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Abstract
Objectives To evaluate possible differences in periodontal
inflammatory, microbiological and clinical parameters be-
tween women with preterm premature rupture of membranes
(PPROM) and controls with uncomplicated pregnancies.
Materials and methods Fifty-six women (32 test (PPROM)
and 24 controls (uncomplicated pregnancies)) were ex-
amined at three time-points (T1: gestational weeks 20–
35, T2: within 48 h after parturition, T3: 4–6 weeks
after parturition). The examinations included assessment
of the Periodontal Screening Index, collection of gingi-
val crevicular fluid (GCF) and subgingival as well as
vaginal bacterial sampling.
Results Periodontal inflammation was found to be higher in
the test compared with the control group (p<0.05) and de-
creased over time in both groups (p<0.05). Microbiological
outcomes showed no intergroup differences (p>0.05) in prev-
alence of bacteria, but a decrease in subgingival
periodontopathogens from T1 to T2 in the test group
(p<0.05) was observed. Interleukin (IL)-1β levels in GCF at
T2 were not different between groups (p>0.05). In women
with PPROM, GCF levels of IL-8 (p<0.05) and C-reactive
protein (p<0.05) were lower and IL-10 levels higher (p<0.05)
compared with controls.
Conclusions Periodontal inflammation is elevated during
pregnancy and seems to be more pronounced in women
with PPROM.

Clinical relevance The findings of the present study revealed
an association between periodontal inflammation and
PPROM, thus emphasizing the importance of optimizing
self-performed oral hygiene in pregnant women.
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Introduction

Adverse pregnancy outcomes (APO), in particular preterm
birth (PTB), continue to be a significant public health issue
in both developed and developing countries. They represent
approximately 10 % of all live births worldwide [1], 11.54 %
in the USA [2] and 7.3 % in Switzerland [3] and account for
28–75 % of all perinatal deaths and over 50 % of all severe
developmental disability in children worldwide [4–7]. There-
fore, the prevention of APO is an important goal for public
health services warranting further research in its pathogenesis
because, in a considerable number of cases of APO, the
reasons for the disorder remain unclear. Forty to forty-five
percent of PTB are caused by preterm labor and 25–30 % by
preterm premature rupture of membranes (PPROM), and 30–
35 % are medically indicated [8]. PPROM represents a spe-
cific group of APO and is defined as premature rupture of
membranes occurring prior to 37 weeks of gestation. PPROM
occurs in approximately 3 % of pregnancies and is responsible
for a third of all PTBs [9].

Preclinical evidence in the golden hamster model indicated
that challenge with Porphyromonas gingivalis into a subcuta-
neous chamber as a simulation of periodontal infection may
lead to decreased fetal weight and increased embryolethality
[10]. From a clinical point of view, periodontal disease has
been linked to APO, including primarily PTB, low birth
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weight (LBW), PPROM, miscarriage, or pre-eclampsia. Cur-
rent systematic reviews published on the topic of an associa-
tion between APO and periodontal disease concluded that,
despite a consistent association between periodontal disease
and PTB or LBW, the findings should be interpreted with
great caution because of heterogeneity among the studies [11,
12]. Variability among study designs, diagnostic methods and
definitions of periodontal disease or APO makes it difficult to
compare the published data. In addition, according to a recent
review, there are no reductions in PTB after periodontal ther-
apy in pregnant women in clinical trials [13]. In agreement, in
a recent study, it was shown that periodontal therapy in preg-
nant women improved periodontal health without reducing
the rate of preterm low birth weight [14]. However, the exact
pathophysiological mechanism behind a possible association
between APO and periodontal disease remains to be
elucidated.

Several investigations reported a positive association be-
tween increased subgingival periodontopathogenic bacterial
loads and APO [15–17], whereas other studies did not confirm
these findings [18–20]. Furthermore, increased levels of in-
flammatory mediators (prostaglandin (PG)E2, interleukin
(IL)-1β, tumor necrosis factor (TNF)-α) in gingival crevicular
fluid (GCF) in subjects with APO have been reported by
several authors [15, 21–23]. In a recent systematic review,
we concluded that a positive association between GCF in-
flammatory mediator levels and APO might exist, although
these results have to be interpreted with caution because of the
heterogeneity and variability among the studies and small
sample sizes [24].

To the best of our knowledge, there are no studies investi-
gating the association between periodontitis and PPROM in
particular. Existing data always evaluated the disorder
PPROM in combination with other causes for PTB like pre-
term labor [25–27]. Above all, there is a lack of knowledge
about the prevalence of periodontopathogenic bacteria in
subgingival biofilms and the levels of inflammatory mediators
in GCF in women with PPROM. Therefore, the aim of the
present study was to investigate the potential association
between periodontal inflammation and PPROM.

Materials and methods

Study design and subject selection

This prospective case–control study was designed and con-
ducted as collaboration between the Department of Periodon-
tology (Dental school, University of Bern) and the Depart-
ment of Obstetrics and Gynecology (University Hospital Bern
and University of Bern). The study protocol was submitted to
and approved by the Ethical Committee of the Canton Bern,
Switzerland (KEK approval Nr. 091/10).

Participants were recruited at the Department of Obstetrics
and Gynecology from November 2011 to August 2013, cases
when presenting with PPROM and controls during regular
gestational examinations. They were included after being
informed about the study design and signing a written in-
formed consent. Cases were defined as pregnant women with
PPROM between the 20th and 35th gestational week. Con-
trols were defined as women with uncomplicated pregnancies
delivering at term (≥37 gestational weeks).

The study design included three time-points of examination
(T1, T2 and T3). These examinations included the assessment
of the Periodontal Screening Index (PSI), collection of GCF
and subgingival as well as vaginal bacterial sampling. T1 was
set immediately after inclusion of the subjects (gestational
weeks 20–35), T2 within 48 h after parturition and T3 4–
6 weeks after parturition. Subjects missing two out of the three
examinations were defined as dropouts.

Women with PPROMwere managed as follows, according
to the information and the standard protocol of the Department
of Obstetrics and Gynecology: They routinely received anti-
biotic treatment after the diagnosis of PPROM (clindamycin
or amoxicillin/clavulanic acid), which correlates with T1 in
this group. Antibiotics were administered for 9 days
(clindamycin 600 mg intravenously (IV) every 8 h for 48 h,
then 300 mg per orem (PO, or by mouth) every 8 h for 7 days
or amoxicillin/clavulanic acid 1.2 g IVevery 8 h for 48 h, then
1 g PO every 12 h for 7 days). Tocolysis was administered for
48 h up to a maximum of 7 days. Antenatal glucocorticoids
(intramuscular betamethasone 2×12 mg within 24 h) were
given to promote fetal pulmonary maturation. Pregnancy was
ended by induction of labour or Cesarian section (according to
clinical indication) at completion of 34 gestational weeks or
before, for one of the following reasons: persistent labour,
persistent vaginal bleeding, amnion infection syndrome or
fetal distress (either on cardiotocography or on fetal Doppler
examination) and placental abruption.

Clinical periodontal examination

Most of the examinations had to be conducted at the bedside at
the Department of Obstetrics and Gynecology. Moreover, a
majority of the subjects refused a detailed examination includ-
ing full periodontal charts and oral radiographs at the Depart-
ment of Periodontology. Thus, only the PSI could be recorded.

The PSI included assessment of periodontal probing at the
mesiobuccal and distobuccal site of each tooth. Each sextant
was assigned a score from 0 to 4 (0, PD ≤3 mm and bleeding
on probing (BOP)-negative; 1, PD ≤3 mm and BOP-positive;
2, PD ≤3 mm and supra- or subgingival calculus or other
plaque-retentive factors; 3, PD 4–5 mm; 4, PD ≥6 mm). Mean
PSI values and the percentage of sextants with a score 0 were
calculated for each subject at all three time-points.
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Microbiological sampling

Subgingival plaque was collected from the mesiobuccal site of
each first molar in all quadrants. If the first molar was missing,
the secondmolar was used, and if the secondmolar was absent
too, the second premolar was chosen. A sterile endodontic
paper point (ISO 055, Dentsply Maillefer, Montigny Le
Bretonneux, France) was inserted into the gingival crevice at
each site until resistance was felt for 15 s. Subsequently, the
paper points were placed as a pooled sample into a screw-top
plastic vial. In addition, a vaginal swab was provided by the
Department of Obstetrics and Gynecology. Both samples were
stored at −20 °C unti l assayed for presence of
periodontopathogens.

GCF sampling

GCF samples were collected from the same sites as
subgingival plaque was sampled before. The collection was
performed by means of sterile paper strips (Periopaper,
Oraflow Inc, Smithtown, NY, USA), which were placed at
the entrance of the crevice and left in place for 15 s. Subse-
quently, the paper strips were transferred into a screw-top
plastic vial and stored at −80 °C until assayed.

Microbiological analysis

DNAwas extracted by using Chelex method [28]. For detec-
tion of periodontopathogens, 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 polymerase
chain reaction runs and a subsequent reverse hybridization.

Analysis was made qualitatively for each species. Subse-
quently, the samples that were positive for Aggregatibacter
actinomycetemcomitans, P. gingivalis, Tannerella forsythia
and/or Treponema denticola were counted. Moreover, in an
additional analysis, these four species were added to the other
seven analyzed microorganisms or complexes (Prevotella
intermedia, Parvimonas micra, Fusobacterium nucleatum /
necrophorum, Campylobacter rectus, Eubacterium nodatum,
Eikenella corrodens and Capnocytophaga species).

Furthermore, subgingival and vaginal bacterial samples be-
ing tested positive for A. actinomycetemcomitanswere analyzed
for presence of genotypes b and c, as described recently [29].

Analysis of inflammatory mediators (GCF samples)

Before analyzing, GCF samples were eluted at 4 °C overnight
into 750 μl phosphate-buffered saline containing proteinase
inhibitors (Sigma-Aldrich, St. Louis, MO, USA). From the
eluates, the levels of IL-1β, IL-6, IL-8, IL-10 and C-reactive
protein (CRP) were determined by using commercially

available enzyme-linked immunosorbent assay kits (R & D
Systems Europe Ltd., Abingdon, UK) according to the man-
ufacturer’s instructions. The detection levels of the kits were
2 pg/site (CRP, 10 pg/site).

Null hypothesis

No statistically significant differences are observed with re-
spect to GCF inflammatory mediators, prevalence of
subgingival and vaginal periodontopathogens and clinical
periodontal parameters between the test (PPROM) and control
groups at any time-point.

Data analysis

The primary outcome variable was IL-1β in GCF at T2.
Secondary outcome variables included the levels of IL-1β at
T1 and T3 as well as the remaining inflammatory mediators
analyzed (IL-6, IL-8, IL-10 and CRP), PSI and the prevalence
of subgingival and vaginal periodontopathogenic bacteria at
any time-point.

Sample-size calculation was based on the comparison of
GCF IL-1β levels between mild preeclampsia and controls
within 48 h preceding delivery reported by Canakci et al. [30].
Following their results, a total sample size of 22 women using
α of 0.05 would result in a power of 0.95. However, because
of the expected high rate of dropouts and the conditions not
having been described to date in PPROM, a sample size of 35
women per group was scheduled for T1.

Statistical analysis was performed by using SAS® 9.4
(SAS Institute Inc. Cary, NC, USA) and SPSS 21.0 (SPSS
Statistics, IBM Corporation, New York, USA).

Qualitative data were analyzed by Fisher’s exact test for
independent groups and McNemar test for comparing time-
points within groups (prevalence of bacteria). All other data
were analyzed by non-parametric tests, Mann–Whitney U test
for independent groups and Wilcoxon matched pairs signed
rank test for comparing time-points within groups. The level
of significance was set at a p=0.05.

Results

Subject selection

In total, 70 subjects (35 cases, 35 controls) were recruited,
from which 14 dropped out for various reasons (Fig. 1). In the
test group, five subjects dropped out because of either still-
birth (1), delivery in another hospital (1) or not showing up for
two examinations (3). The reasons for the nine dropouts in the
control group were preeclampsia (1), stillbirth (1), delivery in
another hospital (2) or not showing up for two examinations
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(5). Furthermore, two women originally assigned to the con-
trol group were shifted to the test group because of an unex-
pected incidence of PPROM.

Finally, 56 subjects were included in the analysis, 32 in the
test and 24 in the control group. All subjects underwent the
examinations at T1. At T2 and T3, 31 and 25 subjects of the
test group and 23 and 22 subjects of the control group were
available, respectively.

As mentioned above, a majority of the women refused a
detailed examination at the Department of Periodontology.
Thus, no full periodontal charts or oral radiographs could be
obtained due to limited oral examination facilities at the
Department of Obstetrics and Gynecology.

Baseline characteristics of subjects

Baseline characteristics are presented in Table 1. Mean age
(p=0.5814) and the percentage of non-Caucasians (p=
0.3243) were not statistically significantly different between
groups. Among the non-Caucasian subjects, there was 1
(3.13 %) versus 2 (8.33 %) African, 1 (3.13 %) versus 2
(8.33 %) Asian and 0 versus 2 (8.33 %) Hispanic in the test
versus control group.

Neither systemic diseases (hypertension, obesity, hyperthy-
roidism, hypothyroidism, hepatitis B) (p=0.2680), nor
smoking (p=1.0000), nor complications during previous
pregnancies (miscarriage, preeclampsia, PPROM, intrauterine

fetal death) (p=0.0730) nor primipara (p=0.7880) were dis-
tributed statistically significantly differently in the two groups.

Obstetric outcomes

Obstetric outcomes are presented in Table 1. PPROM (test
subjects) occurred at 30.93 (range, 23–35) gestational weeks.
In median, subjects in the test and control groups delivered at
32.57 and 39.21 gestational weeks (p<0.001) , respectively,
whereas birth weights were 1,870 and 3,418 g (p<0.001) ,
respectively.

Clinical periodontal outcomes

Results of the clinical periodontal examination are pre-
sented in Fig. 2. Median values of the mean PSI at T1,
T2 and T3 were 2.17, 1.50 and 1.17 in the test group
and 1.17, 1.00 and 0.83 in the control group, respec-
tively. They were statistically significantly higher in the
test group compared with the control group at all three
time-points (T1, p=0.006; T2, p=0.037; T3, p=0.044).
In the test group, the mean PSI was statistically signif-
icantly different between all time-points (p=0.0031 for
T1–T2, p=0.0025 for T1–T3, p=0.0259 for T2–T3)
whereas, in the control group, there was a statistically
significant difference between T1 and T3 (p=0.0008) as
well as T2 and T3 (p=0.0116), but not between T1 and
T2 (p=0.2696).

from control to test 

group because of 

unexpected PPROM

(stillbirth, delivery in 

another hospital. two 

examinations missed) 

(preeclampsia, 

stillbirth, delivery in 

another hospital. two 

examinations missed) 

Test group

(n=32)

Control group

(n=35)

Test group

(n=35)

Control group

(n=24)

Total of recruited 

subjects

(n=70)

Fig. 1 Subject recruitment: flow
chart indicating initial subject
number, numbers of dropouts and
final subject number
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The median percentages of sextants with a PSI score 0 per
patient at T1, T2 and T3 were each 0 % in the test group and
16.67 %, 33.33 % and 33.33 % in the control group,

respectively. This percentage was statistically significantly
higher in the control group compared with the test group at
all time-points (T1, p=0.003; T2, p=0.003; T3, p=0.015).

Table 1 Baseline characteristics and obstetric outcomes of subjects

Test subjects (n=32) Control subjects (n=24)

Baseline characteristics

Mean age (years) 32.66 (20–41) 33.55 (22–40) p=0.5814

Ethnic origin Caucasian

Caucasian 30 (93.75 %) 18 (75.00 %) p=0.3243

Non-Caucasian 2 (6.25 %) 6 (25.00 %)

Systemic diseases 3 (9.38 %) 5 (20.83 %) p=0.2680

Hypertension 0 0

Obesity 2 (6.25 %) 3 (12.5 %)

Hyperthyreosis 1 (3.13 %) 0

Hypothyreosis 0 2 (8.33 %)

Hepatitis B 1 (3.13 %) 1 (4.17 %)

Smoking 2 (6.25 %) 1 (4.17 %) p=1.0000

Complications during previous pregnancies 9 (28.13 %) 9 (37.50 %) p=0.0730

Primipara 20 (62.50 %) 14 (58.33 %) p=0.7880

Obstetric outcomes

Delivery (gestational weeks) 32.57 (27–35) 39.21 (36–41) p<0.001

Birth weight (g) 1870 (535–2870) 3418 (2555–4260) p<0.001

Median values and ranges for quantitative data, numbers and percentages for qualitative data and values of significance are indicated for test and control
groups (pvalues≥0.05=n.s.)

Fig. 2 Clinical periodontal
outcomes: mean PSI (a) and the
percentage of sextants with PSI
score 0 (b) are presented at the
different time-points (T1, T2, T3)
for test and control groups.
Difference between test group
and controls, ¶ p<0.05; ¶¶p<0.01;
difference within groups,
*p<0.05; **p<0.01
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In 16 of 45 (35.56 %) women, a PSI score 3 or 4 at T1
decreased to a PSI score ≤2 at T3.

Microbiological outcomes

The prevalence of periodontopathogenic bacteria in subgingival
and vaginal samples is presented in Table 2. There were no
statistically significant differences between groups at any time-
point (p>0.05). Over time, the prevalence of grouped subgingival
periodontopathogenic bacteria did not change in the control group
(p>0.05). In the test group, there was a statistically significant
decrease from T1 to T2 for the microbiological group of major
periodontopathogens (A. actinomycetemcomitans, P. gingivalis,
T. denticola, T. forsythia) (p=0.0313) and also for the group of all
analyzed bacteria (p=0.0039). In the vaginal samples, there was a
statistically significant increase in the test group fromT1 to T3 for
the group of all analyzed bacteria (p=0.0391).

In six vaginal samples, A. actinomycetemcomitanswas iden-
tified.Moreover,P. gingivaliswas found in three andT. denticola
and T. forsythia in two vaginal samples, respectively.

A. act inomycetemcomitans was detected both
subgingivally and in vaginal fluid in four women. These
samples were further subjected to genotype analysis. In
subgingival samples, genotype b was found two times, geno-
type c once and neither genotype b or c once, whereas vaginal
genotypes were neither b nor c in all cases.

Outcomes of GCF inflammatory mediators

Data reporting the levels of inflammatory mediators in GCF
are presented in Fig. 3. IL-1β levels in GCF at T2 were not
significantly different between groups but seemed to be higher
in the control group (p=0.053). At T1, statistically significant-
ly lower levels of IL-8 (p=0.008) and CRP (p=0.008) and
higher levels of IL-10 (p=0.004) were measured in the test

compared with the control group. Also at T3, levels of IL-10
were statistically significantly higher (p=0.029) in the test
compared with the control group. A statistically significant
decrease in IL-1β levels from T1 to T2 (p<0.001) and an
increase from T2 to T3 (p=0.046) were found in the test
group. However, the CRP levels were statistically significant-
ly higher at T2 than at T1 (p=0.002). In the control group, the
CRP levels decreased statistically significantly from T1 to T3
(p=0.015) and from T2 to T3 (p=0.002).

Data about the intergroup comparison of the change of in-
flammatory mediators over time are presented in Table 3. Sig-
nificant differences between groups were found for IL-8 with a
greater increase fromT2 to T3 in the test group (p=0.0092) and a
difference between the increase in the test group and the decrease
in the control group fromT1 to T3 (p=0.0283). Furthermore, IL-
1β showed a greater decrease from T1 to T2 (p=0.0047),
whereas a smaller one was found for CRP from T2 to T3
(0.0251) as well as from T1 to T3 (p=0.0116) in the test group.

Analysis of the ratios between IL-10 and IL-1β and be-
tween IL-10 and CRP showed in part significantly higher
values in the test group (Table 4).

Discussion

The present investigation was designed as a prospective case–
control study in pregnant women with examinations at three
time-points, at gestational weeks 20–35, right after parturition
and 4–6weeks after parturition. Cases were defined as pregnant
women with PPROM between the 20th and 35th gestational
week, whereas controls exhibited uncomplicated pregnancies.
Although various studies have investigated an association be-
tween periodontitis and APO in general so far, to the best of our
knowledge, this study is the first to prove an association be-
tween periodontal inflammation and PPROM specifically.

Table 2 Microbiological outcomes

Subgingival Vaginal

n All species Major species n All species Major species

Test T1 32 28 (87.50 %)** 13 (40.63 %)* 31 5 (16.13 %)* 4 (12.90 %)

T2 31 18 (58.06 %)** 7 (22.58 %)* 30 8 (26.67 %)* 6 (20.0 %)

T3 24 20 (83.33 %) 2 (8.33 %) 25 9 (36.00 %)* 6 (24.00 %)

Control T1 24 19 (79.17 %) 7 (29.17 %) 23 1 (4.35 %) 1 (4.35 %)

T2 23 15 (65.22 %) 4 (17.39 %) 23 3 (13.04 %) 2 (8.70 %

T3 22 19 (86.35 %) 6 (27.27 %) 22 3 (13.64 %) 1 (4.55 %)

Prevalence and percentage of all species (A. actinomycetemcomitans, P. gingivalis, T. forsythia, T. denticola, P. intermedia, P. micra, F. nucleatum/
necrophorum, C. rectus, E. nodatum, E. corrodens, Capnocytophaga species) and major species (A. actinomycetemcomitans, P. gingivalis, T. forsythia,
T. denticola) of periodontopathogenic bacteria analyzed in subgingival and vaginal samples are presented at the different time-points (T1, T2, T3) for test
and control groups; no significant differences between test and control groups; difference within groups

*p<0.05; **p<0.01

Clin Oral Invest



A drawback of the study design might be the differing
protocol between test and control groups including the intake
of antibiotics in the test group. Administration of antibiotics is
part of the standard protocol in women diagnosed with
PPROM. Hence, a potential bias in the test group cannot be
excluded. However, the results in both groups show similar
tendencies concerning the development over time which may
underline and justify the main statements and conclusions of
the study.

The fact that in 35.56 % of the women a PSI score 3 or 4 at
T1 decreased to a PSI score ≤2 at T3 and no periodontal
treatment was delivered leads to the assumption that the
increased probing depths at T1 resulted mainly from the

condition due to the current pregnancy gingivitis rather than
from a true periodontitis. Considering these circumstances, a
separate analysis was conducted with the aim of obtaining
more differentiated information by distinguishing the propor-
tions of inflamed versus non-inflamed tissues in each subject.
Therefore, the percentage of sextants with a PSI score 0 per
patient was additionally evaluated.

A further limitation of the present study was the fact that no
full periodontal charts could be obtained. In pregnant women
with a high degree of gingival inflammation and presumable
pseudopockets, full periodontal charts allow a precise distinc-
tion between gingivitis and periodontitis. Although previous
studies in this field were also using partial mouth recordings, it
has to be considered that this method of assessing periodontal
parameters only provides limited information about extent and
severity of periodontal disease, e.g., the score is only repre-
sentative for the maximum probing depth in the sextant, and
the numbers of sites with pathological probing depths as well
as the presence of pseudopockets are not considered.

Nevertheless, the finding of more pronounced periodontal
inflammation in the test group expressed by higher mean PSI
values and a smaller percentage of sextants with a PSI score 0
corroborates the hypothesis of an association between peri-
odontal status and APO [11]. Despite the relatively small
sample size, these results suggest an association between

Fig. 3 GCF inflammatory mediators: levels for IL-8 (a), IL-1β (b), IL-6 (c), IL-10 (d) and CRP (e) are presented at the different time-points (T1, T2, T3)
for test and control groups. Difference between test group and controls, ¶p<0.05; ¶¶p<0.01; difference within groups, *p<0.05; **p<0.01

Table 3 Intergroup comparison of the change of inflammatory
mediators between different time-points (T1, T2, T3)

T1–T2 T2–T3 T1–T3

IL-8 n.s. 0.0092 0.0283

IL-1β 0.0047 n.s. n.s.

IL-6 n.s. n.s. n.s.

IL-10 n.s. n.s. n.s.

CRP n.s. 0.0251 0.0116

Values of significance are presented (pvalues≥0.05=n.s., not significant)
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periodontal inflammation and PPROM in particular, which
has never been investigated so far. It must be emphasized,
however, that there were no generalized severe periodontitis
cases in the present study population (no subject of the test and
only 1 subject (4.17 %) of the control group showed at least
one PSI score 4 at T3).

Longitudinally, the mean PSI score decreased, whereas the
percentage of sextants with a PSI score 0 increased from T1 to
T3. An increase in the severity and prevalence of gingival
inflammation during pregnancy has been reported by several
authors [31, 32] and reviewed by Figuero et al. [33], being
associated with a concomitant increase in probing depth [34,
35]. Gingivitis seems to resolve without any active therapy
postpartum [36, 37]. The mechanism of increased inflamma-
tion during pregnancy is suggested to be linkedwith hormonal
effects on the vascular system [38], the immune response [39],
supra- and subgingival biofilms [32, 36, 40] and cells of the
periodontium [41].

The microbiological outcomes are in agreement with the
clinical findings of more pronounced periodontal inflamma-
tion during pregnancy in general and also in the test group.
The tendency for a higher prevalence of subgingival
periodontopathogenic bacteria at T1 and T2 is in corre-
lation with the higher PSI scores in the test group, and
it also corroborates the hypothesis of an association
between periodontal inflammation and PPROM. Several
previous studies reported an association between higher
loads of subgingival periodontopathogenic bacteria and
risk for PTB [15–17], whereas others could not confirm
this finding [19, 20].

A tendency for a decrease in the prevalence of major
periodontopathogens in subgingival plaque was found in both
groups from T1 to T3, as well as a statistically significant
reduction from T1 to T2 in the test group. The gynecological
protocol in women with PPROM included an intake of anti-
biotics, which might also suppress bacterial growth within the
periodontium. There are different reports on the changes in
prevalence or proportions of periodontopathogenic bacteria in
subgingival biofilms throughout pregnancy and after delivery,
failing to report any changes [36] or describing decreasing
proportions of A. actinomycetemcomitans, P. gingivalis and
T. forsythia after delivery [40].

The composition of the subgingival microbiota during
pregnancy might be influenced by the increased levels of
hormones. P. intermedia is able to take up and metabolize
estradiol and progesterone [42], and consequently, higher
loads of this species are found during pregnancy [43].C. rectus
was present in higher loads in the saliva of pregnant women
compared with non-pregnant women, correlating with higher
estradiol levels [44]. In the present investigation,P. intermedia
andC. rectuswere detected in 5 (8.9 %) and 17 (30.4 %) of 56
women at T1 and in 0 (0 %) and 6 (16.2 %) of 37 women at
T3.

Bacteria known to be associated with periodontitis were
also detected in vaginal samples. In four women, subgingival
as well as vaginal samples were tested positively for
A. actinomycetemcomitans. However, genotyping excluded
in three of the four cases subgingivally and vaginally
matching strains, which underlines a similarity but not an
identity of vaginal and subgingival microbiota. Interestingly,
in the context of similarities between the microbiota in differ-
ent body site niches, a current investigation concluded that the
placental microbiome profiles were most akin to the human
oral microbiome, and no similarity between the placental and
vaginal microbiomes was evident [45].

Several studies have reported an association between dif-
ferent elevated GCF inflammatory mediator levels (IL-1β, IL-
6, TNF-α, PGE2) and APO [15, 21, 22, 30, 46, 47], but, to the
best of our knowledge, there are no existing studies investi-
gating GCF inflammatory mediator levels in a specific sample
of women with PPROM. In the present study, GCF levels of
pro-inflammatory mediators (IL-8, CRP and in tendency IL-
1β) were lower in women with PPROM than in controls. This
result seems to be in contrast with several other studies, where
significantly higher GCF levels of IL-1β, for instance, were
found in women with APO compared with controls [15, 21,
22, 30, 46]. Only the outcomes of a study by Noack et al. [19]
did not confirm this. In addition to the pro-inflammatory
mediators, the GCF level of IL-10 was measured, which,
according to the current literature, has not been analyzed yet
in association with APO or PPROM in particular. IL-10 is one
of the most important anti-inflammatory cytokines and is
mainly produced by monocytes and Th2-lymphocytes and
during pregnancy also by gestational tissues. It decreases the

Table 4 Ratios of IL-10/IL-1β and IL-10/CRP

T1 T2 T3 T1–T2 T2–T3 T1–T3

IL-10/IL-1β Test 0.99 (0.01–11.25) 1.00 (0.05–24.09) 2.77 (0.10–19.41) n.s. n.s. n.s.

Control 0.14 (0.02–8.82) n.s. 0.17 (0.01–14.08) 0.034 0.21 (0.03–4.62) 0.006 n.s. n.s. n.s.

IL-10/CRP Test 0.66 (0.00–15.94) 0.12 (0.00–17.23) 0.75 (0.01–18.18) 0.001 0.022 n.s.

Control 0.01 (0.00–9.43) 0.002 0.01 (0.00–12.38) n.s. 0.04 (0.00–9.68) 0.018 n.s. n.s. n.s.

Median values and ranges are presented at the different time-points (T1, T2, T3) as well as intergroup and intragroup comparisons. Values of significance
are indicated (pvalues ≥0.05=n.s., not significant)
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production of pro-inflammatory cytokines such as IL-1β, IL-8
and TNF-α [48, 49]. IL-10 obviously plays an important role
in the physiological birth process as well as in preterm deliv-
ery. Gotsch et al. [50] found significantly higher amniotic fluid
IL-10 concentrations in women in labour compared with
women not in labour at term and also in women delivering
preterm versus term. In addition, intra-amniotic infection (pre-
term and term) was associated with increased concentrations
of amniotic fluid IL-10. Recent investigations also reported on
IL-10 as a good predictor for amnionitis and funisitis in
women with PPROM, confirming elevated IL-10 levels in
PPROM associated with intra-amniotic infection [51, 52].
Furthermore, serum IL-10 levels in combination with
RANTES and cervical length were suggested to be most
predictive for spontaneous delivery in women with preterm
labour [53]. The mentioned findings suggest that IL-10
plays a role in the mechanisms of labour (term and
preterm) as well as in the host response to intrauterine
infection, and according to the present outcomes, ele-
vated IL-10 levels can be found also in GCF in women
with a risk for APO, specifically PPROM.

In addition, a significant decrease in IL-1β levels from T1
to T2 was found in the test group, which is related to the
observed general decrease in clinical periodontal inflamma-
tion and the hypothesis of more pronounced inflammation
during pregnancy. This change was furthermore found to be
significantly greater compared with the control group. Impor-
tantly, this decrease has to be considered and interpreted in the
context of the antibiotic treatment in the test group, which
might influence the inflammatory response in the
periodontium.

Conclusions

Periodontal inflammation is generally elevated during preg-
nancy and more pronounced in women with PPROM. The
elevated GCF levels of IL-10 in women with PPROM reflect a
potential role of this cytokine in anti-inflammatory response
with respect to the process of PTB. Further investigations in
larger study cohorts are needed to confirm a potential
association between periodontal inflammation and
PPROM. The clinical relevance from the present find-
ings underlines the importance of optimizing self-
performed oral hygiene in pregnant women, as they
revealed, for the first time, an association between peri-
odontal inflammation and PPROM.
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