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The present study aimed to evaluate whether non-surgical treatment interferes with clinical parameters and
local patterns of osteo-immunoinflammatory mediators (IL-17 and TNF-o) and matrix metalloproteinase-8
(MMP-8) that are found in peri-implant crevicular fluid (PICF) and biofilms during the progression of peri-im-
plant mucositis.

We selected 30 patients with peri-implant caused mucositis before (MP) and after treatment (TP) and 30 healthy
people (HP) for the analysis of IL-17, TNF-a cytokine, and MMP-8 production in PICF and for analysis of colo-
nization dynamics of periodontopathogenic bacteria in supra- and subgingival plaque samples. The levels of
IL-17 and MMP-8 concentrations in samples were assayed by enzymatic immunosorbent assay (ELISA) and
TNF-o levels were determined by enzyme amplified sensitivity immunoassay (EASIA) method in PICF. The mi-
cro-IDent test was used to detect 11 species of periodontopathogenic bacteria in subgingival biofilm.

We found significantly (P<0.001) higher levels of IL-17, TNF-o,, and MMP-8 in the PICF of the MP and TP groups
in comparison to the HP group. A significant association was found in MP associated with Parvimonas micra, as
TNF-o in PICF was significantly higher (P=0.034) than in patients without Parvimonas micra. TNF-. levels in the
samples of PICF showed a moderate correlation with clinical parameters, including plaque index (PI) (P=0.007)
and MMP-8 levels (P=0.001), in the MP group.

Assessment of levels of inflammatory cytokines in PICF can aid in the identification of peri-implant mucositis,
which can assist in early diagnosis, prevention, and treatment.

Chronic Periodontitis ¢ Interleukin-17 ¢« MMP8 Protein, Human ¢ Tumor Necrosis Factor Alpha (36-68)
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Background

Dental implants can be used for rehabilitation of totally or par-
tially edentulous patients. Utilizing them helps reduce speech
discomfort and improve aesthetics and masticatory problems
caused by conventional prostheses [1].

Peri-implant mucositis (MP) is defined as inflammation re-
stricted to damage in the soft tissues, which causes bleeding
on probing, in comparison with peri-implantitis, which also
results in 1 loss marginally that can lead to loss of osseoin-
tegration in the future [2]. Bacterial plaque is considered the
primary etiological factor of inflammatory peri-implant dis-
eases. In the beginning of these diseases, a cytokine-related
response to bacterial products can be observed, such as lipo-
polysaccharides and endotoxins [3]. Host cells respond to bac-
terial challenge by releasing certain pro- and anti-inflammatory
mediators, which in turn mediate degradation of collagen and
extracellular matrix and bone resorption. The release of proin-
flammatory cytokines and chemokines, such as interleukin -1
(IL-1B), IL-6, IL-8, and tumor necrosis factor-alpha (TNF-a), is
strongly associated with disease progression due to their abil-
ity to cause bone resorption [4]. Polymorphonuclear cells and
an abundance of fibroblast matrix metalloproteinase-8 (MMP-
8) have also been shown to be present in the first stages of
peri-implantitis, which usually follows the release of these cy-
tokines. The destruction of connective tissue is a significant
determinant of the progression of peri-implant lesions and it
is essentially driven by MMP-8 [5].

Microorganisms that cause peri-implantitis are similar to bac-
teria found in periodontitis and gingivitis, such as the species
of the red and orange complexes [6]. Porphyromonas gingi-
valis, Tannerella forsythia, and Prevotella intermedia are com-
monly associated with periodontitis, but may not necessarily
be correlated with implant status [7].

Recently, Th17-related cytokines were found to be involved
in the periodontitis pathogenic process due to their capacity
to induce osteoclastogenesis [8]. Th17 cells are characterized
by the production of IL-17, which mediates several biological
functions associated with the proinflammatory response, in-
cluding neutrophil and macrophage recruitment, stimulation
of proinflammatory cytokine synthesis, and production of an-
timicrobial peptides by a variety of immune and non-immune
cells. IL-17 induces nuclear factor kappa-B ligand (RANKL) and
expression of intercellular adhesion molecule-1 (ICAM1), gran-
ulocyte macrophage colony-stimulating factor (GMCSF), and
prostaglandin E2. Moreover, immune responses mediated by
Th17 cells are highly dependent on the proinflammatory cy-
tokine IL-23, which is produced by dendritic cells and is often
referred to as the IL-23/Th17 axis [9].
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Some studies found higher levels of proinflammatory cytokines
in the peri-implant crevicular fluid (PICF) from patients with peri-
implantitis than in crevicular fluid obtained from MP sites, while
other studies were not able to find a significant difference [10].

The present study aimed to evaluate whether non-surgical
treatment affects clinical parameters and local patterns of
the osteo-immunoinflammatory mediators IL-17, TNF-c, and
MMP-8 in PICF and biofilms during the progression of peri-
implant mucositis.

Material and Methods

Study Groups

Thirty patients with peri-implant mucositis and 30 healthy peo-
ple were selected for the analysis of IL-17, TNF-a cytokine, and
MMP-8 production in PICF and for analysis of colonization dy-
namics of periodontopathogenic bacteria. All patients were di-
vided into 3 groups: patients with healthy implants (HP), pa-
tients with untreated peri-implant mucositis affecting 2 implants
(MP), and patients treated with mechanical anti-infective ther-
apies for mucositis (TP), which involved mechanical debride-
ment using abrasive sodium carbonate air-power and resin cu-
rets, and rinsing with chlorhexidine solution 0.12% for 2 weeks.

Sampling

Sixty non-smoking subjects (30 men and 30 women aged 55-
70 years) were included in this study. They received dental
care at the Department of Odontology, Medical Academy of
the Lithuanian University of Health Sciences. All experiments
were in accordance with all the regulations approved by the
Regional Bioethics Committee City of Kaunas (No. BE-2-76)
and in accordance with the Declaration of Helsinki. All volun-
teers involved in this study signed the informed consent form
approved by the Regional Bioethics Committee City of Kaunas.

All subjects presented with at least 1 completely edentulous
dental arch restored with implant-supported complete dentures.
Each subject had received 2 smooth titanium implants. Conical
mini-abutments measuring 3 or 4 mm high had been placed
and submitted to immediate load. All implants were function-
ing in the patient’s oral cavity for at least half a year. The mean
time in function was 26.3+3.9 months. All subjects were know!-
edgeable about their current clinical situation and the risks
and benefits of the study and signed the letter of acceptance.

Clinical Examination

Patients with diagnosis of peri-implant mucositis had implants
with probing depths of 0-3 mm, including marginal bleeding,
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without suppuration or radiographic signs of bone loss. Patients
with healthy implants had implants with probing depths of 0-3
mm, no marginal bleeding or suppuration was present, and no
radiographic bone loss was observed [11].

We excluded patients with previous conservative or surgical
peri-implant tissue therapy, relevant systemic diseases, or use
within the 6-month period prior to the study of any type of
antibiotics, anti-allergy medications, anti-inflammatory drugs
(NSAID), antioxidants, or oral antiseptics. Smokers and preg-
nant or lactating patients were also excluded from the study
population.

Probing depth (PD) parameters were measured at 6 different
locations around the implant (mesio-buccal, buccal, disto-buc-
cal, mesio-lingual, lingual, and disto-lingual). For the following
measurements, a periodontal probe was used (PCP 15, Stoma
Storz am Mark, Germany). Marginal bleeding index (MBI) was
assessed as the presence (1) or absence (0) of bleeding upon
tissue contact with the periodontal probe. The plaque index (Pl)
was determined as the presence (1) or absence (0) of plaque.
The suppuration index determined whether spontaneous sup-
puration or suppuration on probing occurred. The distance be-
tween the mucosal margin and the bottom of the sulcus were
assessed by probing depth. A radiographic positioner was used
to take intraoral periapical radiographs. Paralleling technique
was used for these measurements. Clinical examinations were
performed by the same examiner (V.0.S.), who was previously
trained and calibrated [10].

Peri-Implant Crevicular Fluid Collection

In subjects from all groups, 2 or 3 sites around the implant
were chosen for PICF collection. Those sites were isolated
(cotton rolls were used for this procedure) and gentle dry-
ing was applied to the surfaces. A capillary tube was used for
PICF collection from the peri-implant sulcus. The duration of
the procedure was 30 s to avoid traumatizing the tissues [12].
Samples with blood were marked as contaminated and were
eventually discarded. Microfuge tubes containing 200 pl phos-
phate- buffered saline and 10 pl of protease inhibitor (Sigma-
Aldrich, St. Louis, MO, USA) were used for PICF samples place-
ment for 45 min. Samples were centrifuged at 3000 g for 5
min. Supernatant was frozen at -70°C until further analysis.

Quantification of Cytokines

PICF samples were centrifuged at 5000 g for 15 min at 4°C.
Enzymatic immunosorbent assay (ELISA) was used for the anal-
ysis of each PICF sample to determine IL-17 levels, accord-
ing to the manufacturer’s recommendations (Quantikine, R D
Systems, Minneapolis, MN, USA). Briefly, 100 pl of detection
antibody was added to all wells, except the blank wells, mixed

CLINICAL RESEARCH

gently, and incubated overnight (16-24 h) at room tempera-
ture. Plates were washed 3 times. Standards and samples were
added to wells in duplicate. The plates were washed again af-
ter incubation and then re-incubated with 100 pl of conjugate
for 60 min at room temperature. Plates were washed again for
3 times, and 100 pl substrate was added and re-incubated for
15 min at room temperature in the dark. We used 50 pl stop
solution to stop the reaction. Then, the color was measured
in an automated microplate spectrophotometer (Microplate
Reader/Model 3550, Bio Rad). The measuring units of cyto-
kines were picograms/microliter (pg/pl). Results were calcu-
lated using standard curves created in each assay. ELISA as-
says were carried out in a blind fashion.

The levels of TNF-a in PICF samples were determined by en-
zyme amplified sensitivity immunoassay (EASIA) method.
Human TNF-a. EASIA kits (BioSource Europe S.A., Belgium) were
used for the in vitro quantitative determination of TNF-o con-
centrations in the PICF. A calibration curve was plotted and
TNF-o concentration (U/l) in samples was determined by in-
terpolation from the calibration curve. The experiments with
samples for each patient were performed as quadruplicates.

Protein Production

MMP-8 concentrations in 10x diluted samples of PICF were mea-
sured by ELISA (Biotrak MMP-8 human ELISA system; Amersham
Pharmacia Biotech, Buckinghamshire, UK; Quantikine human
TIMP-1 immunoassay; RD Systems, Minneapolis, MN, USA)
according to the manufacturer’s protocols. The average low-
er limits of detection were 0.032 and 0.08 ng/ml, respective-
ly. All ELISAs were performed in duplicate.

Microbial Sampling

For collection of the subgingival biofilm, endodontic paper
points were inserted into the periodontal sulcus or pocket un-
til resistance from the base of the pocket was felt and were
kept in place for 30 s. After sampling, sterile tubes were used
for storage of the points and paper strips. The tubes contained
300 pl of RNAlater (RNAlater; Sigma-Aldrich, St. Louis, MO) and
were stored shortly after collection at -80°C until processed.
We used the molecular genetic assay for combined identifi-
cation of additional periodontopathogenic bacterial species
as an extension of the micro-IDent test. The micro-IDent plus
(Germany) assay was performed. It is based on the DNA-STRIP
technology and allowed as an extension test of the micro-IDent
by HAIN LIFESCIENCE, the combined molecular genetic iden-
tification of periodontopathogenic bacterial species, namely
Aggregatibacter actinomycetemcomitans (A. actinomycetem-
comitans), Porphyromonas gingivalis (P. gingivalis), Treponema
denticola (T. denticola), Fusobacterium nucleatum (F. nuclea-
tum), Prevotella intermedia (P. intermedia), Tannerella forsythia
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Table 1. Clinical data of patients with healthy implants (HP) and peri-implant mucositis patients (MP).

Mean (SD) HP, n=30 MP, n=30 P value
Age, years 63.1 (1.7) 63.0 (2.0 >0.05
Probing depth mm 14 ©2 30 02 <00l
Plaqueindex o  oss (03 <001
 Marginal bleeding index o o2 (©on <001

SD - standard deviation; P value by ¢ test.

Table 2. Significance of differences in probing depth, plaque index, and marginal bleeding index of healthy subjects, and the mucositis
patients untreated and treated groups.

Plaque index Marginal bleeding index

Probing depth, mm

HP, n=30 14 [1.2-1.6]* 0+ 0+
MP, n=30 30 [28-3.2]* 0.6 [0.3-0.8]**** 0.28 [0.27-0.29]%***
TP, n=30 295 [2.8-3.1]* 0.1 [0.06-0.11]**** 0.03  [0-0.09]*****

e pe0.001

%% — by Kruskal-Wallis test, multiple comparison by Mann-Whitney test; df — degrees of freedom; HP — healthy subjects; MP — patients

with untreated peri-implant mucositis; TP — patients treated with mechanical anti-infective therapies for mucositis.

(T. forsythia), Parvimonas micra (P. micra), Campylobacter rec-
tus (C rectus), Eubacterium nodatum (E. nodatum), Eikenella
corrodens (E. corrodens), and Capnocytophaga sp. (C. gingiva-
lis, C. ochracea, C. sputigenal) (C. sputigenal). The whole proce-
dure was divided into 3 steps: DNR isolation from subgingival
samples using a Geno type DNA isolation kit (Germany), with
multiplex amplification with biotinylated primers and reverse
hybridization. The detection level was determined as 103 bac-
teria per sample.

Reagents

Hank’s balanced salt solution (Sigma Chemical Co. (St. Louis,
Missouri, USA) and plastic vials were used from Carl Rot GmbH
& Co KG (Karlsruhe, Germany).

Statistical Analysis

Statistical analysis of the data was performed using SPSS 22.0
for Windows for storage and analysis of data. All parametric
data are expressed as the mean and standard deviation me-
dian (25-75%). The Kolmogorov-Smirnov test was used for de-
termination of quantitative data distribution. The t test was
used when the distribution of variables was normal, and there
was a comparison of quantitative sizes of 2 independent sam-
ples. For non-normally distributed variables, the Mann-Whitney

U test was used. The Kruskal-Wallis test was used for com-
parison of non-normally distributed variables. Chi-square (x?)
tests were used to compare frequencies of qualitative vari-
ables. Linear relationships of the variables were assessed us-
ing Spearmen’s correlation coefficient. For the highest accura-
cy in the minimally false positive and minimally false negative
results assessment, an ROC (receiver operating characteris-
tics) curve method was applied. Logistic regression analysis
was performed to determine the odds ratio predictive value.
Differences between groups were considered significant at P
less than 0.05 (P<0.05).

Results

The means and standard deviations of the clinical indices of the
studied groups are summarized in Table 1. The mean age of the
MP and HP groups (63.1+1.1 years and 63.0+1.0 years, respective-
ly) did not differ significantly (P>0.05). The PD mean was greater
in the MP group in comparison to the HP group, at 3.0 mm and
1.5 mm, respectively (P<0.001). The MP group had a significant-
ly higher Pl and MBI in comparison to the HP group (P<0.001).
There was no suppuration observed in any of the groups.

When compared to MP and HP groups, significant decreases
in MBI, PI, and PD were observed in the TP group (P<0.001)
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Table 3. The levels of MMP-8, IL-17, and TNF-o in peri-implant crevicular fluid of healthy subjects and the mucositis patients untreated

and treated groups.

Median [25-75%)]

HP, n=30 0.99 [0.68-1.4]**
MP, n=30 3.27 [2.46-7.24]%**
TP, n=30 1.70  [0.53-3.05]%**

1.87 [0.83-3.24]** 0.7 [0.53-0.74]%**
17.94 [14.44-20.56] *,*** 3.08 [2.69-3.82]****
6.35 [4.43-6.75] ***** 1.52 [1.17-1.88]*****

e pe0.001

%% — by Kruskal-Wallis test, multiple comparisons by Mann-Whitney test; df — degrees of freedom. HP — healthy subjects; MP — patients
with untreated peri-implant mucositis; TP — patients treated with mechanical anti-infective therapies for mucositis.

°
0.0 1 ° ° .
T T T T T
2.0 25 3.0 3.5 4.0
TNF-a

10

8 o®0

MMP-8

T
20 25 3.0 35 4.0
NF-a

Figure 1. Spearman correlations for clinical parameter plaque
index and cytokine TNF-o levels in the samples of
peri-implant crevicular fluid of the mucositis patients
untreated group. r=0.479, P=0.007; y=-0.273 + 0.252*x.
Pl - plaque index.

(Table 2). The HP group had lower levels of IL-17, TNF-q, and
MMP-8 in the PICF in comparison to the MP and TP groups,
with a statistically significant difference (P<0.001) (Table 3).

Figures 1 and 2 show the results of correlation analysis for clin-
ical parameters and cytokine levels in PICF. TNF-a. levels in the
samples of PICF showed a moderate correlation with clinical
parameters such as PI (P=0.007) and MMP-8 levels (P=0.001)
in the MP group. The levels of IL.-17 and MMP-8 in PICF did
not correlate with any clinical parameters. Data for the iden-
tification of bacteria when a bacterial species was found in at
least 1 of the 3 assayed sites.

Comparisons between groups are shown in Table 4. Logistic
regression was used to predict bacterial colonization accord-
ing to cytokine activity in PICF. A significant association was

Figure 2. Spearman correlations for cytokine TNF-a levels and
MMP-8 in the samples of peri-implant crevicular fluid
of the mucositis patients untreated group. r=0.587,
P=0.001; y=-2.427+2.178*x. %? — chi-square test; df
— degrees of freedom; HP — healthy subjects; MP —
patients with untreated peri-implant mucositis; TP
— patients treated with mechanical anti-infective
therapies for mucositis.

found in patients with mucositis associated with Parvimonas
micra, as TNF-o. in PICF was significantly higher (P=0.034)
than in patients without Parvimonas micra (Figure 3, Table 5).
Patients with mucositis and Parvimonas micra had significantly
higher levels of TNF-a in PICF (P<0.05) than patients without
Parvimonas micra with corresponding median values [25-75%]
2.75[2.34-3.31] and 3.61 [2.99-3.84], P=0.034.

Based on the ROC curve, we can predict TNF-a in PICF optimal
cut-off value of 2.8, with odds ratio of 11.2. If Parvimonas mi-
cra has been detected, then TNF-o0 would be >2.8.
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Table 4. Differences in bacteria A. actinomycetemcomitans (A. a.), P. gingivalis (P. g.), T. denticola (T. d.), F. nucleatum (F.), P. intermedia
(P. i), T. forsythia (T. f), P. micra (P.m.), C. rectus (C. r.), E. nodatum (E. n.), E. corrodens (E. c.), C. sputigenal (C. s.) frequencies in the
study group patients.

Study groups

Bacteria

10.588; 0.005

Aggregatibacter actinomycetemcomitans (A.a.) 0F** 30.0* 26.7* ***P¢0.05
- ; " 19.365; <0.001
Porphyromonas gingivalis (P.g.) 0 46.7 433 **%P<0.05
Prevotella intermedia (P.i.) 3.3 133 10.0 1.921; 0.383
i * %k & . 6.421; 0.04
Tannerella forsythia (T.f.) 0 20.0 16.7 *5%P¢0.05
) } " 16.705; <0.001
Treponema denticola (T.d.) 0 433 36.7 **%P<0.05
28.706; <0.001
1 H * Kk * kK ’
Parvimonas micra (P.m.) 0 60.0 56.7 “*%Pe0.05
Fusobacterium nucleatum/periodonticum (F.n.) 3.3%>* 100.0**** 50.0%**** 55*'3 13:;(%%051
Campylobacter rectus (C.r.) 6.7 26.7 13.3 4.737; 0.094
Eubacterium nodatum (E.n.) 10.0 20.0 16.7 1.184; 0.553
9.631; 0.008
i *, k% * Hok ’
Eikenella corrodens (E.c.) 16.7 53.3 46.7 *5%P¢0.05
Capnocytophaga spp. (C.s.) 3.3%x* 80.0* 66.7** 4053@;%201

%% — Chi square test; df — degrees of freedom; HP — healthy subjects; MP — patients with untreated peri-implant mucositis;
TP - patients treated with mechanical anti-infective therapies for mucositis.

Discussion

It is acknowledged that MP is a predecessor of peri-implanti-
tis. Therefore, to prevent MP progression to peri-implantitis,
the establishment of an early diagnosis and treatment must
occur [3]. During inflammation, the affected region has an in-
creased blood flow and vascular permeability, with associ-
ated fluid exudation, including leukocyte migration and ac-
cumulation from blood vessels into the tissues. During this
inflammatory process, osteoclasts are activated, which can
lead to peri-implant pockets formation, which can encourage
growth of bacteria. This results in increased probing depths
and bone loss [10,11].

0.8 —

g
o
|

Sensitivity

S
~
|

0.2 —

00 Proinflammatory cytokines (TNF-a, IL-1B) have important roles
: T T T T . . . . ) )
0.0 0“2 04 06 08 10 m. natural |.mmun|ty and |nﬂammat|.0n and .are |mportant me-
1-Specificity diators of inflammatory host reactions to infection and oth-
er inflammatory stimuli. Immune reactivity guidelines can be
Figure 3. ROC curve of prognosis bacteria Parvimonas micra by used for peri-implant tissues stage evaluation.
using logistic regression method according to optimal
cut-off Valf“? of TNF-c in peri-implant crevicular fluid of | hone resorption stimulation, TNF-o and IL-1p act synergisti-
the mucositis patients untreated group. cally. They also can enable the migration of inflammatory cells
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Table 5. Prognosis bacteria Parvimonas micra by using logistic regression method according to TNF-ot in peri-implant crevicular fluid of
the mucositis patients untreated group.

Parvimonas TNF-o, median [25-75%], ey
. the ROC
micra mean rank o
curve, %
No 2.75[2.34-3.31], 11.33
Yes 3.61[2.99-3.84], 18.26 73.1
P value 0.034*

C())fpft T:‘?lll::tf- Sensitivity/ Parvimonas OR
TNF-o. specificity, %  micra, n (%) [95% ClI]
5 (41.7) 1.0
<2.8 88.9/58.3 16 (88.9) 11.2[1.735-72.3]

0.006™*

ROC - receiver pperating characteristics; OR — odds ratio; Cl — confidence interval; * P value by Mann-Whitney test; ** asymptotic P

value.

into tissue and participate in the acute-phase response against
infection and pathogenesis of peri-implant destruction [13].
These cytokines stimulate the inflammation and tissue de-
struction processes and increasing bone resorption [13]. They
also stimulate the release of MMP, which causes degradation
of proteins of the extracellular matrix and affect the local and
systemic manifestation of inflammation [13].

Th1,Th2, and Th17 play an important role in the pathogenesis
of peri-implantitis, although the details are unclear. Activation
of Th1 subpopulation cells by IL12 results in production of
IL-2 and IFN-y. These cytokines predominantly stimulate the
cell immune response mediated by cytotoxic T cells, macro-
phages, and natural killer (NK) cells [14]. On the other hand,
activation of Th2 subpopulation cells is followed by the pro-
duction of IL-4, IL-5, IL-6, and IL-10, which stimulates a pre-
dominantly humoral immune response and inhibits the cells
immune response [14]. Th17 is a newly discovered subtype
of CD+4 T cells that participate in immunity to bacteria and
in the pathogenesis of autoimmune processes [14]. The level
of IL-17, the most important representative of this type of cy-
tokine, is increased during gingivitis and periodontal diseas-
es [14]. The levels of IL-17 and IL-10 are increased in patients
with peri-implant compared to individuals with healthy peri-
implant tissues, and the results showed that the highest con-
centrations of IL-17 and IL-10 were observed in patients with
peri-implant mucositis and peri-implantitis, respectively [15].

In our study in PICF, the levels of TNF-a and IL-17 were signif-
icantly lower in TP compared to MP (P <0.001). Although the
therapy of peri-implant mucositis is considered necessary to
avoid peri-implantitis, all clinicians should focus on the preven-
tion of mucositis, taking into account the findings of Ribeiro et
al that during 21-day period of plaque accumulation, gingiva
around teeth develop weaker inflammatory response in com-
parison to soft tissues surrounding implants [16].

Our study revealed moderate correlations between biochemical
parameters in the samples of PICF and between the cytokine
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levels of TNF-o and clinical parameters (PI) (P=0.007) and MMP-
8 levels (P=0.001) in the group of patients with MP.

The aforementioned results agree with a study that found a
correlation between IL-6 and TNF-o in groups with peri-implant
mucositis, but no signs of interproximal alveolar bone loss, in
comparison to individuals with peri-implantitis. This suggests
that the presence of proinflammatory cytokines is correlated
with peri-implant disease [17].

A major role is played by the matrix metalloproteinase (MMPs)
in various tissue-destructive inflammatory processes in which
most of the basement membrane and peri-cellular compo-
nents are degraded. Therefore, MMP-8 can be used as an ad-
junctive diagnostic biomarker in peri-implant diagnostics [18].
Similar possibilities might be offered by PICF MMP-8, as its lev-
els were positively associations with probing depths and gin-
gival index in loaded implants [18]. Early implant failures can
occur due to MMP-8 gene polymorphisms in its promoter re-
gion. MMP-8 (Collagenase-2), which is an important mediator
of LPS induced inflammation, and also other proinflammato-
ry transmitters, are activated by the MMPs [19].

MMP-8 levels are increased and converted to active form in
peri-implantitis-affected PICF and accordingly differ from MMP-
8 detected in PICF from peri-implant mucositis-affected and
healthy oral implants [18]. In particular, a stronger inflamma-
tory response to accumulation of plaque is developed by peri-
implant soft tissues in contrast to their gingival counterparts
when evaluated by potential biomarkers, including MMP-8 [18].
Formation of biofilm and development of gingivitis and peri-
implant mucositis are highly associated, and this was found
to be reversible by addressing gingival crevicular fluid (GCF)
and PICF biomarker MMP-8. A prospective study revealed that
MMP-8 was an early sign of peri-implant inflammation, and
assessment of PICF MMP-8 was advantageous in controlling
the course of peri-implant disease [18].
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A recent cross-sectional study was done, in which scientists
analyzed several biomarkers (IL-1p, VEGF, MMP-8, TIMP-2, and
OPG) together with periodontopathogenic bacteria (A. actino-
mycetemcomitans, P. intermedia, P. gingivalis, T. forsythia, and
T. denticola), showing that MMP-8 levels were not significant-
ly different among the investigated groups [20]. Healthy and
peri-implantitis-affected implants were not compared based
on the status of natural teeth and no treatment was given,
which makes it difficult to compare the results with other stud-
ies in which peri-implantitis was treated with surgery and PICF
levels of bone markers were analyzed, and in which a signifi-
cant reduction of MMP-8 and IL-6 and bone resorption mark-
ers were detected [21,22].

MMP-8 is the first line of innate immune response, and, ac-
cording to our findings, MMP-8 is a viable potential biomark-
er that should be used along with clinical parameters for the
tracking of peri-implant health and disease. A viable scheme
would be to analyze PICF MMP-8 together with bone loss bio-
markers such as soluble RANK ligand, osteoprotegerin (OPG),
and sclerostin, which have been found to be significantly in-
creased in patients with peri-implantitis in comparison to the
patients with healthy peri-implant tissues, as prognostic bio-
markers in peri-implantitis [23,24].
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Conclusions

Evaluation of inflammatory cytokines levels in peri-implant
diseases can permit the identification of active disease, which
may be a tool for early diagnosis, prevention, and treatment.
MMP-8 was found to be an early sign of peri-implant inflam-
mation. Levels of TNF-o and IL-17 were significantly lower in
the treated group patients compared to peri-implant mucosi-
tis before treatment.
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