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Abstract
Aim: To explore the feasibility of screening for periodontitis by measuring biomarkers, 
namely total proteolytic activity (TPA), matrix metalloproteinase (MMP)- 8, chitinase, 
lysozyme or their combination, in saliva, oral rinse and gingival crevicular fluid (GCF).
Material and methods: Subjects were recruited among healthy/gingivitis individuals 
and untreated periodontitis patients in Academic Centre for Dentistry Amsterdam 
(ACTA). All participants donated samples of unstimulated whole saliva, oral rinse 
and GCF. The protein concentrations and MMP- 8 levels were determined by ELISA. 
Enzymatic activities were measured using appropriate fluorogenic substrates.
Results: In oral rinse samples, periodontitis patients (n = 19) exhibited significantly 
higher concentrations of MMP- 8 and TPA than controls (n = 20). MMP- 8 in combina-
tion with chitinase explained 88% of the variance and assigned a subject to control or 
periodontitis group, with best accuracy (87.2%) in oral rinse.
Conclusions: The combination of MMP- 8 and chitinase in the current oral rinse proce-
dure has the potential to discriminate periodontitis from periodontal health/gingivitis.

K E Y W O R D S
biomarkers, chitinase, gingival crevicular fluid, MMP- 8, modelling, oral rinse, periodontitis, 
principal component analysis (PCA), protease, saliva

Clinical Relevance

Scientific rationale for the study: To investigate potential biomarkers in different oral fluids and 
the relative correlations with periodontal screening purposes.
Principal findings: In oral rinse, the combination of MMP- 8 and chitinase could assign best a 
subject to the control or periodontitis group.
Practical implications: Future studies could focus on the exploration of the combination of 
MMP- 8 and chitinase in oral rinse, which could potentially lead to developing a chair- side test to 
support periodontal screening and periodontal diagnostics.

www.wileyonlinelibrary.com/journal/jcpe
mailto:
https://orcid.org/0000-0003-3297-1218
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:p.katsiki@acta.nl


    |  1251KATSIKI eT Al.

1  |  INTRODUC TION

Periodontitis is a biofilm- induced chronic inflammatory disease with 
debilitating effects when left untreated and based on recent data, 
up to 50% of the population is affected by a form of periodontitis 
(Kassebaum et al., 2014; Wahlin et al., 2018). However, at least 10% 
of the subjects who are seen by general physicians do not visit the 
dentist (Ahdi et al., 2015), thus screening for periodontitis in a non- 
dental medical professional setting could be a useful tool for early 
periodontal screening.

Oral fluids are considered to be potential diagnostic media con-
taining valuable markers for periodontal inflammation. During the 
last two decades, salivary diagnostics have gained a lot of attention. 
Alternatively, a simple and non- invasive oral rinse method was in-
troduced to collect oral PMNs (Rijkschroeff et al., 2016). It has been 
shown that oral PMN counts correlate positively with pocket depth, 
number of sites with bleeding on probing and the overall severity of 
periodontitis (Landzberg et al., 2015). Thus, oral rinse samples could 
be used for screening periodontal inflammation as they provide valu-
able information regarding oral PMN- derived markers. The third oral 
fluid considered for this study was GCF, which despite being more 
difficult to collect, provides a good approximation of the inflamma-
tory condition of the periodontium (Barros et al., 2016).

Matrix metallo- proteinases (MMPs) are host- derived proteolytic 
enzymes, and MMP- 8 constitutes the main collagenolytic MMP de-
tected in gingival tissues and oral fluids. Various studies have shown 
that salivary levels of MMP- 8 are significantly elevated as the se-
verity of periodontal inflammation increased and subsequently de-
creased after periodontal treatment (Golub et al., 1994; Sorsa et al., 
2004; Uitto, 2003; Uitto et al., 2003). However, MMP- 8 represents 
only a part of the total proteolytic activity (TPA) of a given sample. 
Several studies have shown that proteolytic enzymes are increased 
in saliva of patients with periodontitis (Nedzi- Gora et al., 2014; 
Nizam et al., 2014; Sorsa et al., 2016). With TPA being host-  and 
bacteria- derived, measurements of TPA could shed more light on 
periodontal inflammation (Bikker et al., 2019; Sandholm, 1986).

Chitinase is an enzyme that breaks- down glycosidic linkages in 
chitin (Overdijk & Van Steijn, 1994) and is secreted by activated mac-
rophages and PMNs, as well as by salivary glands (Escott & Adams, 
1995; Van Steijn et al., 1999). Periodontitis patients have an increased 
chitinase activity in their saliva compared to non- periodontitis con-
trols, and a successful periodontal treatment is accompanied by a 
concomitant decrease in chitinase activity (Van Steijn et al., 2002). 
Lysozyme cleaves glycosidic linkages in the peptidoglycan layer 
mainly of Gram- positive bacteria and is secreted by macrophages 
and in relatively small amounts by salivary glands (Hansen & Karle, 
1979; Venge, 1994). The protective role of lysozyme is important 
since insufficient levels of lysozyme can lead to an increased dental 
plaque accumulation (Jalil et al., 1992).

Considering the above, the aim of the current pilot study was to 
compare MMP- 8, TPA, chitinase, lysozyme and the combination of 
them, side by side with regard to their periodontal screening value 
when measured in saliva, oral rinse and GCF.

2  |  MATERIAL AND METHODS

2.1  |  Study population

Consecutive subjects referred to the Department of Periodontology 
of the Academic Centre for Dentistry Amsterdam (ACTA) for diag-
nosis and treatment from October 2016 to May 2017 were screened 
for eligibility to participate in the study. Eligible patients were asked 
to participate voluntarily after their initial consultation and before 
the initiation of the periodontal treatment. Control subjects were 
selected among non- dentist staff members and subjects who visited 
the educational clinics of ACTA for regular dental check- ups. A den-
tist performed the screening before inclusion.

Periodontitis cases were defined as proposed by (Tonetti & 
Claffey, 2005), namely presence of proximal attachment loss of 
≥5 mm in ≥30% of teeth present. Bone loss was confirmed on re-
cent periapical radiographs (<1 year old), and the number of teeth 
with bone loss >1/3 and >1/2 was counted. All the patients were 
classified as having periodontitis according to the new classification 
by (Papapanou et al., 2018) and specifically periodontitis Stage III, 
Grade B or C. For all the periodontitis patients, the full periodontal 
charts were retrieved from the electronical health record to calcu-
late mean probing pockets depth (PPD) and mean bleeding on prob-
ing (BoP). Control subjects were included if they showed not more 
than one pocket of 4– 5 mm, in the absence of proximal bone loss 
(confirmed on bitewing radiographs <1 year old), excluding third 
molars and have a minimum number of 28 teeth; no full mouth peri-
odontal charting was performed. For all potential participants, ex-
clusion criteria were previous periodontal treatment within the last 
2 years, age of <18 years old, use of antibiotics the last 6 months and 
pregnancy.

For all participants, information about age, sex, ethnicity, smok-
ing habits, level of education and use of medication was recorded 
by means of a questionnaire. Education was classified as yes or no 
beyond high school. Body Mass Index (BMI) was calculated dividing 
the weight (kg) by the square of the height (m).

All participants were informed about the purpose of this study, 
received verbal and written information and had given written in-
formed consent prior to the start of the study. The protocol of the 
present study was approved by the Medical Ethical Committee of 
the VU Medical Center Amsterdam and following the principals of 
the Medical Research Involving Human Subjects Act (approval letter 
number 2016.470). The STROBE guidelines were used to ensure the 
proper reporting of this observational study.

2.2  |  Collection of saliva, oral rinse and gingival 
crevicular fluid

All oral fluids were collected between 9 AM and 12 AM and prior 
to any treatment, that is for the periodontitis patients, at a sepa-
rate appointment within 2 weeks after the intake (day of diagno-
sis) and for the control/gingivitis group, at the beginning of the 



1252  |    KATSIKI eT Al.

appointment of a regular dental visit. The participants were asked 
to refrain from tooth brushing, eating and drinking for at least one 
h prior to sample collection. Subsequently, unstimulated saliva was 
collected as follows (Prodan et al., 2015): the participants were 
asked to sit straight, not to speak or move, and then to drool in 
a collection tube (50 ml) for 5 min. Thereafter, oral rinse samples 
were collected by asking the participants to rinse their oral cavity 
thoroughly for 30 s with 10 ml of sterile saline solution (natrium 
chloride 0.9%, Versylene Fresenius, Zeist, The Netherlands) and 
to expectorate into a collection tube (50 ml) (Rijkschroeff et al., 
2016). The procedure was repeated once after a 3.5 min intermis-
sion (Rijkschroeff et al., 2016). For the periodontitis patients, four 
GCF samples were taken, each from the deepest proximal buccal 
pockets per quadrant. More information regarding site- specific 
clinical parameters is presented in Table S2. In control subjects, 4 
GCF samples pooled, each originating from the mesio- buccal sur-
faces of the first molars. The area to be sampled was isolated with 
cotton rolls, and the teeth were gently air- dried for 5 s. The collec-
tion strips (PerioPaper strips, Oraflow Inc.) were placed for 30 s in 
the sulcus/pocket. When contamination with blood was observed, 
the strip was discarded and the sampling was attempted in the fol-
lowing deepest pocket. The PerioPaper strips (n = 4 per partici-
pant) were placed in a 2 ml Eppendorf tube (Eppendorf) and kept 
on ice until the end of the collection process. Albumin is not locally 
produced in the periodontium, so its concentration in GCF is as-
sumed to be directly proportional to the volume of GCF secreted 
(Helmerhorst et al., 2018; Mantyla et al., 2003). In order to cor-
rect for different input volumes in GCF samples and to explore the 
influence of the leaked GCF in saliva, calculation of ratios of TPA, 
MMP- 8, chitinase and lysozyme to albumin in GCF and saliva was 
subsequently performed. The collected saliva, oral rinse and GCF 
samples were stored at −80°C until later analysis. The processing of 
samples and determination of biomarkers (TPA, MMP- 8, chitinase 
and lysozyme) were performed as describe before (Prodan et al., 
2015) and are presented in the Supporting Information file.

2.3  |  Data analysis

Statistical analyses were carried out with SPSS software (v. 24.0, 
SPSS; IBM Statistics). Graph Prism (v. 5.0 for Windows; GraphPad 
Software) was used for the graphic representation of the data. 
Background variables were calculated as number or percentage of 
subjects and continuous variables as means ± standard deviation. 
Differences in categorical variables were assessed using the chi- 
square test and for other variables with independent t tests. All tar-
geted biomarkers (TPA, MMP- 8, chitinase, lysozyme and albumin) 
in the three oral fluids were at first tested for their normal distri-
bution with the Kolmogorov– Smirnov test. Since the markers did 
not show normal distribution, the comparisons of the variables in 
saliva, oral rinse and GCF were performed with the Mann– Whitney 
U test. All data points are presented, and the medians are indi-
cated in the figures. Correlations for the whole study population 

for the biochemical variables in saliva, oral rinse and GCF were 
calculated with Spearman's correlation coefficient. For additional 
explorative analyses, log- transformed data were used in order to 
ordinate the distribution of the variables. The transformed values 
were used for principal component analyses (PCA) (v. 3.04 PAST 
software (Hammer et al., 2001)) to investigate whether the con-
trols and periodontitis patients clustered together and which vari-
ables were the main determinants of the clusters. Assessment of 
differences between the periodontitis and control group was per-
formed by one- way permutational multivariate analysis of variance 
(PERMANOVA). A p < .05 was considered statistically significant. 
When appropriate, Bonferroni correction was applied. To explore 
whether the combination of MMP- 8 and chitinase has any potential 
as a diagnostic test, we utilized a receiver operating characteristic 
(ROC) curve analysis.

3  |  RESULTS

3.1  |  Study population

A total of 39 subjects (20 controls and 19 periodontitis pa-
tients) were recruited for this study. Demographic, anthropo-
metrical, medical and clinical characteristics of the participants 
are presented in Table 1. Comparison between the two study 
groups revealed that periodontitis patients were older than con-
trols (mean age 50.5 ± 10.6 vs 38.0 ± 13.6 in years, p = .003). 
In addition, the periodontitis group consisted of less Caucasian 
individuals (63.2% vs 95.0%, p = .014), more smokers (36.8% 
vs 5.0%, p = .014) and subjects with higher BMI (27.1 ± 5.4 vs 
22.0 ± 3.2, p = .001) compared to the control group. Regarding 
sex distribution, educational level and medication use (antihyper-
tensive, antidiabetic and anti- hypercholesterolemia medication, 
anticoagulant and antiplatelet medication, corticosteroids, anti-
histamines, painkillers and vitamins), there were no statistically 
significant differences between the two study groups. The peri-
odontitis group was characterized by a mean PPD of 3.9 ± 0.5 mm 
and a mean percentage of BOP of 63.0 ± 26.6%. The percentage 
of teeth with PPD ≥ 5 mm was 64.0 ± 15.9% on average. An av-
erage of 23.6 ± 14.2% and an average of 18.5 ± 12.6% of teeth 
exhibited bone loss extending to more than 33% and 50% of the 
length of the root, respectively. The average number of remaining 
teeth was 28.4 ± 2.7.

3.2  |  Biomarkers

Results from the biomarker analyses (TPA, MMP- 8, chitinase, 
lysozyme and albumin) in saliva, oral rinse and GCF are presented in 
Figures 1– 3. Saliva from periodontitis patients exhibited higher TPA 
(p < .001) and higher concentrations of albumin (p = .03) in compari-
son with controls, while lysozyme activity was higher in the control 
group (p < .001; Figure 1). Also, in oral rinse samples, TPA was higher 
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in periodontitis patients (p = .002) than in control samples. In addi-
tion, MMP- 8 concentrations in oral rinse samples from periodonti-
tis patients were higher compared to controls (p < .001; Figure 2). 
Albumin levels were below the detection threshold in oral rinse 
samples. Similar to saliva and oral rinse samples, the GCF samples 
from periodontitis patients exhibited significantly higher values of 
TPA (p < .001), higher concentrations of MMP- 8 (p = .005), albumin 
(p = .02), higher chitinase (p = .01) and lysozyme activity (p = .003) 
compared to controls (Figure 3).

Among the calculated ratios of TPA, MMP- 8, chitinase and lyso-
zyme to albumin in GCF, the ratio MMP- 8/albumin was significantly 
higher in periodontitis group compared to control group (p = .04) 
(Table 2a). In saliva, the ratios of TPA, MMP- 8 and chitinase did 
not differ between the control and periodontitis group, whereas 
the ratio of lysozyme presented to be higher in the control group 
(Table 2b).

Analysis of the correlations within the whole study population 
among the biomarkers, revealed that in saliva MMP- 8 correlated 
positively with TPA (ρ = .511, p < .003). The same pattern of cor-
relation was noticed in GCF and oral rinse. Interestingly in oral rinse 
samples, MMP- 8 correlated positively with TPA (ρ = .762, p < .003) 
and chitinase activity (ρ = .505, p < .003) (Table S1).

PCA was performed for saliva, oral rinse and GCF. When all vari-
ables were included in one PCA analysis, MMP- 8 and chitinase in 

oral rinse dominated the PCA components, which could explain 52% 
of the variance of the samples and based on that, cluster a subject 
in control or periodontitis group (Figure 4a). The other 12 variances 
contributed less than <14% in PCA.

In saliva samples, MMP- 8 and chitinase were the most discrimi-
natory markers, explaining 82% of variance in principal component 
1 (PC1) and PC2, with a statistical significant difference among peri-
odontitis and control subjects (p = .04). The other 3 variances con-
tributed less than <12% in PCA. In oral rinse samples, these markers 
explained 88% of the variation (p = .0001) (Figure 4b). The other 
2 variances contributed less than <9% in PCA. In GCF samples, it 
was found that PC1 and PC2 were dominated by MMP- 8 and TPA, 
respectively, explaining 72% of the variation (p = .0001). The other 
3 variances contributed less than <18% in PCA. After performing 
PCA for all oral fluids, including the background characteristics, the 
results remained similar, indicating that the contribution of the bio-
markers was more indicative to assign each subject to one of the 
study groups.

The combination of MMP- 8 and chitinase in oral rinse samples 
showed to have a sensitivity of 84.2%, specificity of 90% and ac-
curacy of 87.2%. The distinction between controls and periodonti-
tis patients was significant with the area under the curve reaching 
a value of 0.929 (p < .001; 95% confidence interval 0.85– 1.00 
(Figure S1)).

Control Periodontitis p- valuea 

(n = 20) (n = 19)

Age 38.0 ± 13.6 50.5 ± 10.6 .003

Males 9 (45%) 11(57.9%) .873

Caucasian 19 (95.0%) 12 (63.2%) .014

Smokers 1 (5.0%) 7 (36.8%) .014

BMI (kg/m2)b  22.0 ± 3.2 27.1 ± 5.4 .001

Educational level (≥high school) 16 (80.0%) 11 (57.9%) .135

Medication usec  (during the last year) 2 (10.0%) 4 (21.1%) .339

Mean PPDd  (mm) 3.9 ± 0.5

Percentage of teeth with pockets 
≥5 mm

64.0 ± 15.9

Percentage of sites with pockets 
≥5 mm

30.8 ± 11.8

Percentage of teeth with ≥33% bone 
loss

23.6 ± 14.2

Percentage of teeth with ≥50% bone 
loss

18.5 ± 12.6

Mean BoPe  (%) 63.0 ± 26.6

Mean number of remaining teeth 28.4 ± 2.7

aIndependent t test for continuous variables, chi- square test for categorical variables.
bBMI: Body Mass Index.
cAntihypertensive, antidiabetic and anti- hypercholesterolemia medication, anticoagulant and 
antiplatelet medication, corticosteroids, antihistamines, painkillers and vitamins.
dPPD: Probing pocket depth.
eBoP: Bleeding on probing.

TA B L E  1  Background characteristics of 
the study population. Values are numbers 
(%) or means ± standard deviation
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4  |  DISCUSSION

The purpose of the current pilot study was to assess TPA, MMP- 8, 
chitinase and lysozyme in saliva, oral rinse and GCF samples in peri-
odontitis patients and controls in order to investigate which sample 
type and which combination of these markers in these fluids could 
correctly assign a subject to the group of periodontitis patients or 
healthy controls. Such findings, after validation in a larger- scale 
study, could eventually contribute to the development of a test 
based on an oral fluid to be used by non- dental medical practition-
ers to identify patients with signs of periodontitis, to refer them for 
further periodontal examination and diagnosis.

A mouthrinse MMP- 8 chair- side test kit has been already in-
troduced and used to identify patients with signs of periodontitis 
(Heikkinen et al., 2016). Various studies have shown that MMP- 8 lev-
els are elevated in saliva, mouthrinses and GCF of patients with gin-
givitis or periodontitis (Lauhio et al., 2016; Sorsa et al., ,2004, 2016; 
Sorsa, Mantyla, et al., 2011; Sorsa, Tervahartiala, et al., 2011). A re-
cent systematic review concluded that MMP- 8 has a good capability, 
as a salivary biomarker, to detect periodontitis (Arias- Bujanda et al., 
2019). Thus, in the current study, MMP- 8 levels were included in the 
analysis and exploration of the potential biomarkers of periodontitis. 

The results of the current study are in accordance with previous stud-
ies since it is shown that periodontitis patients exhibited higher levels 
of MMP- 8 in saliva, oral rinse and GCF than controls. Recent studies 
with MMP- 8 chair- side diagnostic tests evaluated the concentration 
of the activated form of MMP- 8 (Raisanen et al., 2018, 2019) and 
suggested that the activated and fragmented forms MMP- 8 are char-
acteristics of, and specific to, active periodontitis and peri- implantitis 
lesions, differentiating from gingivitis and healthy tissues (Gürsoy 
et al., 2018). However, it should be noted that in 2016, at the initi-
ation of the current study, the importance of the activated MMP- 8 
was insufficiently highlighted. The MMP- 8 measurement in our study 
does not discriminate between latent and activated MMP- 8 forms. 
On the other hand, we do not necessarily consider this aspect as 
shortcoming, since another assay employed here, namely the TPA 
assay, is measuring proteolytic activity in the given sample, both host-  
and bacteria- derived and as such could probe a larger range of the 
proteolytic spectrum in periodontal inflammation. The results of the 
current investigation showed that in the three types of oral fluids, 
periodontitis patients presented with significantly higher levels of 
TPA than controls. Such findings are consistent with previous studies, 
which detected higher proteolytic activity in periodontitis patients 
(Nedzi- Gora et al., 2014; Nizam et al., 2014; Sorsa et al., 2016).

F I G U R E  1  Results for unstimulated 
saliva samples of controls and 
periodontitis patients; total 
proteolytic activity (TPA) (a), matrix 
metalloproteinase- 8 (MMP- 8) 
concentrations (b), chitinase activity 
(c), lysozyme activity (d) and albumin 
concentrations (e). Horizontal lines 
represent median values for each group. 
***p < .001, **p ≤ .01. Presentation of 
MMP- 8 values in logarithmic scale
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F I G U R E  2  Results for oral rinse 
samples of controls and periodontitis 
patients; Total proteolytic activity (TPA) 
(a), matrix metalloproteinase- 8 (MMP- 8) 
concentrations (b), chitinase activity (c) 
and lysozyme activity (d). Albumin values 
were below detection level. Horizontal 
lines represent median values for each 
group. ***p < .001, **p ≤ .01. Presentation 
of MMP- 8 values in logarithmic scale

F I G U R E  3  Results for gingival 
crevicular fluid samples of controls 
and periodontitis patients; Total 
proteolytic activity (TPA) (a), matrix 
metalloproteinase- 8 (MMP- 8) 
concentrations (b), chitinase activity 
(c), lysozyme activity (d) and albumin 
concentrations (e). Horizontal lines 
represent median values for each 
group. ***p < .001, **p ≤ .01, *p ≤ .05. 
Presentation of MMP- 8 values in 
logarithmic scale



1256  |    KATSIKI eT Al.

Another currently investigated biomarker, chitinase, was found 
to be elevated in periodontitis patients in saliva, oral rinse and GCF. 
However, only in GCF samples, the differences between the two 
study groups reached statistical significant levels. Chitinase is an 
enzyme produced by salivary glands and secreted by PMNs (Escott 
& Adams, 1995; Van Steijn et al., 1999). High levels of chitinase in 
periodontitis patients may reflect the fact that this enzyme has 
an important contribution to the destruction of pathogens in the 
phagolysosomes of PMNs by cleaving the chitin of the cell wall.

Lysozyme was included in the analysis due to the fact that it con-
stitutes an enzyme which is a part of the innate defence mechanism 
of the host. Interestingly, in the current study it was found that in 
unstimulated saliva, periodontitis- free controls exhibited higher ly-
sozyme activity than periodontitis patients. In contrast, in GCF sam-
ples, periodontitis patients presented with higher values of lysozyme 

activity compared to controls. These findings are in agreement with 
previous studies, in which lysozyme activity was significantly higher 
in GCF samples of periodontitis patients than of those with intact 
periodontium, whereas in unstimulated saliva lysozyme activity was 
less in periodontitis patients (Surna et al., 2009). A possible expla-
nation for these results could be that a large number of leukocytes 
is concentrated in the gingival sulcus over a short period, and this 
could result in a decreased number of leukocytes in unstimulated 
saliva (Surna et al., 2009). Furthermore, lysozyme seems to have a 
protective role in saliva since it is more elevated in controls.

Very rarely a single biochemical marker can be used for reli-
able diagnosis of periodontal inflammation (Mantyla et al., 2003). 
Interestingly, in the current study, the combination of MMP- 8 and 
chitinase was found to explain a high percentage of the variation 
among the subjects and based on that, we could cluster a subject 

TA B L E  2  A. Ratio of total proteolytic activity (TPA), matrix metalloproteinase- 8 (MMP- 8), chitinase and lysozyme to albumin in gingival 
crevicular fluid. B. Ratio of total proteolytic activity (TPA), matrix metalloproteinase- 8 (MMP- 8), chitinase and lysozyme to albumin in saliva

A. Ratio TPA Ratio MMP−8 Ratio chitinase Ratio lysozyme

Controls 7.7 0.05 0.02 64.1

(0– 52) (0– 0.12) (0– 0.6) (0.8– 207)

Periodontitis 3.3 0.1 0.03 5.0

(0.1– 72) (0.0– 4.0) (0.0– 1.7) (1.5– 99.0)

p- Valuea  .399 .04 .623 .286

B. Ratio TPA Ratio MMP−8 Ratio chitinase Ratio lysozyme

Controls 0.01 0.7 0.07 7.7

(0– 0.09) (0.02– 6133) (0– 0.9) (0.6– 68)

Periodontitis 0.018 0.8 0.1 3.3

(0– 6) (0.0– 788) (0.0– 0.4) (0.05– 10)

p- Valuea  .175 .627 .647 .015

Note: Values are medians (interquartile range).
aMann– Whitney U test.

F I G U R E  4  (a) Principal component analysis (PCA) plots of all oral samples (saliva, OR, GCF). Components 1 and 2 were mainly determined 
by matrix metalloproteinase- 8 (MMP- 8) and chitinase and explained 33% and 19% of variance, respectively. Controls and periodontitis 
patients differed significantly (PERMANOVA, F = 7.5, p = .0001). (b) PCA plots of oral rinse samples. Components 1 and 2 were mainly 
determined by matrix metalloproteinase- 8 (MMP- 8) and chitinase and explained 63% and 25% of variance, respectively. Controls and 
periodontitis patients differed significantly (PERMANOVA, F = 11, p = .0001)
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in the control or periodontitis group. The oral rinse sample, which 
was derived after centrifugation, appeared to be the sample type 
with the highest accuracy. The results of the current study suggest 
that oral rinse can be an alternative for a five min unstimulated saliva 
sample obtained by drooling, for screening periodontal biomarkers 
and MMP- 8 and chitinase may be a reliable combination of biomark-
ers for early screening purposes. Recently, a report on saliva bio-
markers for periodontal screening purposes was published (Verhulst 
et al., 2019). They observed elevated chitinase and total proteolytic 
activity in oral rinse samples of patients with periodontitis compared 
to controls. However, their results cannot be compared to our cur-
rent results due to differences in the processing method, as we used 
the cells and pellets of oral rinses. Future investigations could focus 
on enlarging the panel of PMN- derived biomarkers for more accu-
racy. Moreover, an additional approach of study design is needed: a 
cross- sectional population sample in which first the biomarkers are 
determined and subsequently the dental examination is performed. 
This will allow us to validate the current findings to discriminate peri-
odontitis patients from controls on the basis of oral fluid biomarkers.

Among the oral fluids, saliva and oral rinse can be collected in an 
easy, non- invasive, minimal- time consuming manner with minimally 
trained personnel (Bolerazska et al., 2016). On the other hand, collec-
tion of GCF is much more difficult. First, the quantity of collectable 
GCF can be highly variable among different subjects. In periodontal 
healthy subjects, the amount of GCF to be retrieved can be very 
limited. Moreover, the collection of GCF requires trained personnel 
and their skills will be a determinant for the inter-  and intra- operator 
variability. GCF collection is also time- consuming and contamination 
with saliva, plaque or blood is possible (Trindade et al., 2014). Thus, 
GCF does not seem the fluid of choice for a chair- side test, espe-
cially outside the dental office. However, the reason for including 
GCF analyses in the current study was to observe the interrelations 
of the potential biomarkers in GCF and their discriminative power in 
periodontitis and compare them to those obtained in saliva and oral 
rinse. The GCF sampling protocol was derived on previously pub-
lished protocols and the recommendations from a technical review 
paper on this topic (Wassall & Preshaw, 2016). Pooled GCF samples 
were selected in order to increase the reproducibility of the sam-
ples. The Periotron readings are subject to variation, and at low vol-
umes, that is below 0.2 μl, as values for healthy gingiva often are, the 
variations become unacceptable (Chapple et al., 1995). To account 
for the variations between the input volumes of the sampled GCF, 
we included the measurement of albumin. As albumin is entirely 
serum- derived, this could serve as a surrogate marker of GCF vol-
ume. Subsequently, ratio's between TPA, MMP- 8, chitinase and ly-
sozyme values to albumin values were calculated, both for GCF and 
saliva. Of these ratio's, the MMP- 8/albumin in GCF was still higher 
in periodontitis than controls, suggesting that the MMP- 8 values are 
a strong biomarker, less dependent of GCF volumetric variations. In 
our study, it was shown that the values of the measured biomarkers 
in saliva were influenced by the amount of GCF in these samples, 
since after calculating the ratios of all biomarkers to albumin, only 
lysozyme remained different between control and periodontitis 

group. This confirms that the degree of inflammation determines the 
volume of GCF and its influence in the measured values in saliva.

The present study has several limitations. Since the study had 
been undertaken as a pilot study, is limited of size and no power 
calculation was performed. In addition, the population of patients 
and controls was not matched for age, ethnicity, smoking habits 
and BMI. Another point of discussion is the inclusion of subjects 
who were smokers, with co- morbidities and use of medication. In 
a previous study, it has been shown that MMP- 8 levels in GCF of 
smokers were lower than in non- smokers (Mantyla et al., 2003). In 
contrast, in another study, it was found that smoking and obesity 
contributed to increased levels of circulating MMP- 8 (Lauhio et al., 
2016). These studies indicate the possible influence of health status 
and anthropometric characteristics on the investigated biomarkers. 
However, the intention of the current study was to explore whether 
a biomarker or combination of biomarkers could assign a subject to 
the control or periodontitis group regardless of the individual's life-
style and medical status. For this purpose, PCA analysis was utilized 
in order to create a graphical representation of possible clusters 
formed from the subjects of this study, taking into account all the 
biomarkers and the background characteristics of them.

Within the limitations of the study, we conclude that in oral 
rinse samples, the combination of MMP- 8 and chitinase could assign 
a subject into the control or periodontitis group. Importantly, oral 
rinse presented the best accuracy for clustering a subject. On the 
basis of this outcome, future studies could try to discriminate dif-
ferent stages of periodontitis. Nevertheless, this study needs to be 
replicated on a larger scale with matched controls and periodontitis 
patients in terms of demographic characteristics, in order to confirm 
the current results and subsequently validated in a cohort of individ-
uals with various degrees of periodontal disease.
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