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Abstract
Currently, diagnosis of chronic periodontitis is based on clinical methods
which are cumbersome and have been shown to have inherent errors and
drawbacks including inability to detect active disease. There is therefore an
urgent need for a timely, cost-effective and less cumbersome method. Salivary
matrix metalloproteinase-8 has been shown in some studies to be a promising
bio-marker of chronic periodontitis. This was a case-control study conducted
at the University College Hospital, Ibadan. It had 40 cases and 40 controls designed to assess the diagnostic ability of salivary MMP-8 in periodontal disease. Unstimulated whole saliva was assessed using the Quantikine human
total MMP-8 ELISA kit from R&D® systems Europe.
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1. Introduction
Chronic periodontitis is highly prevalent globally especially among the elderly
with increased prevalence among Blacks irrespective of their social status [1].
Currently, diagnosis is based on clinical methods, which is cumbersome and has
been shown to have inherent errors and drawbacks including inability to detect
active disease [2]. Chronic periodontitis was defined by the consensus committee of American Academy of Periodontology (AAP) “as an infectious disease resulting in inflammation within the supporting tissues of the teeth, progressive
attachment, and bone loss” [3]. The disease is considered as a polymicrobial inDOI: 10.4236/ojst.2020.104006 Mar. 31, 2020
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fection involving mainly anaerobic bacteria organized within dental biofilm in
the deepened periodontal pocket [4]. At the cellular level, exposure to bacteria
and bacterial products such as lipopolysaccharides elicits activation of monocytes/macrophages which encourages secretion of pro-inflammatory mediators
such as cytokines, interleukin-1, interleukin-6 (IL6), and Tumor necrotic factor
(TNF)-α resulting in the release of matrix metalloproteinases (MMPs) [4] [5].
These are proteinases secreted at the activation of monocyte-macrophage cell
line and they belong to a family of structurally related, genetically distinct zinc
and calcium dependent enzymes that degrade extracellular matrix and basement
membrane. They are also involved in the degradation of several non-extracellular
matrixes [4] [5].
Tissue inhibitors of metalloproteinases (TIMPs) regulate the activity of the
zinc metalloproteases [5]. TIMPs are naturally occurring endogenous inhibitors
to the activities of MMPs, which prevent their hyperactivity. These inhibitors include tissue inhibitors of metalloproteinase 1, 2, 3, and 4 (TIMP-1, TIMP-2,
TIMP-3, and TIMP-4). In health, there’s a balance between MMPs and TIMPs,
which when destabilized, will predispose to destruction of collagen in gingival
tissues leading to periodontal tissue destruction [5].
Various authors have established a relationship between Matrix metalloproteinase 8 (MMP-8) and chronic periodontitis [5] [6] [7]. However, due to genetic variations and environmental factors, there is a need to assess the role of this
enzyme in the diagnosis of chronic periodontitis among Nigerians. It was therefore the objective of this study to determine the ability of salivary MMP-8 in diagnosing chronic periodontitis in a Nigerian population for the purpose of its
utilization as a rapid screening kit in the community.

2. Objectives
To assess the diagnostic ability of salivary MMP-8 in periodontal disease.

3. Methods
This was a case-control study conducted at the University College Hospital,
Ibadan. A representative sample of forty patients with clinical signs of periodontal disease and 40 healthy controls who were age and sex-matched were recruited
by simple random sampling. Case and control groups were recruited by balloting from the patients who satisfied the inclusion criteria for both groups within
the study period. Participants for the case group were recruited from the Periodontology clinic, University College Hospital, Ibadan while participants for the
control were recruited from the Oral Diagnosis Clinic, University College Hospital, Ibadan. The control group included patients who presented for routine
dental checkup within the study period. These patients were requested to pick
from a ballot box containing wrapped pieces of paper on which “yes” or “no”
had been written. For each group, 40 wrapped pieces of paper had “no” and 40
wrapped pieces of paper had “yes”. A total of 80 wrapped pieces of paper were in
DOI: 10.4236/ojst.2020.104006
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each ballot box. Only the respondents who picked “yes” were included in the
study.
All participants received full mouth periodontal examination by one calibrated examiner. Before this examination, the medical and dental history were
obtained and reviewed along with exclusion criteria. For the purpose of this
study, a patient with chronic periodontitis was defined as any individual who
had two or more teeth with probing depth (PD) and or clinical attachment loss
(CAL) of more than 4mm with or without gingival recession. All clinical findings were recorded on the modified WHO oral health assessment form 53 modified to exclude caries, trauma and fluorosis sections.
Participants for both groups were consenting patients ≥ 18 years who were in
good general health with at least 20 erupted teeth. The case group had at least 2
sites with bleeding on probing, probing pocket depth and or clinical attachment
loss of greater than 4 mm with or without gingival recession. Participants in this
group were later scheduled for periodontal treatment at no cost.
Participants for the control group had good periodontal health with no bleeding on probing, no periodontal pathologic pocket, no clinical attachment loss
and no gingival recession.
Chronic Periodontitis was measured at six locations per tooth namely, mesiobuccal, midbuccal, distobuccal, mesiolingual, distolingual and midlingual surfaces, using the Community Periodontal Index of Treatment Needs (CPITN) periodontal probe and Williams probe for CAL. All the sites were assessed for
bleeding on probing, periodontal pathologic pocket and clinical attachment loss.
Unstimulated whole saliva (2 mls) was collected from participants in each
group and coded (SP1-40) and (SH1-40) for the case and control groups respectively. The samples were labeled and transported immediately in ice-packs to the
laboratory (University College Hospital Virology laboratory) where they were
store at −20˚C till the time of analysis.
Salivary MMP-8 level was determined in the samples using the Quantikine
human total MMP-8 ELISA kit from R&D systems® Europe. The Quantikine
Human Total MMP-8 Immunoassay utilizes a 4.5-hours solid phase ELISA designed to measure total MMP-8 (pro- and active MMP-8) in cell culture supernates, serum, plasma, and saliva. It contains NS0-expressed recombinant human
MMP-8, and antibodies raised against the recombinant protein. The ELISA kit is
all inclusive supplied with optimized reagents ready for use or by simple reconstitution as specified in the manuals provided. R&D Systems is a well referenced
ELISA manufacturer in various studies on salivary MMP-8 [7].
Data was analyzed using SPSS version 22 and presented as frequency tables,
graphs, means and standard deviation. T-test was used to compare mean salivary
MMP-8 between the two groups and ROC curve measured diagnostic utility of
MMP-8. The level of significance was set at p < 0.05. Ethical approval was obtained from the UI/UCH ethical review board with reference number
NHREC/5/01/2008a. Informed consent was taken from the patients prior to inDOI: 10.4236/ojst.2020.104006
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clusion in the study.

4. Result
A total of eighty respondents, consisting of 35 (43.80%) females and 45 (56.20%)
males participated in the study. The age range was from 18 - 60 years with a
mean of 35.78 ± 12.46 years. Majority of the participants, 67% were married,
25% were single and 7.5% were divorced (Table 1).
Many of the respondents (52.50%) had skilled employment, 28.7% had nonskilled employment while 18.8% were unemployed.
Frequency distribution of respondents based on their highest academic
achievement showed that 37.50% had tertiary education, 23.80% had secondary
education while 27.5% had primary education. The others (11.20%) had no formal education (Figure 1).
Table 2 illustrates the distribution of clinical attachment loss (CAL) according
to their sociodemographic parameters of the study groups. The mean values of
clinical parameters of the control and test groups are illustrated in Table 3.
Table 4 demonstrates the mean values of salivary MMP-8 in the control and
test groups. Salivary MMP-8 concentration was higher in the periodontitis group
(63.74 ± 27.67 ng/ml) than the control (16.75 ± 14.90 ng/ml) (t = 8.73, p =
0.001). Salivary MMP-8 demonstrated high sensitivity (72%), specificity (86%)
and diagnostic accuracy with receiver operating characteristic area under curve
of 0.78 (Figure 2). Analysis of the ROC curve is presented in Table 5.
Table 1. Sociodemographics.
Socio-demographic characteristics

Frequency

Percentage

18 - 30

35

43.7

31 - 40

14

17.5

>40

31

38.8

Male

45

56.3

Female

35

43.7

Single

20

25

Married

54

67.5

Divorced

6

7.5

Skilled

42

52.5

Unskilled

23

28.7

Unemployed

15

18.8

Age [Years]

Gender

Marital status

Occupation

DOI: 10.4236/ojst.2020.104006
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Table 2. Impact of age, gender and level of education on chronic periodontitis.
Variables

Periodontal Index [CAL]

Test

P-Value

Male

2.82 [2.62SD]

t = 0.163

0.688

Female

2.57 [2.69SD]

18 - 30

2.31 [2.70SD]

F = −2.465

0.016

31 - 43

2.71 [2.73SD]

43 and above

3.16 [2.83SD]

No

4.67 [2.29SD]

F = −2.430

0.017

Gender

Age Groups [years]:

Level of Education

Primary

2.79 [2.76SD]

Secondary

2.27 [2.83SD]

Tertiary

2.40 [2.66SD]

Table 3. Frequency distribution of mean values of clinical parameters of respondents.
Clinical parameters of periodontal
disease

Experimental group[Mean]

Control [Mean]

Gingival index at baseline

2.10 ± 0.47

0.00

Oral hygiene index

4.20 ± 0.50

0.05

Probing depth at baseline

5.87 ± 0.91

2.45 ± 0.5

Clinical attachment loss at baseline

5.40 ± 0.74

0.00

CPITN Code at baseline

3.10 ± 0.49

0.00

Table 4. Mean salivary MMP-8 of case and control groups.

MMP-8

Case group
[ng/ml]

Control group
[ng/ml]

Student
t-test

Deg. of
freedom

p-value

63.74 ± 27.68

16.75 ± 14.9

8.73

39

0.001

Table 5. Receiver operating characteristics [ROC] curve.
Area under the
curve

Standard Errora

P-value

0.783

0.054

0.001

95% Confidence Interval
Lower Bound

Upper Bound

0.678

0.888

Figure 1. Frequency distribution of respondents according to
their highest academic status.
DOI: 10.4236/ojst.2020.104006
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Figure 2. Receiver operating characteristic (ROC) analysis of salivary mmp-8 and periodontitis.

5. Discussion
Periodontal disease is an inflammatory disease affecting the soft and hard tissues
that support the teeth [4]. It is a disease of great public health concern due to its
effect on patient’s quality of life [8]. Oral health (including periodontal health)
has been described as an integral aspect of general health and a bi-directional
relationship has been established between periodontal disease and some
non-communicable diseases NCDs [8]. Therefore, its early detection and treatment have become ever important.
Active surveillance of periodontal disease is practically non-existent in Nigeria
due to the cumbersome nature of the existing clinical methods which are tedious
and time-consuming [4]. These methods also lack the ability to detect active
disease. Chronic periodontitis has been associated with the non-communicable
diseases such as diabetes mellitus, cardiovascular disease and so on (NCDs) [9].
Therefore, its early detection and treatment is very important. This study has
brought to fore, the ability of salivary MMP-8 to distinguish patients with periodontal disease from periodontally healthy patients. The mean salivary MMP-8
value of 63.74 ± 27.68 ng/dl was seen in the case group and a mean salivary
DOI: 10.4236/ojst.2020.104006
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MMP-8 of 16.75 ± 14.90 ng/dl was seen in the control group (Table 4). The salivary MMP-8 levels were seen to be about four times higher in the periodontally
diseased group and showed statistical significance (p = 0.001) between the two
groups (Table 4). This relationship between salivary MMP-8 and periodontal
disease was established many years ago and confirmed by various studies including this study [7] [10] [11].
This study also corroborates an earlier study done by Fenol et al. (2014) where
the salivary levels of MMP-8 were found to be 94.3 ± 32.5 ng/ml in the periodontally diseased group and 77.6 ± 25.3 ng/ml in the healthy control group [5].
Other similar studies have also substantiated these findings. These include Gupta 2015 [6], Dayanand et al. 2014 [10] and Mwai 2014 [7]. Genetic and racial
differences in the Nigerian population may be responsible for the varied mean
concentrations of salivary MMP-8 between the aforementioned studies. Studies
have indicated the potential utility of saliva as a diagnostic fluid as well as in
monitoring therapeutic interventions [12] [13] [14].
Receiver operating characteristic (ROC) curve values may vary between studies [15]. The curve is an established technique in comparing diagnostic tests
[15]. Figure 2 illustrates the ROC curve which demonstrated that salivary
MMP-8 could distinguish between individuals with and without periodontitis
with an area under the curve [AUC] value of 0.78. This was in agreement with a
recent study on salivary biomarkers by Ebersole and colleagues who established
an AUC value of 0.7 using salivary MMP-8 [12]. Similar findings were also observed in a study by Ramseier, and colleagues where an AUC of 0.9 was derived
[13]. The more robust AUC value in the Ramseier study was possibly due to the
analysis of a combination of biomarkers (MMP-8, MMP-9 and osteoprotegerin)
as well as genomic identification of red complex periodontal pathogens.
The high prevalence of periodontitis and its impact on cardiovascular diseases
and NCDs makes its surveillance of utmost importance [16]. However, present
clinical methods are cumbersome [2]. The high diagnostic accuracy of MMP-8
will encourage its use as a screening tool especially in the community and by
non-dental personnel.
In this study, diverse and varied ages of adults sought dental treatment at the
study area. This is reflected in the mean age (35.78 years and a broad standard
deviation of 12.46). This study confirms the higher prevalence of periodontal
disease in males than females because many of the participants were males. Also,
severity of periodontal disease as measured by the CAL was worse in the male
gender than the females as shown by the higher mean CAL (2.82 ± 2.62). This
was however not statistically significant (p = 0.69). A previous study has associated the better periodontal status in the females to the better oral hygiene in
them. [1]. The mean clinical attachment loss also tends to be worse with the increasing age of respondents, which some studies have reportedly claimed to be
due to increased susceptibility of periodontal tissue with increasing age (Table
3) [17]. However, it has been reported that the increased attachment loss seen
DOI: 10.4236/ojst.2020.104006
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with the increasing age could be due to the individual host susceptibility to periodontal disease rather than the length of time the plaque is present (age effect)
[4] [17]. The greater the susceptibility of an individual to the disease, the slower
the rate of wound healing and the faster the periodontal disease tend to progress
[4] [17].
It is important to stress that the use of the clinical methods of diagnosis
(measuring CAL, PD and bleeding on probing) may still be important in individuals with high levels of salivary MMP-8 to further tests for chronic periodontitis. The cost of the screening kit and its non-availability may be a limitation to
the use of this biomarker in periodontal diagnosis.

6. Conclusion
Salivary MMP-8 demonstrated high diagnostic accuracy in the study group. This
suggests that MMP-8 can play useful role in the diagnosis of periodontitis.

Recommendation
Clinicians and community health workers should be encouraged to employ the
use of MMP-8 kit for rapid screening of periodontal disease.
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