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Abstract
Aim: To assess the diagnostic utility of an oral rinse active matrix metalloproteinase- 8 
(aMMP- 8) point- of- care test (POCT) for differentiating periodontal health, gingivitis, 
as well as different stages and grades of periodontitis.
Materials & Methods: The aMMP- 8 index test was undertaken in 408 consecutive 
adults, followed by a full- mouth periodontal examination. The reference standard was 
the 2017 World Workshop classification of periodontal diseases. Sensitivity, specificity, 
and the area under the receiver operating characteristic curve (AUROC) were assessed.
Results: 68.6% of the participants were diagnosed with periodontitis, including Stages I 
(15.9%), II (15.9%), III (29.7%) and IV (7.1%). A positive aMMP- 8 POCT was associated with 
periodontitis after adjusting for age, gender, tobacco smoking and systemic diseases, while 
it was unable to differentiate among the stages/grades of periodontitis and between gingi-
vitis/periodontal health. This test showed a sensitivity of 33.2% and a specificity of 93.0% 
for detecting periodontitis (threshold level >10 ng/ml). The levels of aMMP- 8 adjusted by 
the number of teeth present (aMMP- 8/NTP) performed better for periodontitis (sensitiv-
ity: 67.1%; specificity: 68.8%). Notably, aMMP- 8/NTP were strongly predictive for Stage 
IV periodontitis (threshold level =0.4312 ng/ml) (sensitivity: 89.7%; specificity: 73.6%; 
and AUROC: 0.856). The test performance greatly improved in combination with age and 
smoking, with a sensitivity of 82.5%, a specificity of 84.4%, and an AUROC of 0.883.
Conclusion: This aMMP- 8 POCT is able to detect periodontitis with better specificity 
than sensitivity across the spectrum of its severity. This test may be useful for peri-
odontal screening in conjunction with subject characteristics and/or other sensitive 
screening tools. Further validation studies are needed.
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Clinical Relevance

Scientific rationale for the study: The traditional periodontal diagnostic approach relies on clinical 
parameters that are difficult to measure, lack precision to detect incipient periodontitis and can 
only reflect the previous tissue destruction. Point- of- care biomarker tests based on oral fluids 
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1  |  INTRODUC TION

Periodontitis is a dysbiotic biofilm- initiated, dysregulated host 
response- mediated inflammatory disease of the tooth- supporting 
apparatus. The diagnosis of periodontitis is conventionally based on 
the clinical and radiographic examinations, intended to assess the 
clinical attachment level, the degree of gingival inflammation and al-
veolar bone loss. These parameters, however, have two sets of limi-
tations: (i) they are difficult to measure and lack adequate precision 
to enable detection of incipient periodontitis and (ii) they are only 
able to reflect the previous periodontal destruction, but insufficient 
to indicate current disease activity and the risk for future progres-
sion. Therefore, it is essential to employ supplementary screening 
and diagnostic methods to identify the potential risk prior to the 
onset of the noticeable irreversible damage to improve the early de-
tection of periodontitis (Tonetti et al., 2017).

In this respect, salivary biomarkers have been considered sim-
ple, non- invasive and promising diagnostic aids (Giannobile et al., 
2009). Biomarkers may allow monitoring of the biochemical pro-
cesses associated with disease and offer greater insight into the in-
dividual case. Among a wide range of potential biomarkers, matrix 
metalloproteinases have received considerable attention for their 
crucial role in tissue homeostasis and association with periodontitis- 
associated collagen degradation (Birkedal- Hansen, 1993; Birkedal- 
Hansen et al., 1993; Sorsa et al., 2016). These enzymes are tightly 
controlled and require activation before being able to optimally act 
on their substrate (DeCarlo et al., 1997, 1998; Van wart & Birkedal- 
Hansen, 1990).

Matrix metalloproteinase- 8 (MMP- 8) is emerging as one of the 
most documented and compelling candidates for the discrimination 
of periodontal health and disease (Arias- Bujanda et al., 2020; Kc 
et al., 2020; de Morais et al., 2018; Zhang et al., 2018). It is the main 
type of host- derived collagenases capable of cleaving type I colla-
gen of the periodontal supporting tissues and playing a role in both 
physiological activity and pathologic tissue destruction (Sapna et al., 
2014; Sorsa et al., 2018). MMP- 8 is present in an active and latent 
form. Its active form has been shown to have (i) a stronger associa-
tion with the periodontal status and (ii) a better diagnostic accuracy 
for periodontal disease than its total forms (Leppilahti et al., 2011, 
2014).

In recent years, an oral rinse point- of- care immunoassay mainly 
detecting active matrix metalloproteinase- 8 (aMMP- 8) has been 

developed and assessed in several countries (U.S. Patent No. 
10,488,415, 2019). It is noteworthy that the reported performance 
for detecting periodontal disease is inconsistent across studies. This 
may be partly explained by several important limitations, including 
small sample size, the lack of universal periodontal case definitions 
and selection bias in case- control designs (Heikkinen et al., 2016; 
Izadi Borujeni et al., 2015; Leppilahti et al., 2018; Lorenz et al., 2017; 
Nwhator et al., 2014; Räisänen et al., 2019; Schmidt et al., 2018). 
Thus, more evidence is needed to evaluate the diagnostic ability of the 
aMMP- 8 test properly.

The 2017 World workshop proposed a new periodontitis classifi-
cation, which comprises a staging system to identify disease severity 
and complexity of management and a grading system to assess the 
risk for future disease progression (Tonetti et al., 2018). Integral to the 
new classification system is the possibility to use biomarkers in the 
diagnosis and case definition. Recently, a study by Sorsa et al., (2020) 
observed an association between aMMP- 8 concentrations and differ-
ent stages and grades of periodontitis.

Therefore, this study aimed to (i) test and assess the diagnos-
tic utility of an aMMP- 8 point- of- care oral rinse test system for 
differentiating periodontal health, gingivitis and different stages of 
periodontitis based on the new classification; and (ii) investigate the 
correlation between the aMMP- 8 test and periodontitis grade. The 
study hypothesis was that results of an aMMP- 8 point- of- care test 
(POCT) might improve diagnostic accuracy in a variety of situations 
where a full clinical assessment may be problematic, and could help 
to predict individuals at risk for periodontal disease, serving as the 
first step assessment guide and an adjunct to conventional peri-
odontal diagnostic approaches.

2  |  METHODS AND MATERIAL S

2.1  |  Study design and population

This cross- sectional diagnostic accuracy study was conducted in 
the Prince Philip Dental Hospital, Hong Kong, between July 2019 
and August 2020. Details of the design and population have been 
reported (Deng et al., 2021). In brief, 408 consecutive subjects 
were recruited from a convenience sample seeking dental care at 
the hospital. All subjects aged 18 or above were invited to partici-
pate. The exclusion criteria were as follows: (i) edentulous adults, 

have the potential to improve screening and diagnosis, in particular whenever reliable clinical 
examinations are not available.
Principal findings: The aMMP- 8 point- of- care test has better specificity than sensitivity to detect 
periodontitis across its spectrum of severity. The levels of aMMP- 8 adjusted by the number of 
teeth present yielded moderate- to- high accuracy in identifying advanced cases. Moreover, a com-
bined model including the test results with age and smoking performed better than the test alone.
Practical implications: The aMMP- 8 test may be helpful in conjunction with risk factors/
indicators of periodontitis or other screening tools.
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(ii) pregnant females, (iii) subjects who received antibiotics within 
the previous 3 months and (iv) subjects who received profes-
sional periodontal treatment (other than supragingival cleaning) 
within the previous 12 months. The study protocol was approved 
by the Institutional Review Board of the University of Hong 
Kong/Hospital Authority Hong Kong West Cluster (IRB Approval 
Number: UW19- 188) and registered on both ClinicalTrials.gov 
(NCT03928080) and HKU Clinical Trials Registry (HKUCTR- 2631). 
All procedures were conducted in accordance with the current 
revision of the Declaration of Helsinki. All participants provided 
written consent prior to the start of the study. This study followed 
the Standards for Reporting Diagnostic Accuracy (STARD) guide-
lines (Cohen et al., 2016).

2.2  |  Sample size estimation

The sample size was estimated based on the reported specificity 
of 81% from a previous study using the aMMP- 8 POCT for detect-
ing periodontitis (Lorenz et al., 2017) and observations from a pilot 
study. In our pilot study of 20 participants, the specificity of the 
aMMP- 8 POCT for detecting periodontitis was 89%. Therefore, the 
expected specificity was set as 89%. 128 non- periodontitis (peri-
odontal health or gingivitis) participants were needed to achieve 
80% power with a significance level of 5%. A total of 400 subjects 
were recruited considering prevalence of periodontitis in Hong Kong 
(Department of Health, Hong Kong SAR Government, 2011) and al-
lowing 20% of missing or incomplete data.

2.3  |  Oral rinse aMMP- 8 point- of- care index test

A commercial aMMP- 8 POCT system (PerioSafe® PRO, 
Dentognostics GmbH) and its digital analysis device (ORALyzer®, 
Dentognostics GmbH) were used prior to the clinical examination. 
The test is a lateral flow immunoassay that identifies the middle part 
of activated MMP- 8 fragments with a size between 20 and 35 kDa 
based on Sorsa’s et al., 2019 invention (U.S. Patent No. 10,488,415, 
2019).

The test system comprised the sample pad, conjugate release 
pad, membrane, test line, control line and absorbent pad (see 
Appendix S1). The monoclonal MMP- 8- specific antibody 8706 
worked as a tracer antibody conjugated to latex particles in the con-
jugate pad, while the MMP- 8- specific antibody 8708 was a catching 
antibody immobilized in the test line on the membrane (Hanemaaijer 
et al., 1997; Sorsa et al., 1999). When the oral rinse sample contain-
ing aMMP- 8 migrated through the conjugate pad, it bound to the 
latex particle– tracer antibody complexes and flowed into the test 
line to react with the catching antibody. The different intensity of 
the reaction in the test line correlated with the sample concentration 
that could be quantitatively assessed by the digital reader.

Subjects were required to avoid eating, drinking, brushing and 
using mouthwash at least 30 min prior to the test. The aMMP- 8 test 

was administrated to the participants by a trained and calibrated 
dental surgery assistant according to the manufacturer's instruc-
tion by the following steps: (i) a 30- s pre- rinse with tap water; (ii) 
a 60- s wait after the pre- rinse; (iii) a 30- s rinse with a proprietary 
test buffer; (iv) pouring the oral rinse into a small collection cup that 
accompanied the test kit; (v) drawing up 3 ml of the rinse into a sy-
ringe; and (vi) placing a filter into the syringe and pushing the syringe 
plunger to add 3– 4 droplets of the filtered oral rinse to the test sys-
tem. Within 5– 6 min, the quantitative assessment of aMMP- 8 level 
is automatically shown on the digital reader; the reported detection 
level is 10 ng/ml. According to the manufacturer's recommenda-
tion, the aMMP- 8 level was considered in the healthy range (con-
centration ≤ 10 ng/ml); as active periodontal degeneration (10 ng/
ml < concentration ≤ 20 ng/ml); or inflammatory tissue destruction 
(concentration > 20 ng/ml), respectively. Therefore, the diagnostic 
performance of aMMP- 8 test results was tested using cut- off values 
of >10 and >20 ng/ml, respectively.

In this study, aMMP- 8 levels below the detection level were 
considered to be 10 ng/ml for the statistical analysis. Quantitative 
results of the aMMP- 8 test were also related to the number of teeth 
present by dividing the total concentration by the number of teeth 
present (aMMP- 8/NTP). To ensure consistency, all study personnel 
were specifically trained and certified by the test manufacturer; all 
standard procedures were rigorously applied.

2.4  |  Periodontal examination and case definition— 
reference standard

Full- mouth periodontal examinations, as performed and interpreted 
by a single calibrated examiner (KD), were used as the gold standard 
for diagnosing periodontal health, gingivitis and different stages and 
grades of periodontitis as previously reported (Deng et al., 2021). In 
brief, the clinical examination included probing pocket depth (PPD), 
full- mouth bleeding score (FMBS) and clinical attachment level 
(CAL) measurements at six sites per tooth with a periodontal probe 
(UNC- 15, Hu- Friedy), furcation involvement (FI), tooth mobility and 
numbers of teeth lost attributed to periodontitis. Details of training 
and reproducibility of the examiner have been reported (Deng et al., 
2021). Self- reported demographic characteristics, smoking status 
and medical history with particular emphasis on diabetes and its 
control were also collected.

The diagnoses of different periodontal case definitions, includ-
ing periodontal health, gingivitis and different stages of periodon-
titis, were based on the 2017 classification of periodontal diseases 
(Chapple et al., 2018; Papapanou et al., 2018; Tonetti et al., 2018; 
Tonetti & Sanz, 2019; Trombelli et al., 2018). The algorithm proposed 
by Tonetti and Sanz (2019) was used to reach diagnosis of each case 
by a single periodontist (KD) who was blind to the aMMP- 8 test re-
sults. In this study, the term periodontal disease was used to define 
subjects with plaque- induced gingivitis or periodontitis. Periodontitis 
grade was defined using primarily radiographic bone loss divided 
by age on orthopantomographic digital images and assessing 
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periodontal destruction with reference to deposits as primary crite-
ria. Periodontitis grade was modified based on self- reported smoking 
and diabetes control (Tonetti & Sanz, 2019). Subjects with unclear 
status were discussed among the investigators to reach a consensus. 
The extent of periodontal disease was defined using the percentage 
of bleeding on probing for gingivitis cases (Chapple et al., 2018) and 
the 30% cut- off of teeth affected at the worse stage to define local-
ized and generalized periodontitis (Sanz et al., 2020).

2.5  |  Data analysis

Continuous variables are presented as mean values and standard 
deviations (SD) and categorical variables as frequency distributions. 
Non- parametric Kruskal– Wallis test was applied to test differences 
in continuous variables among patient groups, and chi- square test 
and Fisher's exact test were used to compare differences in cat-
egorical variables. A Spearman's rank correlation coefficient (Rho) 
was used for the analysis of the correlation between aMMP- 8 lev-
els and periodontal clinical parameters. To assess the utility of the 
dichotomized aMMP- 8 POCT to discriminate different periodontal 
case definitions, a chi- square test was used to calculate sensitivity, 
specificity, predictive value positive and predictive value negative 
based on a cut- off value of 10 and 20 ng/ml. Sensitivity and speci-
ficity values were defined to be low (<60%), moderate (60%– 79%) 
or high (80%) (Nelson et al., 2001). Logistic regression analysis was 
applied to explore the association of the aMMP- 8 test results with 
periodontitis and periodontal clinical parameters. Preliminary analy-
ses assessed the unadjusted association in univariate analyses. Next, 
a multivariable model was constructed to adjust for other confound-
ers (age, gender, etc.). Moreover, the diagnostic accuracy of the 
aMMP- 8 test results for predicting periodontitis was further evalu-
ated with logistic regression. Model 1 was a crude analysis of a posi-
tive aMMP- 8 test. Model 2 was a crude analysis of aMMP- 8/NTP. 
Model 3 was the selection of the best significant subset of variables 
using risk factors/indicators and models 1 and 2. For each model, re-
ceiver operating characteristic (ROC) curves were constructed, and 
the area under the ROC curve (AUROC), sensitivity and specificity 
were estimated using different aMMP- 8/NTP threshold or the pre-
dicted probability levels. The corresponding cut- off value was deter-
mined by optimizing sensitivity and specificity from ROC curves. The 
diagnostic accuracy results derived from the AUROC values were 
interpreted as low level (0.50– 0.70), moderate level (0.71– 0.90) and 
high level (>0.90) (Swets, 1988). p- values <0.05 were considered to 
be statistically significant. Statistical analyses were performed using 
SPSS software, version 26.0 (IBM Corp.).

3  |  RESULTS

A total of 408 participants were enrolled from a potentially eligi-
ble population of 501 patients (Figure 1). Overall, 68.6% of partici-
pants were diagnosed with periodontitis and 36.8% with stage III/IV 

periodontitis, and 31.4% were non- periodontitis cases. Table 1 displays 
the demographic and clinical characteristics of the study population. 
Of all participants, 7.9% were current smokers and 4.9% had diabe-
tes. Subjects with periodontitis were more frequently heavy smokers 
and had poorly controlled diabetes compared with non- periodontitis 
cases. Significantly smaller mean numbers of teeth were present in 
patients with stage III/IV periodontitis, especially in those with stage 
IV periodontitis (17.5 ± 7.8) compared with non- periodontitis or stage 
I/II periodontitis patients. Other clinical parameters were significantly 
elevated with increasing severity of periodontal disease.

3.1  |  Associations of a positive aMMP- 8 
POCT with periodontal case definitions and 
periodontitis grade

The discriminative utility of the dichotomized aMMP- 8 POCT 
to identify different periodontal case definitions is presented in 
Table 2. The test positivity rates were significantly higher in any 
periodontitis (stages I- IV) patients compared with non- periodontitis 
cases. However, they were similar among different stages of peri-
odontitis (p > 0.05). No significant difference was noted between 
gingivitis and periodontal health. At the threshold level of 10 ng/ml, 
the overall performance was slightly better for periodontitis than 
other disease categories, with a sensitivity of 33.2% and a specificity 
of 93.0%. At the threshold level of 20 ng/ml, sensitivity decreased 
and specificity increased for all case definitions. No significant dif-
ference in test positivity rates among periodontitis grades (A- C) was 
observed from the chi- square test.

To further explore associations of the aMMP- 8 POCT with peri-
odontitis, logistic regression analysis was performed as displayed in 
Table 3. There were statistically significant associations between 
the positive aMMP- 8 POCT results and periodontitis, stage I/II peri-
odontitis and stage IV periodontitis. When adjusting for age, gender, 
smoking and systemic disease, the correlation remained significant 
with periodontitis and stage I/II periodontitis, whereas the associ-
ation was not significant with stage IV periodontitis. Among these 
variables, age and smoking were significant independent predictors 
for periodontitis, particularly for stage III/IV periodontitis.

3.2  |  Associations of the quantitative aMMP- 8 
levels with periodontal case definitions and 
periodontitis grade

The quantitative aMMP- 8 levels according to case definitions or 
periodontitis grade are illustrated in Figure 2. The modified aMMP- 8 
concentration was significantly higher in subjects with periodontitis 
than in non- periodontitis cases. However, the concentration showed 
no association with the severity and grades of periodontitis. Notably, 
levels of aMMP- 8/NTP in subjects with stage IV periodontitis (me-
dian: 1.60 ng/ml; IQR: 0.46– 2.58 ng/ml) were significantly higher 
than those with stage III/IV periodontitis (median: 0.43 ng/ml; IQR: 
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0.37– 0.81 ng/ml), stage I/II periodontitis (median: 0.37 ng/ml; IQR: 
0.36– 0.52 ng/ml) and non- periodontitis (median: 0.36 ng/ml; IQR: 
0.36– 0.37 ng/ml) cases (non- periodontitis <stages I/II <stage III 
<stage IV periodontitis, p < 0.001). The grade C periodontitis patients 
had significantly higher levels of aMMP- 8/NTP (median: 0.43 ng/ml; 
IQR: 0.37– 0.95 ng/ml) than grade B (median: 0.38 ng/ml; IQR: 0.35– 
0.55 ng/ml) and grade A (median: 0.37 ng/ml; IQR: 0.35– 0.38 ng/ml) 
patients (A = B < C, p < 0.001). After adjusting for the confounders, 
aMMP- 8/NTP was only markedly correlated with stage IV periodon-
titis (Table 3). Additionally, aMMP- 8/NTP had odds ratio (OR) of 1.72 
(CI: 1.18– 2.51, p = 0.005) for grade C periodontitis.

3.3  |  Associations of the aMMP- 8 POCT and 
quantitative aMMP- 8 levels with periodontal 
clinical parameters

The correlation between the aMMP- 8 POCT and periodontal clini-
cal parameters is presented in Table 3. Subjects with positive POCT 
results had increased OR (crude and adjusted) for having periodontal 
pockets (PPD ≥ 4 mm), deep pockets (PPD ≥ 6 mm) and bleeding pock-
ets compared with those with negative results. Scatterplots were cre-
ated for further analysis of the quantitative aMMP- 8 levels in relation 
to periodontal parameters (Figure 3). The aMMP- 8 concentrations of 
subjects with positive POCT results were positively correlated with 
the number of periodontal pockets, deep pockets, bleeding pockets 

and bleeding sites (p < 0.05). The strength of correlations between 
the aMMP- 8 levels from the whole population and those periodontal 
parameters was somewhat attenuated but still significant.

3.4  |  Diagnostic utility of aMMP- 8- based models 
for periodontitis

The diagnostic performance of models 1– 3 for periodontitis is sum-
marized in Table 4, and ROC curves are shown in Figure 4. Overall, the 
aMMP- 8 POCT (model 1) had a similar performance for differentiating 
between stage I/II periodontitis and non- periodontitis compared with 
aMMP- 8/NTP (model 2); model 2 performed slightly better for the iden-
tification of stage III/IV periodontitis than model 1. More specifically, 
model 2 yielded much better screening ability for stage IV periodontitis 
than model 1, with an AUROC of 0.856, a sensitivity of 89.7% and a 
specificity of 73.6%. The model including subject age and smoking sta-
tus (model 3) performed best for predicting periodontitis (including its 
different stages) than the other two models: it was 82.5% sensitive and 
84.4% specific for detecting periodontitis, with an AUROC of 0.883.

4  |  DISCUSSION

This study reports the diagnostic characteristics of an aMMP- 8 
POCT to identify subjects with periodontal health and disease using 

F I G U R E  1  Standards for Reporting Diagnostic Accuracy (STARD) flow diagram of the study for various periodontal case definitions. 
Different thresholds of aMMP- 8 level or aMMP- 8/NTP showed different diagnostic performance for periodontitis [Colour figure can be 
viewed at wileyonlinelibrary.com]

Potentially eligible participants 
N=501 

 

  Excluded N=93
- Refused consent (n=58)
- Use of antibiotic medication (n=28)
- Recent subgingival debridement (n=3)
- Edentulous patient (n=2)
- Illiteracy (n=2) 
 
 Eligible participants  

N=408

 aMMP-8 level assessment (Index test) 
N=408

aMMP-8 level 
(a threshold of 20 ng/ml)

aMMP-8 level  
(a threshold of 10 ng/ml) 

aMMP-8/NTP  
(a threshold of 0.3639 ng/ml) 

aMMP-8/NTP   
(a threshold of 0.3759 ng/ml) 

aMMP-8/NTP  
(a threshold of 0.4312 ng/ml) 

Condition present
(n=93); 

Condition absent 
(n=9)

Periodontitis Stage III/IV periodontitis

Test positive 
(n=51) 

Test negative  
(n=357) 

Full mouth periodontal examination (Reference standard) 
N=408

Test positive
 (n=102) 

Test negative  
(n=306) 

Test negative  
(n=180) 

Test positive  
(n=228) 

Test negative  
(n=207) 

Test positive 
(n=201) 

Test negative  
(n=282) 

Test positive 
 (n=126) 

Condition present
(n=187); 

Condition absent 
(n=119)

Condition present
(n=49); 

Condition absent 
(n=2)

Condition present
(n=231); 

Condition absent 
(n=126)

Condition present
(n=188); 

Condition absent 
(n=40)

Condition present
(n=92); 

Condition absent 
(n=88)

Condition present
(n=111); 

Condition absent 
(n=90)

Condition present
(n=39); 

Condition absent 
(n=168)

Condition present
(n=26); 

Condition absent 
(n=100)

Condition present
(n=3); 

Condition absent 
(n=279)

Periodontitis Stage IV periodontitisPeriodontitis

www.wileyonlinelibrary.com
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the 2017 classification system. The key findings are that (i) positive 
test results and elevated aMMP- 8 levels were significantly associ-
ated with periodontitis, measures of periodontal pockets and bleed-
ing on probing; (ii) the test has better specificity than sensitivity 
across the spectrum of disease and, therefore, the diagnostic per-
formance of the test depends greatly upon the diagnostic question 
being asked; (iii) the diagnostic accuracy of the test was moderate; 
and (iv) multivariate models including the test and subject character-
istics performed better than the test alone.

The present study observed increased odds ratios for the pres-
ence of moderate periodontal pocketing and bleeding pockets 
among subjects with a positive test. Positive associations of the 
aMMP- 8 levels with the number of periodontal pockets, bleeding 
pockets and bleeding sites were also observed across the entire pop-
ulation, particularly in subjects with positive POCT results. These 
data are interesting as they confirm previous studies and support 
the biological mechanism of the test: (i) microbe– host dysbiosis 
up- regulating the expression and activation of MMP- 8 and (ii) the 
cleavage of collagen fibrils of the periodontium by aMMP- 8 resulting 

in pocket deepening (Golub et al., 1997; Sorsa et al., 1988; Sorsa 
et al., 2016). The aMMP- 8 levels correlated better with periodontal 
pockets than bleeding on probing, consistent with previous findings 
(Räisänen et al., 2018). This may explain the unsatisfactory diagnos-
tic performance for gingivitis.

A statistically significant correlation between the positive test 
and periodontitis was found in the present study, and the strong 
correlation remained significant after adjustment for potential con-
founders. Despite a significant difference, this aMMP- 8 POCT alone 
may not be considered a suitable screening tool for periodontitis 
owing to its low sensitivity (lower than 40%). The aMMP- 8 POCT, 
however, is highly specific (greater than 90%) and less likely to pro-
duce false- positive results. Thus, a positive test result is useful for 
“ruling in” disease (Akobeng, 2007).

Although the aMMP- 8 POCT does not seem to be a sensitive 
tool for the identification of periodontitis, the discriminatory ca-
pability greatly improved when the test and the common risk fac-
tors/indicators (i.e. age and tobacco smoking) of periodontitis 
were combined. This test may therefore be usefully incorporated 

F I G U R E  2  The quantitative aMMP- 8 levels by periodontal case definitions and periodontitis grade. Modified aMMP- 8 levels according 
to (a) case definitions and (b) periodontitis grade; aMMP- 8/NTP according to (c) case definitions and (d) periodontitis grade. Each dot 
represents one participant; the horizontal bars in each graph display the medians and interquartile ranges (IQR). Kruskal– Wallis tests were 
used to assess aMMP- 8 level or aMMP- 8/NTP differences among case definitions and the grading of periodontitis. *** p < 0.001. NS, not 
significant. Stage I, stage I periodontitis; stage II, stage II periodontitis; stage III, stage III periodontitis; and stage IV, stage IV periodontitis
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in a multi- test strategy. Consistent with these findings, recent data 
showed that the use of an MMP- 9 point- of- care test in conjunction 
with demographic and lifestyle behavioural factors could facilitate 
the detection of periodontitis (Kim et al., 2020). Building upon and 
expanding the above understandings, the aMMP- 8 POCT might be 
used in combination with other sensitive screening methods for 
detecting periodontitis. The initial screening test is required to re-
veal as many potential disease cases as possible, while a subsequent 
aMMP- 8 POCT might be useful to confirm that a positive test de-
tected in the screening process is a true- positive case.

The sensitivity and specificity values observed in this study differ 
from those reported in two recent systemic reviews, which indicate 

that the sensitivity of salivary MMP- 8 ranged from 56% to 93% and 
the specificity ranged from 48% to 87%, with an overall synthesis of 
72.5% sensitivity and 70.5% specificity in the meta- analysis (Arias- 
Bujanda et al., 2020; Kc et al., 2020). The discrepancy may arise from 
the disparate detection methods (ELISA, IFMA, multiplex cytometry 
assay, lateral flow immunoassay, etc.) and detection thresholds (rang-
ing from 10 to 36,733 ng/ml) adopted. Different detection methods 
performed differently in previous studies (Gursoy et al., 2010; Sorsa 
et al., 2010). One explanation may be that various techniques may 
detect different molecular forms (pro or active), types (neutrophil or 
mesenchymal) and sizes of MMP- 8. The detection method highly relies 
on antibody specificity and high affinity. For example, IFMA and lateral 

F I G U R E  3  Associations between the quantitative aMMP- 8 levels and periodontal clinical parameters using Spearman's rank correlation 
coefficient: (a) aMMP- 8 concentrations and the number of bleeding sites: Rho = 0.381, p < 0.001 (subjects with positive POCT, n = 102), 
Rho = 0.221, p < 0.001 (all subjects, n = 408); (b) aMMP- 8 concentrations and the number of periodontal pockets (PD ≥ 4 mm): Rho = 0.489, 
p < 0.001 (subjects with positive POCT, n = 102), Rho = 0.318, p < 0.001 (all subjects, n = 408); (c) aMMP- 8 concentrations and the number 
of bleeding pockets (PD ≥ 4 mm): Rho = 0.478, p < 0.001 (subjects with positive POCT, n = 102), Rho = 0.295, p < 0.001 (all subjects, 
n = 408); (d) aMMP- 8 concentrations and the number of pockets (PD ≥ 6 mm): Rho = 0.254, p = 0.01 (subjects with positive POCT, n = 102), 
Rho = 0.238, p < 0.001 (all subjects, n = 408); and (e) aMMP- 8 concentrations and the number of bleeding pockets (PD ≥ 6 mm): Rho = 0.285, 
p = 0.004 (subjects with positive POCT, n = 102), Rho = 0.252, p < 0.001 (all subjects, n = 408). Red dot, subject with a positive aMMP- 8 
POCT and green dot, subject with a negative aMMP- 8 POCT [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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flow immunoassay used the same monoclonal antibody that mainly 
identifies active forms of neutrophil- type and fibroblast- type MMP- 8 
(Sorsa et al., 2010), while ELISA detects almost all forms of MMP- 8, in-
cluding pro-  and active forms as well as its TIMP complexes (Gul et al., 
2020; Lobmann et al., 2002; Sorsa et al., 2016). It must also be noted 
that no studies assessing the performance of the aMMP- 8 POCT were 
included in one of the two discussed systematic reviews, and only 2 
out 5 studies were included in the other because those studies based 

on the aMMP- 8 POCT failed to meet the inclusion criteria. A compar-
ison with other original research studies evaluating the validity of the 
aMMP- 8 POCT, however, is still challenging largely due to variability 
in study designs, case definition and study populations. A systematic 
search of the evidence for this report identified 11 relevant studies 
(see Appendix S1; Heikkinen et al., 2016; Heikkinen et al., 2019; Izadi 
Borujeni et al., 2015; Johnson et al., 2016; Leppilahti et al., 2018; 
Lorenz et al., 2017; Nwhator et al., 2014; Räisänen et al., 2019; Schmalz 

F I G U R E  4  Receiver operating characteristic (ROC) curves: (a) ROC curves of model 1 (blue line), model 2 (red line) and model 3 (green 
line) for predicting periodontitis from the whole population; (b) ROC curves of model 1 (blue line), model 2 (red line) and model 3 (green line) 
for predicting stage I/II periodontitis from non- periodontitis; (c) ROC curves of model 1 (blue line), model 2 (red line) and model 3 (green line) 
for predicting stage III/IV periodontitis from the whole population; and (d) ROC curves of model 1 (blue line), model 2 (red line) and model 
3 (green line) for predicting stage IV periodontitis from the whole population. Please see text for definition of the various models [Colour 
figure can be viewed at wileyonlinelibrary.com]

(A) (B)

(C) (D)

www.wileyonlinelibrary.com
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et al., 2019; Schmidt et al., 2018; Sorsa et al., 2020). Five of them were 
eligible for assessing the risk of bias using the critical review checklist 
of the revised Quality Assessment of Diagnostic Studies (QUADAS- 2) 
(Whiting et al., 2011). In the patient selection domain, 4 of 5 papers had 
a high risk of bias due to the case– control designs, the inappropriate ex-
clusions and sampling methods. In the reference standard domain, 4 of 
5 studies did not assess a full- mouth clinical attachment level, indicat-
ing a high risk of bias. Only two studies reported the blinding protocols 
for index test interpretation and reference standard assessment, and 
only two studies reported the calibration for clinical measurements. 
Additionally, most of these studies had a relatively small sample size 
and no power analysis was performed. In view of the aforementioned 
aspects, the sensitivity and specificity values in previous studies may 
deviate from the “true” value, thereby resulting in overestimation or 
underestimation of diagnostic accuracy to a certain extent.

Notably, most of the previous studies did not consider a scenario 
with extensive tooth loss, which is particularly important for analys-
ing oral fluids containing gingival crevicular fluid (GCF). GCF includes 
both physiological transudate and pathological exudate components 
originating from blood vessels of periodontal tissue and is thus con-
sidered potentially valuable for indicating disease activity (Taylor & 
Preshaw, 2016; Wassall & Preshaw, 2016). Since oral rinse contains 
the pooled samples of GCF, it is reasonable to propose “aMMP- 8/
NTP” to assess periodontal status. In more advanced stages of peri-
odontitis, the inflammatory exudates through periodontal pockets 
of periodontally compromised teeth might be decreased due to 
tooth extractions since the aMMP- 8 levels in oral rinse are con-
ceivably influenced by the amount of GCF contributed from each 
tooth. Interestingly, aMMP- 8/NTP performed similarly in detecting 
stage I/II periodontitis (basically without tooth loss), slightly better 
for predicting stage III/IV periodontitis (with some tooth loss) and 
remarkably better in the identification of stage IV periodontitis (with 
extensive tooth loss) compared with the positive aMMP- 8 test. Such 
findings may suggest reasonable consideration for the influence of 
extensive tooth loss in oral rinse aMMP- 8 test for future studies.

Another important aspect of this study is the association be-
tween periodontitis grade and POCT test results when the number 
of teeth present corrected aMMP- 8 levels. This finding needs to be 
interpreted with caution, as many grade C subjects were stage IV 
periodontitis subjects with extensive tooth loss. Previous reports 
have suggested that aMMP- 8 may be strongly associated with peri-
odontitis grade (Sorsa et al., 2020). Additional well- designed and 
conducted studies are required to better understand the diagnos-
tic utility aMMP- 8 test results as an estimate of periodontitis grade. 
Moreover, previous work showed that this test was associated with 
gene polymorphisms linked to initial periodontitis in adolescents 
(Heikkinen et al., 2017). In the present study, the test detected differ-
ent stages of periodontitis with similar diagnostic values. However, 
a recent study showed no significant differences in aMMP- 8 levels 
between stage I periodontitis and periodontal health using aMMP- 8 
POCT (Sorsa et al., 2020). More studies are needed in this area.

The present study has a number of strengths including (i) use 
of the most up- to- date classification of periodontal diseases; (ii) 

adoption of a comprehensive periodontal examination protocol by 
a single trained and calibrated examiner; (iii) recruitment of an ap-
propriate sample size with sufficient statistical power; (iv) control 
of the potential confounders; (v) avoidance of a case- control design; 
(vi) consideration of blinding in interpreting results of the index test 
and the reference standard; and (vii) inclusion of a broad spectrum 
of disease (periodontal health, gingivitis and different stages of peri-
odontitis). Therefore, controlling the risk of bias as mentioned above 
minimized underestimation or overestimation of test accuracy.

An important limitation of this study is the limit of detection of 
the POCT (10 ng/ml), which largely restricts the possibility of explor-
ing more optimal thresholds, which may be lower than the detection 
limit. In this study, 75% of test results were below detection level.

In conclusion, the adopted aMMP- 8 POCT has better specificity 
than sensitivity across the spectrum of disease. The test combined 
with subject characteristics helps to detect periodontitis, indicating 
its potential application in screening of periodontitis in conjunction 
with other risk factors/indicators and/or additional sensitive tests. 
More investigations are needed in this area. Moreover, aMMP- 8/
NTP may have some additional potentials for indicating periodonti-
tis patients with extensive tooth loss and predicting a rapid disease 
progression. Future studies should perform validation analyses to 
verify the present findings and fine- tune the threshold values of a 
POCT kit assisting in disease detection for different screening and 
diagnostic questions and populations.
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