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Abstract
Objectives The aim of this study was to evaluate the quality of
prediction for stable results after nonsurgical periodontal ther-
apy by several microbiological variables of the subgingival
biofilm and biomarkers of gingival crevicular fluid or oral
lavage.
Material and methods Forty-six individuals with moderate or
severe chronic periodontitis receiving nonsurgical periodontal
therapy were monitored for clinical variables, selected micro-
organisms, and biomarkers at baseline and 3 and 6 months
thereafter. Logistic regression analysis and general linear
model (GLM) were applied for analysis of variance and
covariance.
Results At 6 months, 20 patients showed a high response
(HR) to treatment (at least 60 % of reduction of numbers of
sites with PD >4mm), whereas 26 did not (low response, LR).
All clinical variables were significantly improved at 3 and
6 months within each group (p < 0.001, each compared with
baseline). Modeling the impact of Porphyromonas gingivalis,
Treponema denticola, and median of MMP-8 on to the

response to treatment as continuous variables by GLM
showed a significant influence of these variables (p = 0.045)
with the strongest influence of P. gingivalis (p = 0.012)
followed by T. denticola (p = 0.045) and no association with
MMP-8 (p = 0.982). Samples tested positively for
P. gingivalis decreased only in HR (3 months: p = 0.003;
6 months: p = 0.002). Calprotectin levels in GCF were lower
in the HR group compared with the LR group at 3 months
(p = 0.008) and at 6 months (p = 0.018).
Conclusion Persistence of P. gingivalis combined with a high
GCF level of calprotectin may have a negative predictive val-
ue on response to periodontal therapy.
Clinical relevance Microbiological diagnostics for
P. gingivalis before and 3 months after SRP may have a pre-
dictive value on response to periodontal therapy. The combi-
nation withMMP-8 in oral lavage or preferably calprotectin in
GCF might give additional information.

Keywords Chronic periodontitis . Response to treatment .

Biomarkers .Microbiological diagnostics . Porphyromonas
gingivalis

Introduction

Periodontal destruction is a result of breakdown of the host-
microbial homoeostasis [1]. The microbiota of the oral cavity
is one of the most diverse microbial community in the human
body [2]. The composition of the supra- and subgingival bio-
film that is different from the salivary and soft tissue cluster
has an important impact on periodontal health or disease [3].
About 500 different species could be differentiated in the
subgingival biofilm [4]. However, certain bacteria may play
a role as keystone pathogens in changing a symbiotic micro-
biota to a dysbiotic one; in an animal model, Porphyromonas
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gingivalis induced a dysbiosis of the gut microbiota and im-
paired the gut barrier [5]. P. gingivalis lives in symbiosis with
Treponema denticola and other bacteria essential for the pro-
gression of chronic periodontitis [6]. Virulence of
Aggregatibacter actinomycetemcomitans is mostly based on
its production of leukotoxin; the species is associated with
aggressive periodontitis [7].

The dysbiotic subgingival biofilm triggers the inflammato-
ry and tissue-degrading responses of the host especially in the
adjacent tissues [8]. Different cytokines and matrix-metallo-
proteinases (MMP), like interleukin (IL)-1β, IL-6, orMMP-8,
are important players regarding the tissue destruction [9, 10].
Periodontal disease is monitored via clinical diagnostic vari-
ables like clinical attachment level (CAL), probing depth
(PD), or bleeding on probing (BOP). These methods have a
limited accuracy and deficiencies to predict ongoing or future
disease activity as well as to determine whether previously
diseased sites are still active or arrested [11, 12]. Host-
derived mediators like cytokines, enzymes, or MMPs
expressed in different fluids in the oral cavity can be utilized
as diagnostic markers for periodontitis [13, 14]. Several at-
tempts have been made to use biomarkers or microbiological
data of the gingival crevicular fluid or the subgingival biofilm
to improve the quality of the prognosis of periodontal disease
progression or stability [15–17]. Besides gingival crevicular
fluid, saliva [13, 18] and oral rinse [19] are regarded as a
potential tool for diagnosis, progression analysis, and predic-
tion of treatment outcomes of periodontitis.

A combined detection of microorganisms and biomarkers
in the saliva correlates with activity of periodontal disease
[20–22] and has a predictive value both of progression of
disease and response to treatment [23].

The aim of the present study was to evaluate the quality of
prediction for stable results after nonsurgical periodontal ther-
apy by several microbiological variables of the subgingival
biofilm and biomarkers of gingival crevicular fluid and oral
lavage, respectively. The working hypothesis was that a level
of MMP-8 in mouthwash above the median combined with
the presence of P. gingivalis and T. denticola 3 months after
scaling and root planing (SRP) has a predictive value for 6-
month success of treatment. The null hypothesis is that the
reduction of microorganisms in the subgingival plaque in as-
sociation with decreased level of biomarkers in oral lavage is
without additional benefit.

Material and methods

Study population

Following approval of the study by the Ethics Committee
(#AZ133-12-16042012) of the University of Leipzig
Medical Faculty, 55 randomly selected patients were screened

and asked to participate in the study. Forty-six volunteers (25
female and 21 male) gave written and informed consent to
their participation in the clinical study in two private dental
practices (K.V. and M.K.). In obtaining the informed consents
and in conducting the study, the principles outlined in the
Declaration of Helsinki, as revised in 2008, were followed.
Only individuals with moderate or severe chronic periodonti-
tis [24] were included in the study. In addition, two other
inclusion criteria were as follows: at least 20 teeth in function
and 20 sites with PD ≥4 mm. Individuals were excluded if
they had taken antibiotics in the 3 months prior to the study
or if they had received periodontal treatment during the pre-
vious 2 years. Furthermore, pregnancy, nursing, chronic dis-
eases such as diabetes mellitus or rheumatoid arthritis, and the
need of periodontal surgery and/or adjunctive antibiotics to
SRP were also criteria for exclusion.

All examination and treatment were performed by the same
clinicians (K.V. and M.K.). They were unaware both of the
microbiological results and of the biomarker analyses. For
inter-examiner calibration, repeated measurements of one
quadrant in 10 patients were executed resulting in κ = 0.91.

Therapy and follow-up treatment

After two initial prophylaxis and instruction sessions, the par-
ticipants received full-mouth SRP in two sessions carried out
within 24 h using hand and ultrasonic instruments under local
anesthesia with articaine hydrochloride/epinephrine hydro-
chloride (Ultracain D-S, Sanofi-Aventis, Frankfurt/Main,
Germany). All of the patients used a chlorhexidine
digluconate mouthrinse (Chlorhexamed forte 0.2 %,
GlaxoSmithKline Healthcare, Bühl, Germany) for 1 min twice
daily during the first 7 days after SRP. No adjunctive antibi-
otics were applied. Careful normal oral hygiene with tooth-
brush and interdental brushes was performed.

Three and 6months after SRP, careful supportive periodon-
tal therapy was performed by the same experienced clinicians,
and BOP-positive sites were re-instrumented. During the ap-
pointment of supportive periodontal care, re-motivation and
re-instruction have been performed.

Clinical variables and sampling procedures

Clinical variables were recorded at three appointments: before
SRP (baseline), after 3 months, and 6 months. At the same
times, biological materials were also sampled. Oral lavage
was performed according to a recently described protocol
[19]. One milliliter of sterile tap water was applied to the oral
cavity. Patients were asked to rinse intensively their teeth for
60 s. Thereafter, suspension was aspirated and given into a
tube containing proteinase inhibitors (Sigma-Aldrich, St.
Louis, MO, USA). In the following, samples of the
subgingival biofilm and gingival crevicular fluid (GCF) were
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taken from the deepest site per quadrant. For sampling GCF,
sterile paper strips (Periopaper; Oraflow Inc., Smithtown,
New York, USA) were placed at the entrance of the periodon-
tal pocket for 30 s. This intracrevicular superficial method [25]
ensures that the subgingival biofilm in the pocket is not
destroyed. The strips were pooled and placed into a tube con-
taining proteinase inhibitors. After 1 min, endodontic paper
points (ISO 60, Roeko GmbH, Langenau, Germany) were
inserted into the pocket until resistance was felt and were left
in place for 30 s. All samples were stored at −20 °C immedi-
ately after collection and transferred to the laboratory on dry
ice within 1 month where the plaque samples were again
stored at −20 °C, and the oral lavage and GCF samples at
−80 °C until analysis.

The clinical variables PD, CAL, and BOP of all teeth were
determined in a six-point measurement per tooth
(mesiobuccal, buccal, distobuccal, mesiooral, oral, and
distooral). The assessment was performed with a manual peri-
odontal probe (PCP-UNC 15, Hu-Friedy Manufacturing Co.,
Chicago, IL, USA) using a pressure of about 0.25 N. The
interproximal plaque index (API) [26] was used as a measure
for oral hygiene.

Biochemical and microbiological analysis

Before analyzing, GCF samples were eluted at 4 °C overnight
into a 750-μl phosphate-buffered saline. From the eluates and
oral lavages, the levels of interleukin (IL)-1β, matrix-
metalloprotease (MMP)-8, MMP-1, and tissue inhibitor of
matrix-metalloprotease (TIMP)-1 were determined by using
commercially available enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems Europe Ltd., Abingdon, UK)
and calprotectin by using commercially available ELISA kit
(My Biosource, San Diego, CA, USA) according to the man-
ufacturer’s instructions. The detection levels of the kits were
0.5 pg/ml for calprotectin and TIMP-1, 2 pg/ml for IL-1β and
MMP-1, and 100 pg/ml for MMP-8.

Microbiological analysis was made as described recently
[27]. In short, DNA was extracted by using Chelex method
[28]. In the following, the microIDent®plus11 test (Hain
Lifescience, Nehren, Germany) was used according to the
manufacturer’s description. The test is able to identify 11
periodontopathogenic bacterial species after two PCR runs
and a subsequent reverse hybridization. Intensity of staining
of the strips was used for semi-quantification. Two qualified
investigators determined independently the score (0 = no band
(negative), 1 = weak band (low load), 2 = clear band (moder-
ate load), 3 = strong band (high load), 4 = very strong band
(very high load)). Both the reference bands and the hybridiza-
tion controls were used for adjustment. The sensitivity for the
test is 103 for A. actinomycetemcomitans and 104 for the other
bacteria. In addition, the counts of Filifactor alocis were de-
termined by using real-time PCR. The quantitative results

were categorized accordingly: 104/sample = 1, 105/sample = 2,
and ≥106/sample = 3.

Data analysis

Power analysis based on a comparison between patients with
stable conditions and disease progression [23] revealed 45
participants to detect a significant difference (p ≤ 0.05) with
a test power of 90 %. This study was a longitudinal observa-
tional study. At the end, the study population was grouped in a
group that highly responded to treatment (HR) and a group
with low response (LR). High response to therapy was defined
as a reduction of sites with PD >4 mm of minimum 60 % at
6 months, low response to all the others [29, 30]. The primary
outcome was the presence of MMP-8 in oral lavage above the
median combined with a positive result (detection by the used
microbiological kit) both for P. gingivalis und T. denticola
3 months after SRP.

After the descriptive statistics of all included participants, a
logistic regression analysis to model presence of HR (60 %
reduction of PD ≥4 mm) against sum of presence of
P. gingivalis and T. denticola and presence of MMP-8 was
performed. In further analyses, the influence of the different
variables was checked, and those were compared between the
groups. Quantitative variables were analyzed usingWilcoxon-
matched pair test for paired variables (time dependencies) and
Mann-Whitney U test (to compare HR vs LR). McNemar
(timepoint) and Fisher s exact tests (groups) were executed
to compare categorical and dichotomized variables.
Spearman correlation associated biomarker results of the oral
lavage with those of GCF.

General linear models (GLMs) for analysis of variance and
covariance, as well as logistic regression for analyzing the
influence of variables that determine treatment outcome, were
applied. The level of significance was set to 5 %. Software
SAS®9.4 [31] was used.

Results

Study population and clinical variables

The study was performed in 2013 and 2014; the last patient
left the study in January 2015. Figure 1 presents the study flow
adapted to Moher et al. [32]. Fifty-five patients were assessed
for eligibility, and nine patients were excluded. There was no
drop out; however, in one patient, biological samples taken at
3 months were not suitable for analysis due to a technical
error. Finally, data from 46 patients (21 male, 25 female; mean
age 55 years, range 33–77 years) were evaluated. The demo-
graphic data of these 46 patients are summarized in Table 1. At
6 months, 20 patients showed a high response to treatment (at
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least 60 % of reduction of numbers of sites with PD >4 mm),
whereas 26 did not (Fig. 1).

The age (HR: 55.85 ± 7.44; LR: 55.07 ± 11.40; p = 0.842)
and the gender distribution (HR: 10 male, 10 female; LR: 11
male, 15 female; p = 0.766) of the patients were similar in both
groups. Eleven of the 20 patients in the HR group and 8 of the
25 patients in the LR group were smokers (p = 0.135).
Changes of the clinical data (medians as well as minimum
and maximum) observed during the study are presented in
Table 2. All clinical variables (mean PD, number of sites with
PD ≥4 mm, mean CAL, BOP; API) were significantly im-
proved at 3 and 6 months within each group (p < 0.001 each
compared with baseline). No significant difference was found
for any of the analyzed clinical variables at baseline. Number
of sites with PD >4 mm showed a trend to less respective sites

in the HR group compared with LR group (p = 0.053). BOP
and API were never significantly different between the groups
at any time. At 3 and 6 months, significant differences
(p < 0.01) were found for mean PD, number of sites with
PD >4 mm, and mean CAL; at 3 months, there was a trend
for higher BOP in the LR group (p = 0.099).

Bacteria being associated with periodontal disease

Analysis was made for categories as well as for dichot-
omized data. No additional benefit was seen when ana-
lyzing categories (suppl. Table 1). In the following, only
dichotomized data are analyzed in detail (Table 2).
Compar ing Parv imonas micra , Fusobac ter ium
nucleatum/necrophorum , Campylobacter rectus ,
Eubacterium nodatum , Eikenella corrodens , and
Capnocytophaga sp. was without significance (suppl.
Tables 1 and 2). At baseline, less samples were tested
positively for A. actinomycetemcomitans in the LR group
(p = 0.047); this number increased at 3 months in that
group (p = 0.046). Decrease of samples tested positively
for selected bacteria was only seen in the group with
high response to treatment. Less positive samples were
found for P. gingivalis (p = 0.003), P. intermedia
(p = 0.046), and F. alocis (p = 0.025) at 3 months and
for P. gingivalis (p = 0.002), T. forsythia (p = 0.009),

Assessed for eligibility (n=55)

Excluded  (n=9)
•  Not mee�ng inclusion criteria (n=7)
•  Refused to par�cipate (n=5)

Alloca�on

3 months
follow up:  

3mo

Analysis

Included (n=46)

Analyzed clinical and 
microbiological data (n=46)

Group HR: High response to treatment 
(n=20)

Analyzed (n=20)
• Excluded from analysis (n=0)
• Missing laboratory data at 3mo (n=1)

Group LR: Low response to 
treatment  (n=26)

Analyzed (n=26)
• Excluded from analysis (n=0)

Analyzed clinical and 
microbiological data (n=46)
Interven�on  SRP (n=46)

Baseline

Analyzed (n=46) clinical data
Analyzed laboratory data (n=45)

6 months
follow up: 

6mo

Response to treatment: Reduc�on 
of Sites with PD >4 mm by 60%

Fig. 1 Flowchart (adapted to
Moher et al.) [32] of the study
analyzing biomarkers and
microbial predictors in patients
with chronic periodontitis after
nonsurgical periodontal therapy

Table 1 Study population and clinical variables at baseline

Gender (male/female) 21/25

Age (mean ± SD) 55.41 ± 9.79

Smoker (yes/no) 19/27

PD (mean ± SD) 3.96 ± 0.58

Number of PD >4 mm (mean ± SD) 93.00 ± 25.61

CAL (mean ± SD) 4.90 ± 0.77

BOP (mean ± SD) 46.91 ± 13.99

API (mean ± SD) 52.43 ± 12.79
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T. denticola (p = 0.034), and F. alocis (p = 0.014) at
6 months. The analysis of sums of positive results for
these six species revealed a significant difference be-
tween the groups at baseline with higher sums in the
HR group (p = 0.035). Only in this group, a decrease
was detected at 3 months (p = 0.004) and at 6 months
(p = 0.005).

Biomarkers

TIMP-1 was never detected in GCF. In general, the
levels of biomarkers in GCF did not correlate well with
those in oral lavage. Only MMP-8 showed at each
timepoint a significant association with the highest cor-
relation at baseline (r = 0.559; p < 0.001). Most differ-
entiating between groups was calprotectin in GCF; the
levels were lower in the HR group compared to the LR
group at 3 months (p = 0.008) and at 6 months
(p = 0.018). Only two significant intragroup differences
were found; the level of IL-1β in oral lavage at 6 months
in the LR group (p = 0.029) and the level of MMP-1 in
GCF at 3 months in the HR group (p = 0.027) were
lower in comparison with baseline each (Tables 3 and 4).

Variance and covariance

Using the primary outcomes (positive result for P. gingivalis,
T. denticola, and MMP-8 in the oral lavage above the median)
resulted in 9 of 26 (34.6 %) patients being positive in the LR
group whereas no patient in the HR group was positive
(p = 0.006). Modeling of these variables on response to treat-
ment as a continuous variable by GLM showed a significant
influence of these variables (p = 0.045) with the strongest
influence of P. gingivalis (p = 0.012) followed by
T. denticola (p = 0.045) and no association with MMP-8
(p = 0.982). However, when neglecting MMP-8, there was
no significant difference between the groups anymore (13
(50 %) positive in LR group, 4 (21.1 %) in HR group,
p = 0.065).

In addition, different other models were applied to check
for possible influences by laboratory variables at baseline and
3 months on the success of treatment. Selection was based on
the intra- and intergroup differences. Logistic models did not
find any significant influences of the major bacteria being
associated with periodontitis at baseline on treatment group
(HR/LR; model: p = 0.369).

In the logistic model at 3 months, the major bacteria as well
as the GCF level of calprotectin was included. The model

Table 2 Clinical data at baseline, 3 months, and 6 months after SRP related to response to treatment (defined by 60 % reduction of number of sites
>4 mm at 6 months)

HR group (high response, n = 20) LR group LR (low response, n = 26) HR vs LR (p)

Median (min, max) vs baseline (p) Median (min, max) vs baseline (p)

Mean PD (mm)

Baseline 3.78 (3.12, 4.71) 3.95 (2.97, 5.25) 0.184

3 months 2.99 (2.37, 3.46) <0.001** 3.61 (2.85, 4.36) <0.001** <0.001**

6months 2.78 (2.29, 3.28) <0.001** 3.38 (2.72, 3.80) <0.001** <0.001**

# PD >4 mm

Baseline 78.0 (41, 135) 101.0 (36, 155) 0.053

3 months 26.5 (12, 72) <0.001** 85.0 (24, 124) <0.001** <0.001**

6 months 17.0 (4, 40) <0.001** 61.0 (16, 97) <0.001** <0.001**

Mean CAL (mm)

Baseline 4.92 (3.30, 6.57) 4.77 (3.83, 6.66) 0.287

3 months 3.93 (2.62, 5.33) <0.001** 4.44 (3.46, 5.98) <0.001** <0.001**

6 months 3.60 (2.55, 5.14) <0.001** 4.11 (3.36, 5.68) <0.001** <0.001**

BOP (%)

Baseline 44.2 (30.2, 75.0) 45.8 (23.3, 84.2) 0.313

3 months 30.9 (20.2, 43.3) <0.001** 34.6 (20.3, 60.0) <0.001** 0.099

6 months 19.9 (12.0, 32.7) <0.001** 20.5 (11.2, 39.3) <0.001** 0.195

API (%)

Baseline 51.0 (35, 77) 53.0 (35, 82) 0.249

3 months 32.0 (22, 46) <0.001** 36.0 (21, 58) <0.001** 0.222

6 months 23.5 (14, 31) <0.001** 22.5 (18, 38) <0.001** 0.475

**p < 0.01
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itself was not significant (p = 0.232); however, a significant
influence of P. gingivalis (p = 0.024; OR 0.057; 95 % confi-
dence 0.005, 0.685) and of GCF calprotectin (p = 0.021; OR
0.066; 95 % confidence 0.007, 0.669) on response to treat-
ment group was stated. The followed logistic model including
only these two variables became significant (p = 0.012) with
an influence by P. gingivalis (p = 0.052; OR 0.253; 95 %
confidence 0.063, 1.013) and of GCF calprotectin
(p = 0.036; OR 0.118; 95 % confidence 0.016, 0.868) on
treatment group. GLM procedure modeling of these two var-
iables on response to treatment as a continuous variable re-
sulted in a high significance of the model (p = 0.001) with an
influence of P. gingivalis (p = 0.026) and of GCF calprotectin
(p = 0.019).

In addition, differences of P. gingivalis and GCF
MMP-1 between baseline and 3 months were modeled.

The logistic model was significant on treatment group
(p = 0.036) with an influence by P. gingivalis difference
(p = 0.018; OR 0.153; 95 % confidence 0.033, 0.719)
and of GCF MMP-1 difference (p = 0.201; OR 0.957;
95 % confidence 0.893, 1.024).

Discussion

In this study, the predictive value of certain microorgan-
isms in the subgingival biofilm combined with the anal-
ysis of selected biomarkers in the GCF and the oral
lavage was evaluated. To our best knowledge, a study
based on variables of the subgingival compartment and
oral lavage has not yet been performed. As the primary
outcome variable, the level of MMP-8 in oral lavage

Table 3 Selected qualitative
microbiological data at baseline,
3 months, and 6 months after SRP
related to response to treatment
(defined by 60 % reduction of
number of sites >4 mm at
6 months

HR group (high response, n =20) LR group (low response, n = 26) Gr. HR
vs Gr.
LR (p)n Positive (%) vs baseline (p) n Positive (%) vs baseline (p)

A. actinomycetemcom

Baseline 20 5 (25.0) 26 1 (3.9) 0.047*

3 months 19 3 (15.8) 0.317 26 4 (15.4) 0.083 0.641

6 months 20 5 (25.0) 1.000 26 5 (19.2) 0.046* 0.543

P. gingivalis

Baseline 20 15 (75.0) 26 18 (69.2) 0.463

3 months 19 5 (26.3) 0.003** 26 17 (65.4) 0.655 0.010*

6 months 20 5 (25.0) 0.002** 26 15 (57.7) 0.180 0.027*

T. forsythia

Baseline 20 19 (95.0) 26 23 (88.5) 0.410

3 months 19 15 (79.0) 0.180 26 22 (84.6) 0.655 0.456

6 months 20 13 (65.0) 0.034* 26 23 (88.5) 1.000 0.061

T. denticola

Baseline 20 18 (90.0) 26 19 (73.1) 0.145

3 months 19 12 (63.2) 0.059 26 16 (61.5) 0.180 0.581

6 months 20 12 (60.0) 0.034* 26 16 (61.5) 0.180 0.577

P. intermedia

Baseline 20 10 (50.0) 26 9 (34.6) 0.227

3 months 19 5 (26.3) 0.046* 26 5 (19.2) 0.103 0.416

6 months 20 6 (30.0) 0.103 26 4 (15.4) 0.059 0.203

F. alocis

Baseline 20 19 (95.0) 26 20 (76.9) 0.097

3 months 19 13 (68.4) 0.025* 26 17 (65.4) 0.180 0.385

6 months 20 13 (65.0) 0.014* 26 16 (61.5) 0.103 0.366

Sum of 6 species Median
(min, max)

Median
(min, max)

Baseline 20 5.0 (0,6) 26 4.0 (0,5) 0.035*

3 months 19 2.0 (0,5) 0.004** 26 3.5 (0,5) 0.449 0.466

6 months 20 2.0 (0,6) 0.005** 26 3.0 (0,6) 0.170 0.412

*p < 0.05, **p < 0.01
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above the median combined with a positive result both
for P. gingivalis und T. denticola at 3 months after SRP
was chosen. The difference between the high response
and the low response groups was significant which was
underlined by a GLM model in addition.

In this study cohort, a 60 % reduction of number of
sites with PD >4 mm was used as a cutoff to define
high and low response to treatment. Persistence of
pockets with PD >4 mm is a criterion to classify

response to treatment; in mean, a reduction of about
60–>90 % was reported in nonsurgical therapy without
antibiotics [29, 30]. Pockets with PD ≤4 mm are related
with prognosed periodontal stability as suggested in
periodontitis risk analysis systems [33, 34]. An observa-
tion time of 6 months with an appointment after
3 months was chosen as clinical variables improve most
in the first 4 to 5 months after nonsurgical therapy [35].
Our study using 60 % as a cutoff resulted in 20 patients

Table 4 Biomarkers in gingival crevicular fluid (GCF) and oral lavage at baseline, 3 months, and 6 months after SRP related to response to treatment
(defined by 60 % reduction of number of sites ≥4 mm at 6 months)

HR group (high response, n = 20) vs
baseline

LR group (low response, n = 26) vs
baseline

HR vs LR (p) Correlation GCF–oral
lavage

Median (min, max) (p) Median (min, max) (p) R p

GCF

IL-1β (pg/site)

Baseline 76.61 (25.58, 340.84) 0.263 67.42 (8.77, 281.71) 0.401 0.151 0.327

3 months 55.29 (6.16, 318.76) 0.275 57.20 (9.31, 190.00) 0.245 0.954 0.359 0.015*

6 months 44.56 (7.67, 332.75) 46.30 (9.85, 427.45) 0.053 0.650 −0.030 0.841

MMP-1 (pg/site)

Baseline 22.33 (9.17, 38.36) 17.33 (9.34, 33.58) 0.100 0.191 0.213

3 months 17.87 (0.23, 46.32) 0.027* 16.54 (7.53, 52.42) 0.378 0.963 0.276 0.066

6 months 20.35 (11.85, 51.64) 0.891 21.47 (10.93, 124.30) 0.105 0.824 0.168 0.271

MMP-8 (pg/site)

Baseline 2,126 (218, 2,945) 2,234 (1,035, 3,170) 0.605 0.559 <0.001**

3 months 2,091 (218, 2,945) 0.265 2,373 (1,096, 3,222) 0.420 0.228 0.453 0.002**

6 months 2,183 (658, 3,243) 0.734 2,453 (1,020, 3,201) 0.666 0.428 0.318 0.034*

Calprotectin (pg/site)

Baseline 1.24 (0.79, 3.61) 1.52 (0.55, 2.66) 0.383 0.126 0.413

3 months 1.08 (0.76, 1.87) 0.229 1.40 (0.91, 2.32) 0.512 0.008** −0.380 0.040*

6 months 1.10 (0.34, 2.37) 0.396 1.45 (0.87, 2.36) 0.179 0.018* −0.278 0.062

Oral lavage

IL-1β (pg/ml)

Baseline 36.65 (0.00, 250.81) 45.49 (0.00, 371.92) 0.530

3 months 41.41 (0.00, 133.08) 0.468 47.10 (0.00, 145.76) 0.176 0.653

6 months 33.17 (0.00, 182.78) 0.651 33.10 (0.00, 135.08) 0.029* 0.877

MMP-1 (pg/ml)

Baseline 21.19 (0.00, 94.17) 30.94 (0.00, 129.59) 0.391

3 months 22.91 (4.26, 64.55) 0.182 24.09 (3.03, 60.41) 0.146 0.927

6 months 29.02 (12.32, 68.79) 0.768 28.70 (8.34, 66.24) 0.471 0.696

MMP-8 (pg/ml)

Baseline 2,230 (1,168, 2,977) 2,095 (100, 3,124) 0.758

3 months 2,146 (537, 2,936) 0.768 2,255 (685, 3,052) 0.744 0.455

6 months 2,168 (450, 3'194) 0.927 2,012 (105, 3,230) 0.784 1.000

Calprotectin (pg/ml)

Baseline 0.40 (0.00, 4.05) 0.25 (0.00, 1.30) 0.261

3 months 0.32 (0.00, 1.55) 0.074 0.38 (0.00, 1.45) 0.988 0.695

6 months 0.50 (0.00, 1.75) 0.610 0.27 (0.00, 1.70) 0.761 0.100

*p < 0.05, **p < 0.01
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with high response and 26 with low response. As no
differences in oral hygiene (API) were seen, higher
and lower responses to periodontal therapy can be
suggested.

Smoking is a well-known risk factor for periodontal
disease [36]. It was shown that smokers respond less
favorable to nonsurgical periodontal therapy [37, 38].
However, others [39, 40] did not see a clear difference
in treatment outcome between smokers and non-smokers
like in our study. According to the patients’ reports, the
heaviest smoker of study participants smoked 20 ciga-
rettes, and the other smokers smoked between 5 and 15
cigarettes per day.

The clinical variables PD and CAL improved statis-
tically significantly more in the HR than in the LR
group after 3 and 6 months. There was a tendency to
lower BOP in HR group at 3 months and no difference
at 6 months. BOP is considered as a predictor of pro-
gression in supportive periodontal therapy [41]. Our
protocol included the retreatment with SRP of BOP-
positive sites at the 3-month appointment which may
have influence inflammatory response.

Analyzed in combination with P. gingivalis and
T. denticola (primary outcome) but not as a single var-
iable, the level of MMP-8 in oral lavage was associated
with response to treatment. In GCF, the MMP-8 level is
reduced after nonsurgical anti-infective therapy [15, 42].
MMP-8 is produced in PMNs and a mediator in initiat-
ing responsiveness to lipopolysaccharide [43] and most
abundant in GCF [44]. Our used assay determined total
MMP-8 not differentiating between active and latent
MMP-8. This may weaken differences as periodontitis
patients have 80 % active MMP-8, whereas in gingivi-
tis, only 20 % are active [44].

Among the studied biomarkers, calprotectin as a ma-
jor cytosolic protein of PMNs differentiated most be-
tween high and low response to treatment. Already in
2000, it was suggested as a useful marker of periodontal
inflammation because of its high correlation with clini-
cal indices and collagenase activity [45]. It is higher in
periodontitis subjects [46] and increases during experi-
mental gingivitis in the saliva [47]. Anti-infective peri-
odontal therapy of chronic periodontitis reduces signifi-
cantly the level of calprotectin in the gingival crevicular
fluid [48]. Modeling calprotectin level and P. gingivalis
presence 3 months after SRP confirmed a significance
of both variables. Our results indicate calprotectin in
combination with P. gingivalis as a predictor for treat-
ment outcome; however, for a routine determination, an
easy to use test should be developed.

The major function of TIMPs is the inhibition of
MMPs by formation of non-covalent complexes; on
the other hand, TIMPs have mitogenic effects, play a

role in apoptosis, and may even activate MMPs [49].
Among the family of TIMPs, TIMP-1 was chosen as
it was previously analyzed in several clinical studies.
Recently, we confirmed an inverse correlation for
MMP1/TIMP1 ration both at implants and natural teeth
[50]. MMP-1 is known to be higher in GCF in peri-
odontal disease, after therapy levels decrease with a
lower ratio to TIMP-1 [51]. In this study, levels of
MMP-1 decreased only in patients highly responsive to
periodontal therapy, and TIMP-1 was not detectable by
the used method.

The used GLM model underlines an overwhelming
role of P. gingivalis. Significant differences between
the low and high responders were found 3 months after
SRP; the detection of P. gingivalis decreased significant-
ly only in the HR group. Real-time PCR of F. alocis
was added as it was among the species differentiating
between good and low responders by using a microarray
with 300 species [52]. Our results of a reduction only in
the HR group may confirm this. Except for F. alocis, all
other species were analyzed by using a commercially
available kit using strip technology. This kit has clearly
defined cutoffs for the analyzed species, and validating
qualitative data seems to be sufficient. Additional infor-
mation seems to be limited when using categorial data.
The sum of major bacteria being associated with peri-
odontal disease decreased in HR group at 3- and 6-
month appointments. For second-line bacteria, no clear sig-
nificance was seen. In our chronic periodontitis patients,
initial detection of A. actinomycetemcomitans was not
linked with low response. This species was more pres-
ent in the HR group at baseline, while in the LR group,
an increase at later appointments in comparison with
baseline was observed. In Chinese chronic periodontitis
patients, clinical response to periodontal therapy did not
depend on initial detection of A. actinomycetemcomitans
[53]. Although recently, no benefit of microbial analysis
was seen in treatment evaluation [54], the reduction of
major bacteria being associated with periodontal disease
in good responders is in accordance with most other
studies [16, 52, 55, 56]. Thus, our data may support
the importance of the microbiological analysis of key
microorganisms as potential predictors for treatment
outcome.

In summary, if microbiological diagnostics identifies
P. gingivalis before SRP, an additional subgingival bio-
film sample taken 3 months after SRP and analyzed for
that species may have a predictive value in response to
periodontal therapy. The combination with MMP-8 in
oral lavage or preferably calprotectin in GCF might give
additional information; however, for determination of
calprotectin, an easy-to-perform standardized test is
needed.

672 Clin Oral Invest (2017) 21:665–674



Acknowledgments The authors are grateful to Stéphanie Larti, Anna
Magdon, and Marianne Weibel (University of Bern, Department of
Periodontology, Laboratory of Oral Microbiology) for the technical
assistance.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Funding The study was funded by the participating departments, by
Hain Lifescience, Nehren, Germany, along with a grant from the
European Commission (FP7-HEALTH-F3-2012-306029 BTRIGGER^).

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Hajishengallis G (2014) Immunomicrobial pathogenesis of
periodontitis: keystones, pathobionts, and host response.
Trends Immunol 35:3–11. doi:10.1016/j.it.2013.09.001
S1471-4906(13)00145-2

2. Chen H, Jiang W (2014) Application of high-throughput sequenc-
ing in understanding human oral microbiome related with health
and disease. FrontMicrobiol 5:508. doi:10.3389/fmicb.2014.00508

3. Socransky SS, Haffajee AD (2005) Periodontal microbial ecology.
Periodontol 2000(38):135–187

4. Griffen AL, Beall CJ, Campbell JH, Firestone ND, Kumar PS,
Yang ZK, Podar M, Leys EJ (2012) Distinct and complex bacterial
profiles in human periodontitis and health revealed by 16S pyrose-
quencing. ISME J 6:1176–1185. doi:10.1038/ismej.2011.191

5. Nakajima M, Arimatsu K, Kato T, Matsuda Y, Minagawa T,
Takahashi N, Ohno H, Yamazaki K (2015) Oral administration of
P. gingivalis induces dysbiosis of gut microbiota and impaired bar-
rier function leading to dissemination of enterobacteria to the liver.
PLoS One 10:e0134234. doi:10.1371/journal.pone.0134234

6. Ng HM, Kin LX, Dashper SG, Slakeski N, Butler CA, Reynolds
EC (2015) Bacterial interactions in pathogenic subgingival plaque.
Microb Pathog. doi:10.1016/j.micpath.2015.10.022

7. Aberg CH, Kelk P, Johansson A (2015) Aggregatibacter
actinomycetemcomitans: virulence of its leukotoxin and associa-
tion with aggressive periodontitis. Virulence 6:188–195.
doi:10.4161/21505594.2014.982428

8. Hajishengallis G (2014) The inflammophilic character of the
periodontitis-associated microbiota. Mol Oral Microbiol 29:248–
257. doi:10.1111/omi.12065

9. Preshaw PM, Taylor JJ (2011) How has research into cytokine
interactions and their role in driving immune responses impacted
our understanding of periodontitis? J Clin Periodontol 38(Suppl
11):60–84. doi:10.1111/j.1600-051X.2010.01671.x

10. Sapna G, Gokul S, Bagri-Manjrekar K (2014) Matrix metallopro-
teinases and periodontal diseases. Oral Dis 20:538–550.
doi:10.1111/odi.12159

11. Halperin-Sternfeld M, Levin L (2013) Do we really know how to
evaluate tooth prognosis? A systematic review and suggested ap-
proach. Quintessence Int 44:447–456. doi:10.3290/j.qi.a29182

12. Michalowicz BS, Hodges JS, Pihlstrom BL (2013) Is change in
probing depth a reliable predictor of change in clinical attachment
loss? J Am Dent Assoc 144:171–178

13. Luke R, Khan SN, Iqbal PS, Soman RR, Chakkarayan J, Krishnan
V (2015) Estimation of specific salivary enzymatic biomarkers in
individuals with gingivitis and chronic periodontitis: a clinical and
biochemical study. J Int Oral Health 7:54–57

14. Ebersole JL, Schuster JL, Stevens J, Dawson D 3rd, Kryscio
RJ, Lin Y, Thomas MV, Miller CS (2013) Patterns of sali-
vary analytes provide diagnostic capacity for distinguishing
chronic adult periodontitis from health. J Clin Immunol 33:
271–279. doi:10.1007/s10875-012-9771-3

15. Leppilahti JM, Sorsa T, Kallio MA, Tervahartiala T, Emingil G,
Han B, Mantyla P (2015) The utility of gingival crevicular fluid
matrix metalloproteinase-8 response patterns in prediction of site-
level clinical treatment outcome. J Periodontol 86:777–787.
doi:10.1902/jop.2015.140421

16. Charalampakis G, Dahlen G, Carlen A, Leonhardt A (2013)
Bacterial markers vs. clinical markers to predict progression of
chronic periodontitis: a 2-yr prospective observational study. Eur
J Oral Sci 121:394–402. doi:10.1111/eos.12080

17. ChenW, Cheng YM, Zhang SW, Pan Q (2014) Supervised method
for periodontitis phenotypes prediction based on microbial compo-
sition using 16S rRNA sequences. Int J Comput Biol Drug Des 7:
214–224. doi:10.1504/IJCBDD.2014.061647

18. Sanchez GA, Miozza VA, Delgado A, Busch L (2013) Salivary IL-
1beta and PGE2 as biomarkers of periodontal status, before and
after periodontal treatment. J Clin Periodontol 40:1112–1117.
doi:10.1111/jcpe.12164

19. Leppilahti JM, AhonenMM, Hernandez M,Munjal S, Netuschil L,
Uitto VJ, Sorsa T, Mantyla P (2011) Oral rinse MMP-8 point-of-
care immuno test identifies patients with strong periodontal inflam-
matory burden. Oral Dis 17:115–122. doi:10.1111/j.1601-
0825.2010.01716.x

20. Ramseier CA, Kinney JS, Herr AE, Braun T, Sugai JV,
Shelburne CA, Rayburn LA, Tran HM, Singh AK,
Giannobile WV (2009) Identification of pathogen and host-
response markers correlated with periodontal disease. J
Periodontol 80:436–446. doi:10.1902/jop.2009.080480

21. Kinney JS, Ramseier CA, Giannobile WV (2007) Oral fluid-based
biomarkers of alveolar bone loss in periodontitis. Ann NYAcad Sci
1098:230–251

22. Soder B, Airila Mansson S, Soder PO, Kari K, Meurman J (2006)
Levels of matrix metalloproteinases-8 and -9 with simultaneous
presence of periodontal pathogens in gingival crevicular fluid as
well as matrix metalloproteinase-9 and cholesterol in blood. J
Periodontal Res 41:411–417

23. Kinney JS, Morelli T, Braun T, Ramseier CA, Herr AE, Sugai JV,
Shelburne CE, Rayburn LA, Singh AK, Giannobile WV (2011)
Saliva/pathogen biomarker signatures and periodontal disease pro-
gression. J Dent Res 90:752–758

24. Armitage GC (1999) Development of a classification system for
periodontal diseases and conditions. Ann Periodontology / Am
Acad Periodontol 4:1–6

25. Griffiths GS (2003) Formation, collection and significance of gin-
gival crevice fluid. Periodontology 2000(31):32–42

26. Lange DE, Plagmann HC, Eenboom A, Promesberger A (1977)
Clinical methods for the objective evaluation of oral hygiene.
Dtsch Zahnarztl Z 32:44–47

27. Eick S, Straube A, Guentsch A, Pfister W, Jentsch H (2011)
Comparison of real-time polymerase chain reaction and DNA-
strip technology in microbiological evaluation of periodontitis
treatment. Diagn Microbiol Infect Dis 69:12–20

Clin Oral Invest (2017) 21:665–674 673

http://dx.doi.org/10.1016/j.it.2013.09.001S1471-4906(13)00145-2
http://dx.doi.org/10.1016/j.it.2013.09.001S1471-4906(13)00145-2
http://dx.doi.org/10.3389/fmicb.2014.00508
http://dx.doi.org/10.1038/ismej.2011.191
http://dx.doi.org/10.1371/journal.pone.0134234
http://dx.doi.org/10.1016/j.micpath.2015.10.022
http://dx.doi.org/10.4161/21505594.2014.982428
http://dx.doi.org/10.1111/omi.12065
http://dx.doi.org/10.1111/j.1600-051X.2010.01671.x
http://dx.doi.org/10.1111/odi.12159
http://dx.doi.org/10.3290/j.qi.a29182
http://dx.doi.org/10.1007/s10875-012-9771-3
http://dx.doi.org/10.1902/jop.2015.140421
http://dx.doi.org/10.1111/eos.12080
http://dx.doi.org/10.1504/IJCBDD.2014.061647
http://dx.doi.org/10.1111/jcpe.12164
http://dx.doi.org/10.1111/j.1601-0825.2010.01716.x
http://dx.doi.org/10.1111/j.1601-0825.2010.01716.x
http://dx.doi.org/10.1902/jop.2009.080480


28. Yang JL, WangMS, Cheng AC, Pan KC, Li CF, Deng SX (2008) A
simple and rapid method for extracting bacterial DNA from intes-
tinal microflora for ERIC-PCR detection. World J Gastroenterol 14:
2872–2876

29. Cionca N, Giannopoulou C, Ugolotti G, Mombelli A (2009)
Amoxicillin and metronidazole as an adjunct to full-mouth scaling
and root planing of chronic periodontitis. J Periodontol 80:364–
371. doi:10.1902/jop.2009.080540

30. Suvan J, Petrie A, Moles DR, Nibali L, Patel K, Darbar U, Donos
N, Tonetti M, D’Aiuto F (2014) Body mass index as a predictive
factor of periodontal therapy outcomes. J Dent Res 93:49–54.
doi:10.1177/0022034513511084

31. (2013) SAS Institute Inc. SAS/STAT® User’s Guide. Version 9.4.
SAS Institute Inc., Cary, NC

32. Moher D, Schulz KF, Altman DG (2001) The CONSORT state-
ment: revised recommendations for improving the quality of reports
of parallel-group randomised trials. Lancet 357:1191–1194

33. Lang NP, Tonetti MS (2003) Periodontal risk assessment (PRA) for
patients in supportive periodontal therapy (SPT). Oral Health Prev
Dent 1:7–16

34. LangNP, Suvan JE, Tonetti MS (2015) Risk factor assessment tools
for the prevention of periodontitis progression a systematic review.
J Clin Periodontol 42(Suppl 16):S59–S70. doi:10.1111/jcpe.12350

35. Badersten A, Nilveus R, Egelberg J (1981) Effect of nonsurgical
periodontal therapy. I Moderately advanced periodontitis. J Clin
Periodontol 8:57–72

36. Eke PI, Wei L, Thornton-Evans GO, Borrell LN, Borgnakke
WS, Dye B and Genco RJ (2016) Risk indicators for peri-
odontitis in US adults: National Health and Nutrition
Examina t i on Su rvey (NHANES) 2009 - 2012 . J
Periodontol:1-18. doi:10.1902/jop.2016.160013

37. Bunaes DF, Lie SA, Enersen M, Aastrom AN, Mustafa K, Leknes
KN (2015) Site-specific treatment outcome in smokers following
non-surgical and surgical periodontal therapy. J Clin Periodontol
42:933–942. doi:10.1111/jcpe.12462

38. Wan CP, LeungWK,WongMC,Wong RM,Wan P, Lo EC, Corbet
EF (2009) Effects of smoking on healing response to non-surgical
periodontal therapy: a multilevel modelling analysis. J Clin
Periodontol 36:229–239. doi:10.1111/j.1600-051X.2008.01371.x

39. Stratul SI, Sculean A, Rusu D, Didilescu A, Kasaj A, Jentsch H
(2011) Effect of smoking on the results of a chlorhexidine
digluconate treatment extended up to 3 months after scaling and
root planing-a pilot study. Quintessence Int 42:555–563

40. Farina R, Simonelli A, Rizzi A, Trombelli L (2010) Effect of
smoking status on pocket probing depth and bleeding on probing
following non-surgical periodontal therapy. Minerva Stomatol 59:
1–12

41. Joss A, Adler R, Lang NP (1994) Bleeding on probing. A parameter
for monitoring periodontal conditions in clinical practice. J Clin
Periodontol 21:402–408

42. Kurgan S, Fentoglu O, Onder C, Serdar M, Eser F, Tatakis DN,
Gunhan M (2015) The effects of periodontal therapy on gingival
crevicular fluid matrix metalloproteinase-8, interleukin-6 and pros-
taglandin E levels in patients with rheumatoid arthritis. J
Periodontal Res. doi:10.1111/jre.12337

43. Tester AM, Cox JH, Connor AR, Starr AE, Dean RA, Puente XS,
Lopez-Otin C, Overall CM (2007) LPS responsiveness and neutro-
phil chemotaxis in vivo require PMNMMP-8 activity. PLoSOne 2:
e312. doi:10.1371/journal.pone.0000312

44. Romanelli R, Mancini S, Laschinger C, Overall CM, Sodek J,
McCulloch CA (1999) Activation of neutrophil collagenase in peri-
odontitis. Infect Immun 67:2319–2326

45. Nakamura T, Kido J, Kido R, Ohishi K, Yamauchi N, Kataoka M,
Nagata T (2000) The association of calprotectin level in gingival
crevicular fluid with gingival index and the activities of collagenase
and aspartate aminotransferase in adult periodontitis patients. J
Periodontol 71:361–367. doi:10.1902/jop.2000.71.3.361

46. Becerik S, Afacan B, Ozturk VO, Atmaca H, Emingil G (2011)
Gingival crevicular fluid calprotectin, osteocalcin and cross-linked
N-terminal telopeptid levels in health and different periodontal dis-
eases. Dis Markers 31:343–352. doi:10.3233/DMA-2011-0849

47. Zhou M, Meng HX, Zhao YB, Chen ZB (2012) Changes of four
proinflammatory proteins in whole saliva during experimental gin-
givitis. Chin J Dent Res 15:121–127

48. Bevilacqua L, Eriani J, Serroni I, Liani G, Borelli V, Castronovo G,
Di Lenarda R (2012) Effectiveness of adjunctive subgingival ad-
ministration of amino acids and sodium hyaluronate gel on clinical
and immunological parameters in the treatment of chronic peri-
odontitis. Ann Stomatol (Roma) 3:75–81

49. Verstappen J, Von den Hoff JW (2006) Tissue inhibitors of metal-
loproteinases (TIMPs): their biological functions and involvement
in oral disease. J Dent Res 85:1074–1084

50. Ramseier CA, Eick S, Bronnimann C, Buser D, Bragger U, Salvi
GE (2016) Host-derived biomarkers at teeth and implants in par-
tially edentulous patients. A 10-year retrospective study. Clin Oral
Implants Res 27:211–217. doi:10.1111/clr.12566

51. Tuter G, Kurtis B, Serdar M (2002) Effects of phase I periodontal
treatment on gingival crevicular fluid levels of matrix
metalloproteinase-1 and tissue inhibitor of metalloproteinase-1. J
Periodontol 73:487–493. doi:10.1902/jop.2002.73.5.487

52. Colombo AP, Bennet S, Cotton SL, Goodson JM, Kent R, Haffajee
AD, Socransky SS, Hasturk H, Van Dyke TE, Dewhirst FE, Paster
BJ (2012) Impact of periodontal therapy on the subgingival micro-
biota of severe periodontitis: comparison between good responders
and individuals with refractory periodontitis using the human oral
microbe identification microarray. J Periodontol 83:1279–1287.
doi:10.1902/jop.2012.110566

53. Tong KS, Zee KY, Lee DH, Corbet EF (2003) Clinical responses to
mechanical periodontal treatment in Chinese chronic periodontitis
patients with and without Actinobacillus actinomycetemcomitans. J
Periodontol 74:1582–1588. doi:10.1902/jop.2003.74.11.1582

54. Cionca N, Giannopoulou C, Ugolotti G, Mombelli A (2010)
Microbiologic testing and outcomes of full-mouth scaling and root
planing with or without amoxicillin/metronidazole in chronic peri-
odontitis. J Periodontol 81:15–23. doi:10.1902/jop.2009.090390

55. Shiloah J, Patters MR, Dean JW 3rd, Bland P, Toledo G (1998) The
prevalence of Actinobacillus actinomycetemcomitans ,
Porphyromonas gingivalis, and Bacteroides forsythus in humans
1 year after 4 randomized treatment modalities. J Periodontol 69:
1364–1372. doi:10.1902/jop.1998.69.12.1364

56. Byrne SJ, Dashper SG, Darby IB, Adams GG, Hoffmann B,
Reynolds EC (2009) Progression of chronic periodontitis can be
predicted by the levels of Porphyromonas gingivalis and
Treponema denticola in subgingival plaque. Oral Microbiol
Immunol 24:469–477. doi:10.1111/j.1399-302X.2009.00544.
xOMI544 [pii]

674 Clin Oral Invest (2017) 21:665–674

http://dx.doi.org/10.1902/jop.2009.080540
http://dx.doi.org/10.1177/0022034513511084
http://dx.doi.org/10.1111/jcpe.12350
http://dx.doi.org/10.1902/jop.2016.160013
http://dx.doi.org/10.1111/jcpe.12462
http://dx.doi.org/10.1111/j.1600-051X.2008.01371.x
http://dx.doi.org/10.1111/jre.12337
http://dx.doi.org/10.1371/journal.pone.0000312
http://dx.doi.org/10.1902/jop.2000.71.3.361
http://dx.doi.org/10.3233/DMA-2011-0849
http://dx.doi.org/10.1111/clr.12566
http://dx.doi.org/10.1902/jop.2002.73.5.487
http://dx.doi.org/10.1902/jop.2012.110566
http://dx.doi.org/10.1902/jop.2003.74.11.1582
http://dx.doi.org/10.1902/jop.2009.090390
http://dx.doi.org/10.1902/jop.1998.69.12.1364
http://dx.doi.org/10.1111/j.1399-302X.2009.00544.xOMI544
http://dx.doi.org/10.1111/j.1399-302X.2009.00544.xOMI544

	Persistence...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Study population
	Therapy and follow-up treatment
	Clinical variables and sampling procedures
	Biochemical and microbiological analysis
	Data analysis

	Results
	Study population and clinical variables
	Bacteria being associated with periodontal disease
	Biomarkers
	Variance and covariance

	Discussion
	References


