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Introduction
Periodontal diseases are highly prevalent oral diseases caused 

by accumulation of bacterial biofilm adherent to tooth surfaces. 
Untreated gingivitis may progress to periodontitis, a destructive 
form of periodontal disease affecting connective tissue attachment 
and supporting bone around teeth. Apart from the presence of 
bacteria, the most critical factor for tissue destruction is the host 
response [1-3]. The bacterial plaque causing inflammation in 
periodontal tissues can also affect peri implant tissues. Nowadays, 
the predictability of osseointegrated dental implants for replacing 
missing teeth has resulted in their widespread use [4-7]. However, 
complications involving pathological changes in peri implant 
tissues may sometimes occur after osseointegration and dental 
implant occlusal loading. Peri mucositis is defined as a reversible  

 
mucosal inflammatory condition, similar to gingivitis, whereas 
peri-implantitis is the advanced stage of the disease characterized 
by destruction of bone and soft tissues around the implant [8,9]. 
Current research suggests that soft tissues surrounding an implant, 
despite differences, closely resembles the periodontium in natural 
dentition and that similar bacterial flora is associated with both 
chronic periodontitis and peri -implantitis [10]. Diagnosis of 
these inflammatory diseases is based upon clinical periodontal 
parameters including Bleeding on Probing (BOP), Probing 
Pocket Depth (PPD), Clinical Attachment Level (CAL), and also 
radiographic bone resorption [11]. Additionally, in peri implant 
mucositis, redness and swelling of soft tissues are symptoms aiding 
diagnosis, but bleeding on probing is currently recognized as the 
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primary feature [12]. Peri-implantitis lesions are often associated 
with suppuration and increasing pocket depths, but always 
accompanied by loss of supporting marginal bone. However, these 
diagnostic indicators have limited value, because they depend on 
subjective examination and relate only to the disease progression, 
not its current status. This highlights the need for different 
diagnostic methods to supplement clinical ones [13].

New diagnostic methods should detect the presence of active 
disease, predict future disease progression, and evaluate responses 
to therapy, thereby improving clinical management of periodontal 
patients [14]. Extensive research suggests that periodontal risk 
can be identified by objective measures such as biomarkers 
indicating inflammation or tissue destruction [15]. These could 
include inflammatory mediators such as Matrix Metalloproteinases 
(MMPs) detectable in Gingival Crevicular Fluid (GCF), Peri-Implant 
Sulcular Fluid (PISF), and saliva. MMPs constitute a multigene 
family of over 25 structurally related, but genetically distinct, 
secreted or cell surface-associated proteolytic enzymes that can 
degrade many extracellular, pericellular, and non-matrix substrates 
[16-18]. The main tissue destructive MMP is considered to be MMP-
8 (collagenase 8s). High levels of MMP-8 have been demonstrated 
in chronic periodontitis and in peri- implantitis [19-21]. Tissue 
response similarities between periodontitis and peri-implantitis 
have led to expanding the therapeutic modalities of chronic 

periodontitis to also include treatment of peri-implantitis [22,23]. 
Unfortunately, insufficient knowledge exists concerning the effects 
of therapy on the clinical and immunological parameters specifically 
characterizing peri implant diseases. The purpose of this study was 
to compare protein levels of MMP-8 in GCF, PISF, and saliva in 

a) Gingival health, 

b) Gingivitis, 

c) Periodontitis, 

d) Peri implant health 

e) Peri implant mucositis, and 

f) Peri-implantitis before and after treatment of periodontal or 
peri implant disease.

Materials and Methods 
The present study was prospective, comparing clinical and 

immunological characteristics of periodontal and peri implant 
tissues at inflammation and after treatment of periodontal or peri 
implant disease. The study was conducted between December 
2012 and June 2013 at the Department of Preventive Dentistry, 
Periodontology, and Implant Biology, School of Dentistry, Aristotle 
University of Thessaloniki in Greece. The outline of the study is 
described in a flowchart Figure 1.

Figure 1:
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Study Population
43 patients previously treated with dental implants in the 

Postgraduate Clinic of Periodontology and Implant Biology, 
Aristotle University of Thessaloniki, Greece, were enrolled in this 
study. The sample population comprised 18 men and 25 women: 
ages ranging from 18 to 76 years. Detailed demographic data 

for the study participants are presented in Table 1. The study 
protocol was approved by the Ethics Committee of the Aristotle 
University of Thessaloniki, Greece and the study were conducted 
in accordance with the Helsinki Declaration of 1975, as revised in 
2000. All patients red and signed an appropriate consent document 
prior to participation and agreed to attend all scheduled follow-up 
appointments.

Table 1: Demographic data of the study population.

Demographic Variable
Group A Group B Group C

Health Gingivitis & Perimucositis Periodontitis & Peri-implantitis

Number of patients 15 14 13

Sex (males /females) 7/8 4/10 6/7

Age range (years)  
(minimum to maximum) 18-76 30-75 42-68

Inclusion-Exclusion Criteria
For inclusion in the study, subjects had to be over 18, 

systemically healthy, partially edentulous (having>18 erupted 
teeth), with one or more missing teeth restored with fixed 
implant supported restorations loaded for at least to 12 months. 
Subjects with systemic diseases affecting the healing process (e.g., 
uncontrolled diabetes mellitus) were excluded from this study. 
Patients receiving periodontal therapy in the previous 6 months, 
smokers (>10 cigarettes/day), patients with liver/kidney or salivary 
gland dysfunction, under cancer therapy or organ transplant, 
pregnant or lactating women, individuals using antibiotics or 
immunosupressive medication within the last 3 months, needing 
antibiotics for infective endocarditis prophylaxis during dental 
procedures, having orthodontic appliances, presenting oral 
mucosal inflammatory conditions, HIV positive and or with history 
of hepatitis were also excluded. Furthermore, patients whose 
implants had mobility or needed Guided Bone Regeneration (GBR) 
or sinus elevation before their placement were excluded as well.

Group classification
All patients fulfilling inclusion criteria were first clinically 

examined. After clinical recordings, patients were divided into 3 
groups: A, B and C. The patients not meeting the specific criteria 
for inclusion in each group were excluded. Group A comprised 
periodontally healthy patients exhibiting PPD ≤2mm in teeth 
and dental implants, and absence of Bleeding on Probing (BOP). 
These patients had implants without signs of peri-implant disease 
or radiographic change of the peri-implant bone level. Group 
B included patients with gingivitis and peri-implant mucositis. 
They exhibited bleeding on probing and PPD was >2 mm and 
≤4mm. Implants in this group showed no radiographic change of 
the peri-implant bone level. Finally, group C comprised patients 
with periodontitis and periimplantitis, presenting PPD ≥5mm, 
and bleeding on probing. Dental implants in this group showed 
radiographic bone loss compared with the peri-implant bone level 
on the day of installation [24, 25].

Sample size and experimental design
MMP-8 was considered the primary outcome. A minimum of 

11 patients per group was required to detect a mean difference in 
MMP-8 of 10ng/ml (±9ng/ml Standard Deviation-SD within each 
group) between any two groups (either before or after treatment), 
at a significance level 0.05 with power 0.80, using one-tailed t-test 
for independent samples. This difference was considered clinically 
significant. The anticipated SD is a conservative estimate according 
to clinical study (SD≈80% of the mean difference) [26]. Hence, the 
inclusion of at least 11 patients in the study would yield adequate 
statistical power for group comparisons. The power analysis 
was performed using the G*Power v.3 software [27,28]. Patients 
receiving dental implant therapy within the previous 3 years were 
examined and if meeting the inclusion criteria, were divided into the 
3 groups of the study. Complete medical and dental histories were 
obtained using both patients’ records and interviews to ascertain 
any changes in their history. All study participants were followed 
up for a period of 3 months. Finally, 15 patients were included in 
group A, 15 patients in group B, and 13 patients in group C, allowing 
for possible dropouts. Clinical data were recorded at the beginning 
of the study (baseline) and after 3 months. According to periodontal 
and peri implant condition of the patients in each group, an 
appropriate prophylaxis treatment approach was administered. 
Radiographic evaluation of the implant sites took place at baseline 
to confirm initial diagnosis. Finally, samples of GCF, PISF, and saliva 
were collected at baseline and after 3 months. 

Clinical recordings
Clinical recordings included: a) PPD, b) PPDmax, c) CAL, d) 

CALmax, e) BOP, f) PI, were recorded for each patient. Each recording 
included 6 surfaces for each tooth and implant (mesiofacial, 
midfacial, distofacial, mesiolingual, midlingual, and distolingual) 
using a 15mm North Carolina periodontal probe (PCP-UNC 15, Hu-
Friedy Manufacturing Co., Chicago, IL, USA). Initially, PI and BOP 
were recorded (full mouth) using the plaque and calculus sensor. 
The presence or absence of plaque or bleeding was also recorded. 
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Other parameters were recorded using a periodontal probe. PPD 
for teeth is the distance from the gingival margin to the bottom 
of the pocket, whereas CAL is defined as the distance from the 
cementoenamel junction to the bottom of the pocket. For implants, 
PPD is the distance from the gingival margin to the bottom of the 
implant pocket when applying a light probing force. CAL is defined 
as the distance from the lower side of the implant platform to the 
bottom of the pocket. 

GCF, PISF sampling, and saliva collection
GCF and PISF were collected the day after clinical recordings. 

PISF samples were collected from the mesiobuccal surface of 
the implants and GCF samples from teeth presenting on the 
contralateral side of the implant, so 1 sample of GCF and PISF were 
collected from each patient. Following site isolation with cotton 
rolls to prevent contamination with saliva, supragingival plaque 
was removed with sterile gauze, and teeth and implants were air 
dried for 5-10 sec. GCF and PISF were collected using filter paper 
strips (PerioPaper, Oraflow, Smithtown, NY, USA), gently inserted 
for 30 seconds into the orifice of the periodontal or peri-implant 
pocket, 1-2mm subgingivally, until slight resistance was felt. 
Samples visibly contaminated with blood were discarded. The 
collected samples were immediately transferred into sterile 1ml 
microcentrifuge Eppendorf tubes containing 120μl Phosphate 
Buffered Saline (PBS) centrifuged for 10 minutes, and stored at 
-80°C. The same day, saliva samples were collected between 09:00 
and 11:00 hours using a specific protocol [29]. Patients should 
not have eaten, drunk (except water), chewed gum, and used any 
antiseptic mouthwash prior to collection. After rinsing their mouth 
with tap water, they expectorated whole saliva into sterile tubes, 
while seated in an upright position, for 5 minutes. The collected 
samples were placed immediately on ice and aliquoted before 
freezing at -80°C. 

MMP-8 analysis 
Enzyme-Linked Immunosorbent Assay kits (ELISA) were 

utilized to identify and quantify MMP-8 protein levels in all samples 
(Quantikine-Human Total MMP-8 Immunoassay, R&D Systems, Inc, 
Minneapolis, MN, USA) according to the manufacturer’s directions.

Therapeutic Procedure
After completing clinical recordings and collecting samples 

of GCF PISF, and saliva, therapeutic procedures for each group of 
patients were implemented. Group A patients were extensively 
instructed in oral hygiene according to the Bass method, and had 
their teeth and implants polished professionally with rubber cups 
and paste. Group B patients also received oral hygiene instruction 
and encouragement to use interdental brushes or dental floss. 
Subsequently they underwent supra- subgingival debridement in 
all 4 quadrants; local anaesthesia with 2% lidocaine (epinephrine 
1:80,000) being used as needed. For periodontal treatment, the 
clinician used tips A and P (Swiss Instruments PM, EMS, Nyon, 
Switzerland) of ultrasound (EMS Piezon®, EMS, Nyon, Switzerland) 

and curettes (Hu-Friedy Gracey Standard SG 3/4, 11/12, 13/14, 
Hu-Friedy, Chicago, IL, USA). For implant surfaces special 
plastic curettes were used. Mechanical non-surgical therapy is 
recognized as effective in treating peri-implant mucositis lesion 
[30]. No adjunctive antimicrobial toothpaste or mouthrinses 
were used. Finally, patients had their implants and teeth polished. 
Group C patients received supra and subgingival debridement 
and root planning without any use of adjunctive chlorhexidine, 
antimicrobials or methods of access flap surgery. The quadrants 
containing teeth or implants were treated simultaneously. The 
subgingival debridement in tooth and implant surfaces were 
performed under local anesthesia and with identical tools to group 
B. Oral hygiene instructions and polishing were also performed. 

Statistical analysis
Data are presented as mean ± Standard Error (SE). Data for 

PPD, PPD max, CAL, CAL max, BOP, PI, and MMP-8 were analyzed 
using the ANOVA (Analysis of Variance) method, in the frame of 
the Mixed Linear Models in order to accommodate the hierarchical 
structure of the data [31]. Specifically, the model involved three 
fixed effect factors; one factor between patients, the “group”, and 
two factors within patients: factor “site” and factor “time” with 
two repeated measures. In addition, there was one random effect 
factor: “patients” nested within groups. ANOVA was mainly used 
for estimating the appropriate error mean square for statistical 
comparisons of means. Mean values of the parameters were 
compared with the protected Least Significant Difference (LSD) 
criterion at p≤0.05. Additionally, the association between MMP-8 
and other parameters measured in the current study was tested 
using Spearman’s rho rank correlation coefficient either at p≤0.05 
for the whole sample or at p≤0.10 within groups. All the statistical 
analyses were performed with the SPSS v.15.0 statistical package 
(SPSS Inc, Chicago, IL, USA).

Results
All participants except one received the intended treatment 

and completed the study. Data from 42 patients were analyzed for 
primary and secondary outcomes. No adverse events following the 
appropriate treatment protocol were observed.

Before treatment

A. Clinical periodontal measurements

The mean PPD, PPD max, CAL, and CALmax values of implants 
and teeth in group C were significantly higher compared with 
groups A and B Table 2. The mean BOP values for implants and teeth 
in group C were significantly higher than group A and the mean 
PI values for implants did not differ among the groups; however, 
teeth in group C presented higher PI levels than groups A and B 
Table 2. Comparison of mean PPD, PPD max, CAL, and BOP values 
for implants and teeth, showed no significant differences among 
all 3 groups. Only CAL max and PI values of teeth in group C were 
significantly higher than the implants of the same group.
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Table 2: Clinical parameters-PPD, PPD max, CAL, CALmax, BOP, and PI of tooth and implant sites for the different groups, before 
and after treatment (mean±SE)

Site Tooth Implant Site Tooth Implant

Group A B C A B C Group A B C A B C

PPD (mm) Before treat-
ment

2.44 
± 

0.2

2.94 
± 

0.2

4.7 
± 

0.21

2.82 
± 

0.19

3.21 
± 

0.2

5.14 
± 

0.21

PPDmax(mm) Before 
treatment

2.53 
± 

0.26

3.21 
± 

0.26

6.31 
± 

0.27

2.8 
± 

0.26

3.5 
± 

0.26

5.85 
± 

0.27

PPD (mm) After Treat-
ment

2.42 
± 

0.2

2.76 
± 

0.2

4.07 
± 

0.21

2.84 
± 

0.19

3.08 
± 

0.2

5.07 
± 

0.21

PPDmax(mm) After 
Treatment

2.53 
± 

0.26

2.86 
± 

0.26

5.15 
± 

0.27

2.93 
± 

0.26

3.14 
± 

0.26

5.15 
± 

0.27

CAL (mm) Before Treat-
ment

3.44 
± 

0.25

3.71 
± 

0.26

5.77 
± 

0.27

2.93 
± 

0.25

3.32 
± 

0.26

5.33 
± 

0.27

CALmax(mm) Before 
Treatment

3.53 
± 

0.33

3.71 
± 

0.34

7.08 
± 

0.36

2.87 
± 

0.33

3.57 
± 

0.34

6.00 
± 

0.36

CAL (mm) After Treat-
ment

3.4 
± 

0.25

3.69 
± 

0.26

5.31 
± 

0.27

2.95 
± 

0.25

3.12 
± 

0.26

5.07 
± 

0.27

CALmax(mm) After 
Treatment

3.33 
± 

0.33

3.5 
± 

0.34

6.23 
± 

0.36

3.00 
± 

0.33

3.21 
± 

0.34

5.15 
± 

0.36

BOP (mean % of sites) 
Before Treatment

14.3 
± 

6.00

50.9 
± 

6.2

70.2 
± 

6.5

16.00 
± 

6.00

64.1 
± 

6.2

76.7 
± 

6.5

PI (mean % of sites) 
Before Treatment

25.3 
± 

5.8

33.3 
± 

6.3

63.9 
± 

6.2

15.4 
± 

5.8

30.6 
± 

6.00

30.6 
± 

6.2

BOP (mean % of sites) 
After Treatment

22.8 
± 

6.00

37.2 
± 

6.2

48.5 
± 

6.5

12.7 
± 

6.00

34.1 
± 

6.2

62.5 
± 

6.5

PI (mean % of sites) 
After Treatment

24.3 
± 

5.8

29.5 
± 

6.00

35.7 
± 

6.2

3.3 
± 

5.8

19.00 
± 

6.00

7.5 
± 

6.2

B. Biochemical data in GCF, PISF and saliva samples

MMP-8 levels in GCF and PISF did not present statistically 
significant differences among the 3 groups, even though the 
groups with inflammation exhibited higher levels. MMP-8 levels in 
saliva showed a significant difference between group A and B, and 

between group B and C with levels in group B being statistically 
significantly higher. In group A there was no significant difference 
between the levels of MMP-8 in GCF, PISF, and saliva. In group B the 
levels in saliva were significantly higher than in GCF or PISF and in 
group C the levels in saliva were significantly higher than in PISF 
Table 3.

Table 3

Immunol.  
Parameter MMP-8 (ng/ml)

Site  GCF  PISF  Saliva

Group A B C A B C A B C

Before Treatment
12.82 

± 
4.6

14.97 
± 

4.76

19.88 
± 

4.94

6.49 
± 

4.6

11.32 
± 

4.76

13.98 
± 

4.94

16.75 
± 

4.6

54.55 
± 

4.76

30.76 
± 

4.94

After Treatment
7.64 

± 
4.6

14.98 
± 

4.76

14.88 
± 

4.94

8.08 
± 

4.6

16.45 
± 

4.76

17.89 
± 

4.94

16.49 
± 

4.6

60.55 
± 

4.76

37.62 
± 

4.94

C. Correlations

In groups A and B no correlation between MMP-8 levels in GCF 
and PISF, and clinical parameters was evident, neither for teeth 
or implants, whereas for teeth in group C there was a correlation 
between MMP-8 and PPD (rho=0.480, p=0.097). For teeth in 
whole sample there was a correlation between MMP-8 and PPD 
(rho=0.386, p=0.012), and between MMP-8 and CAL (rho=0.298, 
p=0.05) whereas for implants in whole sample no correlation 
was found between MMP-8 and clinical parameters. Furthermore, 
saliva MMP-8 levels correlated with BOP in all implants (rho=0.527, 
p<0.001) and with PPDmax (rho=0.305, p=0.049), and BOP (rho=0. 
355, p=0.021) in all teeth. Saliva MMP-8 levels also correlated with 
CAL in implants (rho=0.456, p=0.088) and PI in teeth (rho=0.454, 
p=0.089) of group A, with PPDmax in teeth of group B (rho=0.467, 

p=0.092), and with PPD in teeth of group C (rho=0.530, p=0.063). 
These correlations occurred for levels of MMP-8 <40ng/ml. Finally, 
GCF MMP-8 levels in the whole sample were correlated with MMP-
8 saliva levels (rho=0.329, p=0.033) and with PISF MMP-8 levels 
(rho=0.380, p=0.013). Especially in group B, PISF levels were 
correlated with GCF MMP-8 levels (rho=0.534, p=0.049) and with 
saliva levels (rho=0.497, p=0.070). In group C, GCF levels were 
correlated with saliva levels (rho=0.736, p=0.004).

After treatment 
A. Clinical periodontal measurements

The mean PPD, PPDmax, CAL, and CAlmax values of implants 
and teeth in group C were significantly higher than groups A and B. 
There was no significant difference among the groups for the BOP 
and PI values Table 2. 
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Comparison of mean PPDmax, CAL, and BOP values for implants 
and teeth, showed no significant differences among all 3 groups. For 
PPD value, only group C showed a statistically significant difference, 
because teeth exhibited a higher decrease of PPD after treatment; 
CAL max values of teeth in group C were also significantly higher 
than the implants of the same group. PI values also differed between 
implants and teeth in group C, where teeth exhibited higher levels.

B. Biochemical data in GCF, PISF and saliva samples

The mean MMP-8 in GCF and PISF did not present differences 
among the 3 groups Table 3. MMP-8 levels in saliva showed a 
significant difference between group A and B, group B and C, and 
between group A and C as in group B the MMP-8 levels were higher. 
The levels in saliva were higher compared to GCF and PISF levels 
in groups B and C, and these differences were found statistically 
significant.

C. Correlations

Implants in group C showed a correlation between MMP-
8 and PPD (rho=0.690, p=0.009), and between MMP-8 and CAL 
(rho=0.690, p=0.009). Teeth in group C exhibited a correlation 
between MMP-8 and BOP (rho=0.702 and p=0.007). For teeth in 
whole sample there was a correlation only between MMP-8 and 
BOP (rho=0.334, p=0.030), and for implants in the whole sample a 
correlation between MMP-8 and PPD existed (rho=0.289, p=0.064). 
Salivary MMP-8 levels were not correlated with the clinical 
parameters in teeth and implants of any group or in the whole 
sample. Salivary MMP-8 levels were correlated with PISF levels 
(rho=0.343, p=0.026) and with GCF levels in the whole sample 
(rho=0.375, p=0.014). Especially in group A and B, saliva levels 
were correlated with PISF levels for group A (rho=0.481, p=0.069) 
and PISF levels for group B (rho=0.459, p=0.098). 

The Effect of Treatment
A. Clinical periodontal measurements

After appropriate treatment, PPD and PPD max values were 
found statistically significantly lower only for teeth in group C. 
The levels of CAL and CALmax were not found to be statistically 
significantly lower, neither for teeth nor implants in all groups. For 
BOP values, implants and teeth of all groups did not exhibit any 
statistically significant difference. PI values for implants and teeth 
decreased significantly only in group C Table 2.

B. Biochemical data in GCF, PISF and saliva samples

The levels of MMP-8 showed no statistically significant 
difference after treatment, although they seemed reduced for GCF 
and appeared higher for PISF and saliva. 

Discussion
This study examined the levels of MMP-8 in GCF, PISF, and 

saliva in periodontal and peri implant health and disease. Clinical 
parameters are very important in diagnosis and treatment but not 
exact indicators of current disease status, so new methods, that 
analyze levels of certain biomarkers in oral fluids could be potentially 

useful [15]. Findings showed that PPD and PPDmax for teeth 
and dental implants increase in gingival inflammation. Implants 
differed from teeth after treatment only in group C, showing higher 
parameters for implants, such as PPD and CALmax, maybe because 
of greater accumulations of plaque and calculus. Teeth with severe 
inflammation seem to benefit more as their levels of PPD and 
PPDmax are lower than in implants after treatment. Both GCF and 
PISF are osmotically mediated inflammatory exudates arising from 
vessels of the mucosal plexus around teeth and implants. They 
are considered useful in diagnosis as they require non-invasive 
methods and contain molecules whose levels may reflect local or 
systemic inflammation [32]. Additionally, circulating molecules 
in these biological phases have been detected at high levels in the 
whole saliva of patients with inflammation [33]. The most important 
immunological results of the study were the high levels of MMP-8 
in GCF and PISF in sites with severe inflammation, in contrast to 
healthy sites or ones with initial inflammation. However, [34] have 
found that higher levels of MMP-8 were found in GCF of periodontal 
patients compared with controls, and [35] similarly concluded that 
significantly higher MMP-8 levels were observed in periodontitis 
cases. Similarly with our results a previous study found higher levels 
of MMP-8 in sites with ongoing vertical bone loss around dental 
implants [36]. This is explained by MMP-8 having a unique role in 
tissue destruction by degrading type I and III collagen. Secondly, 
it was found that the levels of MMP-8 in GCF, PISF and saliva were 
significantly higher in presence of inflammation. Similarly, [37] 
found no difference in health and diseased between the levels of 
MMP-8 in GCF and PISF, although in peri-implantitis sites the rate 
of tissue destruction was elevated. Similarly, [38] concluded that 
the levels in PISF were higher than those in GCF. Particularly in 
cases of experimental gingivitis and peri-implant mucositis, [39] 
found that levels of MMP-8 were statistically significantly higher 
at implants sties compared with teeth sites. It is interesting that in 
our study the highest levels of MMP-8 in saliva were detected in 
sites of mucositis and gingivitis compared to either healthy sites or 
sites with bone loss. The therapeutic procedure did not affect the 
levels of MMP-8 in teeth and implants in all groups. [34] found that 
the levels of MMP-8 in GCF decreased 3 months after periodontal 
therapy and [40] also recorded that therapy resulted in significant 
decrease of MMP-8 GCF levels. It is possible that the levels of only 
the active MMP-8 and not the levels of total-latent MMP-8 [41]. 
Currently however, no studies exist examining how levels of MMP-
8 in PISF change after non-surgical therapy. In our study, before 
therapy, the levels of MMP-8 in teeth were correlated in the whole 
sample with PPD and CAL and the higher the levels of MMP-8, 
the larger the periodontal destruction. [42] came to the same 
conclusion examining the correlation of MMP-8 with PPD in female 
periodontal-patients. In our study, after therapy, MMP-8 in GCF was 
correlated positively with BOP. This is very important since BOP is 
a strong indicator of active inflammation. Furthermore, the levels of 
MMP-8 in PISF after therapy were correlated positively in all groups 
with PPD. This finding agrees with [43] who showed that MMP-8 
levels demonstrated positive correlations with gingival index 
and probing depth in implant sites. Salivary samples in our study 
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showed that in patients with inflammation, the levels of MMP-8 
were higher than in healthy ones, especially in cases of gingivitis and 
peri-implant mucositis, which showed the highest levels of MMP-
8. Studies exist in the literature examining healthy and patients 
with periodontitis, agreeing with this result. [44] and [45] found 
that patients with severe periodontitis present elevated salivary 
concentrations of MMP-8. There are also studies disagreeing with 
this finding as they found that in severe inflammation the levels 
of MMP-8 are higher than in gingivitis and peri-implant mucositis 
sites [46,47]. In our study, MMP-8 levels in initial inflammation are 
higher maybe because MMP-8 is associated with the active phases 
of disease present in these cases. The main finding was that saliva 
was the only statistically significant indicator of the different stages 
of inflammation; as such it constitutes a very sensitive diagnostic 
and prognostic tool that can improve treatment planning in 
periodontics and implant dentistry.

In our study, we found that MMP-8 levels in saliva were 
significantly higher than in other fluids in all groups, and these 
levels do not conform to the levels in GCF, PISF since saliva is a 
more general non-specific reflection of oral status [48]. In contrast 
to our study [49] found that MMP-8 protein levels were higher in 
GCF than in saliva in different groups of periodontal health status 
and smoking status indicating that GCF might be a better sample to 
detect differences in MMP-8 levels. Saliva did not show the benefit 
of treatment as the salivary MMP-8 levels after therapy were 
unchanged [50] with this finding, finding that salivary levels of 
MMP-8 were decreased after therapy in patients with periodontitis. 
As saliva mirrors the inflammation in teeth and implants, the 
salivary levels of MMP-8 remained unchanged after therapy, due 
to unchanged levels of MMP-8 in PISF. Also, MMP-8 in saliva was 
highly correlated with clinical parameters such as PPDmax, CAL, PI, 
and BOP in teeth and implants before therapy [46] also reached the 
same conclusion. This result supports the fact that saliva mirrors 
oral status. Finally, as it was found that saliva MMP-8 levels were 
correlated positively with GCF and PISF levels, confirming that 
inflammation in teeth and implants is reflected in saliva as well. In 
conclusion, biomarkers ‘analysis in saliva offers certain advantages, 
in comparison with GCF and PISF analysis, because this method is 
quick, easy, non-invasive, and more sensitive, although non-specific 
among healthy sites, and those with early or severe stages of 
inflammation. Further studies are needed to develop new methods 
of oral fluid MMP tests to diagnose, follow, monitor, and predict 
periodontal and peri-implant disease or health.
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