey, ].R.; D"Aiuto, E; Bouchard, P.; Chapple, L; Dietrich, T.; Gotsman, L;
Graziani, F; et al. Periodontitis and Cardiovascular Diseases. Consensus Report. J. Clin. Periodontol. 2020, 47, 268-288. [CrossRef]
[PubMed]

Tonetti, M.S.; Greenwell, H.; Kornman, K.S. Staging and grading of periodontitis: Framework and proposal of a new classification
and case definition. . Periodontol. 2018, 89, 1475. [CrossRef]

Marini, L.; Tonetti, M.S.; Nibali, L.; Rojas, M.A.; Aimetti, M.; Cairo, F,; Cavalcanti, R.; Crea, A.; Ferrarotti, F; Graziani, F; et al.
The staging and grading system in defining periodontitis cases: Consistency and accuracy amongst periodontal experts, general
dentists and undergraduate students. J. Clin. Periodontol. 2021, 48, 205-215. [CrossRef] [PubMed]

Tonetti, M.S.; Sanz, M. Implementation of the new classification of periodontal diseases: Decision-making algorithms for clinical
practice and education. J. Clin. Periodontol. 2019, 46, 398—405. [CrossRef]

Chmielewski, M.; Pilloni, A.; Cuozzo, A.; D’Albis, G.; D’Elia, G.; Papi, P.; Marini, L. The 2018 Classification of Periodontitis:
Challenges from Clinical Perspective. Dent. J. 2025, 13, 361. [CrossRef]

Kornman, K.S.; Papapanou, P.N. Clinical application of the new classification of periodontal diseases: Ground rules, clarifications
and “gray zones”. ]. Periodontol. 2020, 91, 352-360. [CrossRef] [PubMed]

Fernandes, G.V.O.; Fernandes, ].C.H. Revisiting and rethinking on staging (severity and complexity) periodontitis from the new
classification system: A critical review with suggestions for adjustments and a proposal of a new flowchart. Dent. Med. Probl.
2025, 62, 371-391. [CrossRef]

Sorsa, T.; Suomalainen, K.; Uitto, V.J. The role of gingival crevicular fluid and salivary interstitial collagenases in human
periodontal diseases. Arch. Oral Biol. 1990, 35, 1935-196S. [CrossRef] [PubMed]

Lee, W.; Aitken, S.; Sodek, J.; McCulloch, C.A.G. 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]
Romanelli, R.; Mancini, S.; Laschinger, C.; Overall, C.M.; Sodek, J.; McCulloch, C.A. Activation of neutrophil collagenase in
periodontitis. Infect. Immun. 1999, 67, 2319-2326. [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]

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]
Grigoriadis, A.; Rédisdnen, I.T.; Pdrnanen, P.; Tervahartiala, T.; Sorsa, T.; Sakellari, D. Prediabetes/diabetes screening strategy at
the periodontal clinic. Clin. Exp. Dent. Res. 2021, 7, 85-92. [CrossRef]

Penttala, M.; Sorsa, T.; Thomas, ].T.; Grigoriadis, A.; Sakellari, D.; Gupta, S.; Parnédnen, P.; P4tild, T.; Rdisanen, I.T. Periodontitis
Home Screening with Mouth Rinse Cut-Off 20 Ng/mL aMMP-8 Test and Mobile Application. Diagnostics 2025, 15, 296. [CrossRef]
Penttala, M.; Sorsa, T.; Thomas, J.T.; Grigoriadis, A.; Sakellari, D.; Sahni, V.; Gupta, S.; Pdrndnen, P,; Patild, T.; Réisédnen, L.T.
Determination of the Stage of Periodontitis with 20 ng/mL Cut-Off aMMP-8 Mouth Rinse Test and Polynomial Functions in a
Mobile Application. Diagnostics 2025, 15, 1411. [CrossRef]

Penttala, M.; Sorsa, T.; Sakellari, D.; Rdisdnen, L.T. Using mouth rinse samples for screening periodontitis: Using mouth rinse
samples for screening periodontitis. Br. Dent. |. 2025, 239, 367. [CrossRef] [PubMed]

Sanz, M.; Herrera, D.; Kebschull, M.; Chapple, L; Jepsen, S.; Berglundh, T.; Sculean, A.; Tonetti, M.S.; EFPWorkshop Participants
Methodological Consultants; Merete Aass, A.; et al. Treatment of stage I-III periodontitis—The EFP S3 level clinical practice
guideline. J. Clin. Periodontol. 2020, 47, 4-60. [CrossRef]

Kinane, D.F,; Darby, L.B.; Said, S.; Luoto, H.; Sorsa, T.; Tikanoja, S.; Méntyld, P. Changes in gingival crevicular fluid matrix
metalloproteinase-8 levels during periodontal treatment and maintenance. J. Periodontal Res. 2003, 38, 400-404. [CrossRef]
Suvan, J.; Leira, Y.; Moreno Sancho, EM.; Graziani, F.; Derks, J.; Tomasi, C. Subgingival instrumentation for treatment of
periodontitis. A systematic review. J. Clin. Periodontol. 2020, 47, 155-175. [CrossRef]

Aji, N.R.A.S;; Yucel-Lindberg, T.; Rdisanen, 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]

Pihlstrom, B.L.; Michalowicz, B.S.; Johnson, N.W. Periodontal diseases. Lancet 2005, 366, 1809-1820. [CrossRef] [PubMed]

Gao, X.; Lo, E.C.M,; Kot, S.C.C.; Chan, K.C.W. Motivational interviewing in improving oral health: A systematic review of
randomized controlled trials. |. Periodontol. 2014, 85, 426—437. [CrossRef] [PubMed]

Aji, N.-R.A.S; Sahni, V.; Penttala, M.T.; Sakellari, D.; Grigoriadis, A.; Patild, T.; Pirnanen, P.; Neefs, D.; Pfiitzner, A.; Gupta, S.; et al.
Oral Medicine and Oral Clinical Chemistry Game Changers for Future Plaque Control and Maintenance: PerioSafe® aMMP-8
POCT, Lumoral® 2x PDT- and Lingora® Fermented Lingonberry Oral Rinse-Treatments. Dent. |. 2025, 13, 127. [CrossRef]


https://doi.org/10.1136/bmj.298.6676.779
https://www.ncbi.nlm.nih.gov/pubmed/2496855
https://doi.org/10.1111/jcpe.13189
https://www.ncbi.nlm.nih.gov/pubmed/32011025
https://doi.org/10.1002/jper.18-0006
https://doi.org/10.1111/jcpe.13406
https://www.ncbi.nlm.nih.gov/pubmed/33260273
https://doi.org/10.1111/jcpe.13104
https://doi.org/10.3390/dj13080361
https://doi.org/10.1002/JPER.19-0557
https://www.ncbi.nlm.nih.gov/pubmed/31891194
https://doi.org/10.17219/dmp/192121
https://doi.org/10.1016/0003-9969(90)90156-5
https://www.ncbi.nlm.nih.gov/pubmed/1965117
https://doi.org/10.1111/j.1600-0765.1995.tb01249.x
https://doi.org/10.1128/IAI.67.5.2319-2326.1999
https://doi.org/10.1902/jop.1999.70.11.1292
https://doi.org/10.3390/diagnostics10020061
https://doi.org/10.1002/cre2.338
https://doi.org/10.3390/diagnostics15030296
https://doi.org/10.3390/diagnostics15111411
https://doi.org/10.1038/s41415-025-9222-1
https://www.ncbi.nlm.nih.gov/pubmed/41006836
https://doi.org/10.1111/jcpe.13290
https://doi.org/10.1034/j.1600-0765.2003.00663.x
https://doi.org/10.1111/jcpe.13245
https://doi.org/10.3390/diagnostics14101011
https://doi.org/10.1016/S0140-6736(05)67728-8
https://www.ncbi.nlm.nih.gov/pubmed/16298220
https://doi.org/10.1902/jop.2013.130205
https://www.ncbi.nlm.nih.gov/pubmed/23805818
https://doi.org/10.3390/dj13030127

Dent. ]. 2025, 13, 508 20 of 22

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.
51.

52.

Buduneli, N.; Biyikoglu, B.; Kinane, D.E. Utility of gingival crevicular fluid components for periodontal diagnosis. Periodontology
2000 2024, 95, 156-175. [CrossRef]

Aji, N.-R.A.S; Rédisanen, I.T,; Rathnayake, N.; Lundy, ET.; Mc Crudden MTC: 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]

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]

Deng, K.; Pelekos, G.; Jin, L.; Tonetti, M.S. Authors” Response: “Diagnostic accuracy of a point-of-care aMMP-8 test in the
discrimination of periodontal health and disease”. . Clin. Periodontol. 2021, 48, 1499-1500. [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. J. Periodontal Res. 2022, 57,
768-779. [CrossRef]

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]

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]

Tschesche, H.; Wenzel, H. Neutrophil Collagenase. In Handbook of Proteolytic Enzymes, 3rd ed.; Rawlings, N.D., Salvesen, G., Eds.;
Academic Press: Cambridge, MA, USA, 2013; pp. 725-734.

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

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] [PubMed]
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] [PubMed]

Chicco, D.; Jurman, G. The advantages of the Matthews correlation coefficient (MCC) over F1 score and accuracy in binary
classification evaluation. BMC Genom. 2020, 21, 6. [CrossRef]

Shochet, T.; Comstock, I.A.; Ngoc, N.T.N.; Westphal, L.M.; Sheldon, W.R.; Loc, L.T.; Blum, J.; Winikoff, B.; Blumenthal, P.D. Results
of a pilot study in the US and Vietnam to assess the utility and acceptability of a multi-level pregnancy test (MLPT) for home
monitoring of hCG trends after assisted reproduction. BMC Women’s Health 2017, 17, 67. [CrossRef]

Prazuck, T.; Karon, S.; Gubavu, C.; Andre, J.; Legall, ].M.; Bouvet, E.; Kreplak, G.; Teglas, ]J.P.; Pialoux, G. A finger-stick
whole-blood HIV self-test as an HIV screening tool adapted to the general public. PLoS ONE 2016, 11, e0146755. [CrossRef]
Gul, S.S.; Abdulkareem, A.A.; Sha, A.M.; Rawlinson, A. Diagnostic Accuracy of Oral Fluids Biomarker Profile to Determine the
Current and Future Status of Periodontal and Peri-Implant Diseases. Diagnostics 2020, 10, 838. [CrossRef]

Ainamo, J.; Bay, I. Problems and proposals for recording gingivitis and plaque. Int. Dent. ]. 1975, 25, 229-235. [PubMed]

Van Dyke, T.E.; Bartold, PM.; Reynolds, E.C. The nexus between periodontal inflammation and dysbiosis. Front. Immunol. 2020,
11, 511. [CrossRef] [PubMed]

Trombelli, L.; Farina, R.; Silva, C.O.; Tatakis, D.N. Plaque-induced gingivitis: Case definition and diagnostic considerations.
J. Clin. Periodontol. 2018, 45, 44-67. [CrossRef]

Papapanou, PN.; Sanz, M.; Buduneli, N.; Dietrich, T; Feres, M.; Fine, D.H.; Flemmig, T.F.; Garcia, R.; Giannobile, W.V.; Graziani,
F.; et al. Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and
Peri-Implant Diseases and Conditions. . Periodontol. 2018, 89 (Suppl. 1), S173-5182. [CrossRef]

Caton, J.G.; Armitage, G.; Berglundh, T.; Chapple, LL.; Jepsen, S.; Kornman, K.S.; Mealey, B.L.; Papapanou, P.N.; Sanz, M.; Tonetti,
M.S. A new classification scheme for periodontal and peri-implant diseases and conditions-Introduction and key changes from
the 1999 classification. |. Periodontol. 2018, 89, S1-S8. [CrossRef]

Lang, N.P,; Adler, R;; Joss, A.; Nyman, S. Absence of bleeding on probing an indicator of periodontal stability. J. Clin. Periodontol.
1990, 17, 714-721. [PubMed]

Belikov, A.V. Age-related diseases as vicious cycles. Ageing Res. Rev. 2019, 49, 11-26. [CrossRef]

Eke, PL; Dye, B.A.; Wei, L.; Thornton-Evans, G.O.; Genco, R.J. Prevalence of periodontitis in adults in the United States: 2009 and
2010. J. Dent. Res. 2012, 91, 914-920. [CrossRef]

Shaju, J.P.; Zade, R.M.; Das, M. Prevalence of periodontitis in the Indian population: A literature review. J. Indian Soc. Periodontol.
2011, 15, 29-34. [CrossRef]


https://doi.org/10.1111/prd.12595
https://doi.org/10.3390/ijms25179421
https://doi.org/10.1111/jcpe.13485
https://doi.org/10.1111/jcpe.13522
https://doi.org/10.1111/jre.12999
https://doi.org/10.1111/jcpe.14000
https://doi.org/10.37349/emed.2024.00219
https://doi.org/10.1056/NEJM198902093200606
https://www.ncbi.nlm.nih.gov/pubmed/2536474
https://doi.org/10.1186/s12903-023-02896-1
https://www.ncbi.nlm.nih.gov/pubmed/36997949
https://doi.org/10.3390/diagnostics12112599
https://www.ncbi.nlm.nih.gov/pubmed/36359443
https://doi.org/10.1186/s12864-019-6413-7
https://doi.org/10.1186/s12905-017-0422-y
https://doi.org/10.1371/journal.pone.0146755
https://doi.org/10.3390/diagnostics10100838
https://www.ncbi.nlm.nih.gov/pubmed/1058834
https://doi.org/10.3389/fimmu.2020.00511
https://www.ncbi.nlm.nih.gov/pubmed/32296429
https://doi.org/10.1111/jcpe.12939
https://doi.org/10.1002/jper.17-0721
https://doi.org/10.1111/jcpe.12935
https://www.ncbi.nlm.nih.gov/pubmed/2262585
https://doi.org/10.1016/j.arr.2018.11.002
https://doi.org/10.1177/0022034512457373
https://doi.org/10.4103/0972-124X.82261

Dent. J. 2025, 13, 508 21 0f 22

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

Hewlett, S.A.; Anto, F; Blankson, PXK.; Tormeti, D.; Ayettey-Adamafio, M.; Bayitse, P.; Danso-Appiah, T.; Amoah, A.G. Periodonti-
tis prevalence and severity in an African population: A cross-sectional study in the Greater Accra Region of Ghana. J. Periodontol.
2022, 93, 732-744. [CrossRef] [PubMed]

Ebersole, J.L.; Dawson, D.A., 3rd; Emecen Huja, P.; Pandruvada, S.; Basu, A.; Nguyen, L.; Zhang, Y.; Gonzalez, O.A. Age and
Periodontal Health—Immunological View. Curr. Oral Health Rep. 2018, 5, 229-241. [CrossRef]

Eke, PI; Dye, B.A.; Wei, L.; Slade, G.D.; Thornton-Evans, G.O.; Borgnakke, W.S.; Taylor, G.W.; Page, R.C.; Beck, ].D.; Genco, R.J.
Update on Prevalence of Periodontitis in Adults in the United States: NHANES 2009 to 2012. J. Periodontol. 2015, 86, 611-622.
[CrossRef]

Baelum, V.; L6pez, R. Periodontal disease epidemiology—Learned and unlearned? Periodontology 2000 2013, 62, 37-58. [CrossRef]
Nascimento, G.G.; Alves-Costa, S.; Romandini, M. Burden of severe periodontitis and edentulism in 2021, with projections up to
2050: The Global Burden of Disease 2021 study. J. Periodontal Res. 2024, 59, 823-867. [CrossRef]

Kangas, S.; Timonen, P.; Knuuttila, M.; Jula, A.; Ylostalo, P.; Syrjadla, A.M.H. Waist circumference and waist-to-height ratio are
associated with periodontal pocketing—Results of the Health 2000 Survey. BMC Oral Health 2017, 17, 48. [CrossRef]

Xu, L.; Liu, Y.; Zhao, C.; Wang, J.; Zhou, H. Association between weight-adjusted waist index and periodontitis: A population-
based study. PLoS ONE 2024, 19, e0305010. [CrossRef] [PubMed]

Mealey, B.L.; Oates, T.W. Diabetes mellitus and periodontal diseases. J. Periodontol. 2006, 77, 1289-1303. [CrossRef] [PubMed]
Graves, D.T,; Ding, Z.; Yang, Y. The impact of diabetes on periodontal diseases. Periodontology 2000 2020, 82, 214-224. [CrossRef]
Tsai, C.; Hayes, C.; Taylor, G.W. Glycemic control of type 2 diabetes and severe periodontal disease in the US adult population.
Community Dent. Oral Epidemiol. 2002, 30, 182-192. [CrossRef]

Bergstrom, J. Tobacco smoking and chronic destructive periodontal disease. Odontology 2004, 92, 1-8. [CrossRef]

Johnson, G.K.; Slach, N.A. Impact of tobacco use on periodontal status. J. Dent. Educ. 2001, 65, 313-321. [CrossRef] [PubMed]
Nociti Jr, EH.; Casati, M.Z.; Duarte, PM. Current perspective of the impact of smoking on the progression and treatment of
periodontitis. Periodontology 2000 2015, 67, 187-210. [CrossRef] [PubMed]

Leite, ER.M.; Nascimento, G.G.; Scheutz, F.; Lépez, R. Effect of Smoking on Periodontitis: A Systematic Review and Meta-
regression. Am. |. Prev. Med. 2018, 54, 831-841. [CrossRef]

Allison, P. Logistic Regression Using SAS: Theory and Application; SAS Institute: Cary, NC, USA, 2012.

LaValley, M.P. Logistic regression. Circulation 2008, 117, 2395-2399. [CrossRef]

Sperandei, S. Understanding logistic regression analysis. Biochem. Medica 2014, 24, 12-18. [CrossRef]

Ranganathan, P.; Pramesh, C.S.; Aggarwal, R. Common pitfalls in statistical analysis: Logistic regression. Perspect. Clin. Res. 2017,
8, 148-151. [CrossRef] [PubMed]

Peng, C.Y].; Lee, K.L.; Ingersoll, G.M. An introduction to logistic regression analysis and reporting. J. Educ. Res. 2002, 96, 3-14.
[CrossRef]

Harris, ] K. Primer on binary logistic regression. Fam. Med. Community Health 2021, 9, €001290. [CrossRef]

Menard, S. Applied Logistic Regression Analysis; SAGE Publications: Thousand Oaks, CA, USA, 2001.

Peduzzi, P.; Concato, J.; Kemper, E.; Holford, T.R.; Feinstein, A.R. A simulation study of the number of events per variable in
logistic regression analysis. J. Clin. Epidemiol. 1996, 49, 1373-1379. [CrossRef]

Long, S.J. Regression models for categorical and limited dependent variables. In Advanced Quantitative Techniques in the Social
Sciences; SAGE Publications: Thousand Oaks, CA, USA, 1997.

Youden, W.J. Index for rating diagnostic tests. Cancer 1950, 3, 32-35. [CrossRef] [PubMed]

Wallis, S. Binomial confidence intervals and contingency tests: Mathematical fundamentals and the evaluation of alternative
methods. J. Quant. Linguist. 2013, 20, 178-208. [CrossRef]

Eke, P.I; Wei, L.; Borgnakke, W.S.; Thornton-Evans, G.; Zhang, X.; Lu, H.; McGuire, L.C.; Genco, R.J. Periodontitis prevalence in
adults> 65 years of age, in the USA. Periodontology 2000 2016, 72, 76-95. [CrossRef]

Huang, Q.; Dong, X. Prevalence of periodontal disease in middle-aged and elderly patients and its influencing factors. Am. J.
Transl. Res. 2022, 14, 5677.

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. |. Dent. 2018, 2018, 7891323. [CrossRef]
Zhang, L.; Li, X.; Yan, H.; Huang, L. Salivary matrix metalloproteinase (MMP)-8 as a biomarker for periodontitis: A PRISMA-
compliant systematic review and meta-analysis. Medicine 2018, 97, €9642. [CrossRef]

Ismail, A.I; Morrison, E.C.; Burt, B.A.; Caffesse, R.G.; Kavanagh, M.T. Natural history of periodontal disease in adults: Findings
from the Tecumseh Periodontal Disease Study, 1959-1987. J. Dent. Res. 1990, 69, 430-435. [CrossRef]

Abdulkareem, A.A.; Al-Taweel, EB.; Al-Sharqi, A.J.; Gul, S.S.; Sha, A.; Chapple, I.L. Current concepts in the pathogenesis of
periodontitis: From symbiosis to dysbiosis. . Oral Microbiol. 2023, 15, 2197779. [CrossRef] [PubMed]

Sorsa, T.; Ding, Y.L.; Ingman, T.; Salo, T.; Westerlund, U.; Haapasalo, M.; Tschesche, H.; Konttinen, Y.T. Cellular source, activation
and inhibition of dental plaque collagenase. J. Clin. Periodontol. 1995, 22, 709-717. [CrossRef] [PubMed]


https://doi.org/10.1002/JPER.21-0329
https://www.ncbi.nlm.nih.gov/pubmed/34724216
https://doi.org/10.1007/s40496-018-0202-2
https://doi.org/10.1902/jop.2015.140520
https://doi.org/10.1111/j.1600-0757.2012.00449.x
https://doi.org/10.1111/jre.13337
https://doi.org/10.1186/s12903-017-0336-y
https://doi.org/10.1371/journal.pone.0305010
https://www.ncbi.nlm.nih.gov/pubmed/38843124
https://doi.org/10.1902/jop.2006.050459
https://www.ncbi.nlm.nih.gov/pubmed/16881798
https://doi.org/10.1111/prd.12318
https://doi.org/10.1034/j.1600-0528.2002.300304.x
https://doi.org/10.1007/s10266-004-0043-4
https://doi.org/10.1002/j.0022-0337.2001.65.4.tb03401.x
https://www.ncbi.nlm.nih.gov/pubmed/11336116
https://doi.org/10.1111/prd.12063
https://www.ncbi.nlm.nih.gov/pubmed/25494601
https://doi.org/10.1016/j.amepre.2018.02.014
https://doi.org/10.1161/CIRCULATIONAHA.106.682658
https://doi.org/10.11613/BM.2014.003
https://doi.org/10.4103/picr.PICR_87_17
https://www.ncbi.nlm.nih.gov/pubmed/28828311
https://doi.org/10.1080/00220670209598786
https://doi.org/10.1136/fmch-2021-001290
https://doi.org/10.1016/S0895-4356(96)00236-3
https://doi.org/10.1002/1097-0142(1950)3:1%3C32::AID-CNCR2820030106%3E3.0.CO;2-3
https://www.ncbi.nlm.nih.gov/pubmed/15405679
https://doi.org/10.1080/09296174.2013.799918
https://doi.org/10.1111/prd.12145
https://doi.org/10.1155/2018/7891323
https://doi.org/10.1097/MD.0000000000009642
https://doi.org/10.1177/00220345900690020201
https://doi.org/10.1080/20002297.2023.2197779
https://www.ncbi.nlm.nih.gov/pubmed/37025387
https://doi.org/10.1111/j.1600-051X.1995.tb00831.x
https://www.ncbi.nlm.nih.gov/pubmed/7593702

Dent. J. 2025, 13, 508 22 0f 22

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

Lertpimonchai, A.; Rattanasiri, S.; Vallibhakara, S.A.O.; Attia, J.; Thakkinstian, A. The association between oral hygiene and
periodontitis: A systematic review and meta-analysis. Int. Dent. ]. 2017, 67, 332-343. [CrossRef]

Eke, PI; Wei, L.; Thornton-Evans, G.O.; Borrell, L.N.; Borgnakke, W.S.; Dye, B.; Genco, R.J. Risk indicators for periodontitis in US
adults: NHANES 2009 to 2012. |. Periodontol. 2016, 87, 1174-1185. [CrossRef] [PubMed]

Munoz Aguilera, E.; Suvan, J.; Buti, J.; Czesnikiewicz-Guzik, M.; Barbosa Ribeiro, A.; Orlandi, M.; Guzik, T.J.; Hingorani, A.D.;
Nart, J.; D’Aiuto, F. Periodontitis is associated with hypertension: A systematic review and meta-analysis. Cardiovasc. Res. 2020,
116, 28-39. [CrossRef] [PubMed]

Caton, J.; Ryan, MLE. Clinical studies on the management of periodontal diseases utilizing subantimicrobial dose doxycycline
(SDD). Pharmacol. Res. 2011, 63, 114-120. [CrossRef]

Loos, B.G.; Van Dyke, T.E. The role of inflammation and genetics in periodontal disease. Periodontology 2000 2020, 83, 26-39.
[CrossRef]

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, 510-515. [CrossRef]

Teles, R.; Teles, E; Frias-Lopez, J.; Paster, B.; Haffajee, A. Lessons learned and unlearned in periodontal microbiology. Periodontology
2000 2013, 62, 95-162. [CrossRef]

Kassebaum, N.J.; Bernabé, E.; Dahiya, M.; Bhandari, B.; Murray, C.J.L.; Marcenes, W. Global burden of severe periodontitis in
1990-2010: A systematic review and meta-regression. J. Dent. Res. 2014, 93, 1045-1053. [CrossRef]

Holde, G.E.; Oscarson, N.; Trovik, T.A.; Tillberg, A.; Jonsson, B. Periodontitis prevalence and severity in adults: A cross-sectional
study in Norwegian circumpolar communities. J. Periodontol. 2017, 88, 1012-1022. [CrossRef]

Wilimitis, D.; Walsh, C.G. Practical considerations and applied examples of cross-validation for model development and
evaluation in health care: Tutorial. JMIR Al 2023, 2, €49023. [CrossRef] [PubMed]

Steyerberg, E.W.; Harrell Jr, EE.; Borsboom, G.J.; Eijkemans, M.].C.; Vergouwe, Y.; Habbema, ].D.F. Internal validation of predictive
models: Efficiency of some procedures for logistic regression analysis. J. Clin. Epidemiol. 2001, 54, 774-781. [CrossRef] [PubMed]
Hori, M.; Imamura, T.; Fukuo, A.; Fukui, T.; Koi, T.; Ueno, Y.; Onoda, H.; Tanaka, S.; Ushijima, R.; Sobajima, M.; et al. Validation of
inter-rater and intra-rater reliability of remote dielectric sensing measurement. Int. Heart |. 2022, 63, 73-76. [CrossRef] [PubMed]
Merli, M.; Bernardelli, F.; Giulianelli, E.; Toselli, I.; Moscatelli, M.; Pagliaro, U.; Nieri, M. Inter-rater agreement in the diagnosis of
mucositis and peri-implantitis. J. Clin. Periodontol. 2014, 41, 927-933. [CrossRef] [PubMed]

Parikh, R.B.; Obermeyer, Z.; Navathe, A.S. Regulation of predictive analytics in medicine. Science 2019, 363, 810-812. [CrossRef]
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]

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/10.1111/idj.12317
https://doi.org/10.1902/jop.2016.160013
https://www.ncbi.nlm.nih.gov/pubmed/27367420
https://doi.org/10.1093/cvr/cvz201
https://www.ncbi.nlm.nih.gov/pubmed/31549149
https://doi.org/10.1016/j.phrs.2010.12.003
https://doi.org/10.1111/prd.12297
https://doi.org/10.1111/jcpe.14119
https://doi.org/10.1111/prd.12010
https://doi.org/10.1177/0022034514552491
https://doi.org/10.1902/jop.2017.170164
https://doi.org/10.2196/49023
https://www.ncbi.nlm.nih.gov/pubmed/38875530
https://doi.org/10.1016/S0895-4356(01)00341-9
https://www.ncbi.nlm.nih.gov/pubmed/11470385
https://doi.org/10.1536/ihj.21-663
https://www.ncbi.nlm.nih.gov/pubmed/35095079
https://doi.org/10.1111/jcpe.12291
https://www.ncbi.nlm.nih.gov/pubmed/25041651
https://doi.org/10.1126/science.aaw0029
https://doi.org/10.1111/jcpe.12732

	Introduction 
	Materials and Methods 
	Hypothesis and Modeling 
	aMMP-8 Point-of-Care Testing (POCT) 
	Other Oral Health Parameters 
	Periodontitis Classification 
	Age, WWI and Other Predictors 
	Sample Data 
	Mathematical Background 

	Results 
	Discussion 
	Conclusions 
	References

